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(57) ABSTRACT

A semiconductor memory device includes a memory cell
array and a test circuit. The test circuit reads data stream from
the memory cell array, configured to, on comparing bits of
each first unit in the data stream, compares corresponding bits
in the first units as each second unit and outputs a fail infor-

(30) Foreign Application Priority Data mation signal including pass/fail information on the data
stream and additional information on the data stream, in a test
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SEMICONDUCTOR MEMORY DEVICES,
MEMORY SYSTEMS INCLUDING THE SAME
AND METHODS OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This US application claims the benefit of priority
under 35 USC §119 to Korean Patent Application No.
10-2014-0168404, filed on Nov. 28, 2014, in the Korean
Intellectual Property Office, the contents of which are incor-
porated herein in their entirety by reference.

BACKGROUND

[0002] The present disclosure relates to memory devices,
and more particularly to semiconductor memory devices,
memory systems including the same and methods of operat-
ing the same.

[0003] Semiconductor memory devices may be classified
into non-volatile memory devices such as flash memory
devices and volatile memory devices such as DRAMs. High
speed operation and cost efficiency of DRAMs make it pos-
sible for DRAMS to be used for system memories. Due to the
continuing shrink in fabrication design rule of DRAMs, bit
errors of memory cells in the DRAMs may rapidly increase.

SUMMARY

[0004] Some example embodiments may provide a semi-
conductor memory device capable of enhancing perfor-
mance.

[0005] Some example embodiments may provide a
memory system including the semiconductor memory device
capable of enhancing performance.

[0006] Some example embodiments may provide a method
of operating a semiconductor memory device, capable of
enhancing performance.

[0007] According to example embodiments, a semiconduc-
tor memory device includes a memory cell array and a test
circuit. During a test mode of the semiconductor memory
device, the test circuit reads out data stream from the memory
cell array, perform a first comparing of bits of each first unitin
the data stream, store the first comparing result as a first result
signal, perform a second comparing of corresponding bits in
the first unit as each second unit, store the second comparing
result as a second result signal and outputs a fail information
signal including pass/fail information on the data stream and
additional information on the data stream based on the first
result signal and the second result signal.

[0008] In example embodiments, the data stream may be
test pattern data written in the memory cell array. The fail
information signal may include the first result signal repre-
senting a comparison result of the bits of each first unit in the
test pattern data and the second result signal representing a
comparison result of the corresponding bits in the first units as
each second unit. The additional information may indicate
whether a number of fail cells in a memory region of the
memory cell array, corresponding to the data stream, is a
single-bit error or a multi-bit error and positions of the fail
cells. The first unit may correspond to data of a burst length of
the semiconductor memory device.

[0009] The test circuit may include a first comparison cir-
cuit and a second comparison circuit. The first comparison
circuit may compare the bits of each first unit in the test
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pattern data to output the first result signal. The second com-
parison circuit may compare each second unit to output the
second result signal.

[0010] The first comparison circuit may output the first
comparison signal indicating whether the bits of each first
unit in the test pattern are same with respect to each other and
the second comparison circuit may output the second com-
parison signal indicating whether the bits of each second unit
in the test pattern are same with respect to each other.

[0011] The test circuit may write the test pattern data in the
memory cell array on codeword basis. The memory cell array
may include a plurality of first memory blocks and a second
memory block. The semiconductor memory device may fur-
ther include a fail address memory, a fail manage circuit, an
error correction code (ECC) circuit and a plurality of switch-
ing circuit. The fail address memory may store the first result
signal and the second result signal. The fail manage circuit
may choose to repair fail cells with a redundancy repairing
operation or correct the fail cells with ECC operation based
on a number of the fail cells, included in an access address, by
referring to the fail address memory, in a normal mode of the
semiconductor memory device. The ECC circuit may per-
form the ECC operation under control of the fail manage
circuit. The plurality of switching circuit may be coupled to a
plurality of first memory cells in the first memory blocks
through first bit-lines and may be coupled to a plurality of
second memory cells in the second memory block through
second bit-lines.

[0012] The fail manage circuit may repair the fail cells by
the redundancy repair operation when the number of the fail
cells is equal to or greater than two. The fail manage circuit
may control the switching circuits such that a first block of the
first memory blocks is replaced by a second block of the
second memory block when the fail manage circuit performs
the redundancy repair operation.

[0013] The fail manage circuit may correct the fail cells by
the ECC operation when the number of the fail cells is equal
to one. The fail manage circuit may control the switching
circuits for parity bits repairing the fail cell of the first
memory cells to be stored in the second memory cells.

[0014] The fail address memory may include a first region
and a second region that store the first result signal and the
second result signal, respectively, on the codeword basis. The
first result signal may include a plurality of first bits, and each
of'the first bits may correspond to each first unit. The second
result signal may include a plurality of second bits, and each
of the second bits may correspond to each second unit.

[0015] The fail manage circuit may repair the fail cells by
one of the ECC operation and the redundancy repair operation
based on a number of error bits of the first bits and the second
bits, and each error bit may have a first logic level. The fail
manage circuit may identify second error bits by erasing first
error bits of the first result signals stored in the first region,
and may perform the redundancy repair operation based on
the second error bits stored in the first region. Each erased first
error bit may be correctable by the ECC circuit.

[0016] The fail address memory may include a first region
and a second region that store the first result signal and the
second result signal, respectively on the codeword basis. The
first result signal may include one of a plurality of first bits,
each corresponding to each first unit and a plurality of third
bits into which the first bits are coded. The second result
signal may include one of a plurality of second bits, each
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corresponding to each second unit and a plurality of fourth
bits into which the second bits are coded.

[0017] The test circuit may write the test pattern data, may
read the test pattern data and may output the first result signal
and the second result signal for each test item in the test mode.
The fail address memory may store the first result signal and
the second result signal by accumulating the first result signal
and the second result for each test item.

[0018] In example embodiments, the test circuit may pro-
vide the fail information signal to an external test device. The
test device may determine a repair policy of the fail cells
based on a number of the fail cells in the fail information
signal. The memory cell array may be a three dimensional
memory cell array. The semiconductor memory device may
further include a control logic circuit. The control logic cir-
cuit may compare an access address with fail addresses of the
fail cells and may repair the fail cells by one of the ECC
operation and the redundancy repair operation based on a
number of fail cells in the access address.

[0019] According to example embodiments, a memory sys-
tem includes a semiconductor memory device and a test
device. The test device tests the semiconductor memory
device. The semiconductor memory device includes a
memory cell array and a test circuit. The test circuit reads data
stream from the memory cell array, on comparing bits of each
first unit in the data stream, compares corresponding bits in
the first units as each second unit and outputs a fail informa-
tion signal including pass/fail information on the data stream
and additional information on the data stream, in a test mode
of the semiconductor memory device.

[0020] In example embodiments, the data stream may be
test pattern data written in the memory cell array. The fail
information signal may include a first result signal represent-
ing a comparison result of the bits of each first unit in the test
pattern data and a second result signal representing a com-
parison result of the corresponding bits in the first units as
each second unit. The first unit may correspond to data of a
burst length of the semiconductor memory device.

[0021] The test circuit may write the test pattern data in the
memory cell array on codeword basis. The test device may
provide the test pattern data to the semiconductor memory
device. The test device may include a fail address memory
that stores the first result signal and the second result signal on
the codeword basis.

[0022] The test circuit may write the test pattern data, may
read the test pattern data and may output the first result signal
and the second result signal to the test device for each test item
in the test mode. The fail address memory may store the first
result signal and the second result signal and accumulate the
first result signal and the second result for each test item.
[0023] According to example embodiments, in a method of
operating a semiconductor memory device, test pattern data is
read from a memory cell array in a codeword basis, in a test
mode of the semiconductor memory device. On comparing
bits of each first unit in the test pattern date to output a first
result signal, corresponding bits in the first units as each
second unit are compared to output a second result signal. The
first result signal and the second result signal are stored in a
first region and a second region of a fail address memory
respectively. Fail cells are repaired by one of an error correc-
tion code (ECC) operation and a redundancy repair operation
based on a number of the fail cells, included in an access
address, by referring to the fail address memory, in a normal
mode of the semiconductor memory device.
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[0024] In example embodiments, the fail cells may be
repaired by the ECC operation when the number of the fail
cells is equal to one.

[0025] In example embodiments, the memory cell array
may include a plurality of first memory blocks and a second
memory block. The first unit may correspond to data of a burst
length of each of the first memory blocks and the second
memory block.

[0026] Accordingly, a test circuit of a semiconductor
memory device, on comparing bits of each first unit in read
data stream to output a first comparison signal, compares
corresponding bits in the first units as each second unit to
output a second comparison signal, and stores the first result
signal and the second result signal in a fail address memory. A
fail manage circuit or a test device may determine a repairing
policy of fail cells by referring to the fail address memory.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Example embodiments will be described below in
more detail with reference to the accompanying drawings.
[0028] FIG. 1 is a block diagram illustrating an electronic
system according to example embodiments.

[0029] FIG. 2A is a block diagram illustrating the memory
system shown in FIG. 1, according to example embodiments.
[0030] FIG. 2B is a block diagram illustrating a memory
system according to example embodiments.

[0031] FIG. 3A is a block diagram illustrating the semicon-
ductor memory device shown in FIG. 2A, according to
example embodiments.

[0032] FIG. 3B isablock diagram illustrating the semicon-
ductor memory device shown in FIG. 2B, according to
example embodiments.

[0033] FIGS. 4A to 4E are circuit diagrams of examples of
the memory cell shown in FIG. 3A, according to example
embodiments.

[0034] FIG. 5 illustrates an example of the memory cell
(referred to as STT-MRAM cell) shown in FIG. 3A, accord-
ing to example embodiments.

[0035] FIGS. 6A and 6B illustrate a magnetization direc-
tion according to data written in the MTJ element shown in
FIG. 5, according to example embodiments.

[0036] FIG. 7 is a block diagram for explaining a write
operation of the STT-MRAM cell shown in FIG. 5, according
to example embodiments.

[0037] FIG. 8 illustrates a portion of the semiconductor
memory device of FIG. 3A in a test mode, according to
example embodiments.

[0038] FIG. 9is ablock diagram illustrating the test circuit
shown in the semiconductor memory device of FIG. 8,
according to example embodiments.

[0039] FIG. 10 illustrates one of the first unit comparators
shown in FIG. 9, according to example embodiments.
[0040] FIG. 11 illustrates an example of the fail address
memory shown in FIG. 3A, according to example embodi-
ments.

[0041] FIG. 12 illustrates another example of the fail
address memory shown in FIG. 3A, according to example
embodiments.

[0042] FIG. 13 illustrates a portion of the semiconductor
memory device of FIG. 3A in a normal mode, according to
example embodiments.

[0043] FIG. 14 illustrates a portion of the semiconductor
memory device of FIG. 3A in a normal mode, according to
example embodiments.
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[0044] FIG. 15 illustrates the ECC circuit shown in the
semiconductor memory device of FIG. 13 and FIG. 14,
according to example embodiments.

[0045] FIG. 16 is a block diagram illustrating the decoder
shown in the ECC circuit of FIG. 15, according to example
embodiments.

[0046] FIGS. 17A through 17C respectively illustrate the
fail address memory shown in the semiconductor memory
device of FIG. 3A, according to example embodiments.
[0047] FIG. 18 illustrates that each bit in the second region
in which the second result signal is stored is coded, according
to example embodiments.

[0048] FIGS. 19A and 19B respectively illustrate the fail
address memory shown in the semiconductor memory device
of FIG. 3A, according to example embodiments.

[0049] FIG. 20 illustrates that each bit in the first region in
which the second result signal is stored is coded, according to
example embodiments.

[0050] FIGS. 21A and 21B respectively illustrate the fail
address memory shown in the semiconductor memory device
of FIG. 3A, according to example embodiments.

[0051] FIG. 22A is a flow chart illustrating a method of
operating a semiconductor memory device according to
example embodiments.

[0052] FIG. 22B illustrates the fail address memory,
according to example embodiments.

[0053] FIG. 23 is a structural diagram illustrating a semi-
conductor memory device according to example embodi-
ments.

[0054] FIG. 24 illustrates a memory system including the
semiconductor memory device according to example
embodiments.

[0055] FIG. 25 is a block diagram illustrating a computing
system including the semiconductor memory device accord-
ing to example embodiments.

[0056] FIG. 26 is a block diagram illustrating a computing
system including the semiconductor memory device accord-
ing to example embodiments.

DETAILED DESCRIPTION

[0057] Various example embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some example embodiments are shown.
However, the present inventive concept may be embodied in
many different forms and should not be construed as limited
to the example embodiments set forth herein. These example
embodiments are just for disclosing of the inventive concept
and many implementations and variations are possible that do
not require the details provided herein. It should also be
emphasized that the present inventive concept provides
details of alternative examples, but such listing of alternatives
is not exhaustive. Furthermore, any consistency of detail
between various examples should not be interpreted as requir-
ing such detail—it is impracticable to list every possible
variation for every feature described herein. The language of
the claims should be referenced in determining the require-
ments of the present inventive concept. In the drawings, the
sizes and relative sizes of layers and regions may be exagger-
ated for clarity. Like numerals refer to like elements through-
out.

[0058] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are generally used to distinguish one
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element from another. Thus, a first element discussed below
in one section of the specification could be termed a second
element in a different section of the specification without
departing from the teachings of the present inventive concept.
Also, terms such as “first” and “second” may be used in the
claims to name an element of the claim, even thought that
particular name is not used to describe in connection with the
element in the specification. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0059] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). However, the term
“contact,” as used herein refers to direct contact (i.e., touch-
ing) unless the context indicates otherwise.

[0060] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. It will be further understood
that the terms “includes,” “including,” “comprises,” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0061] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0062] Development of fine feature semiconductor manu-
facturing technology has increased the memory capacity of a
semiconductor memory device. Due to the increased capac-
ity, “fail’ memory cells including defective cells and weak
cells also increased. The defective cells may not perform data
storing function due to hardware defect. For example, the
defective cells may be memory cells that do not operate due to
a defect generated during manufacturing process, e.g.,
memory cells in which a disconnection or short of a wiring
may have occurred. The weak cells are software-defective.
That is, the weak cells are memory cells that are defective
under a specific voltage condition or specific operation tim-
ing. Examples of weak cells may include cells that deteriorate
in terms of their characteristics, e.g., shortened refresh dura-
tion, degraded cell write performance or variable retention
time, etc.

[0063] To secure the manufacturing yield, ‘fail” memory
cells are repaired by replacing them with redundant memory
cells. However, a sufficient yield may not be achieved only
using a redundancy repair operation because of increased
number of defective memory cells. Especially, increased
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number of single bit errors has become a major obstacle in
enhancing the manufacturing yields. Thus, a method of
repairing error bits by applying an error correction code
(ECC) operation as well as a redundancy repair operation in
dynamic random access memory (DRAM) has been intro-
duced.

[0064] The ECC operation provides an ECC function to
detect and correct errors that occurred during writing/reading
of data. To provide data integrity, the DRAM may employ an
ECC circuit. For example, the ECC circuit may perform the
ECC operation using parity bits during detection/correction
of errors.

[0065] FIG. 1 is a block diagram illustrating an electronic
system according to example embodiments.

[0066] Referring to FIG. 1, an electronic system 10 may
include a host 15 and a memory system 20. The memory
system 20 may include a memory controller 100 and a plu-
rality of semiconductor memory devices 201~20% (k is an
integer greater than two).

[0067] The host 15 may communicate with the memory
system 20 through various interface protocols such as Periph-
eral Component Interconnect-Express (PCI-E), Advanced
Technology Attachment (ATA), Serial ATA (SATA), Parallel
ATA (PATA), or serial attached SCSI (SAS). In addition, the
host 15 may also communicate with the memory system 20
through interface protocols such as Universal Serial Bus
(USB), Multi-Media Card (MMC), Enhanced Small Disk
Interface (ESDI), or Integrated Drive Electronics (IDE).
[0068] The memory controller 100 may control an overall
operation of the memory system 20. The memory controller
100 may control an overall data exchange between the host 15
and the plurality of semiconductor memory devices 201~20%.
For example, the memory controller 100 may write data in the
plurality of semiconductor memory devices 201~20% or read
data from the plurality of semiconductor memory devices
200a~200% in response to request from the host 20.

[0069] In addition, the memory controller 100 may issue
operation commands to the plurality of semiconductor
memory devices 201~20% for controlling the plurality of
semiconductor memory devices 201~20%

[0070] Insomeembodiments, each of the plurality of semi-
conductor memory devices 201~20k may be a may be a
memory device including resistive type memory cells such as
amagnetoresistive random access memory (MRAM), a resis-
tive random access memory (RRAM), a phase change ran-
dom access memory (PRAM) and a ferroelectric random
access memory (FRAM), etc. In other example embodiments,
each of the plurality of semiconductor memory devices
201~20k may be a memory device including dynamic
memory cells such as a dynamic random access memory
(DRAM).

[0071] An MRAM is a nonvolatile computer memory
based on magnetoresistance. An MRAM is different from a
volatile RAM in many aspects. For example, sincean MRAM
is nonvolatile, the MRAM may retain all stored data even
when power is turned off.

[0072] Although a nonvolatile RAM is generally slower
than a volatile RAM, an MRAM has read and write response
times comparable with read and write response times of a
volatile RAM. Unlike a conventional RAM that stores data as
electric charge, an MRAM stores data by using magnetore-
sistance (or magnetoresistive) elements. In general, a magne-
toresistance element is made of two magnetic layers, each
having a magnetization.
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[0073] An MRAM is a nonvolatile memory device that
reads and writes data by using a magnetic tunnel junction
pattern including two magnetic layers and an insulating film
disposed between the two magnetic layers. A resistance value
of'the magnetic tunnel junction pattern may vary according to
a magnetization direction of each of the magnetic layers. The
MRAM may program or remove data by using the variation of
the resistance value.

[0074] An MRAM using a spin transfer torque (STT) phe-
nomenon uses a method in which when a spin-polarized
current flows in one direction, a magnetization direction of
the magnetic layer is changed due to the spin transfer of
electrons. A magnetization direction of one magnetic layer
(e.g., a pinned layer) may be fixed and a magnetization direc-
tion of the other magnetic layer (e.g., a free layer) may vary
according to a magnetic field generated by a program current.

[0075] The magnetic field of the program current may
arrange the magnetization directions of the two magnetic
layers in parallel or in anti-parallel. In at least one example
embodiment, if the magnetization directions of the two mag-
netic layers are parallel, a resistance between the two mag-
netic layers is in a low (“0”) state. If the magnetization direc-
tions of the two magnetic layers are anti-parallel, a resistance
between the two magnetic layers is in a high (“17) state.
Switching of the magnetization direction of the free layer and
the high or low state of the resistance between the two mag-
netic layers result in write and read operations of the MRAM.

[0076] Although the MRAM is nonvolatile and provides a
quick response time, an MRAM cell has a limited scale and is
sensitive to write disturbance because the program current
applied to switch the high and low states of the resistance
between the magnetic layers of the MRAM is typically high.
Accordingly, when a plurality of cells are arranged in an
MRAM array, a program current applied to one memory cell
changes a magnetic field of a free layer of an adjacent cell.
Such a write disturbance may be mitigated (or alternatively,
prevented) by using an STT phenomenon. A typical STT-
MRAM may include a magnetic tunnel junction (MTJ),
which is a magnetoresistive data storage device including two
magnetic layers (e.g., a pinned layer and a free layer) and an
insulating layer disposed between the two magnetic layers.

[0077] A program current typically flows through the MT1J.
The pinned layer spin-polarizes electrons of the program
current, and a torque is generated as the spin-polarized elec-
tron current passes through the MTJ. The spin-polarized elec-
tron current applies the torque to the free layer while inter-
acting with the free layer. When the torque of the spin-
polarized electron current passing through the MT1J is greater
than a threshold switching current density, the torque applied
by the spin-polarized electron current is sufficient to switch a
magnetization direction of the free layer. Accordingly, the
magnetization direction of the free layer may be parallel or
anti-parallel to the pinned layer and a resistance state in the
MT]J is changed.

[0078] The STT-MRAM removes a requirement of an
external magnetic field for the spin-polarized electron current
to switch the free layer in the magnetoresistive device. In
addition, the STT-MRAM improves scaling as a cell size is
reduced and the program current is reduced to mitigate (or
alternatively, prevent) the write disturbance. In addition, the
STT-MRAM may have a high tunnel magnetoresistance ratio,
which improves a read operation in a magnetic domain by
allowing a high ratio between the high and low states.
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[0079] An MRAM is an all-round memory device that is
low costand has high capacity (like a dynamic random access
memory (DRAM), operates at high speed (like a static ran-
dom access memory (SRAM), and is nonvolatile (like a flash
memory).

[0080] FIG.2A is a block diagram illustrating the memory
system shown in FIG. 1.

[0081] InFIG.2A, only onesemiconductor memory device
201a in communication with the memory controller 100 is
illustrated for convenience. However, the details discussed
herein related to semiconductor memory device 201a may
equally apply to the other semiconductor memory devices
202~20%.

[0082] Referring to FIG. 2A, the memory system 20 may
include the memory controller 100 and the semiconductor
memory device 201a. Each of the memory controller 100 and
the semiconductor memory device 201a may be formed as a
separate semiconductor chip or as a separate group of chips
(e.g., the memory controller 100 and the semiconductor
memory device 201a may be packaged together in stacking
form of the semiconductor chips). The memory controller
100 and the semiconductor memory device 201a may be
connected to each other through corresponding command
pins 101 and 205, corresponding address pins 102 and 206,
corresponding data pins 103 and 207 and corresponding sepa-
rate pins 104 and 208. The command pins 101 and 205 may
transmit a command signal CMD through a command trans-
mission line TL1, the address pins 102 and 206 may transmit
anaddress signal ADDR through an address transmission line
TL2, and the data pins 103 and 207 may exchange main data
MD in a normal mode or may transmit a test pattern data TP
in a test mode through a data transmission line TL3. The
separate pins 104 and 208 may transmit a fail information
signal FIS through a separate transmission line TL4. The
memory controller 100 may receive the fail information sig-
nal FIS including pass/fail information on a data stream read
from the memory cell array of the semiconductor memory
device 201a and additional information on the data stream
and may determine a repair policy of ‘fail’ cells based on the
fail information signal FIS. The additional information in the
fail information signal FIS indicates whether a number of the
“fail’ cells in the memory cell array is a single-bit error or a
multi-bit error and positions of the “fail’ cells.

[0083] FIG. 2B is a block diagram illustrating a memory
system according to example embodiments.

[0084] Referring to FIG. 2B, a memory system 25 may
include a test device 150 and a semiconductor memory device
2015.

[0085] The test device 150, in a test mode of the semicon-
ductor memory device 2015, applies a command CMD indi-
cating the test mode to the semiconductor memory device
2015 through a command pin 205, applies an address ADDR
designating memory cells to be tested to the semiconductor
memory device 2015 through an address pin 206, applies a
test pattern data TP to the semiconductor memory device
2015 through a data pin 207, and receives the fail information
signal FIS associated with the test result from the semicon-
ductor memory device 2015 through a separate pin 208. The
test device 150 may receive the fail information signal FIS
including pass/fail information on a data stream read from the
memory cell array of the semiconductor memory device 2015
and additional information on the data stream, from the semi-
conductor memory device 2015 and may determine a repair
policy of fail cells based on the fail information signal FIS.
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The additional information in the fail information signal FIS
indicates whether a number of the fail cells in a memory
region of the memory cell array, corresponding to the data
stream, is a single-bit error or a multi-bit error and positions
of'the fail cells. For example, the data stream may be stored in
the memory region of the memory cell array.

[0086] FIG.3A is ablock diagram illustrating the semicon-
ductor memory device shown in FIG. 2A, according to
example embodiments.

[0087] Referring to FIG. 3A, the semiconductor memory
device 201a may include a control logic (or a control logic
circuit) 2104, an address register 220, a fail manage circuit
225, a bank control logic 230, a refresh counter 297, a row
address multiplexer 240, a column address latch 250, a row
decoder 260, a column decoder 270, a memory cell array 300,
a sense amplifier unit 285, an input/output (I/O) gating circuit
290, an error correction code (ECC) circuit 360, a data input/
output (1/0) buffer 299, a test circuit 400 and a fail address
memory 480.

[0088] The memory cell array 300 may include first
through fourth bank arrays 310~340. The row decoder 260
may include first through fourth bank row decoders
260a~260d respectively coupled to the first through fourth
bank arrays 310~340, the column decoder 270 may include
first through fourth bank column decoders 270a~270d4
respectively coupled to the first through fourth bank arrays
310~340, and the sense amplifier unit 285 may include first
through fourth bank sense amplifiers 285a~280d respectively
coupled to the first through fourth bank arrays 310~340. Each
of'the first through fourth bank arrays 310~340 may include
a plurality of memory cells MC, and each of memory cells
MC is coupled to a corresponding word-line WL and a cor-
responding bit-line BL. The first through fourth bank arrays
310~340, the first through fourth bank row decoders
260a~260d, the first through fourth bank column decoders
270a~270d and first through fourth bank sense amplifiers
285a~280d may form first through fourth banks Although the
semiconductor memory device 201a shown in FIG. 3A illus-
trates four banks, the semiconductor memory device 200a
may include other number of banks.

[0089] The address register 220 may receive an address
ADDR including a bank address BANK_ADDR, a row
address ROW_ADDR and a column address COL_ADDR
from the memory controller 100. The address register 220
may provide the received bank address BANK_ADDR to the
bank control logic 230, may provide the received row address
ROW_ADDR to the row address multiplexer 240, and may
provide the received column address COL_ADDR to the
column address latch 250.

[0090] The bank control logic 230 may generate bank con-
trol signals in response to the bank address BANK_ADDR.
One of the first through fourth bank row decoders 260a~2604
corresponding to the bank address BANK_ADDR may be
activated in response to the bank control signals, and one of
the first through fourth bank column decoders 270a~270d4
corresponding to the bank address BANK_ADDR may be
activated in response to the bank control signals.

[0091] The refresh counter 297 may generate a refresh row
address REF_ADDR for refreshing memory cell rows in the
memory cell array 300 under control of the control logic 210.
[0092] The row address multiplexer 240 may receive the
row address ROW_ADDR from the address register 220, and
may receive the refresh row address REF_ADDR from the
refresh counter 297. The row address multiplexer 240 may
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selectively output the row address ROW_ADDR or the
refresh row address REF_ADDR as a row address RA. The
row address RA that is output from the row address multi-
plexer 240 may be applied to the first through fourth bank row
decoders 260a~260d.

[0093] The activated one of the first through fourth bank
row decoders 260a~260d may decode the row address RA
that is output from the row address multiplexer 240, and may
activate a word-line corresponding to the row address RA. For
example, the activated bank row decoder may apply a word-
line driving voltage to the word-line corresponding to the row
address RA.

[0094] The column address latch 250 may receive the col-
umn address COL_ADDR from the address register 220, and
may temporarily store the received column address COL._
ADDR. In some embodiments, in a burst mode, the column
address latch 250 may generate column addresses that incre-
ment from the received column address COL_ADDR. The
column address latch 250 may apply the temporarily stored or
generated column address to the first through fourth bank
column decoders 270a~270d.

[0095] The activated one of the first through fourth bank
column decoders 270a~270d may decode the column address
COL_ADDR that is output from the column address latch
250, and may control the /O gating circuit 290 in order to
output data corresponding to the column address COL_
ADDR.

[0096] The I/O gating circuit 290 may include a circuitry
for gating input/output data. The I/O gating circuit 290 may
further include read data latches for storing data that is output
from the first through fourth bank arrays 310~340, and write
drivers for writing data to the first through fourth bank arrays
310~340.

[0097] Codeword CW read from one bank array of the first
through fourth bank arrays 310~340 may be sensed by sense
amplifiers coupled to the one bank array from which the data
is to be read, and may be stored in the read data latches. The
codeword CW stored in the read data latches may be provided
to the memory controller 100 via the ECC circuit 360 and the
data I/O buffer 299. Main data MD to be written in one bank
array of the first through fourth bank arrays 310~340 may be
provided to the data I/O bufter 299 from the memory control-
ler 100. The main data MD provided to the data [/O buffer 299
is encoded to the codeword CW in the ECC circuit 360. The
write driver may write the codeword CW in one bank array of
the first through fourth bank arrays 310~340.

[0098] The data /O buffer 299 receives test pattern data TP
from an external test device in a test mode, provides the test
pattern data TP to the /O gating circuit 290. The [/O gating
circuit 290 writes the test pattern data TP to a target page of
the memory cell array 300 on codeword basis and reads the
test pattern data TP from the target page to provide test result
data TR to the test circuit 400 in a test mode.

[0099] The test circuit 400, on comparing bits of each first
unit in the test result data TR to output a first result signal
CRS1, compares corresponding bits in the first units as each
second unit and to output a second result signal CRS2.
[0100] The ECC circuit 360 generates parity data based on
the main data MD from the data I/O buffer 299 in a write
operation, and provides the I/O gating circuit 290 with the
codeword CW including the main data MD and the parity
data. The I/O gating circuit 290 writes the codeword CW to
the target page of the memory cell array 300. In addition, in a
read operation, the ECC circuit 360 receives the codeword
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CW which is read from the target page from the I/O gating
circuit 290. The ECC circuit 360 decodes the main data MD
using the parity data in the codeword CW, corrects a single bit
error in the main data MD and provides the data I/O buffer
299 with the error-corrected main data.

[0101] The fail address memory 480 stores the first result
signal CRS1 and the second result signal CRS2 on codeword
basis.

[0102] The fail manage circuit 225 repairs ‘fail’ cells by one
of'an ECC operation and a redundancy repair operation based
on a number of the ‘fail’ cells, included in an access address,
by referring to the fail address memory 480, in a normal mode
of'the semiconductor memory device 201a. For repairing the
“fail’ cells by one of the ECC operation and the redundancy
repair operation, the fail manage circuit 225 provides a first
control signal CTL1 to the I/O gating circuit 290 and provides
a second control signal CTL2 to the ECC circuit 360 by
referring to the fail address memory 480. In addition, the fail
manage circuit 225 may provide the memory controller 100
with the fail information signal FIS including the first result
signal CRS1 and the second result signal CRS2.

[0103] The control logic 210a may control operations of
the semiconductor memory device 201a. For example, the
control logic 210a may generate control signals for the semi-
conductor memory device 201a in order to perform a write
operation or a read operation. The control logic 210a may
include a command decoder 211 that decodes a command
CMD received from the memory controller 100 and a mode
register 212 that sets an operation mode of the semiconductor
memory device 201a.

[0104] For example, the command decoder 211 may gen-
erate the control signals corresponding to the command CMD
by decoding a write enable signal (/WE), a row address strobe
signal (/RAS), a column address strobe signal (/CAS), a chip
select signal (/CS), etc. The command decoder 211 may gen-
erate a mode signal MS directing an operation mode of the
semiconductor memory device 201a by decoding the com-
mand CMD. The control logic 210a may provide the mode
signal MS to the data I/O buffer 299 and the test circuit 400.
[0105] FIG. 3B is ablock diagram illustrating the semicon-
ductor memory device shown in FIG. 2B, according to
example embodiments.

[0106] A semiconductor memory device 2015 of FIG. 3B is
substantially similar to the semiconductor memory device
201a of FIG. 3A. The semiconductor memory device 2015 of
FIG. 3B differs from the semiconductor memory device 201a
of FIG. 3A in that the semiconductor memory device 2015
does not include the fail manage circuit 225 and the fail
address memory 480 and includes a control logic 2105
instead of the control logic 210a.

[0107] Referring to FIG. 3B, the semiconductor memory
device 2015 may include a control logic 2105, an address
register 220, a bank control logic 230, a refresh counter 297,
arow address multiplexer 240, a column address latch 250, a
row decoder 260, a column decoder 270, a memory cell array
300, a sense amplifier unit 285, an input/output (I/O) gating
circuit 290, an ECC circuit 360, a data input/output (1/O)
buffer 299 and a test circuit 400.

[0108] The control logic 2106 may control operations of
the semiconductor memory device 2015. The control logic
2105 may include a command decoder 211 that decodes a
command CMD received from the memory controller 100
and a mode register 212 that sets an operation mode of the
semiconductor memory device 2015. In addition, the control
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logic 2105 may include an address comparison circuit 213
and a fail address table 214. The fail address table 214 may
store fail addresses of ‘fail’ cells based on the first result signal
CRS1 and the second result signal CRS2 provided from the
test circuit 400 in a test mode. The control logic 2105 may
generate the first control signal CTL1 and the second control
signal CTL2 for repairing the ‘fail’ cells by one of the ECC
operation and the redundancy repair operation by comparing
the access address ADDR and each of the fail addresses stored
in the fail address table 214 using the address comparison
circuit 212 in a normal mode.

[0109] The ECC operation and the redundancy repair
operation performed by the control logic 2105 for repairing
the “fail’ cells is substantially the same as operation of the fail
manage circuit 225, and detailed description on the ECC
operation and the redundancy repair operation performed by
the control logic 2105 will be omitted.

[0110] FIGS. 4A to 4E are circuit diagrams of examples of
the memory cell shown in FIG. 3A, according to example
embodiments.

[0111] FIGS. 4A to 4D illustrate memory cells MC which
are implemented with resistive type memory cells and FIG.
4E illustrates a memory cell MC which is implemented with
a dynamic memory cell.

[0112] FIG. 4A illustrates a resistive type memory cell
without a selection element, while FIGS. 4B to 4D show
resistive type memory cells each comprising a selection ele-
ment.

[0113] Referring to FIG. 4A, a memory cell MC may
include a resistive element RE connected to a bit-line BL and
aword-line WL. Such a resistive memory cell having a struc-
ture without a selection element may store data by a voltage
applied between bit-line BL and word-line WL.

[0114] Referring to FIG. 4B, a memory cell MC may
include a resistive element RE and a diode D. The resistive
element RE may include a resistive material for data storage.
The diode D may be a selection element (or switching ele-
ment) that supplies current to resistive element RE or cuts off
the current supply to resistive element RE according to a bias
of word-line WL and bit-line BL. The diode D may be
coupled between the resistive element RE and word-line WL,
and the resistive element RE may be coupled between the
bit-line BL and the diode D. Positions of the diode D and the
resistive element RE may be interchangeable. The diode D
may be turned on or turned off by a word-line voltage. Thus,
a resistive memory cell may be not driven where a voltage of
a constant level or higher is supplied to an unselected word-
line WL.

[0115] Referring to FIG. 4C, a memory cell MC may
include a resistive element RE and a bidirectional diode BD.
The resistive element R may include a resistive material for
data storage. The bidirectional diode BD may be coupled
between the resistive element RE and a word-line WL, and the
resistive element RE may be coupled between a bit-line BL,
and bidirectional diode BD. Positions of the bidirectional
diode BD and the resistive element RE may be interchange-
able. The bidirectional diode BD may block leakage current
flowing to an unselected semiconductor memory cell.
[0116] Referring to FIG. 4D, a memory cell MC may
include a resistive element RE and a transistor CT. The tran-
sistor CT may be a selection element (or switching element)
that supplies current to the resistive element RE or cuts off the
current supply to the resistive element RE according to a
voltage of a word-line WL. The transistor CT may be coupled

Jun. 2, 2016

between the resistive element RE and a word-line WL, and the
resistive element RE may be coupled between a bit-line BL,
and the transistor CT. Positions of the transistor CT and the
resistive element RE may be interchangeable. The semicon-
ductor memory cell may be selected or unselected depending
on whether the transistor CT drive by word-line WL is turned
on or turned off.

[0117] Referring to FIG. 4E, a memory cell MC may
include a cell capacitor CC and a transistor CT. The transistor
CT may be a selection element (or switching element) that
connects/disconnects the cell capacitor CC to/from bit-line
BL according to a voltage of a word-line WL. The transistor
CT may be coupled between the cell capacitor CC, a word-
line WL and a bit-line BL, and the cell capacitor CC may be
coupled between the transistor CT and a plate voltage (not
illustrated).

[0118] FIG. 5 illustrates an example of the memory cell
(referred to as STT-MRAM cell) shown in FIG. 3A, accord-
ing to example embodiments.

[0119] Referring to FIG. 5, an STT-MRAM cell 30 may
include a MTJ element 40 and a cell transistor CT. A gate of
the cell transistor CT is connected to a word-line WL and one
electrode of the cell transistor CT is connected through the
MT1J 40 to a bit-line BL. Also, the other electrode of the cell
transistor CT is connected to a source line SL.

[0120] The MTIJ element 40 may include the free layer 41,
the pinned layer 43, and a tunnel layer 42 disposed between
the free layer 41 and the pinned layer 43. A magnetization
direction of the pinned layer 43 may be fixed, and a magne-
tization direction of the free layer 41 may be parallel to or
anti-parallel to the magnetization direction of the pinned
layer 43 according to written data. In order to fix the magne-
tization direction of the pinned layer 43, for example, an
anti-ferromagnetic layer (not shown) may be further pro-
vided.

[0121] In order to perform a write operation of the STT-
MRAM cell 30, a logic high voltage is applied to the word-
line WL to turn on the cell transistor CT. A program current,
for example, a write current is applied to the bit-line BL. and
the source line SL. A direction of the write current is deter-
mined by a logic state of the M'TJ element 40.

[0122] In order to perform a read operation of the STT-
MRAM cell 30, a logic high voltage is applied to the word-
line WL to turn on the cell transistor CT, and a read current is
supplied to the bit-line BL and the source line SL. Accord-
ingly, a voltage is developed at both ends of the MTJ element
40, is detected by the sense amplifier 2854, and is compared
with a reference voltage from a reference voltage to deter-
mine a logic state of the MTJ element 40. Accordingly, data
stored in the MTJ element 40 may be detected.

[0123] FIGS. 6A and 6B illustrate a magnetization direc-
tion according to data written to the MTJ element shown in
FIG. 5.

[0124] A resistance value of the MTJ element 40 may vary
according to a magnetization direction of the free layer 41.
When a read current IR flows through the MTJ 40, a data
voltage is output according to the resistance value of the MTJ
element 40. Since the read current IR is much smaller than a
write current, a magnetization direction of the free layer 41 is
not changed by the read current IR.

[0125] Referring to FIG. 6A, a magnetization direction of
the free layer 41 and a magnetization direction of the pinned
layer 43 of the MTJ element 40 are parallel. Accordingly, the
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MT]J element 40 may have a high resistance value. In this
case, the MTJ element 40 may read data ‘0’.

[0126] Referring to FIG. 6B, a magnetization direction of
the free layer 41 and a magnetization direction of the pinned
layer 43 of the MTJ element 40 are anti-parallel. Accordingly,
the MTJ element 40 may have a high resistance value. In this
case, the MTJ element 40 may read data ‘1°.

[0127] Althoughthe freelayer 41 and the pinned layer 43 of
the MTJ element 40 are horizontal magnetic layers, example
embodiments are not limited thereto and the free layer 41 and
the pinned layer 43 may be, for example, vertical magnetic
layers.

[0128] FIG. 7 is a block diagram for explaining a write
operation of the STT-MRAM cell shown in FIG. 5, according
to example embodiments.

[0129] Referring to FIG. 7, a magnetization direction of the
free layer 41 may be determined based on a direction of a
write current IW flowing through the MTJ element 40. For
example, when a first write current IWC1 is supplied from the
free layer 41 to the pinned layer 43, free electrons having the
same spin direction as that of the pinned layer 43 apply a
torque to the free layer 41. Accordingly, the free layer 41 may
be magnetized parallel to the pinned layer 43.

[0130] When a second write current IWC2 is applied from
the pinned layer 43 to the free layer 41, electrons having a spin
direction opposite to that of the pinned layer 41 return to the
free layer 43 and apply a torque. Accordingly, the free layer
41 may be magnetized anti-parallel to the pinned layer 43. For
example, a magnetization direction of the free layer 41 of the
MT]J element 40 may be changed by an STT.

[0131] FIG. 8 illustrates a portion of the semiconductor
memory device of FIG. 3A in a test mode, according to
example embodiments.

[0132] In FIG. 8, the first bank array 310, the /O gating
circuit 290, the test circuit 400, the fail address memory 480
and the fail manage circuit 225 are illustrated.

[0133] Referring to FIG. 8, the first bank array 310 may
include a normal cell array NCA and a redundancy cell array
RCA. The normal cell array NCA may include a plurality of
first memory blocks MB0~MBI15, ie., 311~313, and the
redundancy cell array RCA may include at least a second
memory block 314. The first memory blocks 311~313 are
memory blocks determining a memory capacity of the semi-
conductor memory device 201a. The second memory block
314 is for ECC and/or redundancy repair. Since the second
memory block 314 for ECC and/or redundancy repair is used
for ECC, data line repair and block repair to repair ‘fail’ cells
generated in the first memory blocks 311~313, the second
memory block is also referred to as an EDB block.

[0134] In each of the first memory blocks 311~313, a plu-
rality of first memory cells MC1 are arrayed in rows and
columns. In the second memory block 314, a plurality of
second memory cells MC2 are arrayed in rows and columns.
[0135] In the first memory blocks 311~313, rows may be
formed, for example, of 8K word-lines WL and columns may
be formed, for example, of 1K bit-lines BL.. Memory cells
connected to intersections of the word-lines WL and the bit-
lines BL. may be dynamic memory cells or resistive type
memory cells.

[0136] The I/O gating circuit 290 includes a plurality of
switching circuit 291~294 circuits respectively connected to
the first memory blocks 311~313 and the second memory
block 314. In the semiconductor memory device 201a, bit
lines corresponding to data of a burst length (BL) may be
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simultaneously accessed to support the BL. indicating the
maximum number of column locations that is accessible. For
example, if the BL. is set to 8, data bits may be set to 128 bits.
[0137] The test circuit 400 is connected to the switching
circuit 291~294 through corresponding first data lines GIO
[0:127] and second data lines EDBIO[0:7]. The test circuit
400, in a test mode, reads test pattern data from the first
memory blocks 311~313 and the second memory block 314,
on comparing bits of each first unit in the read test pattern data
to output the first result signal CRS1, compares correspond-
ing bits in the first units as each second unit and to output the
second result signal CRS2.

[0138] The fail address memory 480 stores the first result
signal CRS1 and the second result signal CRS2 on codeword
basis.

[0139] The fail manage circuit 225, in response to the mode
signal MS indicating a test mode, applies the first control
signal CTL1 to the switching circuits 291~294 such that the
test pattern data is written in the first memory blocks 291293
and the second memory block 294 on codeword basis.
[0140] FIG. 9is a block diagram illustrating the test circuit
shown in the semiconductor memory device of FIG. 8,
according to example embodiments.

[0141] Referring to FIG. 9, the test circuit 400 includes a
first comparison circuit 410 and a second comparison circuit
440.

[0142] The first comparison circuit 410 may compare the
bits of each first unit in the read test pattern data to output the
first result signal CRS1 and the second comparison circuit
440 may compare corresponding bits in the first units as each
second unit and to output the second result signal CRS2. The
first unit may correspond to the burst length of the semicon-
ductor memory device 201a.

[0143] The first comparison circuit 410 may include a plu-
rality of first unit comparators 420 and 431~433 and the
second comparison circuit 440 may include a plurality of
second unit comparators 450 and 470.

[0144] Theunit comparator 420 receives the first unit of test
result data TRO1~TRO8, i.e., the read test pattern data from
the memory block 311 through the data line GIO[0:7] and
compares whether the first unit of test result data
TRO1~TROS are same with respect to each other to output a
first bit CRS11 of'the first result signal CRS1, which indicates
the comparison result. The unit comparator 431 receives the
first unit of test result data TR11~TR18 from the memory
block 312 through the data line GIO[8:15] and compares
whether the first unit of test result data TR11~TR18 are same
with respect to each other to output a second bit CRS12 of'the
first result signal CRS1, which indicates the comparison
result. The unit comparator 432 receives the first unit of test
result data TR151~TR158 from the memory block 313
through the data line GIO[120:127] and compares whether
the first unit of test result data TR151~TR158 are same with
respect to each other to output a sixteenth bit CRS116 of the
first result signal CRS1, which indicates the comparison
result. The unit comparator 433 receives the first unit of test
result data TR151~TR168 from the second memory block
314 through the second data line EDBIO[0:7] and compares
whether the first unit of test result data TR161~TR168 are
same with respect to each other to output a seventeenth bit
CRS117 of the first result signal CRS1, which indicates the
comparison result.

[0145] Theunit comparator 450 compares whether first bits
TRO01,TR11,...,TR151, TR161 in the first units of test result
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data as the second unit are same with respect to each other and
outputs a first bit CRS21 of the second result signal CRS2,
which indicates the comparison result. The unit comparator
470 compares whether eighth bits TR08, TR18, . . . , TR158,
TR168 in the first units of test result data as the second unit are
same with respect to each other and outputs a eighth bit
CRS28 of the second result signal CRS2, which indicates the
comparison result.

[0146] FIG. 10 illustrates one of the first unit comparators
shown in FIG. 9, according to example embodiments.
[0147] Although FIG. 10 illustrates the first unit compara-
tor 420, each of the unit comparators 431, 432 and 433 has a
substantially same configuration as the first unit comparator
420.

[0148] Referring to FIG. 10, the first unit comparator 420
includes a plurality of XOR gates 421~427.

[0149] Each ofthe XOR gates 421~424 compare two bits of
the first unit of the test result data TR01~TR08. The XOR gate
425 compares outputs of the XOR gates 421 and 422, the
XOR gate 426 compares outputs of the XOR gates 423 and
424, and XOR gate 427 compares outputs of the XOR gates
425 and 426 to output the first bit CRS11 of the first result
signal CRS1, which indicates whether the test result data
TR0O1~TRO8 are same with respect to each other.

[0150] Each of the unit comparators 450 and 470 of the
second comparison circuit 440 may have a similar configu-
ration as the first unit comparator 420.

[0151] FIG. 11 illustrates an example of the fail address
memory shown in FIG. 3A, according to example embodi-
ments.

[0152] InFIG. 11, the test pattern data on codeword basis is
also illustrated, which is written in the first bank array 310.
[0153] Referring to FIG. 11, the fail address memory 480
may include a first region 481 and a second region 483 that
store bits of the first result signal CRS1 and bits of the second
result signal respectively.

[0154] InFIG. 11, the memory block MBO has a “fail’ cell,
and thus, a first bit of the first result signal CRS1 and a fourth
bit of the second result signal CRS2 have a logic high level.
For example, a memory block having a ‘fail’ cell may be
determined based on a logic level of each bit of the first result
signal CRS1 and a location of the ‘fail’ cell may be deter-
mined based on a logic level of each bit of the second result
signal CRS2.

[0155] FIG. 12 illustrates another example of the fail
address memory shown in FIG. 3A, according to example
embodiments.

[0156] Referring to FIG. 12, the memory block MBO0 has
two ‘fail’ cells, and thus, a first bit of the first result signal
CRS1 and a fourth bit and a sixth bit of the second result
signal CRS2 have a logic high level. For example, a memory
block having a ‘fail’ cell may be determined based on a logic
level of each bit of the first result signal CRS1 and locations
of'the “fail’ cells may be determined based on a logic level of
each bit of the second result signal CRS2.

[0157] FIG. 13 illustrates a portion of the semiconductor
memory device of FIG. 3A in a normal mode, according to
example embodiments.

[0158] Operation of the semiconductor memory device
201a will be described with reference to FIG. 13, when the
memory bloc MBO has one ‘fail’ cell as shown in FIG. 11.
[0159] The fail manage circuit 225 receives the access
address ADDR, and determines that one “fail’ cell exists in a
memory region designated by the access address ADDR by
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referring to the fail address memory 480. Therefore, the fail
manage circuit 225 generates the second control signal CTT.2
to the ECC circuit 360 such that the ECC circuit 360 perform
an ECC operation in which the ECC circuit 360 generates
parity bits on the fail memory cell indicating a single bit error
in one codeword and detects an error bit of the “fail’ cell to
correct the error bit using the parity bits.

[0160] The main data MD to be written in the first memory
blocks 311~313 is delivered to the data lines GIO[0:127] via
the ECC circuit 360. 128-bit main data MD is written in the
first memory blocks 311~313 through the switching circuits
291~293. Since the memory block MB0 has one ‘fail’ cell, the
second memory block 314 is used for repairing one “fail’ cell
in one codeword. 8 bit-lines RBL of the second memory block
314 are connected to the data lines EDBIO[0:7] through the
switching circuit 291 and the data lines EDBIO[0:7] are con-
nected to the ECC circuit 360. The ECC circuit 360 encodes
the main data MD to generate the parity bits (or parity data)
and the parity bits are stored/read in/from 8 memory cells in
the second memory block 314.

[0161] When the memory region designated by the access
address ADDR has one ‘fail’ cell, the fail manage circuit 225
generates the first control signal CTL1 to the switching cir-
cuits 291~294 and generates the second control signal CTL.2
to the ECC circuit 360. The switching circuits 291~293 con-
nect the first memory blocks 311~313 to the first data lines
GIO[0:127] in response to the first control signal CTL.1 and
the switching circuit 294 connects the second memory block
314 to the second data lines EDBIO[0:7] in response to the
first control signal CTL1. The ECC circuit 360 performs an
ECC encoding and an ECC decoding in response to the sec-
ond control signal CTL2.

[0162] The ECC circuit 360 detects and corrects a “fail” cell
in the first memory blocks 311~313 in response to the second
control signal CTL2. During the write operation, the ECC
circuit 360 generates parity bits regarding the main data MD
in response to the second control signal CTRL.2 and delivers
the parity bits to the second data lines EDBIO[0:7]. The parity
bits delivered to the second data lines EDBIO[0:7] are stored
in memory cells of the second memory block 314, which are
connected to the word-line WL to which the ‘fail’ cell is
connected.

[0163] During the read operation, the ECC circuit 360
receives, in response to the second control signal CTRL2, the
main data delivered via the first data lines GIO[0:127] and the
parity bits delivered via the second data lines EDBIOJ[0:7].
The ECC circuit 360 generates syndrome data, calculates the
location of the ‘fail’ cell, i.e., the location of an error bit,
corrects data corresponding to the location of the error bit,
and then outputs error-corrected main data MD, all based on
the main data and the parity bits. The error-corrected main
data MD is output to the outside of semiconductor memory
device 2014 via data I/O buffer 299.

[0164] In some embodiments, a ‘fail’ cell may occur in
memory cells connected to other word-lines WL among the
memory cells of the first memory blocks 311~313. In this
case, the semiconductor memory device 201a detects and
corrects a plurality of single-bit errors in the first memory
blocks 311~313.

[0165] FIG. 14 illustrates a portion of the semiconductor
memory device of FIG. 3A in a normal mode, according to
example embodiments.
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[0166] Operation of the semiconductor memory device
201a will be described with reference to FIG. 14, when the
memory bloc MB0 has two “fail” cells as shown in FIG. 12.
[0167] The fail manage circuit 225 receives the access
address ADDR, and determines that two ‘fail’ cells exist in a
memory region designated by the access address ADDR by
referring to the fail address memory 480. When one codeword
designated by the access address ADDR has two-bit error, the
fail manage circuit 225 generates the first control signal CTL.1
for replacing local data lines LIO, which are accessed by the
fail cell address, with local data lines RLIO of the second
memory block 314. The first control signal CTRL1 is pro-
vided to the switching circuits 291~294.

[0168] During a write operation, the semiconductor
memory device 201a delivers data to be delivered to the
memory block MBO0 to the second data lines EDBIOJ[0:7].
Data to be delivered to the memory blocks MB1~MB15 are
stored in memory cells of the memory blocks MB1~MB15
through the switching circuits 292 and 293. Data delivered to
the second data lines EDBIO[0:7] is stored in the memory
cells of the second memory block 314 through the switching
circuit 294.

[0169] During a read operation, the semiconductor
memory device 201a delivers data read from the memory
blocks MB1~MB15 to the data lines GIO[8:127] via the
switching circuits 292 and 293, and delivers data read from
the second memory block 314 to the second data lines EDBIO
[0:7] via the switching circuit 294.

[0170] FIG. 15 illustrates the ECC circuit shown in the
semiconductor memory device of FIG. 13 or FIG. 14, accord-
ing to example embodiments.

[0171] Referring to FIG. 15, the ECC circuit 360 includes a
demultiplexer 361, an encoder 363, a demultiplexer 365 and
a decoder 370.

[0172] The demultiplexer 361, in the write operation, pro-
vides the main data MD from the data I/O buffer 299 to one of
the encoder 363 and the 1/O gating circuit 290 in response to
the second control signal CTL.2. The encoder 363 encodes the
main data MD to generate the parity data and provides the I/O
gating circuit 290 with the codeword CW including the main
data MD and the parity data. The demultiplexer 361 provides
the main data MD to the encoder 363 when the second control
signal CTL2 indicates a single-bit error and provides the main
data MD to the I/O gating circuit 290 when the second control
signal CTL.2 indicates a multi-bit error.

[0173] The demultiplexer 365, in the read operation, pro-
vides the read codeword CW to one of the decoder 370 and the
data I/O buffer 299 in response to the second control signal
CTL2. The demultiplexer 365 provides the read codeword
CW to the decoder 370 when the second control signal CTL.2
indicates a single-bit error and provides the read codeword
CW to the data I/O buffer 299 when the second control signal
CTL2 indicates a multi-bit error. The decoder 370 may cor-
rect a single-bit error in the main data MD using the parity
data.

[0174] FIG. 16 is a block diagram illustrating the decoder
shown in the ECC circuit of FIG. 15, according to example
embodiments.

[0175] Referring to FIG. 16, the decoder 370 includes a
syndrome generator 371, an error position detector 373 and
an error corrector 375.

[0176] The syndrome generator 371 may generate syn-
dromes SDR based on the main data MD and the parity data
PB in the read codeword CW. The error position detector 373
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may detect a position of errors in the main data MD based on
the syndromes SDR to generate an error position signal EPS.
For example, the error position detector 373 may calculate
coefficients of error position polynomial using two or more
syndromes SDR and may detect the error position to generate
the error position signal EPS based on the coefficients. The
error corrector 375 may correct errors in the main data MD
based on the error position signal EPS to provide the cor-
rected main data C_MD.

[0177] FIGS. 17A through 17C respectively illustrate the
fail address memory shown in the semiconductor memory
device of FIG. 3A, according to example embodiments.
[0178] In FIGS. 17A through 17C, the first result signal
CRS1 is stored in the first region 481a and the second result
signal CRS2 is stored in the second region 483a.

[0179] Referring to FIG. 17A, when the first result signal
CRS1 stored in the first region 481a includes no bit having a
logic high level, and the second result signal CRS2 stored in
the second region 4834 includes no bit having a logic high
level, a corresponding codeword has no errors (NE).

[0180] Referring to FIG. 17B, when the first result signal
CRS1 stored in the first region 4814 includes one bithaving a
logic high level, and the second result signal CRS2 stored in
the second region 483« includes one bit having a logic high
level, and thus, a number of bits having a logic high level in
the first region 481a and the second region 483a is two, a
corresponding codeword has a single-bit error (CE) that is
correctable by the ECC circuit 360.

[0181] Referring to FIG. 17C, when the first result signal
CRS1 stored in the first region 4814 includes two bits having
alogic high level, and the second result signal CRS2 stored in
the second region 483« includes two bits having a logic high
level, and thus, a number of error bits having alogic high level
in the first region 481a and the second region 4834 is equal to
or greater than three, a corresponding codeword has a multi-
bit error (UE) that is not correctable by the ECC circuit 360.
The multi-bit error may be repaired by a redundancy repair
operation.

[0182] FIG. 18 illustrates that each bit in the second region
in which the second result signal is stored is coded, according
to example embodiments.

[0183] Referring to FIG. 18, each bit in the second region
483a may be discriminated by selecting two bits of five bits.
Therefore, each of eight bits in the second region 4834 in
which the second result signal CRS2 is stored may be coded
into five bits as in a second region 4835.

[0184] FIGS. 19A and 19B respectively illustrate the fail
address memory shown in the semiconductor memory device
of FIG. 3A, according to example embodiments.

[0185] In FIGS. 19A and 19B, the first result signal CRS1
is stored in the first region 481a and the second result signal
CRS2 is stored in the second region 4834.

[0186] Referring to FIG. 19A, when the first result signal
CRS1 stored in the first region 4814 includes one bithaving a
logic high level, and the second result signal CRS2 stored in
the second region 4835 includes two bits having a logic high
level, and thus, a number of bits having a logic high level in
the first region 481a and the second region 4835 is three, a
corresponding codeword has a single-bit error (CE) that is
correctable by the ECC circuit 360.

[0187] Referring to FIG. 19B, when the first result signal
CRS1 stored in the first region 4814 includes two bits having
alogic high level, and the second result signal CRS2 stored in
the second region 483« includes two bits having a logic high



US 2016/0155515 Al

level, and thus, anumber of error bits having a logic high level
in the first region 481a and the second region 4835 is equal to
or greater than four, a corresponding codeword has a multi-bit
error (UE) that is not correctable by the ECC circuit 360. The
multi-bit error may be repaired by a redundancy repair opera-
tion.

[0188] FIG. 20 illustrates that each bit in the first region in
which the second result signal is stored is coded, according to
example embodiments.

[0189] Referring to FIG. 20, each bit in the firstregion 481a
may be discriminated by selecting three bits of six bits. There-
fore, each of thirteen bits in the first region 4814 in which the
second result signal CRS2 is stored may be coded into six bits
as in a first region 481c.

[0190] FIGS. 21A and 21B respectively illustrate the fail
address memory shown in the semiconductor memory device
of FIG. 3A, according to example embodiments.

[0191] In FIGS. 21A and 21B, the first result signal CRS1
is stored in the first region 481c¢ and the second result signal
CRS2 is stored in a second region 483c.

[0192] Referring to FIG. 21A, when the first result signal
CRS1 stored in the first region 481c¢ includes three bits having
alogic high level, and the second result signal CRS2 stored in
the second region 483¢ includes two bits having a logic high
level, and thus, anumber of error bits having a logic high level
in the first region 481¢ and the second region 483c is five, a
corresponding codeword has a single-bit error (CE) that is
correctable by the ECC circuit 360.

[0193] Referring to FIG. 21B, when the first result signal
CRS1 stored in the first region 481c¢ includes four bits having
alogic high level, and the second result signal CRS2 stored in
the second region 483¢ includes two bits having a logic high
level, and thus, anumber of error bits having a logic high level
in the first region 481c¢ and the second region 483c¢ is equal to
or greater than six, a corresponding codeword has a multi-bit
error (UE) that is not correctable by the ECC circuit 360. The
multi-bit error may be repaired by a redundancy repair opera-
tion.

[0194] In FIGS. 21A and 21B, a fail address on one code-
word includes 11 bits. In some embodiments, a fail address on
one codeword may include 12 bits by storing a seventeenth bit
of'the first result signal CRS1 in a separate region instead of
the first region 481a.

[0195] FIG. 22A is a flow chart illustrating a method of
operating a semiconductor memory device according to
example embodiments and FIG. 22B illustrates the fail
address memory.

[0196] Referring to FIG. 3A or 3B, 8 through 16, 22A and
22B, the test circuit 400 writes the test pattern data TP in the
first memory blocks 311~313 and the second memory block
314 on codeword basis for one test item (S110). The test
circuit 400 reads the test result data TRS from the first
memory blocks 311~313 and the second memory block 314
(8120). The first comparison circuit 410 compares each first
unit in the test result data TRS to generate the first result signal
CRS1 (8130). The second comparison circuit 440 compares
corresponding bits in the first units as each second unit to
generate the second result signal CRS2 (S140). The test cir-
cuit 400 stores the first result signal CRS1 in the first region
481 of the fail address memory 480 on codeword basis
(S150). The test circuit 400 stores the second result signal
CRS2 in the second region 483 of the fail address memory
480 on codeword basis (S160). The test circuit 400 deter-
mines whether the test is performed for all test items (S170).
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When test is not completed (NO in S170), the steps
(S110~S160) are repeated. When test is completed (YES in
S170), the fail manage circuit 225 erases correctable errors,
which is correctable by the ECC circuit 360, of first error bits
stored in the first region 481 to generate second error bits
(S180). The fail manage circuit 225 repairs the ‘fail cells’ by
redundancy repair operation based on the second error bits in
the first region 481.

[0197] FIG. 23 is a structural diagram illustrating a semi-
conductor memory device according to example embodi-
ments.

[0198] Referring to FIG. 23, a semiconductor memory
device 600 may include first through pth semiconductor inte-
grated circuit layers [LA1 through LAp, in which the lowest
first semiconductor integrated circuit layer LA1 is assumed to
be an interface or control chip and the other semiconductor
integrated circuit layers LA2 through L. Ap are assumed to be
slave chips including core memory chips. The first through
kth semiconductor integrated circuit layers LA1 through LAp
may transmit and receive signals therebetween through
through-silicon-vias (TSVs). The lowest first semiconductor
integrated circuit layer [LA1 as the interface or control chip
may communicate with an external memory controller
through a conductive structure formed on an external surface.
A description will be made regarding structure and an opera-
tion of the semiconductor memory device 600 by mainly
using the first semiconductor integrated circuit layer LA1 or
610 as the interface or control chip and the nth semiconductor
integrated circuit layer LAp or 620 as the slave chip.

[0199] The first semiconductor integrated circuit layer 610
may include various peripheral circuits for driving memory
regions 621 provided in the pth semiconductor integrated
circuit layer 620. For example, the first semiconductor inte-
grated circuit layer 610 may include a row (X)-driver 6101 for
driving word-lines of a memory, a column (Y)-driver 6102 for
driving bit-lines of the memory, a data input/output unit (Din/
Dout) 6103 for controlling input/output of data, a command
buffer (CMD) 6104 for receiving a command CMD from
outside and buffering the command CMD, and an address
buffer (ADDR) 6105 for receiving an address from outside
and buffering the address. The memory region 621 may
include a plurality of bank arrays in which a plurality of
memory cells are arranged, and each of the plurality of bank
arrays may include first memory blocks and a second memory
block as described with reference to FIG. 8.

[0200] The first semiconductor integrated circuit layer 610
may further include a control logic 6107. The control logic
6107 may access the memory region 621 and may generate
control signals for accessing the memory region 621 based on
the command from the memory controller.

[0201] The pth semiconductor integrated circuit layer 620
may include an ECC circuit 622 that corrects errors in the
memory cells in the memory region 621, a test circuit 623 that
determines a number of ‘fail’ cells in the memory region 621
on codeword basis in a test mode, a fail address memory 624
and a fail manage circuit 625. As described with reference to
FIGS. 8 through 22B, the test circuit 623 may read the test
pattern data from the memory blocks in the memory region
621 on codeword basis in a test mode, on comparing bits of
each first unit in the test pattern data to output a first result
signal, may compare corresponding bits in the first units as
each second unit and to output a second result signal, and may
store the first result signal and the second result signal in the
fail address memory 624. The fail manage circuit 625 may
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repair ‘fail’ cells by one of an ECC operation and a redun-
dancy repair operation based on a number of the “fail’ cells,
included in an access address, by referring to the fail address
memory 624.

[0202] FIG. 24 illustrates a memory system including the
semiconductor memory device according to example
embodiments.

[0203] Referring to FIG. 24, a memory system 700 may
include a memory module 710 and a memory controller 720.
The memory module 710 may include at least one semicon-
ductor memory device 730 mounted on a module board. The
semiconductor memory device 730 may employ the semicon-
ductor memory device 201a of FIG. 3A. For example, the
semiconductor memory device 730 may be constructed as a
DRAM chip ora MRAM chip. In addition, the semiconductor
memory device 730 may include a stack of semiconductor
chips. In this case, the semiconductor chips may include at
least one master chip 731 and at least one slave chip 732.
Signal transfer between the semiconductor chips may occur
via through-silicon vias TSV.

[0204] The master chip 731 and the slave chip 732 may
employ the semiconductor memory device 201a of FIG. 3A.
Therefore, each of the master chip 731 and the slave chip 732
may include an ECC circuit that corrects errors in the memory
cells, a test circuit that determines a number of “fail” cells in
the memory region on codeword basis in a test mode, a fail
address memory and a fail manage circuit. As described with
reference to FIGS. 8 through 22B, the test circuit may read the
test pattern data from the memory blocks in the memory
region on codeword basis in a test mode, on comparing bits of
each first unit in the test pattern data to output a first result
signal, may compare corresponding bits in the first units as
each second unit and to output a second result signal, and may
store the first result signal and the second result signal in the
fail address memory. The fail manage circuit may repair “fail’
cells by one of an ECC operation and a redundancy repair
operation based on a number of the “fail’ cells, included in an
access address, by referring to the fail address memory. For
example, the test circuit or the fail manage circuit may pro-
vide the memory controller 720 with fail information signal
FIS including pass/fail information on data stream (test pat-
tern data) and addition information on the data stream.

[0205] The memory module 710 may communicate with
the memory controller 720 via a system bus. Main data MD,
a command/address CMD/ADDR, and a clock signal CLK
may be transmitted and received between the memory mod-
ule 710 and the memory controller 720 via the system bus.

[0206] In addition, in certain embodiments of the present
inventive concept, a three dimensional (3D) memory array is
provided in semiconductor memory device 730. The 3D
memory array is monolithically formed in one or more physi-
cal levels of arrays of memory cells having an active area
disposed above a silicon substrate and circuitry associated
with the operation of those memory cells, whether such asso-
ciated circuitry is above or within such substrate. The term
“monolithic” means that layers of each level of the array are
directly deposited on the layers of each underlying level of the
array. The following patent documents, which are hereby
incorporated by reference, describe suitable configurations
for the 3D memory arrays, in which the three-dimensional
memory array is configured as a plurality of levels, with
word-lines and/or bit-lines shared between levels: U.S. Pat.
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Nos. 7,679,133; 8,553,466, 8,654,587, 8,559,235; and US
Pat. Pub. No. 2011/0233648, which are hereby incorporated
by reference in their entirety.

[0207] FIG. 25 is a block diagram illustrating a computing
system including the semiconductor memory device accord-
ing to example embodiments.

[0208] Referring to FIG. 25, a computing system 800 may
be mounted on a mobile device or a desktop computer. The
computing system 800 may include a memory system 810, a
central processing unit (CPU) 820, a RAM 830, a user inter-
face 840, and a modem 850 such as a baseband chipset, which
are electrically connected to a system bus 805. The computing
system 800 may further include an application chipset, a
camera image processor (CIS), and an input/output device.

[0209] Theuser interface 840 may be an interface for trans-
mitting data to a communication network or receiving data
from the communication network. The user interface 840
may have a wired or wireless form, and may include an
antenna or a wired/wireless transceiver. Data applied through
the user interface 840 or the modem 850 or processed by the
CPU 820 may be stored in the memory system 810.

[0210] The memory system 810 includes a semiconductor
memory device 812 such as DRAM and a memory controller
811. Data processed by the CPU 820 or external data is stored
in the semiconductor memory device 812. The semiconduc-
tor memory device 812 may include an ECC circuit that
corrects errors in the memory cells, a test circuit that deter-
mines a number of ‘fail” cells in the memory region on code-
word basis in a test mode, a fail address memory and a fail
manage circuit. As described with reference to FIGS. 8
through 22B, the test circuit may read the test pattern data
from the memory blocks in the memory region on codeword
basis in a test mode, on comparing bits of each first unit in the
test pattern data to output a first result signal, may compare
corresponding bits in the first units as each second unit and to
output a second result signal, and may store the first result
signal and the second result signal in the fail address memory.
The fail manage circuit may repair ‘fail’ cells by one of an
ECC operation and a redundancy repair operation based on a
number of the “fail’ cells, included in an access address, by
referring to the fail address memory. That is, the test circuit or
the fail manage circuit may provide the memory controller
811 with fail information signal FIS including pass/fail infor-
mation on data stream (test pattern data) and addition infor-
mation on the data stream.

[0211] When the computing system 800 is a device that
performs wireless communications, the computing system
800 may be used in a communication system such as code
division multiple access (CDMA), global system for mobile
communication (GSM), North American multiple access
(NADC), or CDMA2000. The computing system 800 may be
mounted on an information processing device such as a per-
sonal digital assistant (PDA), a portable computer, a web
tablet, a digital camera, a portable media player (PMP), a
mobile phone, a wireless phone, or a laptop computer.

[0212] Although a system includes a separate storage unit
for storing a large amount of data such as a cache memory or
a RAM having a high processing speed, these memories may
be replaced by one memory system of the present inventive
concept. Accordingly, since a large amount of data may be
rapidly stored in a memory device, a computing system may
have a simple structure.
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[0213] FIG. 26 is a block diagram illustrating a computing
system including the semiconductor memory device accord-
ing to example embodiments.

[0214] Referring to FIG. 26, a computing system 1100 may
include a processor 1110, an input/output hub (I0OH) 1120, an
input/output controller hub (ICH) 1130, at least one memory
module 1140 and a graphics card 1150. In some embodi-
ments, the computing system 1100 may be a personal com-
puter (PC), a server computer, a workstation, a laptop com-
puter, a mobile phone, a smart phone, a personal digital
assistant (PDA), a portable multimedia player (PMP), a digi-
tal camera, a digital television, a set-top box, a music player,
a portable game console, a navigation system, etc.

[0215] The processor 1110 may perform various comput-
ing functions, such as executing specific software for per-
forming specific calculations or tasks. For example, the pro-
cessor 1110 may be a microprocessor, a central process unit
(CPU), a digital signal processor, or the like. In some embodi-
ments, the processor 1110 may include a single core or mul-
tiple cores. For example, the processor 1110 may be a multi-
core processor, such as a dual-core processor, a quad-core
processor, a hexa-core processor, etc. Although FIG. 21 illus-
trates the computing system 1100 including one processor
1110, in some embodiments, the computing system 1100 may
include a plurality of processors. The processor 1110 may
include an internal or external cache memory.

[0216] The processor 1110 may include a memory control-
ler 1111 for controlling operations of the memory module
1140. The memory controller 1111 included in the processor
1110 may be referred to as an integrated memory controller
(IMC). A memory interface between the memory controller
1111 and the memory module 1140 may be implemented
with a single channel including a plurality of signal lines, or
may be implemented with multiple channels, to each of which
at least one memory module 1140 may be coupled. In some
embodiments, the memory controller 1111 may be located
inside the input/output hub 1120, which may be referred to as
a memory controller hub (MCH).

[0217] The memory module 1140 may include a plurality
of semiconductor memory devices that store data provided
from the memory controller 1111. Each of the plurality of
semiconductor memory devices may include an ECC circuit
that corrects errors in the memory cells, a test circuit that
determines a number of ‘fail’ cells in the memory region on
codeword basis in a test mode, a fail address memory and a
fail manage circuit. As described with reference to FIGS. 8
through 22B, the test circuit may read the test pattern data
from the memory blocks in the memory region on codeword
basis in a test mode, on comparing bits of each first unit in the
test pattern data to output a first result signal, may compare
corresponding bits in the first units as each second unit and to
output a second result signal, and may store the first result
signal and the second result signal in the fail address memory.
The fail manage circuit may repair ‘fail” cells by one of an
ECC operation and a redundancy repair operation based on a
number of the ‘fail’ cells, included in an access address, by
referring to the fail address memory. For example, the test
circuit or the fail manage circuit may provide the memory
controller 1111 with fail information signal FIS including
pass/fail information on data stream (test pattern data) and
addition information on the data stream.

[0218] The input/output hub 1120 may manage data trans-
fer between the processor 1110 and devices, such as the
graphics card 1150. The input/output hub 1120 may be
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coupled to the processor 1110 via various interfaces. For
example, the interface between the processor 1110 and the
input/output hub 1120 may be a front side bus (FSB), a system
bus, a HyperTransport, a lightning data transport (LDT), a
QuickPath interconnect (QPI), a common system interface
(CSI), etc. Although FIG. 21 illustrates the computing system
1100 including one input/output hub 1120, in some embodi-
ments, the computing system 1100 may include a plurality of
input/output hubs. The input/output hub 1120 may provide
various interfaces with the devices. For example, the input/
output hub 1120 may provide an accelerated graphics port
(AGP) interface, a peripheral component interface-express
(PCle), a communications streaming architecture (CSA)
interface, etc.

[0219] The graphics card 1150 may be coupled to the input/
output hub 1120 via AGP or PCle. The graphics card 1150
may control a display device (not shown) for displaying an
image. The graphics card 1150 may include an internal pro-
cessor for processing image data and an internal semiconduc-
tor memory device. In some embodiments, the input/output
hub 1120 may include an internal graphics device along with
or instead of the graphics card 1150 outside the input/output
hub 1120. The graphics device included in the input/output
hub 1120 may be referred to as integrated graphics. Further,
the input/output hub 1120 including the internal memory
controller and the internal graphics device may be referred to
as a graphics and memory controller hub (GMCH).

[0220] The input/output controller hub 1130 may perform
data buffering and interface arbitration in order to efficiently
operate various system interfaces. The input/output controller
hub 1130 may be coupled to the input/output hub 1120 via an
internal bus, such as a direct media interface (DMI), a hub
interface, an enterprise Southbridge interface (ESI), PCle,
etc. The input/output controller hub 1130 may provide vari-
ous interfaces with peripheral devices. For example, the
input/output controller hub 1130 may provide a universal
serial bus (USB) port, a serial advanced technology attach-
ment (SATA) port, a general purpose input/output (GPIO), a
low pin count (LPC) bus, a serial peripheral interface (SPI),
PCI, PCle, etc.

[0221] In some embodiments, the processor 1110, the
input/output hub 1120 and the input/output controller hub
1130 may be implemented as separate chipsets or separate
integrated circuits. In other embodiments, at least two of the
processor 1110, the input/output hub 1120 and the input/
output controller hub 1130 may be implemented as a single
chipset.

[0222] Aspects of the present inventive concept may be
applied to systems using semiconductor memory devices. For
example aspects of the present inventive concept may be
applied to systems such as be a mobile phone, a smart phone,
a personal digital assistant (PDA), a portable multimedia
player (PMP), a digital camera, a camcorder, personal com-
puter (PC), a server computer, a workstation, a laptop com-
puter, a digital TV, a set-top box, a portable game console, a
navigation system, or other such electronic devices.

[0223] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
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the present inventive concept. Accordingly, all such modifi-
cations are intended to be included within the scope of the
present inventive concept.
What is claimed is:
1. A semiconductor memory device comprising:
a memory cell array; and
a test circuit being configured to:
read out data stream from the memory cell array;
perform a first comparing of bits of each first unit in the
data stream;

store the first comparing result as a first result signal;

perform a second comparing of corresponding bits in the
first units as each second unit;

store the second comparing result as a second result
signal; and

output a fail information signal including pass/fail infor-
mation on the data stream and additional information
on the data stream based on the first result signal and
the second result signal during a test mode of the
semiconductor memory device.

2. The semiconductor memory device of claim 1, wherein
the data stream is test pattern data written in the memory cell
array,

wherein the fail information signal includes the first result
signal representing a comparison result of the bits of
each first unit in the test pattern data and the second
result signal representing a comparison result of the
corresponding bits in the first units as each second unit,

wherein the additional information indicates whether a
number of fail cells in a memory region of the memory
cell array, corresponding to the data stream, is a single-
bit error or a multi-bit error and positions of the fail cells,
and

wherein the first unit corresponds to data of a burst length
of the semiconductor memory device.

3. The semiconductor memory device of claim 2, wherein

the test circuit comprises:

a first comparison circuit configured to compare the bits of
each first unit in the test pattern data to output the first
result signal; and

a second comparison circuit configured to compare the
corresponding bits in the first units as each second unit to
output the second result signal.

4. The semiconductor memory device of claim 3, wherein
the first comparison circuit outputs the first comparison signal
indicating whether the bits of each first unit in the test pattern
are same with respect to each other and the second compari-
son circuit outputs the second comparison signal indicating
whether the bits of each second unit in the test pattern are
same with respect to each other.

5. The semiconductor memory device of claim 2, wherein
the test circuit writes the test pattern data in the memory cell
array on codeword basis,

wherein the memory cell array includes a plurality of first
memory blocks and a second memory block, and

wherein the semiconductor memory device further com-
prises:

a fail address memory configured to store the first result
signal and the second result signal;

afail manage circuit configured to repair fail cells by one of
an error correction code (ECC) operation and a redun-
dancy repair operation based on a number of the fail
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cells, included in an access address, by referring to the
fail address memory, in a normal mode of the semicon-
ductor memory device;

an ECC circuit configured to perform the ECC operation

under control of the fail manage circuit; and

aplurality of switching circuit coupled to a plurality of first

memory cells in the first memory blocks through first
bit-lines and coupled to a plurality of second memory
cells in the second memory block through second bit-
lines.

6. The semiconductor memory device of claim 5, wherein
the fail manage circuit is configured to repair the fail cells by
the redundancy repair operation when the number of the fail
cells is equal to or greater than two, and

wherein the fail manage circuit controls the switching cir-

cuits such that a first block of the first memory blocks is
replaced by a second block of the second memory block
when the fail manage circuit performs the redundancy
repair operation.

7. The semiconductor memory device of claim 5, wherein
the fail manage circuit is configured to repair the fail cells by
the ECC operation when the number of the fail cells is equal
to one, and

wherein the fail manage circuit controls the switching cir-

cuits such that parity bits repairing the fail cell of the first
memory cells is stored in the second memory cells.

8. The semiconductor memory device of claim 5, wherein
the fail address memory includes a first region and a second
region that store the first result signal and the second result
signal, respectively, on the codeword basis,

wherein the first result signal includes a plurality of first

bits, each corresponding to each first unit, and

wherein the second result signal includes a plurality of
second bits, each corresponding to each second unit.

9. The semiconductor memory device of claim 8, wherein
the fail manage circuit is configured to repair the fail cells by
one of the ECC operation and the redundancy repair operation
based on a number of error bits of the first bits and the second
bits, each error bit having a first logic level, and

the fail manage circuit is configured to generate second
error bits by erasing some of first error bits of the first
result signals stored in the first region, and is configured
to perform the redundancy repair operation based on the
second error bits stored in the first region, each erased
first error bit repairable by the ECC circuit.

10. The semiconductor memory device of claim 5, wherein
the fail address memory includes a first region and a second
region that store the first result signal and the second result
signal, respectively, on the codeword basis,

wherein the first result signal includes one of a plurality of

first bits, each corresponding to each first unit and a
plurality of third bits into which the first bits are coded,
and

wherein the second result signal includes one of a plurality
of second bits, each corresponding to each second unit
and a plurality of fourth bits into which the second bits
are coded.

11. The semiconductor memory device of claim 5, wherein
the test circuit is configured to write the test pattern data,
configured to read the test pattern data and configured to
output the first result signal and the second result signal for
each test item in the test mode, and
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wherein the fail address memory stores the first result
signal and the second result signal by accumulating the
first result signal and the second result for each test item.

12. The semiconductor memory device of claim 1, wherein

the test circuit provides the fail information signal to an
external test device,

wherein the test device determines a repair policy of the fail
cells based on a number of the fail cells in the fail
information signal, and

wherein the memory cell array is a three dimensional
memory cell array.

13. The semiconductor memory device of claim 12, further

comprising:

a control logic circuit configured to compare an access
address with fail addresses of the fail cells and config-
ured to repair the fail cells by one of the ECC operation
and the redundancy repair operation based on a number
of fail cells in the access address.

14. A memory system comprising:

a semiconductor memory device; and

atest device configured to test the semiconductor memory
device,

wherein the semiconductor memory device comprises:

a memory cell array; and

a test circuit configured to read data stream from the
memory cell array, configured to, on comparing bits of
each first unit in the data stream, compare corresponding
bits in the first units as each second unit and configured
to output a fail information signal including pass/fail
information on the data stream and additional informa-
tion on the data stream, in a test mode of the semicon-
ductor memory device.

15. The memory system of claim 14, wherein the data

stream is test pattern data written in the memory cell array,

wherein the fail information signal includes a first result
signal representing a comparison result of the bits of
each first unit in the test pattern data and a second result
signal representing a comparison result of the corre-
sponding bits in the first units as each second unit, and

wherein the first unit corresponds to data of a burst length
of the semiconductor memory device.
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16. The memory system of claim 15, wherein the test
circuit writes the test pattern data in the memory cell array on
codeword basis,

wherein the test device provides the test pattern data to the

semiconductor memory device, and

wherein the test device includes a fail address memory

configured to store the first result signal and the second
result signal on the codeword basis.

17. The memory system of claim 15, wherein the test
circuit is configured to write the test pattern data, configured
to read the test pattern data and configured to output the first
result signal and the second result signal to the test device for
each test item in the test mode, and

wherein the fail address memory stores the first result

signal and the second result signal by accumulating the
first result signal and the second result for each test item.

18. A method of operating a semiconductor memory
device, the method comprising:

reading test pattern data from a memory cell array in a

codeword basis, in a test mode of the semiconductor
memory device;

on comparing bits of each first unit in the test pattern date

to output a first result signal, comparing corresponding
bits in the first units as each second unit to output a
second result signal;

storing the first result signal and the second result signal in

a first region and a second region of a fail address
memory respectively; and

repairing fail cells by one of an error correction code (ECC)

operation and a redundancy repair operation based on a
number of the fail cells, included in an access address, by
referring to the fail address memory, in a normal mode of
the semiconductor memory device.

19. The method of claim 18, further comprising:

repairing the fail cells by the ECC operation when the

number of the fail cells is equal to one.

20. The method of claim 18, wherein the memory cell array
includes a plurality of first memory blocks and a second
memory block, and

wherein the first unit corresponds to data of a burst length

of each of the first memory blocks and the second
memory block.



