MEMORY DEVICE FOR EFFICIENTLY DETERMINING WHETHER TO PERFORM
RE-TRAINING OPERATION AND MEMORY SYSTEM INCLUDING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

[1] This application claims the benefit of Korean Patent Application No. 10-2017-0101352,
filed on August 9, 2017, in the Korean Intellectual Property Office, the disclosure of which is

incorporated herein in its entirety by reference.

TECHNICAL FIELD

[2] Example embodiments of inventive concepts relate to a memory device, and more
particularly, to a memory device, which determines, or efficiently determines, whether to
perform a re-training operation to cause alignment between data and a clock signal after
performing a training operation on the memory device, and a memory system including the

memory device.

BACKGROUND

[3] A memory controller may perform a training operation on a memory device after power-
on to adjust an alignment condition, e.g. an improved and/or optimal alignment condition
between data and a clock signal and then may control a memory operation such as a write
operation and a read operation. When a specific (or, alternatively, predetermined) time passes
after the training operation, a skew or a misalignment may occur between data and a clock
signal due to a variation due to a memory operating environment or the like, and thus a write
operation or a read operation may fail. Thus, a re-training operation may be performed on the
memory device aligning the data with the clock signal. In order to perform the re-training
operation, the memory controller may determine whether a memory operation fails, determine
whether to perform the re-training operation based on the determination result, and control a

re-training operation for the memory device.




[4] However, when the memory controller performs operations, such as determining whether
a memory operation fails and determining whether to perform the re-training operation, loss of

time and memory performance deterioration due to the loss of time may occur.

SUMMARY

[S] Example embodiments of inventive concepts provide a memory device, which may
efficiently determine whether to perform a re-training operation to improve performance of a
memory system, and a memory system including the memory device.

[6] According to an example embodiment of inventive concepts, there is provided a memory
device, including a path state check circuit configured to check states of signal transmission
paths, each signal transmission path including a data transmission path and a clock transmission
path of the memory device. The path state check circuit includes a sampling circuit
configured to perform a sampling operation by using pattern data that has passed through the
data transmission path and a clock signal that has passed through the clock transmission path,
and generate sample data, and a management circuit configured to generate a comparison of
the sample data with the pattern data and manage check result information indicating whether
a re-training operation for the memory device is to be performed, based on a result of the
comparison.

[7] According to an example embodiment of inventive concepts, there is provided a memory
device, including a path state check circuit configured to check states of signal transmission
paths, each signal transmission path including a data transmission path and a clock transmission
path of the memory device. The path state check circuit includes a sampling circuit
configured to perform a plurality of sampling operations by using pattern data that has passed
through the data transmission path and a plurality of clock signals that have passed through the
clock transmission path, each of the plurality of clock signals having different phases, the
sampling circuit configured to generate a plurality of pieces of sample data a management
circuit configured to generate a comparison of the pattern data with the plurality of pieces of
sample data, and configured to manage path state information indicating degree of alignment
between the pattern data and a reference clock signal among the plurality of clock signals,
based on results of the comparison.

[8] According to an example embodiment of inventive concepts, there is provided a memory
system, including a memory device, and a memory controller configured to control a memory

operation of the memory device, wherein the memory device is configured to perform an
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operation of checking a state of a signal transmission path by using pattern data and a clock
signal which have respectively passed through the signal transmission path, and to generate
check result information indicating whether to perform a re-training operation for the memory
device is to be performed, as a result of performing the operation, wherein the memory
controller is configured to control the re-training operation for the memory device based on the
check result information.

[9] According to an example embodiment of inventive concepts, there is provided a storage
device including a plurality of slaves, each comprising a signal transmission path for storing
specific data, and a master configured to control operations of the plurality of slaves. Each of
the slaves is configured to generate a comparison of sample data, generated by performing a
sampling operation by using pattern data and a clock signal which have respectively passed
through the signal transmission path, with the pattern data, and generate check result
information indicating whether a re-training operation is required, based on a result of the
comparison, and provide the generated check result information to the master, and the master
is configured to control a re-training operation for the slaves based on a plurality of pieces of

check result information received from the slaves.

BRIEF DESCRIPTION OF THE DRAWINGS

[10] Embodiments of the inventive concept will be more clearly understood from the
following detailed description taken in conjunction with the accompanying drawings in which:
[11] FIG. 1 is a schematic block diagram of a memory system according to an example
embodiment of the inventive concept;

[12] FIG. 2 is a block diagram of a memory device in the memory system of FIG. 1;

[13] FIGS. 3A and 3B are block diagrams of a path state check circuit of FIG. 2;

[14] FIG. 4 is a circuit diagram of a sampling circuit of FIG. 3A;

[15] FIGS. 5A and 5B are diagrams for explaining a sampling operation of the sampling
circuit of FIG. 3A;

[16] FIGS. 6A and 6B are diagrams for explaining a comparison operation of a comparator
according to an example embodiment of the inventive concept;

[17] FIG. 7 is a diagram for explaining an operation of generating check result information
by a check result information generator according to an example embodiment of the inventive

concept;



[18] FIG. 8 is a block diagram of a path state check circuit according to an example
embodiment of the inventive concept;

[19] FIGS. 9A and 9B are diagrams for explaining a check result information generation
method of a check result information generator of FIG. §8;

[20] FIGS. 10A and 10B are block diagrams of path state check circuits that generate check
result information based on the degree of alignment between pattern data and a clock signal,
according to an example embodiment of the inventive concept;

[21] FIG. 11 is a diagram for explaining reference state information in FIG. 10A;

[22] FIGS. 12A to 13B are diagrams for explaining the operation of a path state check circuit
for generating check result information by using path state information, according to an
example embodiment of the inventive concept;

[23] FIGS. 14A to 14D are timing diagrams for explaining a timing at which a path state
check circuit according to an example embodiment of the inventive concept performs a check
operation on a signal transmission path;

[24] FIGS. 15A to 15C are diagrams for explaining a check operation of a path state cheék
circuit and a write operation of a memory device, according to an arrangement relationship
between write data and pattern data;

[25] FIGS. 16A to 16C are timing diagrams for explaining an operation of a memory device
which is based on check result information generated by a path state check circuit according to
an example embodiment of the inventive concept;

[26] FIGS. 17A and 17B are diagrams for explaining another example of an operation of
stopping a write operation of a memory device as shown in FIGS. 16A to 16C;

[27] FIGS. 18A and 18B are block diagrams of memory systems for explaining embodiments
in which a memory controller receives check result information from a memory device; and
[28] FIG. 19 is a block diagram of a storage device according to an example embodiment of

the inventive concept.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[29] Hereinafter, embodiments of inventive concepts will be described in detail with reference

to the accompanying drawings.

[30] FIG. 1 is a schematic block diagram of a memory system 1 according to an embodiment

of inventive concepts.



[31] Referring to FIG. 1, the memory system 1 may include a memory controller 10 and a
memory device 20. The memory device 20 may include a memory cell array 22 and a path state
check circuit 24. However, inventive concepts is not limited thereto. The path state check
circuit 24 may be or may include a hardware block including an analog circuit and/or a digital
circuit. The hardware block may include a plurality of electronic components, such as
resistors, transistors, capacitors, and/or other elements arranged and connected to one another
such that the hardware block is capable of performing a specific function, in response to
electrical stimulus.  Alternatively or additionally, the path state check circuit 24 may be or
may include a software block including a plurality of machine-readable instructions configured
to be executed by the memory controller 10 and/or the like. The software block may comprise
an ordered list of machine-readable instructions that implement logical functions. The
software block may be embodied in any processor-readable medium, for use by or in
connection with an instruction execution system, apparatus, or device, such as a single or
multiple-core processor or processor-containing system.  Hereinafter, as an example
embodiment, components of the memory system 1 shown in FIG. 1 will be described in detail.
[32] The memory controller 10 may perform a control operation on the memory device 20.
For example, the memory controller 10 may provide an address signal ADDR, a command
CMD, and a control signal CTRL to the memory device 20 to perform write, read, and/or erase
operations on the memory device 20. The memory cell array 22 may include a plurality of
memory cells (not shown) arranged in areas where a plurality of word lines (not shown)
intersect a plurality of bit lines (not shown). Furthermore, the memory cell array 22 may include
word lines, at least one string select line, and at least one ground select line, and may include a
plurality of memory blocks.

[33] In anexample embodiment, the plurality of memory cells may be flash memory cells and
the memory cell array 22 may be or may include a NAND flash memory cell array and/or a
NOR flash memory cell array. Hereinafter, embodiments of inventive concepts will be
described in detail with reference to a case where the plurality of memory cells are flash
memory cells. However, inventive concepts are not limited thereto, and in other embodiments,
the plurality of memory cells may be resistive memory cells such as resistive random access
memory (RRAM), phase change RAM (PRAM), and/or magnetic RAM (MRAM), or may be
volatile memory cells such as dynamic RAM (DRAM).

[34] The path state check circuit 24 according to an example embodiment of inventive
concepts may check states of signal transmission paths in the memory device 20 and generate

check result information. The check result information may be or may include information to
5



be referred to when the memory controller 10 controls a re-training operation for the memory
device 20. The path state check circuit 24 may provide the check result information to the
memory controller 10, and the memory controller 10 may determine, e.g. quickly determine,
whether or not to perform a re-training operation on the memory device 20 by referring to the
check result information without separately determining whether a memory operation of the
memory device 20 fails.

[35] In an example embodiment, the path state check circuit 24 may check an alignment state
between pattern data that has passed through a specific (or, alternatively, predetermined) data
transmission path in the memory device 20 and a clock signal that has passed through a specific
(or, alternatively, predetermined) clock transmission path in the memory device 20, and may
generate check result information indicating whether a re-training operation for the memory
device 20 is required. For example, when receiving a command related to a signal transmission
path state check from the memory controller 10 or receiving an address signal having a specific
value, or after a training operation of the memory device 20, the path state check circuit 24 may
perform an operation of checking a state of a signal transmission path and generating check
result information, every specific (or, alternatively, predetermined) period.

[36] The pattern data may be data including specific (or, alternatively, predetermined) pattern
bits to check a state of a data transmission path. The specific (or, alternatively, predetermined)
data transmission path may correspond to a data transmission path through which general data
written to the memory cell array 22 passes, and the specific (or, alternatively, predetermined)
clock transmission path may correspond to a clock transmission path through which a clock
signal necessary for writing general data to the memory cell array 22 passes. The signal
transmission path may include a data transmission path and a clock transmission path, and the
details of the data transmission path and the clock transmission path which are checked by the
path state check circuit 24 is described below.

[37] The path state check circuit 24 according to an example embodiment may check a state
of a signal transmission path and generate check result information indicating whether or not a
re-training operation is required, or specified, for the memory device 20 and provide the check
result information to the memory controller 10, and thus, the memory controller 10 may quickly
determine whether to perform a re-training operation on the memory device 20 and perform
the re-training operation. As described above, the performance of the memory system 1 may
be improved by determining, e.g. efficiently determining, whether to perform the re-training
operation.

[38] FIG. 2 is a block diagram of the memory device 20 in the memory system 1 of FIG. 1.
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[39] Referring to FIG. 2, a memory device 100 corresponding to the memory device 20 may
include a control logic 110, a page buffer circuit 120, an input/output (/O) circuit 130, a voltage
generator 140, a row decoder 150, a memory cell array 160, and/or a path state check circuit
170.

[40] The memory cell array 160 may be connected to the row decoder 150 through word lines
WLs, a string select line SSL, and a ground select line GSL, and may be connected to the page
buffer circuit 120 through bit lines BLs. The memory cell array 160 may include a plurality of
memory blocks. The memory cell array 160 may include a plurality of NAND cell strings.
Each of the NAND cell strings may form a channel in a vertical or horizontal direction. In the
memory cell array 160, a plurality of word lines may be stacked in the vertical direction.
However, inventive concepts are not limited thereto.

[41] The row decoder 150 may decode an address to select any one of the word lines WLs of
the memory cell array 160. The row decoder 150 may provide a word line voltage provided
from the voltage generator 140 to a selected word line of the memory cell array 160.

[42] The page buffer circuit 120 may operate as a write driver or a sense amplifier in
accordance with operations performed by the control logic 110. The page buffer circuit 120
may write data, received through data lines DLs from the I/O circuit 130 during a write
operation, in selected memory cells, and may sense data, stored in selected memory cells,
through the bit lines BLs during a read operation to provide sensed data to the I/O circuit 130.
[43] The I/O circuit 130 may be connected to the page buffer circuit 120 through the data
lines DLs, and may be connected to a memory controller MCTR through a DQ pad 132 and a
DQS pad 134. The I/O circuit 130 may receive or output data (DQ) from or to the memory
controller MCTR through the DQ pad 132 and may receive or output a DQ strobe signal from
or to the memory controller MCTR through the DQS pad 134. A clock signal used in a memory
operation may be generated from the DQ strobe signal. Although one DQ pad 132 is shown in
FIG. 2 for the convenience of description, inventive concepts is not limited thereto, and the
memory device 100 may include a plurality of DQ pads and may receive or output a plurality
of pieces of data in parallel through the plurality of DQ pads. The I/O circuit 130 may provide
an input address or command to the control logic 110 or the row decoder 150.

[44] The control logic 110 may control a memory operation including a training operation for
aligning data with a clock signal, a re-training operation to be performed when the data and the
clock signal are misaligned with each other after the training operation, a write operation, a
read operation, and/or an erase operation, in response to a command transmitted from the /O

circuit 130.



[45] The path state check circuit 170 may include a sampling circuit 172 and a management
circuit 174. The sampling circuit 172 may be included in the I/O circuit 130 and used when
writing data to the page buffer circuit 120 and/or the memory cell array 160. The path state
check circuit 170 may check an alignment state between pattern data that has passed through a
specific (or, alternatively, predetermined) data transmission path in the memory device 100 and
a clock signal that has passed through a specific (or, alternatively, predetermined) clock
transmission path in the memory device 100. The specific (or, alternatively, predetermined)
data transmission path may be a part of or the whole transmission path of write data in a normal
write operation, and the specific (or, alternatively, predetermined) clock transmission path may
be a part of or the whole transmission path of a clock signal required in the normal write
operation.

[46] The specific (or, alternatively, predetermined) data transmission path may include a first
data transmission path DQ_P1 between the memory controller MCTR and the DQ pad 132 and
a second data transmission path DQ_P2 between the DQ pad 132 and the sampling circuit 172.
The specific (or, alternatively, predetermined) clock transmission path may include a first clock
transmission path DQS_P1 between the memory controller MCTR and the DQS pad 134 and
a second clock transmission path DQS_P2 between the DQS pad 134 and the sampling circuit
172. However, inventive concepts is not limited thereto, and each of the specific (or,
alternatively, predetermined) data transmission path and the specific (or, alternatively,
predetermined) clock transmission path ;nay be set so as to further include a path of a block
which is in the I/O circuit 130 and performs a high-speed operation above a reference frequency.
Furthermore, the specific (or, alternatively, predetermined) data transmission path and the
specific (or, alternatively, predetermined) clock transmission path may correspond to a replica
signal transmission path that is the same as or similar to a signal transmission path of data and
a clock signal when performing a write operation. A specific operation of the path state check
circuit 170 will be described below.

[47] FIGS. 3A and 3B are block diagrams of the path state check circuit 170 of FIG. 2.

[48] Referring to FIG. 3A, a path state check circuit 200a corresponding to the path state
check circuit 170 may include a sampling circuit 220a and a management circuit 240a. The
management circuit 240a may include a comparator 242a, a check result information generator
244a, and a storage circuit 246a. The path state check circuit 200a may use pattern data PT D'
and a clock signal CLK', which have passed (or have undergone) a signal transmission path
STP, to check a state of the signal transmission path STP. As non-limiting example

embodiment, pattern data PT D and a clock signal CLK may be received from the memory
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controller 10 in FIG. 1. The sampling circuit 220a may perform a sampling operation by using
the pattern data PT_D' and the clock signal CLK' and generate sample data Sample D. For
example, the sampling circuit 220a may sample a value of the pattern data PT D' at a rising
edge and/or a falling edge of the clock signal CLK' to generate the sample data Sample D.
[49] The comparator 242a may receive the sample data Sample D from the sampling circuit
220a and may receive the pattern data PT D as a comparison reference. The comparator 242a
may compare the pattern data PT_D with the sample data Sample D to generate a comparison
result Comp_R. The check result information generator 244a may receive the comparison result
Comp_R from the comparator 242a and may generate check result information C_RI indicating
whether a re-training operation for the memory device is to be performed, based on the
comparison result Comp R.

[SO] The storage circuit 246a may receive the check result information C_RI from the check
result information generator 244a and store the received check result information C_RI. The
storage circuit 246a may include at least one register and may store the check result information
C_RI in a status register indicating a status of the memory device. For example, when the
storage circuit 246a receives check result information C_RI having a first value indicating that
are-training operation for the memory device is not required, the storage circuit 246a may store
the check result information C_RI having the first value in a specific (or, alternatively,
predetermined) register. Thereafter, when the storage circuit 246a receives check result
information C_RIhaving a second value indicating that a re-training operation for the memory
device is required, the storage circuit 246a may change the first value of the check result
information C_RI stored in the specific (or, alternatively, predetermined) register to the second
value. As such, the management circuit 240a may manage the check result information C_RI
stored in the storage circuit 246a, and although not shown in FIG. 3A, the check result
information C_RI may be provided to the memory controller 10 of FIG. 1 and the memory
controller 10 may determine, e.g. easily determine, whether a re-training operation for the
memory device is required, e.g. is to be performed, through the check result information C_RI.
[S1] A path state check circuit 200b of FIG. 3B may further include a pattern data generator
270b and a clock signal generator 280b as compared with the path state check circuit 200a of
FIG. 3A. The pattern data generator 270b may generate pattern data PT D including specific
(or, alternatively, predetermined) pattern bits to check a state of a signal transmission path STP.
The pattern data generator 270b may generate pattern data PT D that randomly includes

specific (or, alternatively, predetermined) pattern bits. The pattern data generator 270b may



include an E-fuse circuit storing various pattern data and may select any one of various pattern
data stored in the E-fuse circuit and generate pattern data PT D.

[S2] The clock signal generator 280b may generate a clock signal CLK having a specific (or,
alternatively, predetermined) frequency, to check the state of the signal transmission path STP.
The clock signal generator 280b may generate the clock signal CLK based on the DQ strobe
signal received from the memory controller 10. The clock signal generator 280b may generate
a clock signal having a frequency that is the same as the frequency of a clock signal used in,
e.g. required in, a write operation. The path state check circuit 200a of FIG. 3A receives the
pattern data PT D and the clock signal CLK from the outside, whereas the path state check
circuit 200b of FIG. 3B may internally generate the pattern data PT D and the clock signal
CLK. Therefore, after a training operation for the memory device, the path state check circuit
200b may actively check a state of a signal transmission path without receiving a separate
signal from the memory controller 10.

[53] FIG. 4 is a circuit diagram of the sampling circuit 220a of FIG. 3A.

[54] Referring to FIG. 4, a sampling circuit 220 corresponding to the sampling circuit 220a
may include at least one flip-flop FF. The flip-flop FF may receive pattern data PT D' and the
clock signal CLK' that have passed through a signal transmission path. The flip-flop FF may
sample a value of the pattern data PT D' at a rising edge and a falling edge of the clock signal
CLK' to generate sample data Sample D and output the sample data Sample D. However,
inventive concepts are not limited thereto, and the sampling circuit 220a may include various
structures capable of sampling the pattern data PT D' based on the clock signal CLK'.

[S5] FIGS. 5A and 5B are diagrams for explaining a sampling operation of the sampling
circuit 220a of FIG. 3A.

[S6] In FIG. 5A, a sampling operation is assumed to be performed in a state where a signal
transmission path state is good and alignment between the pattern data PT D' and the clock
signal CLK'is correct.

[S7] Referring to FIGS. 3A and 5A, the sampling circuit 220a may perform a sampling
operation on the pattern data PT_D' including first bit data D_1 and second bit data D_2. For
example, the sampling circuit 220a may sample a value of the pattern data PT D' at a rising
edge and a falling edge of the clock signal CLK'. For example, the first bit data D_1 may be
sampled at a rising edge of the clock signal CLK' and the second bit data D_2 may be sampled
at a falling edge of the clock signal CLK'. Thus, the sampling circuit 220a may generate sample
data Sample D including the first bit data D 1 and the second bit data D_2.
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[S8] In FIG. 5B, a sampling operation is assumed to be performed in a state where a signal
transmission path state is bad and alignment between the pattern data PT D' and the clock
signal CLK' is not correct.

[59] Referring to FIGS. 3A and 5B, the sampling circuit 220a may perform a sampling
operation on the pattern data PT_D'including the first bit dataD_1 and the second bit dataD 2.
For example, the sampling circuit 220a may sample the pattern data PT_D' at a rising edge and
a falling edge of the clock signal CLK, respectively, and generate sample data Sample D
including data W_D different from the first bit data D_1 and another data W_D different from
the second bit data D_2. However, inventive concepts is not limited thereto, and the sampling
operation may be performed in various ways using pattern data including more pattern bits.
[60] FIGS. 6A and 6B are diagrams for explaining a comparison operation of a comparator
242 according to an example embodiment of inventive concepts.

[61] FIG. 6A is a diagram showing a case of comparing the sample data Sample D in FIG.
5A with pattern data PT_D, and FIG. 6B is a diagram showing a case of comparing the sample
data Sample D in FIG. 5B with pattern data PT D.

[62] Referring to FIG. 6A, the comparator 242 may include at least one logic circuit LC, and
for example, the logic circuit LC may be or may include an XOR logic circuit. The logic circuit
LC may receive the sample data Sample D and the pattern data PT D as a comparison
reference and compare the sample data Sample D with the pattern data PT_D. The pattern data
PT_D and the sample data Sample_D may include first bit data D_1 and second bit data D_2,
respectively. The comparator 242 may compare the sample data Sample D with the pattern
data PT D and generate path data Pass_D, which indicates that the pattern data PT_D matches
the sample data Sample D, as a comparison result Comp R.

[63] Referring to FIG. 6B, the logic circuit LC of the comparator 242 may receive the sample
data Sample D and the pattern data PT D and compare the sample data Sample D with the
pattern data PT_D. The sample data Sample D may include data W_D different from first bit
data D_1 and another data W_D different from second bit data D_2. The comparator 242 may
compare the sample data Sample D with the pattern data PT D and generate fail data Fail D,
which indicates that the pattern data PT D and the sample data Sample D are different from
each other, as a comparison result Comp R.

[64] FIG. 7 is a diagram for explaining an operation of generating check result information
C RI by a check result information generator 244 according to an example embodiment of

inventive concepts.

11



[65] Referring to FIG. 7, when the check result information generator 244 receives pass data
Pass_D indicating that sample data matches pattern data, the check result information generator
244 may generate check result information C_RI having a first value (e.g. logic high H)
indicating that a re-training operation for a memory device is not required. In addition, when
the check result information generator 244 receives fail data Fail D indicating that sample data
does not match pattern data, the check result information generator 244 may generate check
result information C_RI having a second value (e.g. logic low L) indicating that a re-training
operation for a memory device is required.

[66] The check result information generator 244 may store the check result information C_RI
in a storage circuit 246. In an example embodiment, the storage circuit 246 may include a status
register SR in which information indicating a status of a memory device is stored. The status
register SR may include a specific (or, alternatively, predetermined) memory space for storing
a value of the check result information C_RI. When receiving a status read from a memory
controller (or the outside), the storage circuit 246 may provide the memory controller (or the
outside) with memory status information including check result information C_RI indicating
whether a re-training operation for the memory device is required.

[67] FIG. 8 is a block diagram of a path state check circuit 300 according to an example
embodiment of inventive concepts.

[68] FIG. 8 illustrates an operation of the path state check circuit 300 when a plurality of
pieces of parallel data are transmitted and received in parallel between a memory controller
and a memory device. In this case, that the plurality of pieces of parallel data respectively are
assumed to pass through different data transmission paths in the memory device 100 of FIG. 2.
[69] Referring to FIG. 8, the path state check circuit 300 may include a sampling circuit 320,
a comparator 340, and a check result information generator 360. The sampling circuit 320 may
include a plurality of flip-flops FF1 to FFn. First to n-th pieces of pattern data PT_D1 to PT Dn
may correspond to first to nth pieces of parallel data, respectively. In more detail, in order to
check states of data transmission paths through which a plurality of pieces of parallel data are
transmitted, a plurality of pieces of pattern data, i.e., the first to n-th pieces of pattern data PT 1
to PT n, may respectively pass through specific (or, alternatively, predetermined) data
transmission paths corresponding to the data transmission paths through which the plurality of
pieces of parallel data are transmitted when the memory device performs a write operation.
[70] Each of the flip-flops FF1 to FFn may perform a sampling operation using a plurality of
pieces of pattern data PT_D1' to PT Dn' that have passed through specific (or, alternatively,

predetermined) data transmission paths and a clock signal CLK' that has passed through a
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specific (or, alternatively, predetermined) clock transmission path. Accordingly, the sampling
circuit 320 may generate a plurality of pieces of sampling data Sample D1 to Sample Dn.
[71] The comparator 340 may include a plurality of logic circuits LC1 to LCn. Each of the
logic circuits LC1 to LCn may be or may include an XOR logic circuit. The plurality of logic
circuits LC1 to LCn may generate a plurality of comparison results Comp R1 to Comp Rn by
comparing the plurality of pieces of pattern data PT 1 to PT n with the plurality of pieces of
sampling data Sample D1 to Sample Dn, respectively.

[72] The check result information generator 360 may receive the plurality of comparison
results Comp_R1 to Comp_Rn and generate check result information by using the plurality of
comparison results Comp R1 to Comp Rn. More details of the check result information
generator 360 will be described with reference to FIGS. 9A and 9B.

[73] FIGS. 9A and 9B are diagrams for explaining a check result information generation
method of the check result information generator 360 of FIG. 8.

[74] In FIGS. 9A and 9B, eight pieces of parallel data are assumed to be transmitted and
received between the memory controller and the memory device. Referring to FIGS. 8 and 9A,
the sampling circuit 320 and the comparator 340 may generate eight comparison results
Comp_R1 to Comp_R8 by using eight pieces of pattern data PT_D1 to PT D8 and may provide
the generated comparison results Comp R1 to Comp RS8 to the check result information
generator 360.

[75] The check result information generator 360 in FIG. 9A may receive a plurality of pieces
of pass data Pass_D1 to Pass_DS8 as the comparison results Comp R1 to Comp RS8. In an
example embodiment, the check result information generator 360 in FIG. 9A may generate
check result information C_RI having a first value H indicating that a re-training operation for
the memory device is not required when the comparison results Comp R1 to Comp RS are all
the pass data Pass D1 to Pass D8.

[76] The check result information generator 360 in FIG. 9B may receive a plurality of pieces
of pass data Pass_D1 and Pass_D3 to Pass_DS8 and one piece of fail data Fail D2 as the
comparison results Comp R1 to Comp R8. In an example embodiment, the check result
information generator 360 in FIG. 9B may generate check result information C_RI having a
second value L indicating that a re-training operation for the memory device is required, e.g.
the memory device is to perform the re-training operation, when at least one piece of fail data
is received. However, inventive concepts are not limited thereto. The check result information
generator 360 may generate check result information C_RI having a second value L when fail

data exceeding a specific (or, alternatively, predetermined) number of pieces of reference fail
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data is received. The number of pieces of reference fail data may be set in advance, and the
number of pieces of reference fail data can be changed by a signal received from the outside.
[77] FIGS. 10A and 10B are block diagrams of path state check circuits 400a and 400b that
generate check result information based on the degree of alignment between pattern data and a
clock signal, according to an example embodiment of inventive concepts.

[78] Referring to FIG. 10A, the path state check circuit 400a may include a sampling circuit
420a, a comparator 440a, and a check result information generator 460a. The sampling circuit
420a may include a plurality of sampling circuits 420a_1 to 420a_m. The comparator 440a
may include a plurality of comparators 440a_1 to 440a m.

[79] The sampling circuits 420a_1 to 420a_m may receive pattern data PT D' that has passed
through a specific (or, alternatively, predetermined) data transmission path of a signal
transmission path STP, and may respectively receive clock signals CLK _P1'to CLK_Pm' that
have different phases and have passed through a specific (or, alternatively, predetermined)
clock transmission path of the signal transmission path STP. Clock signals CLK P1 to
CLK_Pm may be shifted so as to have a constant phase difference. Each of the sampling
circuits 420a_1 to 420a_m may perform a sampling operation by using a corresponding one of
the clock signals CLK P1' to CLK Pm' and the pattern data PT D' and generate a
corresponding one of a plurality of pieces of sampling data Sample DP1 to Sample DPm.
Each of the comparators 440a_1 to 440a_m may perform a comparison operation by using a
corresponding one of the plurality of pieces of sampling data Sample DP1 to Sample DPm
and pattern data PT D, which is a comparison reference, and generate a corresponding one of
comparison results Comp_DP1 to Comp DPm. Path state information PSI may include the
comparison results Comp_DP1 to Comp_DPm generated by the comparator 440a, and the path
state information PSI may indicate the degree of alignment between the current pattern data
PT_D'and a reference clock signal (or a clock signal having a shift phase of 0, for example,
the clock signal CLK _P1").

[80] The check result information generator 460a may generate check result information C_RI
based on the path state information PSI and reference setting information Ref set Info. The
reference setting information Ref set Info may include reference state information RSI and
the number of reference bits RBN. The reference setting information Ref set Info may be
stored in the storage circuit 246a of FIG. 3A. A detailed description thereof will be given below.
[81] The path state check circuit 400b of FIG. 10B may further include a pattern data
generator 470b and a clock signal generator 480b in comparison with the path state check

circuit 400a of FIG. 10A. The pattern data generator 470b may generate pattern data PT D
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including specific (or, alternatively, predetermined) pattern bits to check a state of a signal
transmission path STP. The clock signal generator 480b may generate clock signals CLK_P1
to CLK_Pm having a specific (or, alternatively, predetermined) frequency and phase to check
the state of the signal transmission path STP. The clock signal generator 480b may include a
phase shifter 482b and may continuously shift a reference clock signal having a phase of 0 by
a certain phase by using the phase shifter 482b to generate a plurality of clock signals CLK _P1
to CLK Pm having different phases.

[82] FIG. 11 is a diagram for explaining the reference state information in FIG. 10A.

[83] Referring to FIGS. 10A and 11, the path state check circuit 400a may generate the
reference state information RSI within a specific (or, alternatively, predetermined) time after a
training operation for the memory device. The sampling circuit 420a may perform a plurality
of sampling operations on pattern data PT D’ including first bit data D_1 and second bit data
D_2 by using a first clock signal CLK_P1'(Ref.) and second to fourth clock signals CLK_P2
to CLK P4’ respectively shifted by a specific (or, alternatively, predetermined) phase ¢ with
respect to each other based on the first clock signal CLK_P1'(Ref)).

[84] The comparator 440a may compare a plurality of pieces of sampling data generated by
the sampling circuit 420a with the pattern data PT D (see FIG. 10A) to generate a plurality of
comparison results, e.g., the first to fourth comparison results Comp_DP1 to Comp_ DP4. For
example, since a sampling data generated using the first clock signal CLK P1' as a reference
matches the pattern data PT D, the comparator 440a may generate the first comparison result
Comp_DP1 having a value (e.g., a value of '1’) indicating a pass result Pass. In this manner,
since sampling data generated using the second and third clock signals CLK P2'and CLK P3'
respectively shifted by ® and 2& with respect to the first clock signal CLK P1' matches the
pattern data PT_D, the comparator 440b may generate the second and third comparison results
Comp_ DP2 and Comp_DP3 having a value indicating a pass result Pass. In addition, since
sampling data generated using the fourth clock signal CLK P4' shifted by 3® with respect to
the first clock signal CLK_P1' does not match the pattern data PT_D, the comparator 440b may
generate the fourth comparison result Comp DP4 having a value (e.g. a value of '0') indicating
a fail result Fail.

[85] The reference state information RSI may include the first to fourth comparison results
Comp_DP1 to Comp_DP4, and may have a value of '0111' as 4-bit data, for example. The
reference state information RSI may be generated within a specific (or, alternatively,
predetermined) time after a training operation for a memory device and may be a reference for

determining whether to perform a re-training operation for the memory device.
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[86] FIGS. 12A to 13B are diagrams for explaining the operation of a path state check circuit
for generating check result information C_RI by using path state information PSI, according to
an example embodiment of inventive concepts.

[87] Referring to FIGS. 10A and 12A, when receiving a command related to a signal
transmission path state check from the outside or receiving an address signal having a specific
value, or after a training operation of a memory device, the path state check circuit 400a may
perform an operation of generating the path state information PSI every specific (or,
alternatively, predetermined) period. Hereinafter, unlike in FIG. 11, a certain amount of time
is assumed to have elapsed after a training operation for a memory device and thus an alignment
between data and a clock signal which have passed through a signal transmission path has been
somewhat wrong.

[88] The sampling circuit 420a may perform a plurality of sampling operations on pattern
data PT D’ including first bit data D_1 and second bit data D _2 by using a first clock signal
CLK_P1'(Ref.) and second to fourth clock signals CLK P2 to CLK P4 respectively shifted
by a specific (or, alternatively, predetermined) phase ¢ with respect to each other based on the
first clock signal CLK_P1'(Ref.). The comparator 440a may compare a plurality of pieces of
sampling data generated by the sampling circuit 420a with the pattern data PT D (see FIG.
10A) to generate a plurality of comparison results, i.e., first to fourth comparison results
Comp_DP1 to Comp_DP4. Since sampling data generated using the first clock signal CLK_P1'
as a reference and the second clock signal CLK P2' matches the pattern data PT D, the
comparator 440a may generate the first and second comparison results Comp DP1 and
Comp DP2 each having a value indicating a pass result Pass. In addition, since sampling data
generated using the third and fourth clock signals CLK P3' and CLK_P4' does not match the
pattern data PT_D, the comparator 440a may generate the third and fourth comparison results
Comp_DP3 and Comp_DP4 each having a value indicating a fail result Fail.

[89] The path state information PSI may include the first to fourth comparison results
Comp_DP1 to Comp DP4. For example, the path state information PSI may have a value of
'0011" as 4-bit data.

[90] Referring to FIG. 12B, a check result information generator 460 may generate check
result information C_RI indicating whether a re-training operation for a memory device is
required, based on path state information PSI and reference setting information Ref set Info.
The reference setting information Ref set Info may include reference state information RSI
and the number of reference bits RBN. The reference state information RSI may be set to a

value of '0111", as described above with reference to FIG. 11 and the number of reference bits
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RBN may be set to 2. In an example embodiment, the number of reference bits RBN may be
set based on the reference state information RSI. For example, the number of reference bits
RBN may be set considering the number of bits included in the reference state information RSI
and a value of the reference state information RSI. However, the value of the reference state
information RSI and the number of reference bits RBN are not limited thereto and may be set
to various values, and may be changed due to a factor such as the operating environment of the
memory device.

[91] The check result information generator 460 may compare the path state information PSI
with the reference state information RSI. The check result information generator 460 may
generate the check result information C_RI based on whether the number of different bits
between the path state information PSI and the reference state information RSI is equal to or
greater than the number of reference bits RBN. For example, since the value of the path state
information PSIis '0011' and the value of the reference state information RSIis '0111", one bit
is different therebetween, and the number of different bits is less than the number of reference
bits RBN set to 2.

[92] Since the difference between the path state information PSI and the reference state
information RSI is not large, the degree of misalignment between data and a clock signal may
be determined to have not reached a level at which a memory operation fails. Accordingly, the
check result information generator 460 may generate check result information C_RI having a
first value H indicating that a re-training operation for a memory device is not required.

[93] Referring to FIGS. 10A and 13A, the sampling circuit 420a may perform a plurality of
sampling operations on pattern data PT_D’ including first bit data D 1 and second bitdataD 2
by using a first clock signal CLK P1'(Ref.) and second to fourth clock signals CLK P2 to
CLK P4 respectively shifted by a specific (or, alternatively, predetermined) phase ¢ with
respect to each other based on the first clock signal CLK _P1'(Ref.). The comparator 440a may
compare a plurality of pieces of sampling data generated by the sampling circuit 420a with the
pattern data PT_D (see FIG. 10A) to generate a plurality of comparison results, i.e., first to
fourth comparison results Comp DP1 to Comp_DP4. Since sampling data generated using the
first clock signal CLK_P1' as a reference matches the pattern data PT_D, the comparator 440a
may generate the first comparison result Comp DP1 having a value indicating a pass result
Pass. In addition, since sampling data generated using the second to fourth clock signals
CLK P2'to CLK P4'does not match the pattern data PT D, the comparator 440a may generate
the second to fourth comparison results Comp DP2 to Comp DP4 each having a value

indicating a fail result Fail.
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[94] The path state information PSI may include the first to fourth comparison results
Comp DPI to Comp DP4. For example, the path state information PSI may have a value of
'0001" as 4-bit data.

[95] The check result information generator 460 may compare the path state information PSI
with the reference state information RSI. The check result information generator 460 may
generate the check result information C_RI based on whether the number of different bits
between the path state information PSI and the reference state information RSI is equal to or
greater than the number of reference bits RBN. For example, since the value of the path state
information PSI1s '0001" and the value of the reference state information RSIis'0111', two bits
are different therebetween, and the number of different bits is equal to the number of reference
bits RBN set to 2.

[96] Since the difference between the path state information PSI and the reference state
information RSI is large (the number of different bits is greater than or equal to the number of
reference bits RBN), the degree of misalignment between data and a clock signal may be
determined to have reached a level at which a memory operation fails. Accordingly, the check
result information generator 460 may generate check result information C_RI having a second
value L indicating that a re-training operation for a memory device is required, e.g. indicating
to perform a re-training operation.

[97] FIGS. 14A to 14D are timing diagrams for explaining a timing at which a path state
check circuit according to an example embodiment of inventive concepts performs a check
operation on a signal transmission path and a write operation of a memory device.

[98] Referring to FIGS. 1 and 14A, in a state in which the memory device 20 has not received
any command from the memory controller 10 or at an idle time, the path state check circuit 24
may perform a check operation CHO on a signal transmission path. When the state of a signal
transmission path is good, the check result information C_RI generated by the path state check
circuit 24 may have a first value H indicating that a re-training operation for the memory deyice
20 is not required, e.g. the memory device does not perform a re-training operation. The
memory device 20 may immediately perform a write operation WRO in response to a write
command WR_CMD received from the memory controller 10.

[99] Referring to FIG. 1 and 14B, at a timing before the memory device 20 performs a write
operation WRO in response to a write command WR_CMD, the path state check circuit 24
performs a check operation CHO on a signal transmission path. For example, when the memory
device 20 receives the write command WR_CMD from the memory controller 10, the path

state check circuit 24 may first perform the check operation CHO on the signal transmission
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path. When the check result information C_RI generated by the path state check circuit 24 has
a first value H indicating that a re-training operation for the memory device 20 is not required,
the memory device 20 may immediately perform the write operation WRO in response to the
write command WR_CMD after the check operation CHO.

[100] Referring to FIGS. 1 and 14C, the path state check circuit 24 may perform a check
operation on a signal transmission path at a timing while the memory device 20 performs a
specific (or, alternatively, predetermined) write operation. For example, after the memory
device 20 performs a partial write operation WRO P1 in response to a write command
WR_CMD received from the memory controller 10, the path state check circuit 24 may
perform a check operation CHO on a signal transmission path. The memory device 20 may
perform the remaining write operation WRO_ P2 after the completion of the check operation
CHO. When the check result information C_RI generated by the path state check circuit 24 has
a first value H indicating that a re-training operation for the memory device 20 is not required,
the memory device 20 may immediately perform the remaining write operation WRO_P2.
[101] Referring to FIGS. 1 and 14D, the path state check circuit 24 may perform a check
operation on a signal transmission path at a timing after the memory device 20 completes a
write operation. For example, the memory device 20 may perform a write operation WRO in
response to a write command WR_CMD received from the memory controller 10. Thereafter,
the path state check circuit 24 may perform a check operation CHO on a signal transmission
path.

[102] For convenience of description, a case where the path state check circuit 24 performs a
check operation on a signal transmission path without receiving a separate command is
illustrated in FIGS. 14A to 14D. However, as described above, when receiving a command
relating to a signal transmission path state check from the memory controller 10 or receiving
an address signal having a specific value, or after a training operation of the memory device
20, the path state check circuit 24 may perform a check operation on a signal transmission path
every specific (or, alternatively, predetermined) period.

[103] In an example embodiment, when the memory device 20 is in a latency mode, the path
state check circuit 24 may perform a check operation on a signal transmission path by using a
clock signal formed after a specific (or, alternatively, predetermined) time in the latency mode.
The latency mode may refer to a mode of the memory device 20 in which a clock signal
required for a memory operation before the memory device 20 performs the memory operation

is formed. That is, the path state check circuit 24 may perform a check operation by using a

19



clock signal of a specific (or, alternatively, predetermined) period formed immediately before
the memory operation.

[104] FIGS. I5A to 15C are diagrams for explaining a check operation of a path state check
circuit and a write operation of a memory device MD, according to an arrangement relationship
between write data WR_DATA and pattern data PT D.

[105] Referring to FIG. 15A, the memory device MD may receive a write command
WR_CMD and an address signal ADDR from a memory controller. Thereafter, the memory
device MD may receive data including pattern data PT D and write data WR_DATA. In an
example embodiment, the pattern data PT_D may be arranged at the front end of the write data
WR_DATA. A path state check circuit of the memory device MD may perform an operation
CHO of checking a signal transmission path state from time t1 at which the pattern data PT D
is received. Hereinafter, check result information C_RI having a first value H indicating that a
re-training operation for the memory device MD is not necessary, e.g. is not to be performed,
is assumed to be generated as a result of the check operation CHO. The memory device MD
may perform an operation WRO PB of writing the write data WR_DATA to the page buffer
circuit 120 of FIG. 2 from time t2 to time t3. Thereafter, upon receiving a confirmation
command CON_CMD from the memory controller, the memory device MD may perform an
operation WRO_MCELL of writing the write data WR_DATA, stored in the page buffer circuit
120, to the memory cell array 160 of FIG. 2 from time t4. For example, the confirmation
command CON_CMD may be a command for instructing the memory device MD to finally
write data written in the page buffer circuit 120 to the memory cell array 160.

[106] Referring to FIG. 15B, unlike in FIG. 15A, pattern data PT D may be arranged between
first write data WR_DATA 1 and second write data WR_DATA 2. The memory device MD
may perform an operation WRO_PB 1 of writing the first write data WR_DATA 1 to the page
buffer circuit 120 of FIG. 2 from time t1. The path state check circuit of the memory device
MD may perform an operation CHO of checking a signal transmission path state from time t2
at which the pattern data PT D is received. The memory device MD may perform an operation
WRO_PB_2 of writing the second write data WR_DATA 2 to the page buffer circuit 120 of
FIG. 2 from time t3. Thereafter, upon receiving a confirmation command CON_CMD from the
memory controller, the memory device MD may perform an operation WRO _MCELL of
writing the first and second write data WR_DATA 1 and WR_DATA 2, stored in the page
buffer circuit 120, to the memory cell array 160 of FIG. 2 from time t5.

[107] Referring to FIG. 15C, unlike in FIG. 15A, pattern data PT D may be arranged at the

rear end of the write data WR_DATA. The memory device MD may perform an operation
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WRO_PB of writing write data WR_DATA to the page buffer circuit 120 of FIG. 2 from time
t1. The path state check circuit of the memory device MD may perform an operation CHO of
checking a signal transmission path state from time t2, at which the pattern data PT D is
received, to time t3. Thereafter, upon receiving a confirmation command CON_CMD from the
memory controller, the memory device MD may perform an operation WRO MCELL of
writing the write data WR_DATA, stored in the page buffer circuit 120, to the memory cell
array 160 of FIG. 2 from time t4.

[108] FIGS. 16A to 16C are timing diagrams for explaining an operation of a memory device
which is based on check result information generated by a path state check circuit according to
an example embodiment of inventive concepts.

[109] Referring to FIGS. 1 and 16A, when the memory device 20 receives a write command
WR_CMD from the memory controller 10, the path state check circuit 24 may perform a check
operation on a signal transmission path. Thereafter, to perform a write operation WRO, the
memory device 20 may determine whether to perform the write operation WRO by referring
to the check result information C_RI. When the check result information C_RI generated by
the path state check circuit 24 has a second value L indicating that a re-training operation for
the memory device 20 is to be performed, the memory device 20 may perform an operation
WROS of stopping a write operation. The operation WROS of stopping a write operation may
be defined as a state in which the memory device 20 does not perform a series of write
operations in response to the write command WR_CMD. However, inventive concepts are not
limited thereto, and the operation WROS of stopping a write operation may be variously
defined and examples of other definitions are described with reference to FIGS. 17A and 17B.
[110] The memory controller 10 may refer to the check result information C_RI and provide
a re-training command RT_CMD to the memory device 20. The memory device 20 may
perform a re-training operation RE_TRO in response to the re-training command RT _CMD.
As a result of performing the re-training operation RE_TRO, the value of the check result
information C_RI may be changed to a first value H indicating that a re-training operation for
the memory device 20 is not required, and the memory device 20 may perform a write operation
WRO.

[111] Referring to FIGS. 1 and 16B, when the memory device 20 receives a write command
WR_CMD from the memory controller 10, the path state check circuit 24 may perform a check
operation CHO on a signal transmission path after the memory device 20 performs a partial
write operation WRO_P1 in response to the write command WR_CMD. When the check result

information C_RI generated by the path state check circuit 24 has a second value L indicating
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that a re-training operation for the memory device 20 is required, e.g. is to be performed, the
memory device may perform an operation WROS of stopping a write operation.

[112] The memory controller 10 may refer to the check result information C_RI and provide
a re-training command RT CMD to the memory device 20. The memory device 20 may
perform a re-training operation RE_TRO in response to the re-training command RT _CMD.
As a result of performing the re-training operation RE_TRO, the value of the check result
information C_RI may be changed to a first value H indicating that a re-training operation for
the memory device 20 is not required, and the memory device 20 may perform the remaining
write operation WRO P2. Furthermore, the memory device 20 may selectively perform a
rewrite operation RE_ WRO P1 on data written to the memory cell array 22 in the partial write
operation WRO_P1 performed in a state in which an alignment between data and a clock signal
1s wrong.

[113] Referring to FIGS. 1 and 16C, the memory device 20 may perform a write operation
WRO in response to a write command WR_CMD received from the memory controller 10.
Thereafter, the path state check circuit 24 may perform a check operation CHO on a signal
transmission path. The check result information C_RI generated by the path state check circuit
24 may have a second value L indicating that a re-training operation for the memory device 20
is required, e.g. is to be performed.

[114] The memory controller 10 may refer to the check result information C_RI and provide
the memory device 20 with a re-training command RT _CMD. The memory device 20 may
perform a re-training operation RE_TRO in response to the re-training command RT CMD.
As a result of performing the re-training operation RE_TRO, the value of the check result
information C_RI may be changed to a first value H indicating that a re-training operation for
the memory device 20 is not necessary, €.g. is not to be performed, and the memory device 20
may selectively perform a rewrite operation RE_ WRO for re-performing the write operation
WRO performed in a state in which an alignment between data and a clock signal is wrong.
[115] As aresult of referring to the check result information C_RI generated by the path state
check circuit 24, when a re-training operation for the memory device 20 is required, e.g. is to
be performed, a write operation is likely to fail. Thus, the memory device 20 may not perform
a memory operation, €.g. an unnecessary memory operation, by not performing a write
operation before performing the re-training operation.

[116] FIGS. 17A and 17B are diagrams for explaining another example of an operation
WROS of stopping a write operation of a memory device MD as shown in FIGS. 16A to 16C.
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[117] Details of FIGS. 17A and 17B are similar to those described with reference to FIG. 15A,
and thus, only characteristic contents will be described in detail. Hereinafter, check result
information C_RI, which has a second value L indicating that a re-training operation for the
memory device MD is required, is assumed to be generated as a result of a check operation
CHO.

[118] Referring to FIG. 17A, check result information C_RI generated by a path state check
circuit of the memory device MD may be provided to a memory controller MCTR. Ann
example embodiment in which the memory controller MCTR receives the check result
information C_RI will be described with reference to FIGS. 18A and 18B. The memory
controller MCTR may refer to the check result information C_RI to recognize that a re-training
operation for the memory device MD is required e.g., is to be performed. An operation
WRO_PB of writing write data WR_DATA in a page buffer circuit (i.e., the page buffer circuit
120 of FIG. 2) of the memory device MD may be low in reliability, and thus, the memory
controller MCTR may not provide a confirmation command CON_CMD to the memory device
MD. Thereafter, the memory device MD may not perform an operation of writing the write
data WR_DATA stored in the page buffer circuit 120 to the memory cell array 160 of FIG. 2.
For example, the operation WROS of stopping a write operation of the memory device MD
may be defined as a state in which the memory device MD does not perform an operation of
writing the write data WR_DATA stored in the page buffer circuit 120 to the memory cell array
160.

[119] Referring to FIG. 17B, unlike in FIG. 17A, the check result information C_RI generated
by the path state check circuit of the memory device MD may not be provided directly to the
memory controller MCTR. Accordingly, the memory controller MCTR may not determine
whether a re-training operation for the memory device MD is to be performed, and thus may
provide a confirmation command CON_CMD to the memory device MD. When the memory
device MD receives the confirmation command CON_CMD, the memory device MD may refer
to the check result information C_RI to determine whether to perform an operation of writing
the write data WR_DATA stored in the page buffer circuit 120 to the memory cell array 160
of FIG. 2. For example, when the check result information C _RI has a second value L
indicating that a re-training operation for the memory device MD is required, even if the
memory device MD receives the confirmation command CON_CMD, the memory device MD
may not perform an operation of writing the write data WR_DATA stored in the page buffer
circuit 120 to the memory cell array 160 of FIG. 2. That is, the memory device MD may

perform the operation WROS of stopping a write operation.
23



[120] FIG. 18A is a block diagram of a memory system 500a for explaining an example
embodiment in which a memory controller 510a receives check result information C_RI from
a memory device 530a, and FIG. 18B is a block diagram of a memory system 500b for
explaining another embodiment in which a memory controller 510b receives check result
information C_RI from a memory device 530b.

[121] Referring to FIG. 18A, the memory system 500a may include a memory controller 510a
and a memory device 530a. The memory device 530a may include a path state check circuit
532a as described above with reference to FIG. 1. The memory controller 510a may provide
the memory device 530a with a check command Check CMD for controlling a check operation
of checking a state of a signal transmission path. The path state check circuit 532a may perform
a check operation on the signal transmission path in response to the check command
Check_CMD and generate check result information C_RI indicating whether a re-training
operation of the memory device 530a is required. The memory device 530a may provide the
generated check result information C _RI to the memory controller 510a after the check
operation on the signal transmission path is completed. The memory controller 510a may
quickly determine whether to perform a re-training operation for the memory device 530a by
referring to the check result information C_RI. When the memory controller 510a determines
to perform the re-training operation, the memory controller 510a may provide a re-training
command RT _CMD to the memory device 530a.

[122] Referring to FIG. 18B, unlike in FIG. 18A, the memory controller 510b may provide a
request signal to the memory device 530b to obtain check result information C_RI generated
by a path state check circuit 532b. In an example embodiment, the check result information
C_RImay be stored in a status register in which information indicating a status of the memory
device 530b is stored. Accordingly, the memory controller 510b may provide a status read
signal Status_read to the memory device 530b. The memory device 530b may provide status
information Status_Info including the check result information C_RI to the memory controller
510b in response to the status read signal Status read. The memory controller 510b may
quickly determine whether to perform a re-training operation for the memory device 530b by
referring to the check result information C_RI. When it is determined to perform the re-training
operation, the memory controller 510b may provide a re-training command RT_CMD to the
memory device 530Db.

[123] FIG. 19 is a block diagram of a storage device 1000 according to an example

embodiment of inventive concepts.
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[124] Referring to FIG. 19, the storage device 1000 may include a master (or controller) 1100
and a plurality of slaves (or memory chips) 1200. Each of the slaves 1200 may include a
plurality of memory cells capable of storing data. The master 1100 may control data processing
operations for the slaves 1200, such as a write operation, a read operation, an erase operation,
a training operation, a re-training operation, and the like. The master 1100 and the slaves 1200
may be connected through a plurality of channels CH1 to CHk, and various pieces of data, a
command, an address, and the like may be transmitted and received between the master 1100
and the slaves 1200 through the plurality of channels CH1 to CHk. Each of the slaves 1200
may include a path state check circuit (PSCC) 1220 that checks a state of a signal transmission
path as described above with reference to FIG. 1 and generates check result information C_RI
indicating whether a re-training operation for the slave 1200 is required. Characteristics of
signal transmission paths in the slaves 1200 may be the same or different, and thus, reference
setting information Ref set Info described with reference to FIG. 10A may be the same or
different for each of the slaves 1200. For example, reference state information RSI and the
number of reference bits RBN of a first slave connected to a first channel, e.g. the channel CH1,
may be respectively different from reference state information RSI and the number of reference
bits RBN of a second slave connected to a second channel, i.e., the channel CH2.

[125] The master 1100 may include a slave re-training controller 1120, and the slave re-
training controller 1120 may receive check result information C_RI from each of the plurality
of slaves 1200. The slave re-training controller 1120 may manage a slave ID and check result
information C_RI corresponding thereto in an internal memory space. In addition, the slave re-
training controller 1120 may quickly determine whether to perform a re-training operation for
the slaves 1200 by referring to the check result information C_RI, and may control individual
re-training operations.

[126] Various embodiments may provide a memory device. The memory device may include
a path state check circuit configured to check states of signal transmission paths, each signal
transmission path including a data transmission path and a clock transmission path of the
memory device. The path state check circuit may include a sampling circuit configured to
perform a sampling operation by using pattern data that has passed through the data
transmission path and a clock signal that has passed through the clock transmission path, and
generate sample data, and a management circuit configured to generate a comparison of the
sample data with the pattern data, and configured to manage check result information indicating
whether a re-training operation for the memory device is to be performed, based on a result of

the comparison.
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[127] The sampling circuit may be configured to generate the sample data by sampling a value
of the pattern data at both a rising edge and a falling edge of the clock signal.

[128] In response to receiving a command related to a check operation on the states of the
signal transmission paths from outside of the memory device, or in response to completion of
a training operation of the memory device, the path state check circuit may be configured to
perform the check operation every specific period.

[129] At least one of the pattern data and the clock signal may be received from outside of the
memory device.

[130] The path state check circuit may further include a pattern data generation circuit
configured to generate the pattern data; and a clock signal generation circuit configured to
generate the clock signal.

[131] The management circuit may be configured to store the check result information in a
status register of the memory device. The memory device may be configured to transmit the
check result information to outside of the memory device in response to a status read request
received from the outside.

[132] The management circuit may be configured to manage the check result information to
have a first value, which indicates that the re-training operation is triggered to be performed,
in response to the pattern data and the sample data being different from each other.

[133] The memory device may be configured to perform the re-training operation in response
to receiving a re-training command from the outside. The management circuit may be
configured to manage the check result information to have a second value, which indicates that
the re-training operation is not triggered to be performed.

[134] The data transmission path may include a first data transmission path and a second data
transmission path. The pattern data may include first pattern data passing through the first data
transmission path and second pattern data that passing through the second data transmission
path. The sampling circuit may be configured to perform the sampling operation by using the
first pattern data and the second pattern data which have passed through the data transmission
path and the clock signal that has passed through the clock transmission path, and generate first
sample data and second sample data. The management circuit may be configured to generate a
first comparison result by comparing the first sample data with the first pattern data and
generate a second comparison result by comparing the second sample data with the second
pattern data.

[135] The management circuit may be configured to set the check result information based

on the first comparison result and the second comparison result.
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[136] The management circuit may be configured to set the check result information to have
a value, which indicates that the re-training operation is to be performed, in response to at least
one of the first comparison result and the second comparison result being a fail data indicating
a mismatch.

[137] In various embodiments, in response to the memory device receiving a write command
from outside of the memory device, the path state check circuit may be configured to perform
a check operation on the states of the signal transmission paths at least one of'i.) a timing before
the memory device performs a write operation on a plurality of memory cells of the memory
device in response to the write command, ii.) a timing during which the memory device
performs the write operation, and  iii.) a timing after the memory device completes the write
operation.

[138] In various embodiments, in response to the memory device receiving data including
pattern data and write data from outside of the memory device, the path state check circuit is
configured to perform a check operation on the states of the signal transmission paths based on
an arrangement position between the pattern data and the write data at at least one ofi.) a timing
before the memory device performs a write operation on a plurality of memory cells of the
memory device, ii.) a timing during which the memory device performs the write operation,
and iii.) a timing after the memory device completés the write operation.

[139] In various embodiments, the memory device may be configured to determine whether
to perform a write operation for a plurality of memory cells of the memory device by referring
to the check result information.

[140] In various embodiments, in response to the memory device being in a latency mode, the
path state check circuit may be configured to perform an operation of checking the states of the
signal transmission paths by using a clock signal in the latency mode.

[141] Various embodiments may provide a memory device. The memory device may include
a path state check circuit configured to check states of signal transmission paths, each signal
transmission path including a data transmission path and a clock transmission path of the
memory device. The path state check circuit may include a sampling circuit configured to
perform a plurality of sampling operations by using pattern data that has passed through the
data transmission path and a plurality of clock signals that have passed through the clock
transmission path, each of the plurality of clock signals having different phases, the sampling
circuit configured to generate a plurality of pieces of sample data, and a management circuit
configured to generate a comparison of the pattern data with the plurality of pieces of sample

data, and configured to manage path state information indicating degree of alignment between
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the pattern data and a reference clock signal among the plurality of clock signals, based on
results of the comparison, the path state information being used for re-training.

[142] In various embodiments, the memory device may further include a phase shift circuit
configured to shift a phase of the reference clock signal to generate the plurality of clock signals
having different phases.

[143] In various embodiments, the management circuit may be configured to compare
reference state information with the path state information and manage check result
information indicating whether to perform a re-training operation for the memory device, based
on a result of the comparison.

[144] The reference state information may be the path state information generated as a result
of a check operation of the path state check circuit within a specific time after a training
operation for the memory device is completed.

[145] Each of the path state information and the reference state information may include data
with a plurality of bits. A value of the check result information may be determined by
determining whether a number of different bits between the path state information and the
reference state information is greater than or equal to a number of reference bits.

[146] The number of reference bits may be set based on the path state information generated
as a result of a check operation of the path state check circuit within a specific time after a
training operation for the memory device is completed.

[147] While inventive concepts have been particularly shown and described with reference to
embodiments thereof, it will be understood that various changes in form and details may be

made therein without departing from the spirit and scope of the following claims.
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WHAT IS CLAIMED IS:

1. A memory device comprising:

a path state check circuit configured to check states of signal transmission paths,
each signal transmission path including a data transmission path and a clock transmission
path of the memory device,

wherein the path state check circuit includes,

a sampling circuit configured to perform a sampling operation by using pattern data
that has passed through the data transmission path and a clock signal that has passed through
the clock transmission path, and generate sample data, and

a management circuit configured to generate a comparison of the sample data with
the pattern data to obtain path state information, and

wherein the management circuit is configured to compare reference state information
with the path state information and configured to manage check result information indicating
whether a re-training operation for the memory device is to be performed, based on a result

of the comparison between the reference state information with the path state information.

2. The memory device of claim 1, wherein the sampling circuit is configured to
generate the sample data by sampling a value of the pattern data at both a rising edge and a

falling edge of the clock signal.

3. The memory device of claim 1, wherein, in response to receiving a command
related to a check operation on the states of the signal transmission paths from outside of the
memory device, or in response to completion of a training operation of the memory device,

the path state check circuit is configured to perform the check operation every specific period.

4. The memory device of claim 1, wherein at least one of the pattern data and

the clock signal is received from outside of the memory device.

5. The memory device of claim 1, wherein the path state check circuit further
comprises:

a pattern data generation circuit configured to generate the pattern data; and

a clock signal generation circuit configured to generate the clock signal.
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6. The memory device of claim 1, wherein the management circuit is configured
to store the check result information in a status register of the memory device,
wherein the memory device is configured to transmit the check result information to

outside of the memory device in response to a status read request received from the outside.

7. The memory device of claim 1, wherein the data transmission path comprises
a first data transmission path and a second data transmission path,

wherein the pattern data comprises first pattern data passing through the first data
transmission path and second pattern data that passing through the second data transmission
path,

wherein the sampling circuit is configured to perform the sampling operation by
using the first pattern data and the second pattern data which have passed through the data
transmission path and the clock signal that has passed through the clock transmission path,
and generate first sample data and second sample data,

wherein the management circuit is configured to generate a first comparison result
by comparing the first sample data with the first pattern data and generate a second

comparison result by comparing the second sample data with the second pattern data.

8. The memory device of claim 1, wherein, in response to the memory device
receiving a write command from outside of the memory device, the path state check circuit
is configured to perform a check operation on the states of the signal transmission paths at
at least one of

I.) a timing before the memory device performs a write operation on a plurality of
memory cells of the memory device in response to the write command,

ii.) a timing during which the memory device performs the write operation, and

Iii.) a timing after the memory device completes the write operation.

9. The memory device of claim 1, wherein, in response to the memory device
receiving data comprising pattern data and write data from outside of the memory device,
the path state check circuit is configured to perform a check operation on the states of the
signal transmission paths based on an arrangement position between the pattern data and the
write data at at least one of

I.) a timing before the memory device performs a write operation on a plurality of

memory cells of the memory device,
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Ii.) a timing during which the memory device performs the write operation, and

iii.) a timing after the memory device completes the write operation.

10.  The memory device of claim 1, wherein the memory device is configured to
determine whether to perform a write operation for a plurality of memory cells of the

memory device by referring to the check result information.

11.  The memory device of claim 1, wherein, in response to the memory device
being in a latency mode, the path state check circuit is configured to perform an operation
of checking the states of the signal transmission paths by using a clock signal in the latency

mode.

12. A memory device comprising:

a path state check circuit configured to check states of signal transmission paths,
each signal transmission path including a data transmission path and a clock transmission
path of the memory device,

wherein the path state check circuit includes,

a sampling circuit configured to perform a plurality of sampling operations by using
pattern data that has passed through the data transmission path and a plurality of clock
signals that have passed through the clock transmission path, each of the plurality of clock
signals having different phases, the sampling circuit configured to generate a plurality of
pieces of sample data,

a management circuit configured to generate a comparison of the pattern data with
the plurality of pieces of sample data, and configured to manage path state information
indicating degree of alignment between the pattern data and a reference clock signal among
the plurality of clock signals, based on results of the comparison, the path state information
being used for re-training,

wherein the management circuit is configured to compare reference state information
with the path state information and manage check result information indicating whether to

perform a re-training operation for the memory device, based on a result of the comparison.

13.  The memory device of claim 12, further comprising:
a phase shift circuit configured to shift a phase of the reference clock signal to

generate the plurality of clock signals having different phases.
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14.  The memory device of claim 12, wherein the reference state information is
the path state information generated as a result of a check operation of the path state check

circuit within a specific time after a training operation for the memory device is completed.

15. A memory system comprises:

a memory device; and

amemory controller configured to control a memory operation of the memory device,

wherein the memory device comprises a sampling circuit configured to perform an
operation of checking a state of a signal transmission path by using pattern data and a clock
signal which have respectively passed through the signal transmission path to obtain sample
data,

wherein the memory device comprises a management circuit configured to generate
a comparison of the sample data with the pattern data to obtain path state information, the
management circuit configured to compare reference state information with the path state
information and to generate check result information indicating whether a re-training
operation for the memory device is to be performed, as a result of performing the comparison
between the reference state information with the path state information,

wherein the memory controller is configured to control the re-training operation for

the memory device based on the check result information.

16.  The memory system of claim 15, wherein the memory controller is
configured to request the check result information from the memory device to determine
whether to control the re-training operation for the memory device,

and the memory device is configured to provide the check result information to the

memory controller in response to the request.

17. The memory system of claim 15, wherein the memory controller is
configured to provide the memory device with a command for controlling the operation of
checking the state of the signal transmission path of the memory device,

and the memory device is configured to perform the check operation in response to

the command and provide the check result information to the memory controller.
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18.  The memory system of claim 15, wherein the memory controller is
configured to provide at least one of the pattern data and the clock signal to the memory

device.
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