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PHASE CHANGE MEMORY SYSTEM , phase change memory controller configured to perform a 
PHASE CHANGE MEMORY DEVICE , AND chip refresh operation for refreshing a phase change memory 

PHASE CHANGE MEMORY DEVICE device , the phase change memory device including a plu 
REFRESH METHOD rality of memory cells of least one or more codewords , the 

phase change memory device including control logic cir 
This U.S. non - provisional application claims the benefit cuitry configured to determine a memory unit including at 

of priority to Korean Patent Application No. 10-2019- least one codeword in the plurality of memory cells , perform 
0129762 , filed on Oct. 18 , 2019 , in the Korean Intellectual a refresh operation on the determined memory unit , perform 
Property Office , the disclosure of which is incorporated a sensing operation on data of the memory unit , and request 
herein in its entirety by reference . a chip refresh operation from a host based on a result of the 

sensing operation . 
BACKGROUND According to some aspects of at least one example 

embodiment of the present inventive concepts , there is 1. Field provided a method of refreshing a phase change memory 
device comprising determining , using control logic circuitry , Various example embodiments of the inventive concepts 

relate to phase change memory systems , phase change a memory unit including a plurality of codewords in a 
plurality of memory cells of a phase change memory device , memory devices , and / or methods for refreshing a phase 

change memory device . performing , using the control logic circuitry , a refresh opera 
20 tion on the memory unit based on a sensing voltage for 

2. Description reading data stored in a first codeword of the plurality of 
codewords and a desired reference voltage , performing , 

Memory cells may have a Set state value and / or a Reset using the control logic circuitry , a sensing operation on data 
state value in a phase change memory device using a of the plurality of codewords included in the memory unit , 
variable resistance element ( GST ) and an access element 25 and performing , using the control logic circuitry , a refresh 
( Ovonic Threshold Switch : OTS ) , based on and / or depend- operation on the entire phase change memory device based 
ing on a resistance value and / or a voltage value . Dispersion on a result of the sensing operation . 
of the voltage to be applied to the memory cell moves in an According to some aspects of at least one example 
increasing direction by the element characteristics , and this embodiment of the present inventive concepts , there is 
is defined as a drift phenomenon . An error may occur in a 30 provided a phase change memory system comprising a 
data sensing operation of the memory cells due to the drift phase change memory cell array including at least one phenomenon of the memory cell . codeword , a host including a phase change memory con To reduce and / or prevent such an error , a refresh operation troller configured to perform a chip refresh operation for to increase the voltage dispersion to an original state may be refreshing the entire phase change memory cell array , and performed . However , since the voltage value and the degree 35 
of drift that are the standard of sensing differ for each control logic circuitry configured to sense data of the at least 

one codeword of the phase change memory cell array , and memory cell , the timing at which the refresh operation is 
desired and / or required to reduce and / or prevent a sensing transmit a request the chip refresh operation to the host 
error may differ for each memory cell . Therefore , a refresh based on a result of the sensing . 
operation that reflects the states of the memory cells is 40 Specific details of other aspects of the example embodi 
desired and / or required . ments are included in the detailed description and drawings . 

SUMMARY BRIEF DESCRIPTION OF THE DRAWINGS 

? 

Aspects of at least one example embodiment of the 45 The above and other aspects and features of the example 
present inventive concepts provide a phase change memory embodiments of the present inventive concepts will become 
system in which the possibility of an occurrence of a sensing more apparent by describing in detail example embodiments 
error is low by reflecting a state of a memory cell in a phase thereof with reference to the attached drawings , in which : 
change memory device and performing a refresh operation FIG . 1 is a diagram for explaining a change in dispersion 
at an appropriate time . 50 of phase change memory cells due to a drift phenomenon 

Aspects of at least one example embodiment of the according to at least one example embodiment ; 
present inventive concepts also provide a phase change FIGS . 2 and 3 are diagrams for explaining a refresh 
memory system which detects a memory unit in a memory operation according to a change in dispersion of phase 
device that shows a sensing error due to factors other than change memory cells according to at least one example 
drift in the phase change memory device . 55 embodiment ; 
However , aspects of at least one example embodiment the FIG . 4 is a block diagram schematically showing a system 

present inventive concepts are not restricted to the ones set of a phase change memory device according to some 
forth herein . The above and other aspects of at least one example embodiments ; 
example embodiment the present inventive concepts will FIG . 5 is a block diagram schematically showing the 
become more apparent to one of ordinary skill in the art to 60 phase change memory device according to some example 
which the example embodiments of the present inventive embodiments ; 
concepts pertains by referencing the detailed description of FIG . 6 is a diagram schematically showing a memory cell 
the example embodiments of the present inventive concepts array in the phase change memory device according to some 
given below . example embodiments ; 

According to some aspects of at least one example 65 FIG . 7 is a flowchart for explaining a refresh operation of 
embodiment of the present inventive concepts , there is the phase change memory device according to some 
provided a phase change memory system comprising a example embodiments . 

a 
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FIG . 8 is a diagram for explaining conditions for execut- other words , the resistance value of the phase change 
ing a partial refresh operation according to some example memory cell may change with time . As described above , 
embodiments ; consequently , the voltage dispersion of the memory cell may 
FIG . 9 is a flowchart showing a memory cell read opera- change due to the change in the resistance value . The factors 

tion according to some example embodiments ; 5 thereof may include a temperature change of the phase 
FIG . 10 is a diagram for explaining the memory cell read change material , a structure relaxation process , and the like . operation according to some example embodiments ; For example , while structural defects of the phase change 
FIG . 11 is a diagram for explaining correction of a sensing material may be cured in accordance with time changes voltage according to some example embodiments ; and / or continued operation of the phase change memory FIG . 12 is a flowchart showing a partial refresh operation 10 device , the resistance of the phase change material may also according to some example embodiments ; change with over time , and the voltage distribution applied FIG . 13 is a diagram for explaining an example of a 

memory unit decision according to some example embodi to the memory cell , and the common intermediate point 
V may therefore vary . Such a change in voltage disper ments ; sion FIG . 14 is a diagram showing an example of a memory be referred to as drift . may 

unit decision according to some example embodiments ; As an example , with the time change from t? to tz as 
FIG . 15 is a diagram showing a memory unit substitution shown in FIG . 1 , the dispersion of voltage of the memory 

operation according to some example embodiments ; cell changes in the increasing direction , or in other words the 
FIG . 16 is a diagram for explaining a chip refresh request voltage may increase over time . However , the change man 

operation according to some example embodiments ; and 20 ner of the voltage dispersion of the memory cell is not 
FIG . 17 is a diagram for explaining effects of the memory limited thereto , and a decreasing direction or the like may 

system according to some example embodiments . also be included . Although an increase in the voltage dis 
persion of the memory cell will be described below , the 

DETAILED DESCRIPTION technical idea of the example embodiments of the present 
25 inventive concepts are not limited thereto , and may also be 

Hereinafter , various example embodiments of the present applied to a situation where the voltage dispersion of a 
inventive concepts will be described with reference to the memory cell decreases as well . 
accompanying drawings . Although the voltage dispersion increases at tz , if the 

FIG . 1 is a diagram for explaining a change in a dispersion standard of the data sensing is the same as the sensing 
of phase change memory cells due to a drift phenomenon 30 voltage Vemp ( e.g. , Default ) of the timing t? , an error may 
according to at least one example embodiment . The phase occur in data sensing ( e.g. , a read operation , etc. ) of the 
change memory cell may store different data in accordance memory cell . Therefore , it is desired and / or necessary to 
with the resistance value of the phase change material . The reduce the possibility of occurrence of such an error . 
voltage value to be applied to the phase change memory cell FIGS . 2 and 3 are diagrams for explaining a refresh 
also changes with a change in the resistance values . 35 operation according to a change in dispersion of phase 

For example , a phase change material changes to a change memory cells according to some example embodi 
crystalline state while being slowly cooled after heating and ments . 
changes to an amorphous state while being rapidly cooled . A method of reducing the possibility of occurrence of the 
A phase change material in the crystalline state has a low error due to the drift includes a refresh operation . A voltage 
resistance , and a phase change material in the amorphous 40 dispersion of the memory cell may be initialized by the 
state has a high resistance . refresh operation . 

Therefore , when a current and / or voltage is applied to a Since the chip refresh operation is executed by the host at 
resistive material ( e.g. , the phase change material ) , a voltage a cycle T , the chip refresh operation is performed for the 
applied to the phase change material of the crystalline state entire memory device , and the operation of the memory 
may be high , and a voltage applied to the phase change 45 device is stopped while the chip refresh operation is being 
material of the amorphous state may be high . Accordingly , performed . If the chip refresh operation is executed again at 
the crystalline state may be defined as set data or “ 0 ” data , timing t " ( t " << t ) after executing an arbitrary chip refresh 
and the amorphous state may be defined as reset data or “ 1 ” operation , the operation of the memory device may be 
data , etc. stopped more than desired and / or necessary . As a result , the 

The voltage applied to the memory cell may be shown as 50 operation efficiency of the memory device may be degraded , 
a voltage dispersion of time t? . If a lower voltage value is slowed , and / or inefficient , etc. 
applied to the memory cell around a common intermediate Furthermore , the drift of the memory cell at t ' earlier than 
point V. of the voltage dispersion at the initial time t? , it the cycle T by the time A proceeds , and an error may occur 
is possible to determine that the set data or 0 data has been in the data of many memory cells . In such a case , the 
input to the memory cell . If a higher voltage value is applied , 55 memory device does not operate normally in the section [ t ' , 
it is possible to determine that reset data or 1 data has been t ] , etc. Therefore , it may be desired and / or necessary to 
input to the memory cell . In other words , the memory cell execute a chip refresh operation in consideration of the state 
may be read based on the voltage value applied to the of the memory cell , etc. 
memory cell , with a lower voltage value used to read a set FIG . 4 is a block diagram schematically showing a phase 
data ( e.g. , 0 data ) value , and a higher voltage value used to 60 change memory system acco ccording to some example embodi 
read a reset data ( e.g. , 1 data ) value , etc. Further , the ments . Referring to FIG . 4 , the phase change memory 
common intermediate point V of the initial voltage dis- system according to some example embodiments may 
persion may be utilized as the sensing voltage . include a host 100 and / or a memory device 200 , but is not 

With a change in time , the temperature , the structure , and limited thereto , and the phase change memory system may 
the like , of the phase change material may change . The 65 include other constituent components as well . The host 100 
resistance value of the phase change material of the phase may include a memory controller 110 that has an access 
change memory cell may change with the time change , or in authority and / or a read authority to the memory device 200 , 

a . 
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etc. A bus 300 for signal and data exchange may be provided FIG . 5 is a block diagram schematically showing a phase 
between the host 100 and the memory device 200 , etc. change memory device according to some example embodi 

The host 100 may execute various applications in accor ments . FIG . 6 is a diagram schematically showing a memory 
dance with a user's request . The host 100 may load and cell array in the phase change memory device according to 
execute the applications in the memory device 200 to some example embodiments . 
execute the application . Referring to FIGS . 5 and 6 , the memory device according 

The host 100 may execute an operating system ( OS ) , and to at least one example embodiment of the present inventive 
may execute various software applications on the operating concepts may include a memory cell array 210 , a column 
system ( OS ) . For such an operation , the host 100 may write decoder 212 , a row decoder and driver 213 , a write driver 
data on the memory device 200 , read data , and / or erase 10 214 , a sensing circuitry 215 , an address register 216 , and / or 
stored in the memory device 200 , control logic circuitry 220 , but the example embodiments etc. are not limited thereto and may include a greater or lesser In addition , the host 100 transmits a command CMD for number of constituent elements . the refresh operation of the memory device 200 through the The memory device 200 may be implemented as only a memory controller 110 , and a refresh operation may be memory of a single layer , and may also be performed on the entire memory cells of the memory device implemented by stacking a plurality of memory cell arrays 
200. In addition , the state of the memory device 200 and the three - dimensionally , but the example embodiments are not 
refresh operation request may be read through the memory limited thereto . The memory cell array 210 may include a 
controller 110 . single memory cell 211 connected to a single word line WL 

The memory device 200 may be a main memory of an 20 selected on the basis of a row address XADD , and a single 
electronic device , a secondary memory of the electronic bit line BL selected on the basis of a column address YADD , 
device , etc. An operating system ( OS ) , basic application etc. 
programs , and the like , will be loaded into the memory Each of the memory cells 211 may include a variable 
device 200 when the electronic device is booted up . resistance element GST including a phase change material , 

For example , an OS image stored in a non - volatile 25 and an access element OTS for controlling a current flowing 
memory ( not shown ) may be loaded into the memory device through the variable resistance element GST , etc. 
200 on the basis of a booting sequence when the host 100 is For the phase change material of the memory cells , for 
booted up . All input and / or output operations of the host 100 example , it is possible to use various kinds of materials such 
may be supported by the operating system . as , GaSb , InSb , InSe , Sb2Te3 , and / or GeTe , etc. , obtained by 

Similarly , application programs may be loaded into the 30 combining two elements , GeSbTe , GaSeTe , InSb Te , 
memory device 200 for selection of the user and / or for SnSb2Te4 , and / or InSbGe , etc. , obtained by combining three 
providing basic services ( e.g. , background services , etc. ) . elements , and / or AgInSbTe , ( GeSn ) SbTe , GeSb ( SeTe ) , 
The memory device 200 may also be used as a buffer Te81Ge15Sb2S2 , etc. , obtained by combining four ele 
memory for storing video data to be provided from an image ments , however the example embodiments are not limited 
sensor such as a camera , etc. 35 thereto . 
The memory device 200 may be a phase change memory In some example embodiments , GeSb Te including ger 

device ( PRAM ) capable of performing a byte access . The manium ( Ge ) , antimony ( Sb ) , and tellurium ( Te ) may be 
memory device 200 may also be provided as a non - volatile used as the phase change material , however the example 
memory device capable of performing overwriting . embodiments are not limited thereto . The access element 

For example , the memory device 200 may be non - volatile 40 OTS may be a diode and / or a transistor ( not shown ) con 
RAM such as PRAM , Magnetoresistive RAM ( MRAM ) , nected in series with the variable resistance element GST , 
resistive RAM ( ReRAM or RRAM ) , ferroreactive RAM etc. 
( FRAM ) , and / or NOR flash memory , etc. , but the example In the case of RRAM , the variable resistance element 
embodiments are not limited thereto . The memory device GST may include a complex metal oxide , etc. If the resistive 
200 stores an operating system ( OS ) , at least one running 45 memory cell RMC is an RRAM , the resistive memory cell 
application program , data , updated data , and the like , when RMC may include , for example , Nio , perovskite , etc. A 
the electronic device is executed and / or when the electronic filament may be formed in the variable resistance element 
device is powered off . GST , and the filament may be a current path of a cell current 

The memory device 200 may be provided in the form of flowing through the memory cell . In some example embodi 
a multi - chip package and / or a module in which memory 50 ments , if the memory cell RMC is an RRAM , the access 
multi - chips are stacked . However , the configuration method element that controls the current flowing through the vari 
of the memory device 200 is not limited thereto , and able resistance element GST may be omitted . 
although a case where the memory device 200 is a PRAM In the case of the MRAM , the variable resistance element 
will be described below , the technical idea of the example GST may include a magnetic upper electrode , a magnetic 
embodiments of the present inventive concepts are not 55 lower electrode , and / or a dielectric , etc. therebetween . 
limited thereto . The memory cell array 210 may be divided into a plurality 

The bus 300 may provide a transmission path for data of memory blocks BLK , and each of the memory blocks 
and / or signals on the host 100 and / or the memory device may be divided into a plurality of memory banks and a 
200. Although a single bus is shown in FIG . 4 , the example plurality of memory pages , etc. 
embodiments are not limited thereto and a case of multiple 60 Further , the memory cell array 210 includes a plurality of 
buses may also be included . When there are multiple buses memory units ( e.g. , a memory set , such as a set of memory 
300 , it is possible to control the memory device 200 in blocks , memory banks , memory pages , word lines , code 
accordance with a channel interleaving method , etc. , a words , etc. ) to be partially refreshed , which will be 
plurality of hosts and / or memory devices may communicate described below in at least one example embodiment of the 
with each other , and / or the memory device 200 and the host 65 present inventive concepts . That is , in at least one example 
100 may independently transmit data over the multiple embodiment of the present inventive concepts , the refresh 
buses , etc. operation may be performed on the memory unit ( e.g. , 



a 

US 11,417,395 B2 
7 8 

memory set , set of memory units , etc. ) by deciding in the ( CPU ) , an arithmetic logic unit ( ALU ) , a digital signal 
units of the memory unit . The memory unit may be divided processor , a microcomputer , a field programmable gate array 
in units of memory blocks , memory banks , memory pages , ( FPGA ) , a System - on - Chip ( SOC ) , a programmable logic 
word lines , and / or codewords , etc. , and / or may be set by unit , a microprocessor , application - specific integrated cir 
grouping them in plurality . 5 cuit ( ASIC ) , etc. Additionally , the refresh controller 221 , 

The column decoder 212 may decode the column address setting circuitry 222 , correction circuitry 223 , request cir 
YADD which is output from the address register 216 , and cuitry 224 and detection circuitry 225 , etc. , may also include 
select at least one bit line ( or column ) from the plurality of hardware including logic circuits ; a hardware / software com 
bit lines BL . bination such as at least one processor executing software ; 

The row decoder and driver 213 may decode the row 10 or a combination thereof , or may be integrated within the 
address which is output from the address register 216 , and control logic circuitry and / or may be special purpose pro 
select at least one word line ( or row ) from the plurality of gramming executed by the control logic circuitry 220 . 
word lines WL . The write driver 214 may write data on a The refresh controller 221 may perform a refresh opera 
memory cell selected by the column decoder 212 , the row tion on a specific memory unit in the memory cell array 210 . 
decoder , and the driver 213 . 15 The setting circuitry 222 may specify a part of the memory 
The sensing circuitry 215 may perform a read operation cell array 210 by a method desired and / or predetermined by 

for sensing ( e.g. , reading ) the data stored in the memory cell the user , and decide it as a memory unit . The correction 
211 , and a verify read operation for detecting an error of data circuitry 223 may correct the sensing voltage for sensing the 
( e.g. , detect an error in data written in the memory cell , etc. ) memory cell 211 in consideration of the voltage dispersion 
at the time of sensing . At the time of the sensing operation 20 of the memory cell . 
according to some example embodiments , data stored in the The request circuitry 224 may issue a chip refresh opera 
memory cell 211 may be sensed in units of codeword , but are tion request to the host 100 through the bus 300 of FIG . 4 , 
not limited thereto . According to at least one example and / or transfer the state of a memory cell or a memory unit 
embodiment , the sensing circuitry 215 may be processing to the host via the bus 300. The detection circuitry 225 may 
circuitry may include hardware including logic circuits ; a 25 determine whether a sensing voltage is equal to and / or 
hardware / software combination such as at least one proces- higher than a reference voltage , which will be described 
sor executing software ; or a combination thereof . Addition- below . 
ally , the sensing circuitry 215 may be separate from , or FIG . 7 is a flow chart for explaining a refresh operation of 
included with , the control logic circuitry 220 . a phase change memory device according to some example 

The codeword may include a data bit and an error 30 embodiments . Referring to FIGS . 4 , 5 and 7 , the sensing 
correction code ( ECC ) bit , but is not limited thereto . At the circuitry 215 reads data of a codeword of a memory cell of 
time of the codeword sensing , a function of correcting errors an address transmitted to the address register 216 ( S110 ) . 
in some memory cells corresponding to the codeword using The memory cell read operation of the sensing circuitry 215 
the ECC bit may be performed . The ECC bits may include will be described below in detail with reference to FIGS . 9 
an RS code ( Reed - Solomon code ) bit , a Hamming code bit , 35 to 11 . 
a BCH ( Bose - Chaudhuri - Hocquenghem ) code bit , a CRC The detection circuitry 225 determines whether a com 
( Cyclic Redundancy Code ) bit , and the like . However , the mon intermediate point Vcmp ' of the voltage dispersion of 
ECC code according to the example embodiments are not the memory cell is higher than a reference voltage Vcmd_ref 
limited thereto . desired and / or predetermined by the user ( S120 ) . 
However , the number of error bits capable of being 40 FIG . 8 is a diagram for explaining conditions for per 

corrected using ECC bits is limited . For example , it is forming ( S140 ) a partial refresh operation according to some 
possible to pass the sensing by correcting errors of up to 10 example embodiments . 
bits in one codeword using the specific ECC bits . When an Additionally referring to FIG . 8 , when the detection 
error of 10 bits or more occurs , the error of the codeword circuitry 225 determines that the common intermediate point 
may not be corrected , and the sensing of the sensing 45 Vcmp of the voltage dispersion of the memory cell is smaller 
circuitry 215 on the codeword may fail to pass and / or fail to ( e.g. , lower ) than a reference voltage Vcmd_ref desired 
correctly read the data of the codeword . and / or predetermined by the user , the request circuitry 224 
As described above , when the drift phenomenon occurs transfers the state of the memory cell to the host 100 ( S130 ) . 

and the voltage dispersion of the memory cells 211 included After transferring data to the host , the detection circuitry 
in the codeword increases , a data error of the plurality of 50 225 may execute an operation ( S110 ) of reading the data of 
memory cells occurs , and the sensing on the codeword may the codeword including the memory cell of the address 
fail to pass and / or fail to fail to correctly read the data of the transferred to the address register 216 , and may repeat this 
memory cells 211. In addition , depending on the type of the operation until the common intermediate point Vcmp of the 
ECC bit and / or the number of ECC bits included in the voltage dispersion of the memory cell is determined to be 
memory cells 211 , not only the number of erroneous bits but 55 greater than the reference voltage Vcmd_ref desired and / or 
also the position of erroneous bits in the codeword may predetermined by the user . 
affect the codeword sensing pass / fail ( e.g. , correct reading or If the detection circuitry 225 determines that the common 
failed reading ) . intermediate point Vcmp of the voltage dispersion of the 
The control logic circuitry 220 may include a refresh memory cell is higher than the reference voltage Vcmd_ref 

controller 221 , a setting circuitry 222 , a correction circuitry 60 desired and / or predetermined by the user , the memory 
223 , a request circuitry 224 and a detection circuitry 225 . device 200 performs the partial refresh operation ( S140 ) . 
The control logic circuitry 220 may be processing circuitry The partial refresh operation will be described below in the 
and may include hardware including logic circuits ; a hard- detailed description of FIGS . 12 to 18 . 
ware / software combination such as at least one processor FIG . 9 is a flowchart for explaining a memory cell read 
executing software ; or a combination thereof . For example , 65 operation according to some example embodiments . 
the control logic circuitry 220 more specifically may FIG . 10 is a diagram for explaining the memory cell read 
include , but is not limited to , a central processing unit operation according to some example embodiments . 
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FIG . 11 is a diagram for explaining correction of a sensing FIG . 13 is a diagram for explaining an example of a 
voltage according to some example embodiments . memory unit decision according to some example embodi 

Referring to FIGS . 5 and 9 to 11 , the sensing circuitry 215 ments . Referring further to FIG . 13 , the setting circuitry 222 
reads the data of the codeword on the memory cell ( S111 ) . may decide a single memory unit , by sampling the memory 

After the read operation of sensing the data , the sensing 5 cells connected to the word line WL1 including the memory 
circuitry 215 determines whether there is an error in the cell 211 which has performed the operation S120 of FIG . 7 . 
sensed data on the codeword ( S112 ) . The memory cells may be configured in units of codewords , 
As an example of the data of the determination , the but the example embodiments are not limited thereto and sensing circuitry 215 may consider that the codeword passes other units of memory may be used . the sensing ( e.g. , Sensing Pass , correctly reads the data , 10 FIG . 14 is a diagram showing an example of a memory etc. ) , when the voltage applied to the memory cell is smaller unit decision according to some example embodiments . than the sensing voltage ( e.g. , Vcmp ( Default ) of FIG . 10 ) 

during a state in which the memory cell in the codeword is Referring to FIG . 14 , the setting circuitry 222 may sample 
sensed to indicate the set data , and the voltage applied to the the memory cells connected to the blocks WL1 , WL2 , BL1 
memory cell is greater than the sensing voltage during a state 15 and BL2 , etc. , including the memory cell 211 that has 
in which the memory cell is sensed to indicate the reset data . performed the operation S120 of FIG . 7 and decide them 

The sensing circuitry 215 may not pass the sensing of ( e.g. , set them , designate them , etc. ) as a single memory unit , 
( e.g. , fail reading , etc. ) the codeword corresponding to the but the example embodiments are not limited thereto . 
memory cell , when a dispersion A value greater than the In addition to the aforementioned example embodiments , 
sensing voltage ( Vcmp ( Default ) of FIG . 10 ) exists in the 20 the memory unit may be decided by sampling in units of one 
voltage applied to a part of the memory cells , during a state or more memory pages , and / or the memory unit may be 
in which a plurality of memory cells exceeding the maxi- decided by sampling in units of one or more memory banks , 
mum number of error correction bits in the codeword is etc. , but the example embodiments are not limited thereto . 
sensed to indicate a set data , or when a dispersion smaller The memory unit may be decided by sampling in units of 
than the sensing voltage ( Vcmp ( Default ) of FIG . 9 ) exists in 25 one or more error correction units of the codeword in which 
the voltage applied to the memory cell during a state in data bits are 256 or less , but the example embodiments are 
which the memory cell is sensed to indicate the reset data not limited thereto . Therefore , since sampling and refreshing 
( e.g. , Sensing Fail , etc. ) . may be performed in units that may be corrected by the error 

If the sensing circuitry 215 determines that there is an correction code , the possibility of error occurrence of sens 
error in the read operation of the codeword , it performs 30 ing may be further reduced . In other words , the size of the 
correction of the sensing voltage Vs ( S113 ) . memory unit of a sampling operation and / or a refresh 
When FIG . 11 is considered as an example of some operation may be set based on a desired and / or maximum 

example embodiments , if the common intermediate point memory size for a successful error correction operation of 
Vcmp before the change in the voltage dispersion changes the memory device . 
by AV with a change in the voltage dispersion in the memory 35 In addition , it is possible to decide ( e.g. , set , determine , 
cell , the sensing circuitry 215 may fail to pass the sensing of allocate , etc. ) a memory unit by including a partial memory 
the codeword ( e.g. , Sensing Fail , etc. ) . region desired and / or predefined in the memory device 200 

If it fails to pass sensing , an upward correction of making without performing the sampling operation . 
the sensing voltage ( e.g. , increasing the sensing voltage , The refresh controller 221 may perform a refresh opera 
etc. ) of the memory cell in the codeword equivalent to 40 tion for initializing the voltage dispersion of the decided 
upward common intermediate point Vcmp ' may be per- ( S141 ) memory unit ( S142 ) . After performing the refresh 
formed according to at least one example embodiment . operation ( S142 ) , the sensing circuitry 215 detects whether 

The correction circuitry 223 may perform a correction of an error occurs in the sensing operation on the basis of a 
making the common intermediate point Vcmp ' changed common intermediate point Vcmp ( Default ) of the initial 
according to Formula 1 equivalent to the sensing voltage Vs 45 voltage dispersion of the memory cell ( S143 ) , etc. 
as follows . FIG . 15 is a diagram for explaining a memory unit 

substitution operation according to some example embodi Vcmp ' = Vcmp + AV [ Formula 1 ] ments . Referring further to FIG . 15 , the sensing circuitry 215 
When the voltage dispersion of the memory cell moves to may determine a sensing error on the basis of the common 

the right ( e.g. , the voltage increases ) , the common interme- 50 intermediate point Vcmp ( Default ) . 
diate point moves from Vcmp to Vcmp ' , and the sensing If a plurality of codewords of a desired and / or predeter 
voltage Vs may also be corrected upward ( e.g. , may mined ratio or more in a memory unit fails to pass the 
increase ) accordingly . sensing ( e.g. , the sensing operation has failed and / or is 
FIG . 12 is a flowchart for explaining a partial refresh unsuccessful , etc. ) , since the memory device 200 may not 

operation according to some example embodiments . 55 determine that a change in the voltage dispersion of the 
Referring to FIGS . 2 and 12 , the setting circuitry 222 may memory cell has occurred due to the drift , the request 

decide ( e.g. , set , designate , etc. ) a memory unit present in the circuitry 224 transmits the data of the memory unit to the 
memory cell array 210 ( S141 ) . The setting circuitry 222 may host 100 ( S144 ) . Even if one codeword in a memory unit 
set , designate , and / or decide the memory unit by sampling a fails to pass the sensing , the request circuitry according to 
plurality of memory cells in the memory cell array 210 , 60 some other example embodiments may transmit the data of 
while including the memory cell which satisfies the condi- the memory unit to the host . In other words , the sensing 
tion in operation S120 of FIG . 8 . circuitry 215 may determine a ratio of memory units ( and / or 
A deciding manner of a memory unit to be partially sub - units of the memory unit ) that pass the sensing opera 

refreshed is performed by a manner specified by a user in tion . Based on a comparison of the determined ratio and a 
advance , and the setting circuitry 222 may decide one of a 65 desired sensing operation ratio threshold value , the request 
plurality of memory units included in the memory cell array circuitry transmits the read data to the host or requests a 
210 . partial or full refresh operation . 
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In addition to the drift , change factors of the voltage In concluding the detailed description , those of ordinary 
dispersion of the memory cell may be determined as factors skill in the art will appreciate that many variations and 
such as a physical crack and / or disconnection of the phase modifications may be made to the example embodiments 
change material in the memory cell and / or the thin film in without substantially departing from the principles of the 
the memory cell . 5 present inventive concepts . Therefore , the disclosed 

Therefore , the host 100 may transmit a command ( e.g. , example embodiments of the inventive concepts are used in 
Memory unit replacement CMD , etc. ) , which replaces the a generic and descriptive sense only and not for purposes of 

limitation . function and / or operation of the memory unit with another What is claimed is : memory unit in the memory device 200 to the memory 
device 200 ( S145 ) . 1. A phase change memory system comprising : 
FIG . 16 is a diagram for explaining a chip refresh request a phase change memory controller configured to perform 

a chip refresh operation for refreshing a phase change operation according to some example embodiments . Refer 
ring further to FIG . 16 , the sensing circuitry 215 may memory device ; and 

the phase change memory device including a plurality of 
determine a sensing error on the basis of the common 
intermediate point V - cmp ( Default ) . memory cells of at least one or more codewords , the 

phase change memory device including control logic 
If the codeword of a desired and / or predetermined ratio or circuitry configured to , 

more in the memory unit passes the sensing operation ( e.g. , determine a memory unit including at least one code 
if a desired number of codewords of the total number of word in the plurality of memory cells , 
codewords in the memory unit passes the sensing operation , 20 perform a refresh operation on the determined memory 
etc. ) , the memory device 200 may determine that the change unit , 
in the voltage dispersion of the memory cell occurred due to perform a sensing operation on data of the memory 
the drift . As an example , if all of the codewords in the unit , 
memory unit pass the sensing operation , the memory device determine whether the sensing operation was success 
200 may similarly determine that the change in the voltage 25 ful based on a sensing voltage of the sensing opera 
dispersion of the memory cell has occurred due to the drift . tion , a desired reference voltage , and a result of the 
Therefore , the request circuitry 224 requests the host 100 for sensing operation , and 
a chip refresh operation for refreshing the entire memory request the chip refresh operation to a host based on a 
cell arrays 210 ( S146 ) . A refresh command CMD is trans- result of determining whether the sensing operation 
mitted to the memory device 200 in accordance with the host 30 was successful . 
chip refresh request . 2. The phase change memory system of claim 1 , wherein 
FIG . 17 is a diagram for explaining an effect of the phase the control logic circuitry is further configured to : 

change memory system according to some example embodi- determine a ratio of codewords of the memory unit which 
ments . successfully pass the sensing operation ; 

Referring to FIGS . 4 , 5 , and 17 , a memory device 200 35 request the chip refresh operation based on the determined 
according to some example embodiments may perform a ratio of the memory unit and a desired threshold value ; 
chip refresh operation on the entire memory cell arrays 210 and 
with a cycle T. transmit information corresponding to the memory unit to 

In the phase change memory system according to some the host , in response to the determined ratio being less 
example embodiments , the sensing circuitry 215 and the 40 than the desired threshold value . 
control logic circuitry 220 operate at a timing t ' that is 3. The phase change memory system of claim 2 , wherein 
shorter than the cycle T by the time A after an arbitrary chip the control logic circuitry is further configured to : 
refresh operation 1 and a chip refresh operation 2 is per- increase the sensing voltage of the at least one codeword 
formed . Thus , in the section [ t ' , t ] , it is possible to reduce of the memory unit in response to the determining ratio 
and / or prevent an occurrence of error in the data sensing of 45 being less than the desired threshold value . 
the codeword of the memory cell due to the drift in the 4. The phase change memory system of claim 3 , wherein 
memory cells in the memory device 200. The possibility of the phase change memory controller is further configured to : 
error occurrence of the operation of the memory device 200 perform the chip refresh operation based on a desired 
may be reduced . The chip refresh operation 2 is performed cycle ; and 
at t ' , and the chip refresh operation may be performed at the 50 after performing the chip refresh operation , and before a 
recycle T starting from the chip refresh . Thereafter , a chip next cycle of the desired cycle arrives , the phase change 
refresh operation may be performed at t ' " after T time from memory controller is configured to control the control 
t ' . logic circuitry to perform the determining the memory 

In a phase change memory system according to some unit , the performing the refresh operation , performing 
other example embodiments , since the time A is smaller than 55 the sensing operation , and the requesting the chip 
half of the cycle T , after the chip refresh operation 1 is refresh operation again . 
initially performed after the power - up of the memory device 5. The phase change memory system of claim 4 , wherein 
200 , the sensing circuitry 215 and the control logic circuitry a size of the memory unit is based on any one of a plurality 
220 operate at t ' shorter than the cycle T by a fixed time A , of pages , a wordline , a memory bank , or a memory block . 
and a chip refresh operation 2 may be performed . 6. The phase change memory system of claim 4 , wherein 

In a phase change memory system according to some the memory unit includes codewords having a data bit of 256 
other example embodiments , the time A is smaller than half bits or less . 
of the cycle T , after the half of the cycle T has passed , the 7. The phase change memory system of claim 3 , wherein 
sensing circuitry 215 , the refresh controller 221 , the setting after the phase change memory device is powered up and a 
circuitry 222 , the correction circuitry 223 , and the request 65 first chip refresh operation is performed , 
circuitry 224 operate , and a chip refresh operation 2 may be the control logic circuitry is further configured to operate 
performed at t ' . after passage of a desired amount of time . 
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8. The phase change memory system of claim 1 , wherein the plurality of codewords of the memory being less 
the phase change memory controller is further configured to than the desired threshold value . 
perform the chip refresh operation based on a desired cycle , 14. The method of refreshing the phase change memory 
and device of claim 13 , further comprising : 

after the chip refresh operation is performed , the control 5 increasing the sensing voltage corresponding to the first 
logic circuitry is further configured to operate after a codeword in accordance with a changed voltage dis 
half of the cycle passes and before a next cycle arrives . persion in response to the first codeword failing the 

9. The phase change memory system of claim 1 , sensing operation . wherein 
the control logic circuitry is further configured to : 15. The method of refreshing the phase change memory 

determine whether the sensing voltage is equal to or 10 device of claim 14 , wherein the plurality of codewords of the 
higher than the desired reference voltage ; and memory unit have a size of 256 bits or less . 

increase the sensing voltage in response to the sensing 16. The method of refreshing the phase change memory 
voltage being less than the desired reference voltage . device of claim 12 , wherein , based on the result of the 

10. The phase change memory system of claim 1 , wherein sensing operation : 
the control logic circuitry is further configured to : transmitting , using the control logic circuitry , information 

transmit information of the memory unit to a host , in of the memory unit in response to at least one codeword 
response to any one of the at least one or more of the plurality of codewords of the memory unit failing 
codewords of the memory unit failing the sensing the sensing operation ; and 
operation , and performing , using the control logic circuitry , a refresh 

request the chip refresh operation in response to all of the 20 operation in response to all of the codewords of the 
at least one codeword of the memory unit successfully memory unit passing the sensing operation . 
pass the sensing operation to the host . 17. A phase change memory system comprising : 

11. The phase change memory system of claim 1 , wherein a phase change memory cell array including at least one 
the control logic circuitry is further configured to set a partial codeword ; 
memory region of the memory unit without performing a 25 a host including a phase change memory controller con 
sampling operation . figured to perform a chip refresh operation for refresh 

12. A method of refreshing a phase change memory ing the entire phase change memory cell array ; and 
device , the method comprising : control logic circuitry configured to , 

determining , using control logic circuitry , a memory unit sense data of the at least one codeword of the phase 
including a plurality of codewords in a plurality of 30 change memory cell array , 
memory cells of a phase change memory device ; determine whether the sensing was successful based on 

performing , using the control logic circuitry , a refresh a sensing voltage used in the sensing , a desired 
operation on the memory unit based on a sensing reference voltage , and a result of the sensing , and 
voltage for reading data stored in a first codeword of the transmit a request the chip refresh operation to the host 
plurality of codewords and a desired reference voltage ; 35 based on a result of the determining whether the 

performing , using the control logic circuitry , a sensing sensing was successful . 
operation on data of the plurality of codewords 18. The phase change memory system of claim 17 , 
included in the memory unit ; wherein the control logic circuitry is further configured to : 

determining , using the control logic circuity , whether the transmit the request for the chip refresh operation in 
sensing operation was successful based on the sensing 40 response to a ratio of the at least one codeword of a 
voltage of the sensing operation , the desired reference memory unit successfully passing the sensing being 
voltage , and a result of the sensing operation ; and greater than a desired threshold value ; and 

performing , using the control logic circuitry , a refresh transmit information of the memory unit to the host in 
operation on the entire phase change memory device response to the ratio of the at least one codeword being 
based on a result of the determining whether the 45 less than or equal to the desired threshold value . 
sensing operation was successful . 19. The phase change memory system of claim 18 , 

wherein 13. The method of refreshing the phase change memory 
device of claim 12 , wherein , based on the result of the the phase change memory controller is configured to 
sensing operation : perform the chip refresh operation based on a desired 

performing , using the control logic circuitry , the refresh 50 cycle ; and 
operation on the entire phase change memory device in after the chip refresh operation is performed , and before 
response to a ratio of the plurality of codewords of the a next cycle of the desired cycle arrives , the control 
memory unit successfully passing the sensing operation logic circuitry is further configured to operate . 
being greater than or equal to a desired threshold value ; 20. The phase change memory system of claim 18 , 
and wherein the at least one codeword has a size of 256 bits or 

less . transmitting , using the control logic circuitry , information 
of the memory unit to a host in response to the ratio of 
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