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ADAPTIVE ERROR CORRECTION IN 
MEMORY DEVICES 

TECHNICAL FIELD 

0001 Embodiments described herein pertain to memory 
in electronic systems. Some embodiments relate to error 
detection and correction in memory devices. 

BACKGROUND 

0002 Many electronic devices or systems, such as com 
puters, tablets, and cellular phones, have memory to store 
information (e.g., data). The information can be stored in 
memory cells of the memory. Some conventional memory 
may employ techniques (e.g., error detection and correction 
techniques) to deal with errors that might occur in informa 
tion retrieved from the memory cells. Factors associated 
with Such techniques may involve overhead, power con 
Sumption, and yield. In some memory, dealing with Such 
factors may pose a challenge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 shows a block diagram of an apparatus in 
the form of a processor, according to some embodiments 
described herein. 
0004 FIG. 2 shows a block diagram of a cache memory, 
according to Some embodiments described herein. 
0005 FIG.3 shows a block diagram of a memory device, 
according to some embodiments described herein. 
0006 FIG. 4A through FIG. 4E show schematic diagrams 
of a memory cell and structures of the memory cell in 
different states, according to some embodiments described 
herein. 
0007 FIG. 5A shows an example of storing information 
in and retrieving information from memory cells where 
retrieved information includes bits associated with burned 
memory cells, according to Some embodiments described 
herein. 
0008 FIG. 5B shows another example of storing infor 
mation in and retrieving information from memory cells 
where retrieved information includes bits associated with 
burned memory cells, according to some embodiments 
described herein. 
0009 FIG. 5C shows an example of storing information 
in and retrieving information from memory cells where 
retrieved information includes bits associated with burned 
memory cells and an erroneous bit from a normal memory 
cell, according to some embodiments described herein. 
0010 FIG. 5D shows another example of storing infor 
mation in and retrieving information from memory cells 
where retrieved information includes bits associated with 
burned memory cells and an erroneous bit from a normal 
memory cell, according to Some embodiments described 
herein. 
0011 FIG. 6 shows a block diagram of a portion of a 
memory device, according to some embodiments described 
herein. 
0012 FIG. 7A shows the relationship between currents 
and states of a memory cell and a reference memory cell of 
FIG. 6 when voltages applied to current paths coupled to the 
memory cell and the reference memory cell have the same 
value, according to some embodiments described herein. 
0013 FIG. 7B shows the relationship between currents 
and states of a memory cell and a reference memory cell of 
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FIG. 6 when voltages applied to current paths coupled to the 
memory cell and the reference memory cell have different 
values, according to Some embodiments described herein. 
0014 FIG. 8 is a timing diagram for some signals of the 
memory device of FIG. 6 during an operation of retrieving 
information from a memory cell, according to Some embodi 
ments described herein. 
0015 FIG. 9 shows a block diagram of a portion of a 
memory device including a read voltage control circuit, 
according to some embodiments described herein. 
0016 FIG. 10 is a timing diagram for some signals of the 
memory device of FIG. 6 during an operation of retrieving 
information from a memory cell, according to Some embodi 
ments described herein. 
0017 FIG. 11 shows a block diagram of an apparatus in 
the form of a system (e.g., electronic system), according to 
some embodiments described herein. 
0018 FIG. 12 is a flow diagram showing a method of 
monitoring errors in information retrieved from memory 
cells, according to Some embodiments described herein. 
0019 FIG. 13 is a flow diagram showing a method of 
determining a state of a memory cell, according to some 
embodiments described herein. 
0020 FIG. 14 is a flow diagram showing a method of 
decoding information retrieved from memory cells, accord 
ing to Some embodiments described herein. 

DETAILED DESCRIPTION 

0021 FIG. 1 shows a block diagram of an apparatus in 
the form of a processor 100, according to some embodi 
ments described herein. Processor 100 can include a general 
purpose processor or an application-specific integrated cir 
cuit (ASIC). Processor 100 can be part of (e.g., included in) 
an electronic device or system, Such as a computer (e.g., 
desktop or notebook computer), a tablet, a cellular tele 
phone, and other electronic devices or systems. 
0022. As shown in FIG. 1, processor 100 can include a 
control block 101, a register file 102, an arithmetic logic unit 
(ALU) 103, a cache memory 104, and a memory (e.g., main 
memory) 105. One skilled in the art would recognize that a 
processor (e.g., a central processing unit (CPU)) Such as 
processor 100 includes many additional components, several 
of which are not shown in FIG. 1 so as not to obscure the 
embodiments described herein. 
0023 Processor 100 can be included in a chip (e.g., a 
semiconductor die). Thus, in the arrangement shown in FIG. 
1, control block 101, register file 102, ALU 103, cache 
memory 104, and memory 105 can be located on (e.g., 
formed on or formed in) the same chip (e.g., the same 
semiconductor die). In an alternative arrangement, memory 
105 can be omitted from processor 100. In such an alterna 
tive arrangement, memory 105 can be located in another 
chip (or in multiple chips) separated from the chip that 
includes processor 100. 
0024 Control block 101 can be arranged (e.g., config 
ured) to control operations of processor 100. For example, 
control block 101 may include logic circuitry (e.g., control 
logic and instruction decoders) and other components to 
control operations of processor 100. Control block 101 can 
be part of (e.g., included in) a processing core (e.g., pro 
cessor core of a CPU) of processor 100. 
0025 Register file 102 can include volatile memory cells 
(or alternatively non-volatile memory cells) that can be 
arranged to store information (e.g., data, instruction codes, 
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and other information). Examples of volatile memory cells 
include static random access memory (SRAM) cells. ALU 
103 can perform arithmetic logic functions in processor 100. 
Memory 105 can include volatile memory cells, non-volatile 
memory cells, or a combination of both. Examples of 
Volatile memory cells include dynamic random access 
memory (DRAM) cells and SRAM cells. Examples of 
non-volatile memory cells include flash memory cells or 
other types of non-volatile memory cells. 
0026 Cache memory 104 can include a memory device 
110 and a cache controller 120. Cache memory 104 can 
receive data from or provide data to other components of 
processor 100. Data D on path 111 can represent data (e.g., 
input data) received by cache memory 104 (e.g., during a 
write operation) or data (e.g., output data) provided by cache 
memory 104 (e.g., during a read operation). Path 111 can 
include a bus or part of a bus (e.g., conductive lines on a 
semiconductor die) coupled between cache memory 104 and 
at least one of the other components (e.g., control block 101) 
of processor 100. 
0027. During a write operation, cache controller 120 may 
receive data D (e.g., provided to it by control block 101) to 
be stored in memory device 110. Data D can include user 
data or other types of data used in processor 100. Before 
storing data D in memory device 110, cache controller 120 
may perform an encode operation to encode data D with 
error correction code (ECC). After the encode operation, 
cache controller 120 may provide both data D and ECC to 
memory device 110 to be stored (e.g., during a write 
operation) in memory cells (not shown) of memory device 
110. The ECC may allow cache controller 120 to correct 
errors that may occur in information when the information 
is retrieved (e.g., read) from memory device 110 during a 
read operation. 
0028 Cache controller 120 can perform a decoding 
operation on information (e.g., data and its associated ECC) 
retrieved from memory cells of memory device 110. The 
decoding operation can detect errors that may occur in the 
retrieved information. Cache controller 120 may correct any 
errors in the information and provide data D to other 
components (e.g., to control block 101) of processor 100. 
0029 Memory device 110 may include a type of memory 
device (e.g., STT type) that may have a relatively high 
failure (e.g., retention failure) rate at certain scaled dimen 
sions. To address failure Such as retention failure, cache lines 
in memory device 110 can be protected with ECC, and 
memory device 110 may be frequently scrubbed to prevent 
error accumulation. In memory device 110, only a relatively 
Small portion of memory cells in the array of memory cells 
may have retention failure (e.g., have a low retention time). 
However, identifying such memory cells may be difficult in 
Some cases. Hence, in order to achieve a relatively higher 
yield, the scrub rate for the array in memory device 110 may 
be determined by the memory cell with the lowest retention 
time. Moreover, selecting a right ECC to fit the retention 
time of the array may pose a challenge. Thus, selecting the 
ECC may still be a pessimistic approach because the ECC 
may need to ensure that there are not too many cells with a 
lower retention time than the scrub rate in each cache line. 
The techniques described herein may address these issues. 
0030 To prevent the pessimistic design for the worst 
case approach, the techniques described herein include an 
adaptive ECC technique. The scrub rate of memory cells in 
the techniques described herein may start with a relatively 
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high scrub rate. Then, as memory device 110 goes through 
normal operations (e.g., normal write and read operations), 
some memory cells in memory device 110 may be deter 
mined to be defective. Memory cells determined to be 
defective can be placed in a particular state that is different 
(e.g., distinguishable) from states (e.g., normal state) that 
normal memory cells have. After particular memory cells 
determined to be defective are placed in such a particular 
state, the particular memory cells may be considered as a 
“burned memory cells. Burned memory cells, however, 
may still be used to store information as if they were normal 
(non-defective) memory cells. Information stored in the 
burned memory cells are viewed as “burned bits in the ECC 
(e.g., ECC codeword). As the number of burned memory 
cells increases, the number of burned bits covered by the 
ECC increases and the number of bits having errors (e.g., 
random errors) decreases. The ECC can correct up to twice 
as much burned bits as bits having random errors. Hence, 
every time memory cells are determined to be defective and 
considered as burned bits, the retention time guardband can 
be adjusted (e.g., relaxed) because errors covered by the 
ECC increases. Adjusting the guardband on the scrub rate 
may improve system performance and power. 
0031 Cache controller 120 can also monitor errors in 
information retrieved from memory device 110 in order to 
perform the adaptive ECC technique mentioned above. 
Cache controller 120 may generate control information 
based on the monitoring of errors in the information (de 
scribed in more detail below). The control information can 
include information (e.g., physical address) of a memory 
cell (or multiple memory cells) determined to be defective 
(e.g., bad memory cell) by cache controller 120. Changing 
the state of a memory cell that has been determined to be 
defective is performed by memory device 1110. For 
example, after generating the control information, cache 
controller 120 may send it to memory device 110. Based on 
the control information, memory device 110 can cause (e.g., 
perform a special write operation on) a memory cell (or 
memory cells) determined to be defective to have a particu 
lar state different (e.g., distinguishable) from States (e.g., 
normal states) of normal memory cells (e.g., non-defective 
memory cells) of memory device 110. 
0032 Memory cells of memory device 110 can be con 
figured to have states (e.g., normal states) to indicate values 
(e.g., binary 0 and binary 1) of information stored in the 
memory cells. A particular state placed in a memory cell 
determined to be defective is different from the normal states 
used to indicate information stored in the memory cells. The 
particular state is not configured to indicate the value of 
information stored memory cells of memory device 110. For 
example, the particular state may include an irreversible 
state. The irreversible state may not be changed back to a 
state that is used to indicate the value (e.g., binary 0 or 1) of 
information stored in a memory cell. As mentioned above, 
after a memory cell determined to be defective is placed in 
a particular state, that memory cell can be considered as a 
burned memory cell. Thus, a burned memory cell can 
include a memory cell having an irreversible state and Such 
an irreversible state was placed in that memory cell because 
that memory cell was determined to be defective based on 
monitoring of information retrieved from that memory cell. 
The irreversible state is an identifiable state, meaning that 
when a memory cell (e.g., a burned memory cell) having the 
irreversible state is accessed during an operation (e.g., read 
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operation of memory device 110), memory device 110 can 
determine that the state of that memory cell is the irrevers 
ible state. 
0033. The technique described herein may allow cache 
controller 120 to adaptively adjust ECC and manage 
memory operations in cache memory 104. Such as to adjust 
(e.g., reduce) the scrub rate in cache memory 104 and to treat 
burned memory cells as if they were normal memory cells 
during an operation (e.g., a write operation) of storing 
information in memory cells of memory device 110. As 
mentioned above, the scrub rate may be adjusted after a 
memory cells is determined to be defective (or after a 
number of memory cells are determined to be defective) and 
placed in a state (e.g., an irreversible state) that is distin 
guishable from the state that normal memory cells have. 
Adjusting the Scrub rate may improve (e.g., reduce) power 
consumption in cache memory 104. Storing information in 
burned memory cells may improve yield of memory device 
110 or may allow the size (e.g., area) of memory device 110 
to be relatively small for the same storage capacity com 
pared with some conventional memory devices. 
0034 Cache memory 104 can include structures and 
perform operations of a cache memory described below with 
reference to FIG. 2 through FIG. 12. 
0035 FIG. 2 shows a block diagram of a cache memory 
204, according to Some embodiments described herein. 
Cache memory 204 can be included in an apparatus Such as 
processor 100. Thus, cache memory 204 can include cache 
memory 104 of FIG. 1. As shown in FIG. 2, cache memory 
204 can include a memory device 210 and a cache controller 
220. FIG. 2 shows an example where cache controller 220 
is located inside cache memory 204. Alternatively, cache 
controller 220 can be located outside cache memory 204. 
For example, cache controller 220 can be located inside a 
control block of a processor, such as control block 101 of 
processor 100. 
0036. As shown in FIG. 2, cache controller 220 can 
include an interface circuit 261 to communicate with another 
component (e.g., control block 101 of FIG. 1) outside cache 
memory 204. Data D at interface circuit 261 represents 
either data Din (e.g., input data) during write operation or 
data DOUTTT (e.g., output data) during a read operation. 
0037 Cache controller 220 can include an interface cir 
cuit 262 to communicate with memory device 210. Infor 
mation D+ECC communicated (e.g., transferred) between 
memory device 210 and interface circuit 262 represent either 
information D+ECC or D+ECC. For example, during 
a write operation, information D+ECC represents informa 
tion D+ECC provided by cache controller 220 to be stored 
in memory device 210. During a read operation, information 
D+ECC represents information D+ECC retrieved from 
memory device 210 by cache controller 220. 
0038 Cache controller 220 and memory device 210 may 
exchange other information through interface circuit 262 
during read and write operations. Such other information 
may include read and write control information (e.g., Sig 
nals), clock signal, and other control information (e.g., 
control information CTL INFO). 
0039. As shown in FIG. 2, cache controller 220 can 
include a control unit 221, which can include write circuitry 
230, read circuitry 240, and a monitor 250. Write circuitry 
230 can operate during an operation (e.g., a write operation) 
of storing (e.g., writing) information D+ECC in memory 
device 210. Write circuitry 230 can include an encoder 231 
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to perform an encode operation to encode data Dry with ECC 
and generate information D+ECC. Cache controller 220 
may store both D+ECC in memory device 210 during a 
write operation. 
0040. Read circuitry 240 can operate during an operation 
(e.g., read operation) of retrieving (e.g., reading) informa 
tion D+ECC from memory device 210. Read circuitry 240 
can include a decoder 241 to perform a decoding operation 
on information D+ECC to provide data D. Read 
circuitry 240 can operate to detect and correct an error (or 
errors) in information D+ECC, such that the value of 
data D, during a read operation can be the same as the 
value of corresponding data Dry stored in memory device 
210 during a write operation. 
0041 Encoder 231 may encode data (e.g., during a read 
operation) with ECC using techniques, such as Reed-Solo 
mon, Bose-Chaudhuri-Hocquenghem (BCH), or other tech 
niques. Decoder 241 may decode information retrieved from 
memory device 210 (e.g., during a write operation) using the 
same technique that encoder 231 uses. 
0042 Monitor 250 can operate to monitor errors in 
information D+ECC. For example, cache controller 220 
can track errors in information D+ECC and generate 
error tracking information. The error tracking information 
can include a record (e.g., history) of particular memory 
cells of memory device 210 where the bits of information 
retrieved from such particular memory cells have errors. 
Based on the monitoring of errors in information D+ 
ECC (e.g., based on the error tracking information), monitor 
250 can generate control information CTL INFO. Control 
information CTL INFO may include information (e.g., 
physical address) of a particular memory cell among 
memory cells in memory device 210 that is determined (e.g., 
identified) to be defective. 
0043 Memory device 210 includes memory cells that can 
be arranged in an array (e.g., arranged in group. Such as 
blocks, in an array of memory cells). For simplicity, only 
two memory cell groups 211 and 212 are shown. Each of 
memory cell groups 211 and 212 can store information, 
which may include data (e.g., D). ECC, or both. Memory 
cell group 211 can be configured to include a cache line (or 
multiple cache lines) of cache memory 204. Similarly, 
memory cell group 212 can be configured to include a cache 
line (or multiple cache lines) of cache memory 204. FIG. 2 
shows an example of two cache lines formed by two 
corresponding memory cell groups 211 and 212. Each of the 
two cache lines can store information, which may include 
data (e.g., D.), ECC, or both. 
0044. Each of memory cells in memory device 210 can 
be configured to have different states (e.g., normal states) to 
indicate different values of information stored in each 
memory cell. For example, the normal states may include a 
state configured to indicate a value (e.g., binary 0) of 
information stored in a memory cell and another state 
configured to indicate another value (e.g., binary 1) of 
information stored in the memory cell. Memory device 210 
can cause a memory cell to change from a normal state to a 
particular state if that memory cell is determined to be 
defective. A normal state is a changeable state. The particu 
lar state may be an irreversible state (e.g., an unchangeable 
state). For example, after receiving control information 
CTL INFO from cache controller 220 indicating that 
memory cell 211a is determined to be defective, memory 
device 210 can perform an operation (e.g., a special write 
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operation) to cause the state of memory cell 211a to change 
to a particular state that is irreversible. This means that after 
memory cell 211a has such particular state, memory cell 
211 a may not be able to change back to a normal state. The 
irreversible state may allow cache controller 220 to use a 
decode operation (as described in more detail below) to 
determine the value of information store in memory cell 
2.11a. 

0045 FIG. 2 shows an example where memory cell 
group 211 includes memory cells 211a, 211b, 211c, and 211d 
that have been determined to be defective memory cells. The 
state of each of memory cells 211a, 211b, 211c, and 211d has 
also been changed to an irreversible state (e.g., State X, as 
labeled in FIG. 2). 
0046 Memory device 210 may have no spare memory 
cells (e.g., redundant memory cells) to replace memory cells 
that are determined to be defective. Thus, although memory 
cells 2.11a, 211b, 211c, and 211d are determined to be 
defective, they may not be replaced by spare (e.g., redun 
dant) memory cells. Therefore, memory cells 211a, 211b, 
211c, and 211d are still used by memory device 210 to store 
information (e.g., four bits of information) as if memory 
cells 211a, 211b, 211c, and 211d were normal (non-defec 
tive) memory cells. The values of information stored in 
memory cells 211a, 211b, 211c, and 211d after they are 
determined to be defective can be determined by decoder 
241 during a write operation, as described in more detail 
with reference to FIG. 5A through and FIG. 5D. Using 
memory cells (e.g., 211a, 211b, 211C, and 211d) determined 
to be defective may avoid using spare cells as replacements 
for the defective memory cells. This may lead to at least one 
of improving yield and resulting in a smaller size of memory 
device 210 for the same memory capacity compared with 
Some conventional memory devices. 
0047. As mentioned above, monitor 250 can monitor 
errors in information (e.g., D+ECC) retrieved from 
memory cells (e.g., memory cells in memory cell groups 211 
and 212) and generate control information CTL INFO. 
Monitor 250 can generate control information CTL INFO 
when a condition is met. For example, as described above 
each of memory cell groups 211 and 212 can include a cache 
line. The cacheline can be protected with an ECC. Each time 
monitor 250 detects an error in the information retrieved 
from the cache line (e.g., from memory cell group 211 or 
212), the location (e.g., physical address of memory cells 
211a, 211b, 211c, or 211d) of the memory cell containing the 
erroneous bit can be saved. Cache memory 204 may include 
a pointer, e.g., most recent error (MRE) pointer 251, to store 
the location of the memory cell that contains the bit where 
the most recent error has occurred. If multiple bits having 
errors are detected in one cache line (e.g., memory cell 
group 211) in the same read operation, then the location of 
the memory cell containing the bit at a lower bit position 
(e.g., closer to the least significant bit (LSB) position) can be 
saved in MRE pointer 251. For example, before memory 
cells 211a and 211b are determined to be defective, if 
memory cell 211a contains a bit that is in a lower bit position 
than the bit position of the bit contained in memory cell 
211b, then the location of memory cell 211a may be saved 
in MRE pointer 251 if both memory cells 2.11a and 2.11b 
contain bits that have errors detected during a read opera 
tion. 

0048 Cache memory 204 may include a counter 252 to 
keep a number that indicates a number of occurrences (e.g., 
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consecutive occurrences) that a bit stored in a memory cell 
has errors. The errors can be based on a number read 
operations (e.g., consecutive read operations) for the same 
bit. If the number in counter 252 reaches a limit (e.g., a 
predetermined threshold value set by cache controller 220), 
then the memory cell associated with that bit (i.e., the bit 
having consecutive errors) can be determined to be defec 
tive. Monitor 250 can generate control information CTL 
INFO when the limit in counter 252 is reached. In response 
to control information CTL INFO, memory device 210 may 
perform an operation to change the state of the memory cell 
determined to be defective from a normal state to an 
irreversible state. 

0049. In FIG. 2, each of MRE pointer 251 and counter 
252 can include memory (e.g., memory cells, registers, 
latches) to store information associated with the bit that has 
the most recent error and the number of consecutive times 
that a bit has an error, as described above. FIG. 2 shows 
MRE pointer 251 and counter 252 being located in cache 
controller 220 of cache memory 204 as an example. Alter 
natively, MRE pointer 251, counter 252, or both can be 
located in memory device 210 of cache memory 204. 
0050. As described above, encoder 231 encode data with 
ECC and decoder 241 can decode information based on the 
same ECC. The ECC described herein can correct “t 
random errors when 2t-d, where 'd' is the minimum 
Hamming distance of the code. The same ECC (e.g., base 
ECC) can be used to detect bits associated with (e.g., stored 
in) burned memory cells (e.g., memory cells having state X) 
and trandom errors as long as e--2t-d. This means that the 
same ECC can correct twice as many bits associated with 
burned memory cells as random error bits. The number of 
bits associated with memory cells determined to be defective 
may gradually increase when the number of erroneous bits 
in the cache lines (e.g., cache lines included in memory cell 
groups 211 and 212) increases 
0051. When MRE pointer 251 becomes empty (e.g., 
when no more errors (e.g., random errors) are detected in the 
cache lines included in memory cell groups 211 and 212), 
the cache controller 220 may relax some of the reliability 
criteria (e.g., Scrub rate). Relaxing reliability criteria may 
cause new errors (e.g., failures) on bits that previously had 
no errors. The new errors can also be identified. This process 
can continue until most of the cache lines approach the 
maximum allowed number of memory cells that can be 
placed in State X (because of errors associated with Such 
memory cells). 
0052. As described above, memory cells determined to 
be defective may still be used to store information. The 
detection process of bits stored in memory cells having state 
X is the same as that of detecting bits to be stored in normal 
memory cells (e.g., non-defective memory cells). The 
encode operation (e.g., performed by encoder 231) to encode 
data (e.g., data D) to be stored in both normal memory 
cells and burned memory cells can be the same as the 
encoding (e.g., base encoding) operation to encode data 
(e.g., data D) to be stored in normal memory cells. Thus, 
no additional ECC overhead may be associated with the 
encoding of data to be stored in memory cells including the 
burned memory cells. Decoding of information retrieved 
from memory cells of memory device 210 is described 
below with reference to FIG. 5A through FIG. 5D. 
0053 FIG. 3 shows a block diagram of a memory device 
310, according to some embodiments described herein. 
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Memory device 310 can correspond to memory device 110 
of FIG. 1 or memory device 210 of FIG. 2. As shown in FIG. 
3, memory device 310 can include access lines (e.g., word 
lines) 304, data lines 305 (e.g., bit lines) and a memory array 
302 having memory cells 303 arranged in rows and columns. 
Access lines 304 can carry signals (e.g., access line signals) 
WL0 through WLim. Data lines 305 can carry signals that 
represent information (e.g., D+ECC) retrieved from the 
memory cells 303 during a read operation or information 
(e.g., D and ECC) to be stored in the memory cells 303 
during a write operation. 
0054 Memory device 310 can include an address register 
309 to receive address signals A0 through AX on lines (e.g., 
address lines) 305, row access circuitry (e.g., row decoder) 
306 and column access circuitry (e.g., column decoder) 307 
that can respond to address signals A0 through AX to 
determine which memory cells 303 are to be selected in a 
memory operation. Memory device 310 can perform an 
operation (e.g., a write operation) to store information in 
selected memory cells 303, and another operation (e.g., a 
read operation) to retrieve information from selected 
memory cells 303. 
0055 Memory device 310 can include a sense amplifier 
(e.g., sense circuitry) 340 that performs functions (e.g., 
sensing function) on data lines 305 to determine the values 
(e.g., bit values) of information presented by signals on data 
lines 305. For example, sense amplifier 340 can operate to 
determine the values of information to be stored in selected 
memory cells 303 during a write operation, and the values 
of information retrieved from selected memory cells 303 
during a read operation. 
0056. A memory control unit 318 can control the memory 
operations (e.g., read and write operations) of memory 
device 310 based on control signals on lines 320. Examples 
of control signals on lines 320 include write enable signal, 
a clock signal and other signals. Memory device 310 may 
also receive control information CTL INFO on lines 320 to 
change a state of one of memory cells 303 to an irreversible 
State. 

0057 Memory device 310 can include lines 330 and 332 
to receive Supply Voltages Vcc and VSS, respectively. Supply 
Voltage VSS can operate at a ground potential (e.g., having a 
value of approximately Zero volts). Supply Voltage Vcc can 
include an external voltage supplied to memory device 310 
from an external power source Such as a battery or an 
alternating-current to direct-current (AC-DC) converter cir 
cuitry. 
0058 Memory device 310 can include a voltage genera 
tor 319 to generate Voltages, such as Voltages V, and 
Vort for use during memory operations (e.g., read opera 
tion) of memory device 310. During a read operation (e.g., 
read operations described below with reference to FIG. 6 
through FIG. 10), Voltages V, and Voit, may be used at 
different times in the read operation to determine states (e.g., 
the values of information) in selected memory cells 303. 
0059. As shown in FIG. 3, memory device 310 can have 
a select circuit 315 that can respond to select signals CL0 
through CLn during a memory operation (read or write) in 
order to select lines 305 associated with selected memory 
cells during Such operation. The levels of signals (e.g., 
voltage or current) on the selected lines 305 among lines 305 
may allow memory device 310 to determine the values of 
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information to be stored in (e.g., in a write operation) or 
retrieved from (e.g., in a read operation) the selected 
memory cells. 
0060 Column access circuit 307 can selectively activate 
the CLO through CLN signals based on the address signals 
A0 through AX. Select circuit 315 can select signals D0. 
D0*, DN, and DN* and then provide them to an input/output 
(I/O) circuit 316. 
0061 Memory device 310 can include input/output (I/O) 
circuit 316 to receive information (e.g., data D and ECC) 
from lines (e.g., I/O lines) 312 during a write operation or 
provide information to lines 312 during a read operation. 
The information on lines 312 can be similar to that of 
information D+ECC communicated between cache control 
ler 220 and memory device 210 of FIG. 2. 
0062 Memory device 310 may include a spin-torque 
transfer random access memory (STT-RAM) device, a 
dynamic random access memory (DRAM) device, a static 
random access memory (SRAM) device, a flash memory 
device, resistive memory device, magnetic memory device, 
phase change memory device, ovonics memory device, 
ferroelectric memory device, or another type of memory 
device. Memory device 310 may include other components, 
which are not shown in FIG. 3 to help focus on the 
embodiments described herein. 

0063 FIG. 4A through FIG. 4E show schematic diagrams 
of a memory cell 403 and structures of memory cell 403 in 
different states, according to Some embodiments described 
herein. Memory cell 403 can be one of memory cell 303 of 
memory cells of a memory device. Such as memory device 
110, 210, or 310 described above with reference to FIG. 1 
through FIG. 3. 
0064. As shown in FIG. 4A, memory cell 403 can include 
a memory element 430 and an access component 450; both 
can be coupled (e.g., located) between lines 440 and 441. 
Line 440 can be part of a source line. Line 441 can be part 
of a data line (e.g., bit line) that can be part of a circuit path 
coupled to a sense amplifier (e.g., sense amplifier 340 in 
FIG. 3). FIG. 4A shows access component 450 including a 
transistor as an example. Access component 450 can include 
a component different from a transistor. 
0065 Memory element 430 can be configured to store 
information. Access component 450 can be selected (e.g., 
turned on) to access memory cell 403 in order to store 
information in memory element 430 (e.g., during a write 
operation) or to retrieve information from memory element 
430 (e.g., during a read operation). Access component 450 
can also be selected to access memory cell 403 in order to 
change (e.g., permanently change) the State of memory cell 
403, such as changing the state of memory cell 403 to an 
irreversible state. Memory cell 403 can include contacts 435 
and 437 coupled to respective sides (e.g., top and bottom) of 
memory element 430. 
0.066 FIG. 4A shows an example arrangement of 
memory cell 403 where memory element 430 is located 
(e.g., physically formed) between access component 450 
and node 440. Memory cell 403, however, can have another 
arrangement. 
0067 FIG. 4B shows a schematic diagram of an alterna 
tive arrangement of memory cell 403 of FIG. 4A. For 
example, as shown in FIG. 4B, access component 450 can 
be located (e.g., physically formed) between memory ele 
ment 430 and node 440. 
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0068 Memory cell 403 (FIG. 4A and FIG. 4B) can 
include a resistive type memory, such that the value of 
information stored in memory cell 403 (e.g., stored in 
memory element 430) can be based on the resistance of 
memory element 430. For example, memory element 430 
can be configured to have different resistances (e.g., different 
states) to present different values of information stored in 
memory cell 403. Alternatively, memory cell 403 can 
include a memory type different from resistive type memory. 
0069 FIG. 4C is a graph showing example resistances 
RX, R0, and R1 and corresponding states X, state 0, and state 
1 for a number of memory cells, according to Some embodi 
ments described herein. The memory cells associated with 
FIG. 4C include memory cell 403 (FIG. 4A) and can be 
memory cells of a memory device. Such as memory device 
110, 210, or 310 described above with reference to FIG. 1 
through FIG. 3. Resistances RX, R0, and R1 in FIG. 4C 
represent possible resistances that a number of memory cells 
of a memory device may have (e.g., after a write operation). 
FIG. 4C also shows a resistance R, which represents the 
resistance across a memory element of a reference memory 
cell (not shown in FIG. 4A through FIG. 4C). 
0070 Resistances RX, R0, and R1 can correspond to 
state X, state 0, and state 1. State 0 can indicate that 
information stored in memory cell 403 has a particular (e.g., 
binary 0) value. State 1 can indicate information stored in 
memory cell 403 has another particular value (e.g., binary 
1). State X can indicate that information stored in memory 
cell 403 has either a value associated with state 0 or a value 
associated with state 1. Memory cell 403 can be placed in 
state X if it is determined to be defective (e.g., based on 
monitoring of errors in information retrieved from memory 
cell 403 by monitor 250 of FIG. 2). For example, if memory 
cell 403 is determined to be defective, an operation (e.g., 
special write operation) can be performed to change the state 
of memory cell 403 from either state 0 or state 1 to state X. 
Memory cell 403, however, may still be used as a normal 
memory cell after it is determined to be defective and placed 
in state X. 

(0071. In FIG. 4C, resistance RX can have a value differ 
ent from resistance R0 and resistance R1. For example, 
resistance RX can have a value less than the value of 
resistance R0 (e.g., a value between Zero and the value of 
resistance R0). Resistance Ref can have a value between the 
values of resistances R0 and R1. Resistances RX, R0, and 
R1 can be referred to as relatively super low resistance, low 
resistance, and high resistance, respectively. Example values 
of resistances R0 and R1 can be approximately 4K ohms and 
approximately 8K ohms, respectively. Resistance RX can 
between 0 and 4K ohms, such as in the hundred ohm range 
(e.g., approximately 100 ohms). 
0072 Memory cell 403 can be placed in state 0 during a 
write operation if a bit of information stored in memory cell 
403 has one value (e.g., binary 0) or placed in state 1 if a bit 
of information stored in memory cell 403 has another value 
(e.g., binary 1). 
0073. The state (e.g., state 0 or state 1) of memory cell 
403 can be based on the relative orientation of the magne 
tization of materials 431 and 433 (FIG. 4D-4F) in memory 
element 430. In a write operation, a write current (e.g., a 
directional spin polarized current) may be used to cause the 
magnetic orientation of one of materials 431 and 433 (e.g., 
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material 433) to change, thereby changing the state of 
memory cell 403 to indicate the value of information stored 
in memory cell 403. 
0074 For example, if a bit having a value of binary 1 is 
to be stored in memory cell 403, a positive voltage can be 
applied across memory element 430 (e.g., a Voltage at 
contact 437 can be greater than a voltage at contact 435). 
This can cause the magnetic orientation of one of materials 
431 and 433 to change. Such that the magnetic orientations 
of materials 431 and 433 are anti-parallel (as shown in FIG. 
4D). If a bit having a value of binary 0 is to be stored in 
memory cell 403, a negative Voltage can be applied across 
memory element 430 (e.g., a voltage at contact 437 can be 
less than a Voltage at contact 435). This can cause the 
magnetic orientation of one of materials 431 and 433 to 
change. Such that the magnetic orientations of materials 431 
and 433 are parallel (as shown in FIG. 4D). 
0075 Each of state 0 and state 1 is a normal state (e.g., 
a changeable state) For example, if memory cell 403 is in 
state 0 (e.g., currently storing a binary 0 bit), a write 
operation can change state 0 to state 1 if new information 
stored in memory cell 403 has a different value (e.g., binary 
1). In another example, if memory cell 403 is in state 1 (e.g., 
currently storing a binary 1 bit), a write operation can 
change state 1 to state 0 if new information stored in 
memory cell 403 has a different value (e.g., binary 0). Thus, 
each of State 0 and state 1 is not an irreversible (e.g., not 
permanent) state because state 0 or state 1 can be changed 
to a different state. 

0076 State X may be an irreversible state. This means 
that after memory cell 403 is placed in state X, memory cell 
403 may remain in state X. State X may be unable to be 
changed (may not be changed) to either state 0 or state 1. 
0077. A current I, in FIG. 4A represents a current 
across the memory element 430 during a read operation. The 
value of current I during a read operation is proportional 
to the value of the resistance (e.g., RX, R0, or R1) of 
memory element 430. In a read operation, the value of 
current I can be compared with the Value of current I 
(not shown in FIG. 4A) in order to determine the state of 
memory cell 403. Current It is a current across a reference 
memory cell during a read operation. The value of current 
It is proportional to the value of reference resistance R 
(FIG. 4C) of the reference memory cell. 
(0078 FIG. 4D, FIG. 4E, and FIG. 4F show example 
structures of memory element 430 in different states. As 
shown in FIG. 4D, memory element 430 can include a 
material 431 (e.g., a layer of material 431), a material 433 
(e.g., a layer of material 433), and material 432 (e.g., a layer 
of material 432) sandwiched between materials 431 and 432. 
0079. Each of materials 431 and 433 can include ferro 
magnetic material (e.g., ferromagnetic layer). Material 432 
can include a dielectric material (e.g., a dielectric layer). An 
example of material 432 includes an oxide material (e.g., 
MgO). Material 432 may include a dielectric material 
besides an oxide material. Materials 431, 432, and 433 may 
form a magnetic tunnel junction (MTJ). The MTJ combines 
with access component 450 (FIG. 4A) form STT-RAM 
memory cell. 
0080. The arrows in materials 431 and 433 indicate 
example magnetic orientations in these materials. One of 
materials 431 and 433 (e.g., material 431) can have a fixed 
magnetic orientation (e.g., hard layer), the other material 
(e.g., material 433) can have a variable magnetic orientation 
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(e.g., free layer). In a write operation, an appropriate amount 
of current can change the magnetic orientation of one of 
materials 431 and 433, depending on the value of informa 
tion stored in memory cell 403. 
I0081. In FIG. 4D, memory element 430 may exhibit a 
relatively lower resistance (e.g., resistance R0) when the 
magnetic orientations of materials 431 and 433 are in 
parallel (P). In FIG. 4E, memory element 430 may exhibit 
a relatively higher resistance (e.g., resistance R1) when the 
magnetic orientations of materials 431 and 433 are anti 
parallel (not parallel) (AP). Although magnetic orientations 
in memory element 430 in FIG. 4D and FIG. 4E are different 
(P) and (AP), the structure of material 432 (e.g., dielectric 
material) of memory element 430 in FIG. 4D and FIG. 4E 
may be substantially similar or may be the same. 
0082 In FIG. 4F, the structure (e.g., physical structure, 
chemical structure, or both) of material 432 of memory 
element 430 is different from material 432 of memory 
element 430 in FIG. 4D and FIG. 4E. For example, in FIG. 
4F, material 432 may be intentionally damaged (e.g., inten 
tionally "burned during a burn process) during an operation 
in order to cause the resistance (e.g., RX) across memory 
element 430 in FIG. 4F to be different from (e.g., substan 
tially less than) the resistance (e.g., R0) across memory 
element 430 in FIG. 4D. For example, in a special write 
operation (e.g., a “burn' process) performed by a memory 
device that includes memory cell 403, a larger amount of 
current (relative to the amount of current in a normal write 
operation to store information in memory cell 403) may be 
applied to memory cell 403. The higher amount of current is 
used to intentionally cause the structure of material 432 
(e.g., MgO) of memory cell 403 (FIG. 4F) to break down, 
such that the structure of material 432 may be associated 
with state X that is different from the structure of material 
432 associated with state 0 (FIG. 4D) or state 1 (FIG. 4E). 
In some situations, material 432 is damaged such that 
materials 431 and 433 may directly contact each other, 
thereby causing the resistance (e.g., RX) across memory 
element 430 in FIG. 4F to be substantially low (e.g., in the 
hundred ohm range or less). 
0083. A write operation may store a bit (e.g., either binary 
0 or binary 1) of information in memory cell 403 in the same 
way that the write operation stores the bit in memory cell 
403 as if memory cell 403 is not in state X. Memory cell 403 
may remain at State X regardless of the value (e.g., binary 0 
or 1) of information stored in memory cell 403 after a write 
operation. 
0084. A read operation described herein (e.g., with ref 
erence to FIG. 6 through FIG. 10) includes techniques to 
determine the state (state X, state 0, or state 1) of memory 
cell 403. An example decode operation (which includes 
error detection and correction operation) described below 
with reference to FIG. 5A through FIG.5D includes tech 
niques to determine the correct value (e.g., binary 0 or 1) 
stored in memory cell 403 even if memory cell 403 has state 
X 

0085 FIG. 5A shows an example of storing information 
in and retrieving information from memory cells 510 
through 521 where retrieved information includes bits asso 
ciated with burned memory cells, according to some 
embodiments described herein. Memory cells 510 through 
521 can include memory cells of a memory device. Such as 
memory device 110, 210, or 310 described above with 
reference to FIG. 1 through FIG. 3. Memory cells 510 
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through 521 in FIG. 5A can be part of a cache line (e.g., 
cache line in memory cell group 211 or 212 of FIG. 2) or an 
entire cache line in a cache memory (e.g., cache memory 
104 of FIG. 1). 
I0086 For simplicity, FIG. 5A shows information 551 
having 12 bits to be stored in 12 corresponding memory cells 
510 through 521. The number of bits of information 551 and 
the number of memory cells can vary. Information 551 can 
include encoded information, such that it can include a 
combination of both data (e.g., bits of information that 
represent data) and ECC (e.g., bits of information that 
represent ECC). Alternatively, information 551 may include 
only data or only ECC associated with the data. 
I0087. In FIG.5A, B0 and BN represent bit positions (e.g., 
bit addresses) memory cells 510 and 521, respectively. For 
simplicity, bit positions of other memory cells are not 
labeled in FIG. 5A. The bits of information stored in 
memory cells 510 through 521 may be organized from bit 
position B0 to position BN, in which bit position B.0 may be 
designated as a lower bit position (e.g., least significant bit 
(LSB) position) and bit position BN may be designated as a 
higher bit position (e.g., most significant bit (MSB) posi 
tion). 
0088. In FIG. 5A, it is assumed that, before the write 
operation (e.g., labeled as “STORE’ operation in FIG. 5A) 
to store information 551 in memory cells 510 through 521, 
each of memory cells 511, 513, 516, and 519 has been 
determined to be a defective memory cell and placed in state 
X (as indicated by “X” in FIG. 5A), such that memory cells 
511, 513, 516, and 519 can be considered as burned memory 
cells. Each of memory cells 511, 513, 516, and 519 may be 
determined to be defective based on monitoring (e.g., moni 
tored by a controller such as cache controller 120 of FIG. 1) 
of errors in information in each of memory cells 511, 513, 
516, and 519. The other memory cells (e.g., 510, 512, 514, 
515,517,518, 520, and 521) in FIG.5A are assumed to be 
normal (e.g., non-defective) memory cells. Thus, the state of 
the other memory cells in FIG. 5A can be changed between 
states 0 and 1 based on the value of information 551 to be 
stored in the other memory cells. 
I0089. Since each of memory cells 511, 513, 516, and 519 
is determined to be defective and having state X, the 
structure (e.g., physical structure, chemical structure, or 
both) of the memory element in each of memory cells 511, 
513, 516, and 519 can be different from the structure of each 
of the other normal memory cells (e.g., 510,512, 514,515, 
517,518, 520, and 521). For example, the memory element 
of each of memory cells 511, 513, 516, and 519 can be 
similar to or identical to memory element 430 in FIG. 4F. 
The memory element of each of memory cells 510,512, 514, 
515,517,518, 520, and 521 can be similar to or identical to 
memory element 430 in either FIG. 4D or FIG. 4E. 
0090. As shown in FIG. 5A, 12 bits of information 551 
may have example values of 101000001110 to be stored in 
corresponding memory cells 510 through 521. The four bits 
1011 in bold are to be stored in four corresponding memory 
cells 511, 513, 516, and 519. The state of each of memory 
cells 511, 513, 516, and 519 can remain unchanged at state 
X after four bits 1011 are respectively stored in them. The 
states of other memory cells (e.g., 510,512, 514,515, 517, 
518, 520, and 521) can change (e.g., from state 0 to state 1 
or from state 1 to state 0) to indicate the value of information 
stored in these memory cells. 
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0091 During a read operation, information (retrieved 
information) 552 is retrieved from memory cells 510 
through 521. Each bit associated with each of memory cells 
511, 513, 516, and 519 can be assigned with a “0” (binary 
0) during an ASSIGN “0” operation (as shown in FIG. 5A) 
to provide information 553. Then, a decode operation 571 is 
performed on information 553. Decode operation 571 
includes an error detection and correction operation. For 
simplicity, the example associated with FIG. 5A assumes 
that decode operation 571 can detect up to two erroneous 
bits and correct up to two erroneous bits. However, the 
decoding technique described herein can be applied to a 
decode operation that can detect a different number of 
erroneous bits (e.g., more than two erroneous bits) and can 
correct a different number of erroneous bits (e.g., more than 
two erroneous bits). 
0092. As shown in FIG. 5A, the values of 12 bits of 
information 553 are 100000000100. In comparison with 
information 551, more than two bits (bits associated with 
memory cells 511, 513, and 519) of information 553 have 
the errors. Since the example associated with FIG. 5A 
assumes that the decode operation can detect and correct up 
to two bits that have errors, decode operation 571 performed 
on information 553 may be unsuccessful to provide correct 
values (e.g., values that are the same as the values of the 12 
bits data of information 551). In this case, an additional 
decode operation 572 is performed. Decode operation 572 
includes an error detection and correction operation. For 
decode operation 572, each bit (among bits of information 
552) associated with each of memory cells 511, 513, 516, 
and 519 can be assigned with a “1” (binary 1) during an 
ASSIGN “1” operation (as shown in FIG. 5A) to provide 
information 554. In comparison with information 551, only 
one bit (bit associated with memory cell 516) in information 
554 has an error. Thus, decode operation 572 can success 
fully decode information 554 and provide information 555 
with correct result (label as “RESULT in FIG. 5A), which 
includes 12 bits that have the same values (e.g., correct 
values 101000001110) as 12 bits of information 551. Infor 
mation 555 may be used to provide data (e.g., D). 
0093. The example read operation above assumes that 
multiple memory cells (e.g., 511, 513, 516, and 519) among 
memory cells 510 through 521 are determined to be defec 
tive. However, in some situations, only one memory cell 
(instead of multiple memory cells) among memory cells 510 
through 521 may be determined to be defective. 
0094. The example read operation above assigns “0” and 
then “1” (if necessary) to each bit associated with each of 
memory cells 511, 513,516, and 519. However, the order of 
assigning “0” and “1” can be switched. For example, “1” 
may be assigned for decode operation 571 and “0” may be 
assigned for an additional operation (e.g., 572) if needed. 
0095. The example read operation above assumes that no 
errors have occurred in the bits stored in the normal memory 
cells (e.g., 510, 512, 514, 515, 517, 518, 520, and 521). 
However, if errors occurred in any of the normal memory 
cells, the decoding described herein can also detect and 
correct such errors. 

0096. As described above, two decode operations (e.g., 
571 and 572) may be performed to provide correct data. 
Both decode operations may not provide correct data. How 
ever, in one of the decode operations, less than half of the 
bits associated with (e.g., stored in) memory cells deter 
mined to be defective (e.g., memory cells having State X) 
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may have erroneous values before decoding. This allows one 
of the decode operations to obtain the correct value of data 
(e.g., D). For example, if the number of errors is t and 
number of bits associated with (e.g., Stored in) memory cells 
determined to be defective is e, then 2t+e<d, where d is the 
minimum Hamming distance for the ECC. The left side of 
the equation is equal to 2(t+e/2)<d. When less than half of 
the bits associated with memory cells determined to be 
defective have erroneous value, the decoding technique 
shown in the example of FIG. 5A can correct bits having 
random errors and bits stored in memory cells determined to 
be defective. Therefore, one of the decode operations 
described above with reference to FIG. 5A can give correct 
result (e.g., give Dhaving correct value). The latency for 
the decoding technique described herein may be greater 
(e.g., twice the latency of Some conventional decoding 
techniques). However, logic (e.g., circuitry) and overhead 
may be the same as that of Some conventional decoding 
techniques. 
(0097 FIG. 5B shows another example of storing infor 
mation in and retrieving information from memory cells 510 
through 521 where retrieved information includes bits asso 
ciated with burned memory cells, according to some 
embodiments described herein. The difference between the 
examples associated with FIG. 5A and FIG. 5B includes a 
difference in values between 551 and 551' (FIG. 5B). 
Information 551' can include encoded information, such that 
it can include data and ECC associated with the data. 
Alternatively, information 551' may include only data or 
only ECC. 
0098. As shown in FIG. 5B, information 551' has 12 bits 
with values of 100000000110 to be stored in corresponding 
memory cells 510 through 521. Four of the 12 bits (0.001 in 
bold font) of 551' are stored in four corresponding memory 
cells 511, 513, 516, and 519. The state of each of memory 
cells 511, 513, 516, and 519 can remain unchanged at state 
X after four bits 0001 are stored in them. The states of other 
memory cells can change to either state 0 or state 1 to 
indicate the value of information stored in these memory 
cells. 

0099. During a read operation, information (retrieved 
information 552) is retrieved from memory cells 510 
through 521. Each bit associated with each of memory cells 
511, 513, 516, and 519 is assigned with a “0” during an 
ASSIGN “0” operation (as shown in FIG. 5A) to provide 
information 553'. Then, decode operation 571 is performed 
on information 553'. The values of 12 bits of information 
553' are 100000000100. In comparison with information 
551', only one bit (bit associated with memory cell 514) of 
information 553' has an error. Since decode operation 571 
can detect and correct up to two bits that have errors (as 
assumed above), decode operation 571 can successfully 
decode information 553' to provide information 554 with 
correct result, which includes 12 bits that have the same 
values (e.g., correct values 100000000110) as 12 bits of 
information 551'. Information 554" may be used to provide 
data (e.g., Dorr). 
0100. In the example associated with FIG. 5B, since 
correct values of data (e.g., D.) can be successfully 
obtained, assigning “1” to each bit (among bits of informa 
tion 552) associated with each of memory cells 511, 513, 
516, and 519 may be skipped. Thus, in comparison with the 
example associated with FIG. 5A, only one decode opera 
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tion (e.g., 571) is performed in the example associated with 
FIG. 5B to provide data having correct values. 
0101. The examples associated with FIG.5A and FIG. 5B 
assume that no errors have occurred in information retrieved 
from normal memory cells (e.g., 510, 512, 514, 515, 517, 
518, 520, and 521). However, besides providing correct 
values for information stored in burned memory cells (e.g., 
511, 513, 516, and 519), the techniques described herein can 
also detect and correct errors (e.g., random errors) that may 
occur in information retrieved from normal memory cells. 
For example, based on the techniques described herein, the 
same decoding process (e.g., decode operation 571, 572, or 
both) can operate on information that contains bits associ 
ated with burned memory cells and an erroneous bit from a 
normal memory cell (or erroneous bits from multiple normal 
memory cells) and provide information with correct result. 
0102 FIG. 5C shows an example of storing information 
in and retrieving information from memory cells 510 
through 521 where retrieved information includes bits asso 
ciated with burned memory cells and an erroneous bit from 
a normal memory cell, according to some embodiments 
described herein. The example associated with FIG. 5C is 
similar to the example associated with FIG. 5A except that 
a bit of information retrieved from memory cell 510 (e.g., 
one of the normal memory cells) has an error (e.g., random 
error). For example, as shown in FIG. 5C, a particular bit 
stored in memory cell 510 (based on information 551) has a 
value of “0”. However, that particular bit may have an 
erroneous value of “1” (as shown in information 553"). The 
erroneous bit associated with memory cell 510 and the bits 
(e.g., assigned bit of “0” or “1”) associated with memory 
cells 511, 513, 516, and 519 can be detected and corrected 
in the same decoding process (e.g., decode operation 571, 
572, or both). For example, as shown in FIG. 5C, decode 
operations 571 and 572 can operate to provide information 
555 with correct result, which includes 12 bits that have the 
same values (e.g., correct values 101000001110) as 12 bits 
of information 551. 

0103 FIG. 5D shows another example of storing infor 
mation in and retrieving information from memory cells 510 
through 521 where retrieved information includes bits asso 
ciated with burned memory cells and an erroneous bit from 
a normal memory cell, according to some embodiments 
described herein. The example associated with FIG. 5C is 
similar to the example associated with FIG. 5B except that 
a bit of information retrieved from memory cell 510 (e.g., 
one of the normal memory cells) has an error (e.g., random 
error). For example, as shown in FIG. 5D, a particular bit 
stored in memory cell 510 has a value of “0”. However, that 
particular bit may have an erroneous value of “1” (as shown 
in information 553). The erroneous bit associated with 
memory cell 510 and the bits (e.g., assigned bit of “0” or 
“1”) associated with memory cells 511, 513, 516, and 519 
can be detected and corrected in the same decoding process 
(e.g., decode operation 571, 572, or both). For example, as 
shown in FIG. 5D, decode operation 571 can operate to 
provide information 554" with correct result, which includes 
12 bits that have the same values (e.g., correct values 
101000001110) as 12 bits of information 551'. 
0104. The examples associated with FIG. 5C and FIG. 
5D assume that only one bit retrieved from a normal 
memory cell (e.g., 510) has an error. However, besides 
providing correct values for information stored in burned 
memory cells (e.g., 511, 513, 516, and 519), the techniques 
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described herein can also detect and correct errors (e.g., 
random errors) that may occur in multiple bits retrieved 
from two or more normal memory cells (e.g., two or more 
of memory cells 510,512,514,515,517,518,520, and 521). 
0105. As described above, although a memory cell (e.g., 
a burned memory cell) is determined to be defective 
memory cell and placed in a particular state (e.g., an 
irreversible state), the decoding technique described herein 
may allow Such a memory cell (e.g., a burned memory cell) 
to be considered a non-defective memory cell and to be used 
to store information. This may allow the memory device and 
the cache memory to avoid using spare (e.g., redundant) 
memory cells, thereby yield, size, or both, associated the 
memory device may be improved. 
0106 FIG. 6 shows a block diagram of a portion of a 
memory device 610, according to some embodiments 
described herein. Memory device 610 can correspond to 
memory device 110 of FIG. 1, memory device 210 of FIG. 
2, or memory device 310 of FIG. 3. As shown in FIG. 6, 
memory device 610 has a reference memory cell 613. 
Memory cell (CELL) 603 can include a memory element 
630 and transistor (e.g., access transistor) N7. Reference 
memory cell (REF CELL) 613 can include memory ele 
ments 631 and 632 and transistor (e.g., access transistor) N8. 
Memory cell 603 may be configured to store information. 
Memory cell 603 may not be configured to store informa 
tion. During a read operation to retrieve information from 
memory cell 603, memory device 610 may compare the 
value of current I going through memory cell 603 with 
the value of current I going through reference memory 
cell 613 in order to determine the value of information stored 
in memory cell 603. FIG. 6 shows an example arrangement 
of memory elements (e.g., 630, 631, and 632) and associated 
access transistors (N7 and N8) of memory cells 603 and 613. 
The memory elements and associated access transistors of 
memory cells 603 and 613 may have other arrangements. 
For example, memory element 630 may be located between 
transistors N5 and N7 and memory elements 631 and 632 
can be located between transistors N6 and N8. 

0107 Memory device 610 can include STT-RAM 
memory device. Labels “P” and “AP in reference memory 
cell 613 indicate the parallel magnetic orientations and 
anti-parallel magnetic orientations, respectively, of corre 
sponding memory elements 631 and 632 in reference 
memory cell 613. 
0.108 Memory device 610 can include an access line 
(e.g., word lines) 604 to receive a signal (e.g., word line 
signal) WL to access memory cell 603. Memory device 610 
can include transistors (e.g., p-channel transistors) P1 
through and P5 and transistors (e.g., n-channel transistors) 
N1 through N4 that may form part of a sense amplifier (SA) 
circuitry (e.g., sense amplifier 340 of FIG. 3). Transistors 
(e.g., re-channel transistors) N5 and N6 may form part of a 
select circuit (e.g., select circuit 315 of FIG. 3). 
0109 Reference memory cell 613 can be located on a 
circuit path (e.g., current path) 671 between a node 681 and 
node 640. Memory cell 603 can be located on a circuit path 
(e.g., current path) 672 between a node 682 and node 640. 
0110 Memory device 610 can include a read voltage 
control circuit 670 that can operate to control the values of 
voltages V1 and V2 at nodes 681 and 682, respectively. The 
value of Voltage V1 can remain unchanged during a read 
operation. Voltage V2 can have a different value at different 
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times during a read operation. Voltages V1 and V2 can be 
generated from Supply Voltages of memory device 610. 

0111 Memory device 610 can include a read circuit 680 
that can include circuit components such as buffers and 
latches. Read circuit 680 can be part of an I/O circuit (e.g., 
I/O circuit 316 of FIG. 1) of memory device 610. During a 
read operation, read circuit 680 can operate to determine a 
state (e.g., state X, state 0, or state 1) of the memory cell 603 
based on the value of the signal at a node 691 during a sense 
stage of the read operation. The value of the signal at node 
691 can be based on the values of currents I and I. 
The value of current I can depend on the State of 
reference memory cell 613. The value of current I can 
depend on the state of memory cell 603. FIG. 6 shows an 
example where current It is based on a current across a 
reference memory cell (e.g., 613) having the “P” and “AP 
magnetic orientations. The reference memory cell (e.g., 613) 
may have other magnetic orientations (e.g., other combina 
tions of “P” and “AP magnetic orientations). In an alter 
native arrangement, current I can be based on a reference 
memory cell that may not have the “P” and “AP magnetic 
orientations. In another alternative arrangement, current 
I can be generated based on current mirror techniques, 
Such that current I on circuit path 671 may be based on 
(e.g., proportional to) current I on circuit path 672. 
0112 FIG. 7A shows the relationship between currents 
(Icella, Irer, Icello, and Icerti) and states (state X, state 
ref, state 0, and state 1) of memory cell 603 and reference 
memory cell 613 when the values of voltages V1 and V2 are 
the same (e.g., 1V), according to Some embodiments 
described herein. Currents Ice, Icello, and ICE rep 
resent current I (in FIG. 6) when the states of memory 
cell 603 are state 1, state 0, and state X, respectively. Current 
I in FIG. 7A represents the current across memory cell 
613 and can be relatively constant because resistance R 
of reference memory cell 613 can be set (e.g., programmed) 
at a fixed value. 

0113. During a sense stage of a read operation (e.g., an 
initial read), if the value of the signal at node 691 (FIG. 6) 
indicates Irer Ice (the value of current Irer is greater 
than the value of current I), then I corresponds to 
I, (based on FIG. 7A). In this case, read circuit 680 may 
determine that memory cell 603 has state 1 (based on FIG. 
7A). If the value of the signal at node 691 indicates 
IsI (the value of current It is less than the value 
of current Icell), then Icell can be either Icetry or Icello 
(based on FIG. 7A). In this case, an additional access to 
memory cell 603 (e.g., in an additional read after the initial 
read) is performed with a different value of voltage V2. The 
additional access determines whether memory cell 603 has 
state X or state 0. 

0114 FIG. 7B shows the relationship among I, 
I, and Ico when Voltages V1 and V2 have different 
values, according to Some embodiments described herein. 
For example, voltage V1 in FIG. 6 may remain at the same 
value (e.g., at 1 V) and Voltage V2 may change (e.g., from 1 V 
to 0.85V), such that V2<V1 (the value of voltage V2 is less 
than the value of voltage V1). As shown in FIG. 7B, a lower 
value of Voltage V2 during a read operation may cause the 
value of current across memory cell 603 to shift, such that 
the value of current I can be between the values of 
currents I, and Ico. This enables the state of memory 
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cell 603 to be determined during a sense stage of an 
additional access (e.g., in an additional read) to memory cell 
603. 

0115 Values of 0.85V and 1 V in FIG. 7B are used as 
example values for voltages V2 and V1, respectively. Dif 
ferent values may be used as long as the values of currents 
Icello and Ice can be changed (e.g., shifted). Such that 
the value of current I can be between the values of 
currents Icello and Icelix (e.g., Icell aslrerscello). For 
example, if the value of current It is approximately 32 uA 
(microamps) when V1=V2, then the value of V2 can be 
changed to a value such that V2<V1, so that the values of 
currents I, and I can be approximately, 30 uA and 
35 uA. This causes the value (32 uA) of current I be to 
between 30 uA and 35 uA. 
0116 Based on FIG. 7B, during a sense stage of a read 
operation (e.g., additional read after the initial read where 
V1=V2), if the value of the signal at node 691 (FIG. 6) 
indicates IRE ICE, then Ice corresponds to Icello. In 
this case, read circuit 680 may determine that memory cell 
603 has state 0. If the value of the signal at node 691 
indicates Irers.Icell, then Ice corresponds to Icely. In 
this case, read circuit 680 may determine that memory cell 
603 has state X. Read circuit 680 may generate flag infor 
mation (e.g., location of memory cell 603, or bit position 
associated with memory cell 603) if memory cell has state 
X. The flag information allows assignment of “0” and “1” to 
the bit associated with (e.g., stored in) memory cell 603. 
Then, a decode operation (as described above with reference 
to FIG. 5A and FIG. 5B) can be performed to provide the 
correct value (e.g., binary 0 or binary 1) of the bit stored in 
memory cell 603. 
0117 Thus, based on the currents and states relationships 
of memory cell 603 and reference memory cell 613 shown 
in FIG. 7A and FIG. 7B, the state of memory cell 603 can 
be determined in either one read (e.g., an initial read) or 
multiple reads (both initial and additional reads), depending 
on the state of memory cell 603. 
0118 FIG. 8 is a timing diagram for some signals of 
memory device 610 of FIG. 6 during an operation of 
retrieving information from memory cell 603, according to 
some embodiments described herein. FIG. 8 shows timing of 
signals CL, WL, SE1, and SE2 in an access to memory cell 
603 during time interval 801 and in an additional access to 
memory cell 603 during time interval 802. Depending on the 
state (e.g., state X, state 0, or state 1) of memory cell 603, 
one access (e.g., only the access during time interval 801) or 
multiple accesses (e.g., both accesses during time intervals 
801 and 802) to memory cell 603 are performed in order to 
determine the state of memory cell 603 (thereby determining 
the value of information stored in memory cell 603). 
0119) During time interval 801 (e.g., initial access to 
memory cell 603), the state of memory cell 603 may or may 
not be determined, depending on the values of I and 
I, as described above with reference to FIG. 7A. For 
example, during time interval 801, if IDI, then the 
state of memory cell 603 can be determined to be state 1 
(based on FIG. 7A). In this case, accessing memory cell 603 
during time interval 802 may be skipped (e.g., not be 
performed). In another example, if IsI, during time 
interval 801, then the state of memory cell 603 may not be 
determined, because the state of memory cell 603 can be 
either state X or state 0. In this example, memory cell 603 
can be accessed again during time interval 802. The state of 
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memory cell 603 during time interval 802 can be determined 
based on the value of I and Ice, as described above 
with reference to FIG. 7B. 
0120. As shown in FIG. 8, voltage V1 can remain at the 
same value (e.g., 1V) during time intervals 801 and 802. 
Voltage V2 can change from one value (e.g., 1V) to another 
value (e.g., 0.85V). Memory device 610 can have two 
different nodes to receive two different voltages (e.g., inter 
nal supply voltages 0.85V and 1V). Read voltage control 
circuit 670 (FIG. 6) can be configured to cause the values of 
voltages V1 and V2 to have different values as shown in 
FIG 8. 
0121. During each of time intervals 801 and 802, signals 
CL and WL and can be activated and deactivated at different 
signal levels as shown in FIG. 8 in order to access memory 
cell 603. Signals SE1 and SE2 can also be activated and 
deactivated at different signal levels as shown in FIG. 8 as 
part of a sense operation (e.g., sense stage (SENSE 1 or 
SENSE 2) and latch stage (LATCH 1 or LATCH2)). During 
the latch portion in FIG. 8, read circuit 680 may store (e.g., 
latch) the value of information retrieved from memory cell 
603. 
0122 For example, during time interval 801 (e.g., during 
LATCH 1), read circuit 680 may store a binary 1 if the signal 
at node 691 indicates that memory cell 603 has state 1. 
During time interval 801 (e.g., during LATCH 1), read 
circuit 680 may not store a value if the signal at node 691 
indicates that memory cell 603 has either state X or state 0. 
(0123. During time interval 802 (e.g., during LATCH 2), 
read circuit 680 may store a binary 0 if the signal at node 691 
indicates that memory cell 603 has state 0. During time 
interval 802 (e.g., during LATCH 2), if the signal at node 
691 indicates that memory cell 603 has state X, read circuit 
680 may generate flag information that may be used for 
assignment of “0” and “1” to the bit associated with memory 
cell 603 during a decode operation (as described above with 
reference to FIG. 5A and FIG. 5B). 
0.124 FIG. 9 shows a block diagram of a portion of a 
memory device 910 including a read voltage control circuit 
970, according to some embodiments described herein. 
Memory device 910 can include circuit elements that are 
similar to or identical to those of memory device 610 of FIG. 
6. For simplicity, similar or identical elements between FIG. 
6 and FIG. 9 are given the same designation labels. 
(0.125. As shown in FIG. 9, memory device 910 can 
include read voltage control circuit 970, read circuit 680, 
sense amplifier 981, transistors N5 and N6, memory cell 
603, and reference memory cell 613. Sense amplifier 981 
can include elements similar to or identical to those of 
memory device 610 of FIG. 6, such as transistors N1 through 
N4, and P1 through P5. 
0126 Read circuit 680, as described above, can operate 

to determine the state of memory cell 603 during a read 
operation. 
0127. Memory device 910 may also include a write 
circuit (not shown in FIG. 9) that operates (e.g., controls 
Voltages applied to the data line (e.g., bit line) and Source 
line associated with memory cell 603) to store information 
in memory cell 603. For example, depending on the value 
(e.g., “0” or “1”) of information to be stored in memory cell 
603, the write circuit may cause a write current having a 
value, such that the state of memory cell 603 can be changed 
to between state 0 and state 1 if memory cell 603 is a normal 
memory cell (e.g., has not been determined to be defective). 
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If memory cell 603 has been determined to be defective and 
its state has been changed to state X, then memory cell 603 
may remain at State X even after the write current is applied. 
I0128. As described above, a special write operation (e.g., 
during a “burn' process) as mentioned above with reference 
to FIG. 2 and FIG. 4F) may be performed to change the state 
(e.g., State 0 or state 1) of a particular memory cell to an 
irreversible state (e.g., state X) based on control information 
(e.g., CTL INFO) indicating that the particular memory cell 
is determined to be defective. In FIG.9, if memory cell 603 
is determined to be defective, during Such a special write 
operation, the write circuit (as mentioned above and not 
shown in FIG. 9) of memory device 910 may cause a 
relatively larger amount of current (relative to the amount of 
current in a normal write operation to store information in 
memory cell 603) to be applied to memory cell 603. Such a 
large amount of current flowing through memory cell 603 
may change (e.g., permanently change) the structure of a 
memory element of memory cell 603 in order to place 
memory cell 603 in state X. 
I0129 Read voltage control circuit 970 can operate to 
cause the values of voltages V1 and V2 to have different 
values. Read voltage control circuit 970 can include tran 
sistors (e.g., p-channel transistors) P6, P7, and P8, and nodes 
971 and 972 to receive Voltages V, and V, respec 
tively. The gates of transistors P6 and P8 can receive signals 
NR* and LOW*, respectively. The gate of transistor P7 can 
receive a signal (e.g., ground) so that transistor P7 may be 
turned on when memory cell 603 is accessed. Voltages V, 
and V can be generated from different Supply voltages 
of memory device 910. The value of Voltage V can be 
greater than the value of Voltage V. For example, 
Voltage V can have a value of 1 V, and Voltage V1 can 
have a value of 0.85V. 

0.130 FIG. 10 is a timing diagram for some signals of 
memory device 910 of FIG. 6 during an operation of 
retrieving information from memory cell 603, according to 
some embodiments described herein. Voltages V1 and V2, 
signals CL, WL, SE1, and SE2, sense stages (e.g., SENSE 
1 and SENSE 2), and latch stages (e.g., LATCH 1 and 
LATCH 2) in FIG. 10 can be similar to or identical to those 
of FIG. 8. 

I0131. During time interval 801 in FIG. 10, signal NR* 
can be provided with a level (e.g., low) and signal LOW 
can be provided with a level (e.g., high). Such that transistor 
P6 can be turned on, and transistor P8 can be turned off. 
Transistor P7 can be turned on during both time intervals 
801 and 802. During time interval 801, the value of voltage 
V1 is based on the value of Voltage V (e.g., 1V). The 
value of voltage V2 is also based on the value of voltage 
VRead (e.g., 1V). 
0.132. During time interval 802 signal NR* can be pro 
vided with another level (e.g., high) and signal LOW can 
be provided with another level (e.g., low), such that tran 
sistor P7 can be turned off, and transistor P8 can be turned 
on. As mentioned above, transistor P7 can be turned on 
during time interval 802. During time interval 802, the value 
of Voltage V1 is based on the value of Voltage V (e.g., 
0.85V). The value of voltage V2 is based on the value of 
Voltage V (e.g., 1V). As described above with reference 
to FIG. 6, FIG. 7A, FIG. 7B, and FIG. 8, applying different 
Voltages (e.g., V1 and V2) may allow the state (e.g., state X, 
state 0, or state 1) of memory cell 603 to be determined. 
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0.133 FIG. 11 shows an apparatus in the form of a system 
(e.g., electronic system) 1111, according to some embodi 
ments described herein. System 1111 can include or be 
included in a computer (e.g., desktop or notebook com 
puter), a tablet, a cellular telephone, and other electronic 
devices or systems. As shown in FIG. 11, system 1111 can 
include a processor 1100, a system memory 1120, a system 
memory controller 1130, a graphics controller 1140, an input 
and output (I/O) controller 1150, a display 1152, a keyboard 
1154, a pointing device 1156, at least one antenna 1158, and 
a bus 1160. 
0134) Processor 1100 may be a general-purpose proces 
sor or an application specific integrated circuit (ASIC). 
Processor 1100 can correspond to processor 100 of FIG. 1. 
Processor 1100 can include a control block 1101, a register 
file 1102, an ALU 1103, and cache memory 1104. Control 
block 1101 can include control block 101 of FIG. 1. Register 
file 1102 can include register file 102 of FIG. 1. Cache 
memory 1104 can include cache memory 104 of FIG. 1 or 
cache memory 204 of FIG. 2 and operations (e.g., write, 
read, and decode operations) described above with reference 
to FIG. 1 through FIG. 10. 
0135 System memory 1120 can include a DRAM device, 
an SRAM device, a flash memory device, or a combination 
of these memory devices. I/O controller 1150 can include a 
communication module for wired or wireless communica 
tion (e.g., communication through one or more antennas 
1158). Display 1152 can include a liquid crystal display 
(LCD), a touchscreen (e.g., capacitive or resistive touch 
screen), or another type of display. Pointing device 1156 can 
include a mouse, a stylus, or another type of pointing device. 
0136. As shown in FIG. 11, processor 1100 can be 
located on (e.g., formed on or formed in) a die (e.g., 
semiconductor die) 1112. Thus, control block 1101, register 
file 1102, ALU 1103, and cache memory 1104 can be located 
on the same die (such as die 1112). In an alternative 
arrangement, cache memory 1104 can be located outside 
processor 1100 (e.g., outside die 1112). 
0.137 FIG. 11 shows the components of system 1111 
arranged separately from each other as an example. In some 
arrangements, two or more components of system 1111 can 
be located on the same die (e.g., same chip) that forms a 
system-on-chip (SoC). 
0138 FIG. 12 is a flow diagram showing a method 1200 
of monitoring errors in information retrieved from memory 
cells, according to some embodiments described herein. 
Method 1200 can be performed by a memory, such as cache 
memory described above with reference to FIG. 1 through 
FIG. 10. At least a portion of method 1200 may be imple 
mented by Software, firmware, hardware or any combination 
of software, firmware, and hardware. 
0.139. As shown in FIG. 12, method 1200 can include 
activity 1210, 1220, 1230, and 1240. Activity 1210 can 
include monitoring errors in information retrieved from 
memory cells of a memory device (e.g., memory device 110. 
210, or 310). Activity 1220 can include determining whether 
a condition for determining a memory cell to be defective is 
met. For example, activity 1220 can include determining 
whether a number of errors in a bit of information in a 
memory cell in consecutive read operations reaches a limit. 
0140. If the condition in activity 1220 is not met (indi 
cated by “NO” in FIG. 12), method 1200 may continue with 
activity 1230. Activity 1230 can include updating (if any) 
error tracking information based on the monitor in activity 
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1210. The error tracking information can include a record 
(e.g., history) of a particular memory cell (or memory cells) 
where the bits of information retrieved from such particular 
memory cell have errors. Updating in activity 1230 may 
include updating information stored in a pointer (e.g., MRE 
pointer 251 in FIG. 2), a counter (e.g., counter 252 in FIG. 
2), or in both the pointer and counter. Method 1200 may 
repeat activity 1210 to continue monitoring errors in infor 
mation retrieved from the memory cells. 
0.141. If the condition in activity 1220 is met (indicated 
by “YES” in FIG. 12), method 1200 may continue with 
activity 1240. Activity 1240 can include changing the state 
of the memory cell that meets the condition from one state 
(e.g., state 0 or state 1) to another state (e.g., irreversible 
state X). 
0.142 Method 1200 can include additional activities (e.g., 
operations) of a cache memory described above with refer 
ence to FIG. 1 through FIG. 11. 
0.143 FIG. 13 is a flow diagram showing a method 1300 
of determining a state of a memory cell, according to some 
embodiments described herein. Method 1300 can be per 
formed by a memory (e.g., by memory device 110, 210, 310, 
610, or 910) described above with reference to FIG. 1 
through FIG. 10. At least a portion of method 1300 may be 
implemented by Software, firmware, hardware or any com 
bination of software, firmware, and hardware. 
0144. As shown in FIG. 13, method 1300 can include 
activity 1310 and 1320. Method 1300 shows activities to 
determine a state of one memory cell of a memory device for 
simplicity. The state of each memory cell of the memory 
device can be determined by similar or identical activities of 
method 1300. 
0145 Activity 1310 can include determining a state of a 
memory cell in an access to the memory cell during a read 
operation. The memory cell may have a state Such as state 
X, state 0, or state 1. 
0146 Activity 1320 can include changing a value of a 
Voltage applied to a circuit path (e.g., circuit path 672) 
coupled to the memory cell if the state of the memory cell 
is unable to be determined in activity 1310. 
0147 Activity 1330 can include determining a state of 
the memory cell in another access after changing the value 
of the voltage in activity 1320. 
0148 Method 1300 may skip (e.g., may not perform) 
activities 1320 and 1330 if activity 1310 can successfully 
determine the state of the memory cell. For example, in 
activity 1310, if the memory cell has state 1, then activity 
1310 may be able to determine the state of the memory cell 
(e.g., if IDI, as described above). In this example, 
method 1300 may skip activities 1320 and 1330. 
0149. In another example, in activity 1310, if the memory 
cell has state X or state 0, then activity 1310 may be unable 
to indicate the state of the memory cell (e.g., if IsI. 
as described above). In this example, method 1300 can 
perform activities 1320 and 1330 in order to determine 
whether the memory cell has state X or state 0. 
0150 Method 1300 can include additional activities (e.g., 
operations of memory device 110, 210, 310, 610, or 910) 
described above with reference to FIG. 1 through FIG. 11. 
0151 FIG. 14 is a flow diagram showing a method 1400 
of decoding information retrieved from memory cells, 
according to some embodiments described herein. Method 
1400 can be performed by a cache memory, such as the 
cache memory described above with reference to FIG. 1 
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through FIG. 10. At least a portion of method 1400 may be 
implemented by Software, firmware, hardware or any com 
bination of software, firmware, and hardware. 
0152. As shown in FIG. 14, method 1400 can include 
activity 1410, 1420, and 1430. Activity 1410 can include 
retrieving information from memory cells. The information 
may include a bit from a memory cell determined to be 
defective. 
0153 Activity 1420 can include assigning at least one of 

“O'” and “1” to the bit. 
0154 Activity 1430 can include performing at least one 
decode operation on the information. For example, activity 
1430 may perform at least one of decode operation 571,572, 
or both (FIG. 5A and FIG. 5B). Method 1400 may provide 
data (e.g., D.) based on the result (or results) of the 
decode operation (or decode operations) performed in activ 
ity 1430. 
0155 Method 1400 can include additional activities (e.g., 
operations) of a cache memory described above with refer 
ence to FIG. 1 through FIG. 11. 
0156 The embodiments described may be implemented 
in one or a combination of hardware, firmware and software. 
Embodiments may also be implemented as instructions 
stored on a computer-readable storage medium, which may 
be read and executed by at least one processor to perform the 
operations and activities described herein. A computer 
readable storage medium may include any non-transitory 
mechanism for storing information (e.g., instructions) in a 
form readable by a machine (e.g., a computer). For example, 
a computer-readable storage medium may include read-only 
memory (ROM), random-access memory (RAM), magnetic 
disk storage media, optical storage media, flash-memory 
devices, and other storage devices and media. In these 
embodiments, one or more processors (e.g., processor 1100) 
may be configured with the instructions to perform the 
operations and activities described herein. 
0157. The illustrations of apparatus (e.g., processor 100, 
cache memory 204, memory devices 210,310, 610, and 910, 
and system 1111) and methods (e.g., methods 1200, 1300. 
1400 and the operations of processor 100, cache memory 
204, memory devices 210, 310, 610, and 910, and system 
1111) described above with reference to FIG. 1 through FIG. 
14) are intended to provide a general understanding of the 
structure of various embodiments and are not intended to 
provide a complete description of all the elements and 
features of apparatuses that might make use of the structures 
described herein. 
0158. The apparatus (e.g., processor 100, cache memory 
204, memory devices 210, 310, 610, and 910, and system 
1111) described herein may include or be included in elec 
tronic circuitry, such as high-speed computers, communica 
tion and signal processing circuitry, single or multi-proces 
Sor modules, single or multiple embedded processors, multi 
core processors, message information Switches, and 
application-specific modules including multilayer, multi 
chip modules. Such apparatuses may further be included as 
Sub-components within a variety of other apparatuses (e.g., 
electronic systems), Such as televisions, cellular telephones, 
personal computers (e.g., laptop computers, desktop com 
puters, handheld computers, tablet computers, etc.), work 
stations, radios, video players, audio players (e.g., MP3 
(Motion Picture Experts Group, Audio Layer 5) players), 
vehicles, medical devices (e.g., heart monitor, blood pres 
Sure monitor, etc.), set top boxes, and others. 
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Additional Notes and Examples 

0159. Example 1 includes subject matter (such as a 
device, an electronic apparatus (e.g., circuit, electronic sys 
tem, or both), or machine) including an interface to receive 
information from memory cells, the memory cells config 
ured to have a plurality of states to indicate values of 
information stored in the memory cells, and a control unit to 
monitor errors in information retrieved from the memory 
cells and generate control information based on the errors in 
the information to cause a memory cell among the memory 
cells to change to from a state among the plurality of States 
to an additional state, the additional state being different 
from the plurality of states. 
0160. In Example 2, the subject matter of Example 1 may 
optionally include, wherein the additional state is an irre 
versible state, the irreversible state is an identifiable state 
when the memory cell is accessed. 
0.161. In Example 3, the subject matter of Example 1 may 
optionally include, wherein the additional state is not con 
figured to indicate a value of information stored in the 
memory cell. 
0162. In Example 4, the subject matter of Example 1 may 
optionally include, wherein the control unit is configured to 
provide additional information to be stored in the memory 
cell after the memory cell changes from the state among the 
plurality of states to the additional state, and the memory cell 
remains in the additional state after the additional informa 
tion is stored in the memory cell. 
0163. In Example 5, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the control 
unit is configured to perform an error detection and correc 
tion operation to determine a value of information retrieved 
from the memory cell. 
0164. In Example 6, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the 
memory cell includes a memory element, the memory 
element has a first resistance when the memory cell is in the 
first state, a second resistance when the memory cell is in the 
second state, and a third resistance when the memory cell is 
in the additional state, and the third resistance has value less 
than a value of each of the first and second resistances. 

0.165. In Example 7, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the control 
unit is configured to generate the control information if a 
number of occurrences of errors in information retrieved 
from the memory cell exceeds a value before the memory 
cell changes from the state among the plurality of States to 
the additional state. 

0166 In Example 8, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the control 
unit is configured to generate the control information if 
errors in the information retrieved from the memory cell 
occur in a number of read operations before the memory cell 
changes from the State among the plurality of states to the 
additional state. 

0167. In Example 9, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the control 
unit is configured to adjust a scrub rate associated with the 
memory cells after the memory cell changes from the State 
among the plurality of states to the additional state. 
0.168. In Example 10, the subject matter of any of 
Examples 1 to 4 may optionally include, wherein the 
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memory cell and the control unit are included in a cache 
memory, and the cache memory does not have spare 
memory cells. 
0169. Example 11 includes subject matter (such as a 
device, an electronic apparatus (e.g., circuit, electronic sys 
tem, or both), or machine) including an interface to receive 
information from memory cells, the memory cells compris 
ing a memory cell determined to be defective, the informa 
tion including a bit stored in the memory cell, and a control 
unit to assign at least one value to the bit, to perform at least 
one error detection and correction operation on the infor 
mation and to provide data based on the at least one error 
detection and correction operation. 
0170 In Example 12, the subject matter of Example 11 
may optionally include, wherein the control unit is config 
ured to assign a first value to the bit and perform a first error 
detection and correction operation, assign a second value to 
the bit if the first error detection and correction operation 
unsuccessfully provides the data, and perform a second error 
detection and correction operation on the information after 
assigning the second value to the bit, and provide the data 
based on one of the first and second error detection and 
correction operations. 
0171 In Example 13, the subject matter of Example 12 
may optionally include, wherein the first value comprises 
binary 0 and the second value comprises binary 1. 
0172. In Example 14, the subject matter of Example 12 
may optionally include, wherein the first value comprises 
binary 1 and the second value comprises binary 0. 
0173. In Example 15, the subject matter of Example 11 
may optionally include, wherein the control unit is config 
ured to assign a first value to the bit, and perform a first error 
detection and correction operation on the information, 
assign a second value to the bit, and perform a second error 
detection and correction operation on the information, and 
provide the data based on one of the first and second error 
detection and correction operations. 
0.174. In Example 16, the subject matter of any of 
Examples 11 to 15 may optionally include, wherein the 
control unit is configured to generate error correction code 
based on input data to provide information to be stored in the 
memory cells and in the memory cell determined to be 
defective. 
0.175. In Example 17, the subject matter of Examples 11 

to 15 may optionally include, wherein the control unit is 
included in a cache memory controller. 
0176). In Example 18, the subject matter of any of 
Examples 11 to 15 may optionally include, wherein the 
memory cells comprise spin-torque transfer random access 
memory (STT-RAM) memory cells. 
0177 Example 19 includes subject matter (such as a 
device, an electronic apparatus (e.g., circuit, electronic sys 
tem, or both), or machine) including a first memory cell 
configured to store information, the first memory cell includ 
ing a first memory element configured to be changed 
between a first state and a second State, the first state 
indicating a first value of information stored in the first 
memory cell, the second state indicating a second value of 
information stored in the first memory cell, and a second 
memory cell configured to store information, the second 
memory cell including a second memory element having 
one of the first state, the second state, and a third State, the 
third state unable to be changed to either the first state or the 
second State. 
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0178. In Example 20, the subject matter of Example 19 
may optionally include, wherein the first memory element 
has a first resistance in the first state and a second resistance 
in the second state. 
(0179. In Example 21, the subject matter of Example 20 
may optionally include, wherein the second memory ele 
ment has a third resistance in the third state, and a value of 
the third resistance is less than a value of each of the first and 
second resistances. 
0180. In Example 22, the subject matter of any of 
Examples 19 to 21 may optionally include, wherein the 
second memory cell is coupled to a circuit path between a 
node and ground, and the node is configured to receive a first 
Voltage during a first access to the second memory cell and 
a second Voltage during a second access to the second 
memory cell, and a value of information stored in the second 
memory cell is based on a value of a signal on the circuit 
path during at least one of the first and second accesses. 
0181 Example 23 includes subject matter (such as a 
device, an electronic apparatus (e.g., circuit, electronic sys 
tem, or both), or machine) including a processing core, and 
a cache memory coupled to the processing core, the cache 
memory comprising memory cells, and a cache controller to 
monitor errors in information retrieved from the memory 
cells and generate control information based on the errors in 
the information to cause an irreversible change in a state of 
a memory cell among the memory cells. 
0182. In Example 24, the subject matter of Example 23 
may optionally include, wherein cache controller is config 
ured to generate error correction code based on input data 
provided to the cache memory and to store the input data and 
the error correction code in the memory cells. Such that at 
least a portion of the information is stored in the memory 
cell. 
0183 In Example 25, the subject matter of Example 24 
may optionally include, wherein the cache controller is 
configured to decode information retrieved from the 
memory cells to provide output data Such that the output data 
and the input data have a same value. 
0.184 Example 26 includes subject matter (such as a 
method of operating a device, an electronic apparatus (e.g., 
circuit, electronic system, or both), or machine) including 
monitoring errors in information retrieved from memory 
cells of memory device, based on the monitoring of the 
errors in information, determining whether a condition for 
determining a memory cell to be defective is met, updating 
error tracking information based on the monitoring if the 
condition is not met, and changing a state of the memory cell 
if the condition is met. 
0185. In Example 27, the subject matter of Example 26 
may optionally include, wherein monitoring the errors in the 
information includes determining whether a number of 
errors in a bit of information in one of the memory cells 
reaches a limit. 
0186. In Example 28, the subject matter of Example 26 
may optionally include, wherein changing the state of the 
memory cell includes changing the state from one of States 
used to indicate values of information stored in the memory 
cells to an additional state different from the states used to 
indicate the values of information stored in the memory 
cells. 
0187. In Example 29, the subject matter of Example 28 
may optionally include, wherein the additional state includes 
an irreversible state. 
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0188 In Example 30, the subject matter of Example 28 or 
29 may optionally include, storing information in the 
memory cell after the state of the memory cell is changed. 
0189 In Example 31, the subject matter of Example 28 
may optionally include, wherein the states used to indicate 
values of information stored in the memory cells correspond 
to different resistances, the additional state corresponds to an 
additional resistance, and the additional resistance has a 
value less than a value of each of the difference resistances. 
(0190. In Example 32, the subject matter of Example 31 
may optionally include, performing an error detection and 
correction operation to determine a value of information 
retrieved from the memory cell. 
0191 Example 33 includes subject matter (such as a 
method of operating a device, an electronic apparatus (e.g., 
circuit, electronic system, or both), or machine) including 
determining a state of a memory cell in an access to the 
memory cell during a read operation, changing a value of a 
Voltage applied to a circuit path coupled to the memory cell 
if the state of the memory cell is unable to be determined 
after the access, and determining the state of the memory 
cell in an additional access to the memory cell after changing 
the value of the voltage. 
0.192 In Example 34, the subject matter of Example 33 
may optionally include, wherein changing a value of the 
Voltage includes reducing the value of the Voltage. 
(0193 In Example 35, the subject matter of Example 33 
may optionally include, wherein determining the State of the 
memory cell in the access to the memory cell includes 
comparing a current flowing through the memory cell with 
a current on an additional circuit path to provide a compari 
son result, and the state of the memory cell is based on the 
comparison result. 
0194 In Example 36, the subject matter of Example 35 
may optionally include, wherein determining the State of the 
memory cell in the additional access to the memory cell 
includes comparing a current flowing through the memory 
cell after the voltage is changed with the current on the 
additional circuit path to provide an additional comparison 
result, and the state of the memory cell is based on a result 
of the additional comparison result. 
(0195 In Example 37, the subject matter of Examples 33 
or 34 may optionally include, wherein the current on the 
additional circuit path flows through a reference memory 
cell. 
0196. In Example 38, the subject matter of Examples 33 
or 34 may optionally include, wherein a value of the current 
on the additional circuit path is proportional to a value of the 
current flowing through the memory cell. 
0.197 Example 39 includes subject matter (such as a 
device, an electronic apparatus (e.g., circuit, electronic sys 
tem, or both), or machine) including memory cells, and 
means to perform a method as recited in any of Examples 26 
to 38. 
0198 Example 40 includes subject matter including a 
computer-readable storage medium that stores instructions 
for execution by one or more processors of an electronic 
apparatus to perform a method as recited in any of Examples 
26 to 38. 
0199 The subject matter of Example 1 through Example 
40 may be combined in any combination. 
0200. The above description and the drawings illustrate 
some embodiments to enable those skilled in the art to 
practice the embodiments of the invention. Other embodi 
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ments may incorporate structural, logical, electrical, pro 
cess, and other changes. Examples merely typify possible 
variations. Portions and features of Some embodiments may 
be included in, or substituted for, those of other embodi 
ments. Many other embodiments will be apparent to those of 
skill in the art upon reading and understanding the above 
description. Therefore, the scope of various embodiments is 
determined by the appended claims, along with the full 
range of equivalents to which such claims are entitled. 
0201 The Abstract is provided to comply with 37 C.F.R. 
Section 1.72(b) requiring an abstract that will allow the 
reader to ascertain the nature and gist of the technical 
disclosure. It is submitted with the understanding that it will 
not be used to limit or interpret the scope or meaning of the 
claims. The following claims are hereby incorporated into 
the detailed description, with each claim standing on its own 
as a separate embodiment. 

1. An apparatus comprising: 
an interface to receive information from memory cells, the 
memory cells configured to have a plurality of states to 
indicate values of information stored in the memory 
cells; and 

a control unit to monitor errors in information retrieved 
from the memory cells and generate control informa 
tion based on the errors in the information to cause a 
memory cell among the memory cells to change to 
from a state among the plurality of States to an addi 
tional state, the additional state being different from the 
plurality of states. 

2. The apparatus of claim 1, wherein the additional state 
is an irreversible state, the irreversible state is an identifiable 
state when the memory cell is accessed. 

3. The apparatus of claim 1, wherein the additional state 
is not configured to indicate a value of information stored in 
the memory cell. 

4. The apparatus of claim 1, wherein the control unit is 
configured to provide information to be stored in the 
memory cell after the memory cell changes from the State 
among the plurality of states to the additional state, and the 
memory cell remains in the additional state after the infor 
mation is stored in the memory cell. 

5. The apparatus of claim 4, wherein the control unit is 
configured to perform an error detection and correction 
operation to determine a value of information retrieved from 
the memory cell. 

6. The apparatus of claim 1, wherein the memory cell 
includes a memory element, the memory element has a first 
resistance when the memory cell is in the first state, a second 
resistance when the memory cell is in the second state, and 
a third resistance when the memory cell is in the additional 
state, and the third resistance has value less than a value of 
each of the first and second resistances. 

7. The apparatus of claim 1, wherein the control unit is 
configured to generate the control information if a number of 
occurrences of errors in information retrieved from the 
memory cell exceeds a value before the memory cell 
changes from the State among the plurality of states to the 
additional state. 

8. The apparatus of claim 1, wherein the control unit is 
configured to generate the control information if errors in the 
information retrieved from the memory cell occur in a 
number of read operations before the memory cell changes 
from the state among the plurality of States to the additional 
State. 
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9. The apparatus of claim 1, wherein the control unit is 
configured to adjust a scrub rate associated with the memory 
cells after the memory cell changes from the state among the 
plurality of states to the additional state. 

10. The apparatus of claim 1, wherein the memory cell 
and the control unit are included in a cache memory, and the 
cache memory does not have spare memory cells. 

11. An apparatus comprising: 
an interface to receive information from memory cells, the 
memory cells comprising a memory cell determined to 
be defective, the information including a bit stored in 
the memory cell; and 

a control unit to assign at least one value to the bit, to 
perform at least one error detection and correction 
operation on the information and to provide databased 
on the at least one error detection and correction 
operation. 

12. The apparatus of claim 11, wherein the control unit is 
configured to: 

assign a first value to the bit and perform a first error 
detection and correction operation; 

assign a second value to the bit if the first error detection 
and correction operation unsuccessfully provides the 
data, and perform a second error detection and correc 
tion operation on the information after assigning the 
second value to the bit; and 

provide the databased on one of the first and second error 
detection and correction operations. 

13. The apparatus of claim 12, wherein the first value 
comprises binary 0 and the second value comprises binary 1. 

14. The apparatus of claim 12, wherein the first value 
comprises binary 1 and the second value comprises binary 0. 

15. The apparatus of claim 11, wherein the control unit is 
configured to: 

assign a first value to the bit, and perform a first error 
detection and correction operation on the information; 

assign a second value to the bit, and perform a second 
error detection and correction operation on the infor 
mation; and 

provide the databased on one of the first and second error 
detection and correction operations. 

16. The apparatus of claim 11, wherein the control unit is 
configured to generate error correction code based on input 
data to provide information to be stored in the memory cells 
and in the memory cell determined to be defective. 

17. The apparatus of claim 11, wherein the control unit is 
included in a cache memory controller. 

18. The apparatus of claim 11, wherein the memory cells 
comprise spin-torque transfer random access memory (STT 
RAM) memory cells. 
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19. An apparatus comprising: 
a first memory cell configured to store information, the 

first memory cell including a first memory element 
configured to be changed between a first state and a 
second state, the first state indicating a first value of 
information stored in the first memory cell, the second 
state indicating a second value of information stored in 
the first memory cell; and 

a second memory cell configured to store information, the 
second memory cell including a second memory ele 
ment having one of the first state, the second State, and 
a third state, the third state unable to be changed to 
either the first state or the second state. 

20. The apparatus of claim 19, wherein the first memory 
element has a first resistance in the first state and a second 
resistance in the second state. 

21. The apparatus of claim 20, wherein the second 
memory element has a third resistance in the third state, and 
a value of the third resistance is less than a value of each of 
the first and second resistances. 

22. The apparatus of claim 19, wherein the second 
memory cell is coupled to a circuit path between a node and 
ground, and the node is configured to receive a first voltage 
during a first access to the second memory cell and a second 
Voltage during a second access to the second memory cell, 
and a value of information stored in the second memory cell 
is based on a value of a signal on the circuit path during at 
least one of the first and second accesses. 

23. An apparatus comprising: 
a processing core; and 
a cache memory coupled to the processing core, the cache 
memory comprising: 
memory cells; and 
a cache controller to monitor errors in information 

retrieved from the memory cells and generate control 
information based on the errors in the information to 
cause an irreversible change in a state of a memory 
cell among the memory cells. 

24. The apparatus of claim 23, wherein cache controller is 
configured to generate error correction code based on input 
data provided to the cache memory and to store the input 
data and the error correction code in the memory cells. Such 
that at least a portion of the information is stored in the 
memory cell. 

25. The apparatus of claim 24, wherein the cache con 
troller is configured to decode information retrieved from 
the memory cells to provide output data Such that the output 
data and the input data have a same value. 
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