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A memory system, memory, and memory system command 
protocol are disclosed. Within the memory system, a memory 
controller communicates a command to the memory, the 
command being selected from a set of commands including a 
Write command and a plurality of non-Write commands. A 
Hamming distance Value calculated between a digital Value 
indicating the Write command and a digital Value indicating 
any one of the plurality of non-Write commands is greater 
than 1. 
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FIG. 2 
(PRIOR ART) 
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FIG. 3 
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FIG. 4 
(PRIOR ART) 
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FIG. 5B 
(PRIOR ART) 
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MEMORY SYSTEM, MEMORY DEVICE AND 
COMMAND PROTOCOL 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a divisional of application Ser. No. 11/779, 
349 ?led on Jul. 18, 2007, Which is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The invention relates generally to memory systems, 
memories, and command protocols for memory systems. 
[0004] 2. Description of RelatedArt 
[0005] The concept of a “memory system” noW encom 
passes a great variety of circuits and related control methods 
and protocols enabling the transfer, storage and retrieval of 
digital data. Once memory systems Were associated With only 
computers systems and similar computational logic plat 
forms. NoW, a great host of consumer products ranging from 
cell phones to automobiles to refrigerators include memory 
systems of varying degrees of complexity. 
[0006] A generic memory system is conceptually illus 
trated in Figure (FIG.) 1, Wherein a memory 2 stores data 
received from a memory controller 1 via a channel 3. 
[0007] As de?ned by its application, memory 2 may be 
volatile or nonvolatile in its operating nature. A volatile 
memory retains stored data only so long as poWer is applied to 
the memory. Dynamic Random Access Memories (DRAMs) 
and Static Random Access Memories (SRAMs) are Well 
knoWn examples of volatile memories. In contrast, nonvola 
tile memories have the ability to retain stored data in the 
absence of applied poWer. NAND and NOR type ?ash memo 
ries are examples of nonvolatile memories. 
[0008] Regardless of memory type and related storage 
capabilities, a memory must typically be associated With 
some kind of memory controller. Memory controller 1 shoWn 
in FIG. 1 may take many different forms including a generic 
processor or controller, a dedicated memory controller, a 
direct memory address (DMA) controller, a host central pro 
cessor unit (CPU), a dedicated data sWitch, or similar transfer 
element, etc. In each of its varied forms and regardless of 
additional functionality, the basic functionality ascribed to a 
memory controller 1 is one of controlling the transfer of data 
to and/or from memory 2. 
[0009] Data transfer betWeen memory controller 1 and 
memory 2 is accomplished via a channel 3. Channel 3 may be 
hardWired or Wireless in its implementation. For example, 
data may be Wirelessly transferred betWeen memory control 
ler 1 and memory 2 via radio frequency (RF) channel(s), 
infrared channel(s) and/or electromagnetic channel(s). More 
typically, memory controller 1 and memory 2 are connected 
via a hardWired channel formed by one or more buses and/or 
various signal lines. In this context, a “bus” is merely a col 
lection (physical or operational) of signal lines commonly 
operated in relation to a block of data and/ or a data transfer 
period. 
[0010] The examples shoWn in FIG. 2 are but several of 
numerous types of hardWire channels 3 that might be used to 
connect memory 2 and memory controller 1. In the ?rst 
illustrated example, memory 2 and memory controller 1 are 
connected by a plurality of unidirectional control signal lines 
(C/S), a unidirectional address bus (ADDR), and a bidirec 
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tional data bus (DQ). Assuming for purposes of illustration 
that memory 2 is a DRAM, the control signal lines may be 
used to communicate commonly used control signals such as 
chip select (CS), roW address strobe (RAS), column address 
strobe (CAS), Write enable (WE), etc. With this con?gura 
tion, the address bus may be used to communicate multiple 
address bits identifying unique location(s) in memory 2 
to/from Which data is to be Written/read, respectively. Data 
Written to memory 2 Will hereafter be referred to a “Write 
data” and data retrieved from memory 2 Will be referred to as 
“read data.” 
[0011] In the second illustrated example of FIG. 2, the 
unidirectional collection of control signal lines and the 
address bus are effectively combined into a single control/ 
address (C/A) bus. This bus con?guration is commonly asso 
ciated With memory systems transferring packetiZed data. 
That is, certain memory system architectures utiliZe the ?ex 
ibility and ef?ciency afforded by con?guring data into pack 
ets prior to communication. The de?nition and use of data 
packets are Well understood by those skilled in the art and are 
the subject of many conventional protocols and standards. 
[0012] In the third illustrated example of FIG. 2, the com 
mon unidirectional C/ A bus illustrated in the second example 
is also used to communicate Write data from memory control 
ler 1 to memory 2. Here again, the Write data may be grouped 
into one or more data packet(s) along With related control data 
and/or address data. 
[0013] Finally, in the fourth illustrated example of FIG. 2, a 
common bidirectional bus is used to communicate not only 
control data, address data and Write data from memory con 
troller 2 to memory 1, but also read data from memory 2 to 
memory controller 1. Only certain dedicated control signal 
lines are otherWise de?ned betWeen memory controller 1 and 
memory 2 outside the common bidirectional bus. In this 
example, read data may be packetiZed before being commu 
nicated it from memory 2 to memory controller 1. 
[0014] Regardless of the speci?c nature of channel 3, the 
transfer of data betWeen memory controller 1 and memory 2 
is made in relation to a de?ned protocol. A “protocol” is a 
system of rules that de?nes hoW something is to be accom 
plished. Thus, is the context of a memory system, a protocol 
is an agreed-upon or standardized “language” for communi 
cating data and/or establishing a communications connection 
betWeen a memory and some other device, such as a memory 
controller. Many memory system protocols are implemented, 
in Whole or it part, according to industry standards. Other 
protocols are custom in their de?nition and use. In some 
instances, one protocol may be used to call (or invoke) 
another protocol. 
[0015] One notable characteristic of conventional and 
emerging memory systems is an increasing demand for 
greater data bandWidth (available data per unit operation) 
and/or data throughput (available data per unit of time). Data 
bandWidth may be increased by increasing the number of data 
bits communicated to/ from a memory per unit memory sys 
tem operation (e.g., read and Write operations). Data through 
put may be increased by increasing the number of data bits 
communicated per unit memory system operation, and/or by 
increasing the speed With Which each memory system opera 
tion is performed. 
[0016] Given the concurrent commercial motivations of 
reducing memory system siZe and poWer consumption While 
maximiZing available data bandWidth and data throughput, it 
is not surprising that certain practical limitations and resource 
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con?icts have been identi?ed. For example, the number of 
signal lines connecting a memory controller With a memory 
may be limited by the siZe of the memory or memory con 
troller, and/or the corresponding number of available connec 
tion (input/output) pads. Given such physical limitations, all 
or some of the signal lines forming a channel in a memory 
system may be multiplexed in their use. 
[0017] Regardless of the physical connections betWeen a 
memory and memory controller and the controlling commu 
nications protocol, almost all contemporary memory systems 
are being run at increasingly fast clock speeds. Increasingly 
fast clock speeds facilitate greater data throughput, and 
enhanced data throughput is a highly desirable characteristic 
in many commercial applications. 
[0018] Unfortunately, increasingly fast clock speeds also 
increase the likelihood of data communication (transmission 
and/or reception) errors. Indeed, system complexity has 
become so great and data transfer speeds so fast, that many 
contemporary memory systems noW incorporate error detec 
tion and/or error correction (hereafter, singularly or collec 
tively indicated as “EDC”) capabilities designed to mitigate 
the inevitable consequences of data communication errors. 

[0019] EDC capabilities Were once used primarily for long 
haul (or bulk) data tra?ic such as telephone netWorks and 
satellite communication systems. NoW, hoWever, the advan 
tages of incorporating EDC capabilities Within a memory 
system are Well appreciated. There are many different types 
of EDC protocols, techniques, schemes, and related circuits 
and software. One class of relatively simple error detection 
techniques are conventionally used to implement a function 
ality referred to as a cyclic redundancy checker (CRC). More 
sophisticated EDC techniques are capable of not only detect 
ing the presence of one or more error(s) in communicated 
data, but also of correcting the detected error(s). 
[0020] Nearly all EDC techniques are implemented by add 
ing additional (“overhead”) data bits to a block of data being 
communicated. That is, the data block is ?rst run through a 
mathematical or logical calculation in order to produce cor 
responding EDC data. The EDC data is then transferred along 
With the data block. At the receiving end, the data block is 
again run through a similar mathematical/ logical calculation 
and the resulting data compared to the received EDC data. A 
successful comparison indicates an error free block of data. A 
failed comparison indicates one or more errors in the data 
block. When more sophisticated EDC techniques are used, 
these error(s) may be corrected by further resort to the EDC 
data. 
[0021] EDC capabilities are particularly bene?cial in the 
context of memory systems transferring data in packet form. 
That is, individual data packets may be de?ned to include 
corresponding EDC data along With other types of data (e.g., 
control data, address data, Write data, etc.). The EDC data 
may be associated With (e. g., derived from and used to detect 
and/ or correct errors in) any one or more of these other data 
types contained in the data packet. 
[0022] While EDC capabilities offer great bene?ts in the 
veri?cation of data being communicated betWeen a memory 
controller and a memory, such capabilities come at a price. 
The greatest price is typically imposed on the overall operat 
ing speed of the memory system. EDC operations run in the 
memory controller, and more particularly, EDC operations 
run in the memory potentially generate a data throughput 
bottleneck in the memory system. Thus, the contemporary 
memory system designer faces the competing demands of (1) 
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increasing data bandwidth/throughput Which require the 
streamlining, simplifying, and expediting of memory system 
operations, and (2) assuring data integrity Which requires 
sophisticated and relatively sloW EDC operations. 

SUMMARY OF THE INVENTION 

[0023] In recognition of the competing demands placed 
upon memory system designers, embodiments of the inven 
tion provide a memory system command protocol that offers 
improved immunity to communication errors. This is particu 
larly true in the context of “Write commands.” In one aspect, 
the improved immunity of memory system commands Within 
embodiments of the invention alloWs a reduction in the 
sophistication of EDC capabilities incorporated Within the 
memory system, or the completion omission of EDC capa 
bilities from the memory system. Alternately, given a de?ned 
set of EDC capabilities Within a memory system, a command 
protocol consistent With embodiments of the invention results 
in a signi?cant reduction in the likelihood of command mis 
interpretation and erroneous execution in an associated 
memory. As a further result, data integrity is assured and 
memory system reliability improved. 
[0024] In one embodiment, the invention provides a 
memory system comprising; a memory controller communi 
cating a command to a memory, the command being selected 
from a set of commands comprising a Write command and a 
plurality of non-Write commands, Wherein a Hamming dis 
tance value calculated betWeen a digital value indicating the 
Write command and a digital value indicating any one of the 
plurality of non-Write commands is greater than 1. 
[0025] In a related embodiment, each command in the set of 
commands may be uniquely indicated by command data and 
the command data indicating the Write command may com 
prise a plurality of Write enable bits. 
[0026] In another embodiment, the invention provides a 
memory system comprising; a memory controller connected 
to a plurality of memory elements arranged on a memory card 
via a plurality of point-to-point interfaces, the memory con 
troller communicating a command to at least one memory 
associated With at least one of the plurality of memory ele 
ments, the command being selected from a set of commands 
comprising a Write command and a plurality of non-Write 
commands, Wherein a Hamming distance value betWeen the 
Write command and each one of the plurality of non-Write 
commands is greater than 1. 
[0027] In a related embodiment, the plurality of memory 
elements may comprise a stacked arrangement of memories 
including the memory, Wherein a loWermost memory in the 
stacked arrangement re-drives the command to at least one 
other memory in the stacked arrangement of memories. 
[0028] In another embodiment, the invention provides a 
method of controlling operation of a memory, the method 
comprising; selecting a command from a set of commands, 
the set of commands comprising a Write command and a 
plurality of non-Write commands, and communicating the 
selected command to the memory, Wherein a Hamming dis 
tance value calculated betWeen a digital value indicating the 
Write command and a digital value indicating any one of the 
multiple non-Write commands is greater than 1. 
[0029] In another embodiment, the invention provides a 
protocol operative Within a memory system, comprising; 
de?ning unique digital values for each one of a set of com 
mands, Wherein the set of commands comprises a Write com 
mand and a plurality of non-Write commands, and Wherein a 
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Hamming distance value calculated between a digital value 
indicating the Write command and a digital value indicating 
any one of the plurality of non-Write commands is greater 
than 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Embodiments of the invention are described in rela 
tion to the accompanying draWings. Throughout the draWings 
and Written description like reference numbers indicate like 
exemplary elements, components, and steps. In the draWings: 
[0031] FIG. 1 is a block diagram of a conventional memory 
system; 
[0032] FIG. 2 is a collection of further examples of conven 
tional memory systems and possible channel connections 
betWeen a memory controller and memory; 
[0033] FIG. 3 is an exemplary table of conventional com 
mand data indicating a plurality of memory system com 
mands; 
[0034] FIG. 4 illustrates a conventional memory system 
running a conventional memory system command protocol; 
[0035] FIG. 5A illustrates an exemplary command packet 
for a conventional memory system of FIG. 4; 
[0036] FIG. 5B is an exemplary command table for the 
conventional memory system of FIG. 4; 
[0037] FIG. 6 illustrates a memory system operating in 
accordance With a memory system command protocol con 
sistent With an embodiment of the invention; 
[0038] FIG. 7A illustrates an exemplary command packet 
for the memory system of FIG. 6; 
[0039] FIG. 7B is an exemplary command table for the 
memory system of FIG. 6; 
[0040] FIG. 8 Illustrates a memory system operating in 
accordance With a memory system command protocol con 
sistent With another embodiment of the invention; 
[0041] FIGS. 9A and 9B illustrate an exemplary command 
packets for the memory system of FIG. 8; 
[0042] FIG. 10 illustrates an exemplary decoder circuit 
adapted for use Within the memory systems shoWn in FIGS. 6 
and 8; and 
[0043] FIG. 11 illustrates another type of memory system 
susceptible to the advantages of a memory system command 
protocol consistent With an embodiment of the invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0044] Embodiments of the invention Will noW be 
described With reference to the accompanying draWings. The 
invention may, hoWever, be alternately and variously embod 
ied and is not limited to only the illustrated embodiments. 
Rather, the illustrated embodiments are presented as teaching 
examples. The actual scope of the invention is de?ned by the 
claims that folloW. 
[0045] In one aspect, embodiments of the invention address 
the possible effect of data communication errors on memory 
system commands. Such commands may be communicated 
by discrete control signals, by data contained in a data packet, 
or other conventional means. 

[0046] Many conventional memory systems sequentially 
execute commands only after ?nishing a corresponding EDC 
operation. When EDC data is communicated from a memory 
controller to a memory in relation to a command, an EDC 
operation must typically be performed to verify the accuracy 
of the data associated With the command (e.g., control data, 
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address data, etc.) before the command can be executed in the 
memory. This sequential execution of the EDC operation 
folloWed by execution of the command operation ensures that 
the data received in relation to the command is accurate 
before the command is actually executed. 
[0047] This straight-forward, sequential approach to com 
mand data veri?cation folloWed by execution of the com 
mand ensures accuracy. It is also likely to create a command 
execution bottleneck in the memory. For example, if transient 
noise is apparent on a channel connecting the memory con 
troller and memory, a group of commands sequentially 
received by the memory may include noise-induced data 
errors. The EDC operations necessarily used in a conven 
tional memory system to identify and/ or correct these errors 
may be relatively lengthy in their respective or cumulative 
execution. As a result, data throughput in the conventional 
memory system may be markedly reduced. 
[0048] Against this backdrop, embodiments of the inven 
tion recogniZe practical execution distinctions betWeen cer 
tain types of memory system operations. For example, 
embodiments of the invention recogniZe a clear distinction 
betWeen “Write operations” and “non-Write operations.” For 
purposes of this description, a “Write operation” is any opera 
tion that has the intended capability of altering one or more 
data value(s) in memory. This de?nition is broader than the 
phrase “Write operation” used in the context of conventional 
RAM devices, for example. It also includes the pro gram/Write 
operations used in the context of conventional ?ash memory 
devices. Clearly, these types of conventionally understood 
operationsiWhich are speci?cally ascribed to the alteration 
of data stored in memoryiare subsumed Within the Working 
de?nition of the term “Write operation.” HoWever, other 
operations are also included Within this de?nition. For 
example, erase operations performed in many kinds of non 
volatile memories are also intentionally capable of altering 
one or more data value(s) in memory, and as such, fall Within 
the Working de?nition of a Write operation. 
[0049] In contrast, other memory system operations, here 
after individually and collectively referred to as “non-Write 
operations,” are not intentionally capable of altering one or 
more data value(s) in memory. Conventional read operations 
applied to both volatile and nonvolatile memories are 
examples of a non-Write operation, since their execution is not 
intended to alter any data value stored in memory. So too, 
refresh operations applied to conventional DRAM devices 
are another example of a non-Write operation, as are conven 
tional chip select operations, etc. 
[0050] In the description that folloWs, each operation, 
Whether a Write operation or a non-Write operation, is 
assumed to be associated With one or more commands com 

municated from a memory controller to a memory. Some 
operations in certain memory systems may be executed in 
response to a single command indicated by a unitary block of 
command data. Other operations may be executed in response 
to multiple commands indicated over a sequence or collection 
of data blocks containing related command data. For pur 
poses of clarity throughout this description, such distinctions 
in the execution details of various commands Will not be 
further referenced, and each memory system operation Will 
be said to be performed in response to “a command”, recog 
niZing that said command may be indicated using many dif 
ferent data con?gurations and/or data transmission timing 
characteristics. Thus, in vieW of the foregoing, a Write opera 
tion Will be said to be executed in a memory in response to a 
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“Write command,” and a non-Write operation Will be saidto be 
executed in a memory in response to a “non-Write command.” 

[0051] Commands and data associated With commands 
may be variously “communicated” Within the context of 
embodiments of the invention betWeen a memory controller 
and a memory. Such communication may be Wireless and/or 
hardWired in its nature. Both standard and customiZed data 
communication protocols are contemplated by embodiments 
of the invention. 
[0052] Commands and related memory system data (e.g., 
address data, Write data, read data, etc.) may be communi 
cated betWeen a memory controller and a memory in a data 
packet or in some other non-packet form (i.e., using conven 
tional serial orparallel data communication techniques). Data 
packets may be variously de?ned in their structure and com 
munication timing. Embodiments of the invention contem 
plate both standard and customiZe data packet de?nitions. 
Thus, While certain embodiments of the invention have par 
ticular application and bene?t to memory systems using 
packetiZed data, the subject invention is not limited to only 
such systems. 
[0053] Commands, Whether packetiZed or un-packetiZed, 
must be “decoded” Within a memory before (or as part of) 
being executed using memory-based resources (e.g., hard 
Ware and/or software resources available to the memory). 
Packet decoding is a Well understood concept. Since one 
common purpose for packetiZing data is the multiplexing of 
corresponding signals lines, some partitioning and subse 
quent decoding of the data bits contained in a data packet are 
typically required. HoWever, the term “decoding” as used in 
this description has a broader de?nition and subsumes all 
forms of digital data and/or analog signal manipulation, inter 
pretation, and/or conversion. 
[0054] In many instances, memory system data and/ or sig 
nals may be identi?ed as internal verses external for purposes 
of description. Terms like internal data, internal address, 
internal command, etc., indicate data operable or meaningful 
Within a memory of the memory system. For example, in 
practical applications, memory controllers manufactured by a 
number of vendors may be used in memory systems in con 
junction With memories manufactured by different vendors. It 
is common for various memory controller commands to be 
“decoded” into internal commands executable Within a 
memory. Sometimes the format and de?nition of external and 
internal commands, or external and internal data may be 
identical. HoWever, some decoding, conversion or interpreta 
tion of a command or data received from a memory controller 
may be performed by a memory. This is also true of certain 
control signals, such as clock signals. HoWever, data/clock 
timing conversions, data type conversions, signal level con 
versions, command interpretations and decoding, etc. 
betWeen the memory controller and memory are deemed to be 
conventional in their nature and are assumed to vary With 
memory system design. 
[0055] Once a command and any related data has been 
received in memory, successfully identi?ed by decoding, and 
veri?ed by an applied EDC operation (if required), it may be 
executed using hardWare and/or softWare resources in 
memory. The actual execution of commands in a particular 
memory system is a matter of design choice and is also 
deemed conventional for purposes of this description. 
[0056] In the illustrated embodiments that folloW, a generic 
memory core is indicated as a primary hardWare resource for 
storing data. While DRAM examples have been selected to 
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illustrate various embodiments of the invention, those of ordi 
nary skill in the art Will recogniZe that other memory types 
might be used, such as a SRAM, or a ?ash (NAND or NOR) 
memory. For the sake of clarity, conventional memory core 
operations Will be assumed in order to avoid repetition of 
extraneous and conventionally understood detail related to 
the actual mechanisms Whereby data storage (Writing or pro 
gramming) and data retrieval (reading) are accomplished. 
Thus, roW and column addressing techniques, applied Word 
line and bit line voltages, applied sequences of data opera 
tions, applied sequences of signal line and control signals, 
etc., Will vary With the speci?c type and design of particular 
memory cores. 

[0057] Embodiments of the invention also recogniZe that 
memory cores are commonly associated With a number of 
related circuits, such as decoders, voltage generators, redun 
dant memory circuits, etc. These conventionally associated 
peripheral circuits are largely omitted from the illustrated 
embodiments that folloW, since their design, use, and incor 
poration are deemed to be conventionally understood. 
[0058] In recognition of the distinct operating implications 
betWeen Write operations and non-Write operations, embodi 
ments of the invention variously relate to a command proto 
col, as Well as a memory Within a memory system using the 
command protocol. In one embodiment, a command protocol 
designed in accordance With the dictates of the present inven 
tion further recogniZes that erroneously communicated (and/ 
or erroneously interpreted) Write operations have a particu 
larly high likelihood of causing major operating dif?culties 
Within a memory system. For example, Where one or more 
data bits indicating a non-Write command is changed during 
communication due to channel noise effects, the resulting 
collection of received data bits may actually be interpreted by 
the memory as a Write command. Where such an erroneously 
indicated Write operation is executed, critical data stored in 
memory may be overwritten and lost. In contrast, the errone 
ous interpretation and execution of a non-Write command, 
While annoying in its delay upon overall memory system 
operations, is nonetheless unlikely to result in the corruption 
of stored data. 

[0059] The pernicious effects of an errant Write operation 
being executed in a memory system is one of the drivers 
motivating incorporation of EDC capabilities Within memory 
systems. As noted above, EDC capabilities incorporated 
Within a memory system may vary in their complexity, 
sophistication, and application. But regardless of the nature 
and sophistication of an EDC capability, it imposes material 
costs (operating speed, layout space, system complexity, etc.) 
on the design and operation of a memory system. Such costs 
tend to escalate With increasingly sophistication of the EDC 
capability. Thus, in so far as the simplicity and operating 
ef?ciency of an EDC capability can be increased, the easier 
and less costly its incorporation Will be Within a memory 
system. Ideally, a memory system Would be suf?ciently insu 
lated from data communication errors such that no EDC 
capability Would be required. HoWever, in many memory 
system applications this ideal is unlikely to be met in the near 
future. 

[0060] In vieW of the foregoing, the table of exemplary 
memory system commands shoWn in FIG. 3 Will be consid 
ered. This fairly simple example assumes a DRAM type 
memory responsive to conventional commands such as active 
(ACT), precharge (PRE), Write (WR), read (RE), refresh 
(REF), etc., received from a memory controller. Other types 
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of memory, such as nonvolatile memories like NAND and 
NOR ?ash memories might alternately be considered in the 
context of the present invention. These other types of memo 
ries Will certainly have different command sets, but all com 
mands in their constituent command sets may be rationally 
divided into one or more “Write commands” respectively 
initiating a Write operation, and one or more “non-Write com 
mands” respectively initiating a non-Write operation. 
[0061] HoWever, in the example ofFIG. 3, the set of exem 
plary memory system commands are respectively indicated 
by multi-bit command data derived from a plurality of control 
signals (e.g., chip select (/CS), roW address strobe (/RAS), 
column address strobe (/CAS), and Write enable (/WE)). 
Thus, each command is indicated by unique command data 
(i.e., a unique combination of 1’s and 0’s provided by the 
logical levels of the applied control signals). In the illustrated 
example, the read command (RE) is indicated by command 
data of “0101”, and Write command (WR) is indicated by 
command data of “0100”. Thus, only the logic state of a single 
bit (i.e., the 4”’ bit in the sequence of command data) distin 
guishes the read command (RE) from the Write command 
(WR) in the context of the illustrated embodiment. Should 
only the 4”’ bit be changed (inverted) during communication 
of the intended read command (RE), the memory receiving 
the errant command data Will interpret it as indicating a Write 
command (WR), and Will thereafter execute an erroneous 
Write command. 
[0062] The possibility of this type of errantly communi 
cated and/or erroneously interpreted command happening 
may be expressed mathematically by a calculated value 
knoWn as a “Hamming distance value.” The last roW of the 
table shoWn in FIG. 3 indicates the respective Hamming 
distance values calculated betWeen the Write command (WR) 
and the other non-Write commands in the illustrated set of 
commands. More particularly, the respective Hamming dis 
tance values are calculated betWeen digital values used to 
indicate the respective memory system commands. 
[0063] A Hamming distance value may be calculated in one 
approach by performing an exclusive-OR (XOR) operation 
on tWo digital values expressed on tWo strings of binary data 
(i.e., strings of binary command data indicating the respective 
memory system commands). As is Well understood by those 
skilled in the art, an XOR operation may be implemented by 
simply adding the corresponding bits of the tWo data strings 
using a binary add operation Without carry. This type of 
operation effectively identi?es a number of corresponding 
bits betWeen the tWo data strings that have different values. 
Consider the folloWing example in Which six (6) of the cor 
responding bit pairs betWeen Data Strings “A” and “B” have 
different logic values. The calculated Hamming distance 
value (H) for this example is therefore six (6). 

Data String “A" — 0100101000 

Data String “8" — 1101010100 

(“A"XOR“B") — 1001111100 ' 

[0064] In similar fashion, the Hamming distance value 
betWeen the active command (ACT) and the Write command 
(WR) in the example of FIG. 3 may be calculated as three (3). 
By comparison, the Hamming distance value betWeen the 
read command (RE) and the Write command (WR) is only one 
(1). A Hamming distance value of one (1) indicates that a 
single erroneously communicated data bit may change an 
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intended read command into an errantly indicated Write com 
mand, the execution of Which may corrupt data stored in the 
memory. Similar examples might be identi?ed for command 
sets associated With other types of memory systems (e.g., 
?ash memory systems) Where a non-Write command Within 
the set of commands may be erroneously communicated as a 
Write command (e.g., a program/Write command or an erase 

command). 
[0065] De?ning a memory system command protocol that 
increases the Hamming distance value betWeen each Write 
command and all non-Write commands has the effect of estab 
lishing an interpretation/ execution guardband of sorts around 
the Write command(s). In other Words, each increment in the 
Hamming distance value calculated betWeen each Write com 
mand and all non-Write commands has the effect of increasing 
(by a squared factor, N2) the possibility of the non-Write 
command being errantly communicated and/ or erroneously 
interpreted as a Write command. 

[0066] Thus, using the example command set shoWn in 
FIG. 3 for convenience, it is assumed that the statistical prob 
ability (P) of the 4”’ bit (i.e., Write enable control signal) being 
errantly communicated as a “0” instead of a “1” during com 
munication of a read command (RE), and therefore being 
erroneously interpreted as Write command is equal to 0.0001 
or P:0.0001, (one in ten thousand). By increasing the Ham 
ming distance value calculated betWeen these tWo com 
mands, or more particularly, calculated betWeen the strings of 
binary command data indicating the respective commands, 
from “1” to “2”, the probability of the read command being 
errantly communicated and/ or erroneously interpreted as the 
Write command rises to (0.0001)2 or P:0.00000001, (one in 
one hundred million). 
[0067] A memory system command protocol de?ning each 
Write command as having a minimal Hamming distance value 
greater than 1 may be adapted for use in all kinds of memory 
systems. HoWever, for purposes of illustration several exem 
plary memory systems Will noW be described. A comparative 
conventional memory system Will ?rst be described With 
reference to FIGS. 4, 5A and 5B. With this conventional 
example in mind, an embodiment of the invention Will then be 
described in relation to FIGS. 6, 7A and 7B. Then another 
embodiment of the invention Will be described in relation to 
FIGS. 8, 9A and 9B. 
[0068] The conventional memory system illustrated in FIG. 
4 comprises a memory controller 10 connected to a memory 
20 via a channel 13. Memory controller 10, as suggested 
above, may take one of numerous possible conventional 
forms. Memory 20 is assumed in the illustrated example of 
FIG. 4 to be a DRAM. The memory system of FIG. 4 is further 
assumed to communicate data betWeen memory controller 10 
and memory 20 using data packets. Channel 13 comprises a 
clock signal line communicating an external clock signal 
developed by memory controller 10 to memory 20; a com 
mand/address (C/A) packet bus communicating one or more 
packets including command data indicating one or more 
memory system command(s) and address data indicating a 
corresponding address or set of addresses in memory 20; a 
Write data bus (WD) communicating Write data from memory 
controller 10 to memory 20; and, a read data bus (RD) com 
municating read data from memory 20 to memory controller 
10. 

[0069] The external clock generated by memory controller 
10 may be used to de?ne uniform timing intervals during 
Which data packets are communicated betWeen memory con 








