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MODULAR COMMAND STRUCTURE FOR 
MEMORY AND MEMORY SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 1 1/840,692, filed Aug. 17, 2007, claiming the 
benefit of U.S. Provisional Patent Application No. 60/839, 
329 filed Aug. 22, 2006, U.S. Provisional Patent Application 
No. 60/902,003 filed Feb. 16, 2007, and U.S. Provisional 
Patent Application No. 60/892,705 filed Mar. 2, 2007, the 
disclosures of which are expressly incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to semicon 
ductor memory devices and in particular to a system having 
multiple interconnected semiconductor memory devices and 
command structure for memory devices. 

BACKGROUND 

0003. Semiconductor memory devices are commonly 
found in many industrial and consumer electronics products. 
An increasing demand for higher memory capacity coupled 
with a requirement for smaller sizes results in a desire for 
memory with a density that is difficult to attain. As a result, 
multiple memory devices are often connected together to 
satisfy large memory requirements. Such multi-device 
memory systems can be implemented together in a single 
package (i.e., a multi chip system) or a multiplicity of 
memory device packages grouped together on a printed cir 
cuit board. 
0004. When multiple semiconductor memory devices are 
interconnected to function as a single system, a controller 
manages data flow between the individual memory devices 
and external interfaces providing requests for storing data, 
accessing data and manipulating data in the system. A com 
mand structure is used by the controller to provide those 
requests to the individual memory devices containing the 
data. The command structure may be dependent on the con 
figuration of the interconnected memory devices and can 
impact performance of the system. For example, if the indi 
vidual memory devices are in communication with the con 
troller via a common bus, then only one of the individual 
memory devices may be asserted at any given time. If the 
individual memory devices are serially interconnected in a 
chain configuration with only one memory device connected 
to the controller, then commands for memory devices located 
later in the chain may be significantly delayed by earlier 
memory devices performing commands that cannot be inter 
rupted. In a configuration of series-connected memory 
devices, the processing of a command at one device halts all 
transmission of commands onto Subsequent memory devices, 
resulting in a suspension of any additional processing in the 
system. 

SUMMARY 

0005. In accordance with one aspect of the present inven 
tion, there is provided a modular command structure com 
prising: a device identifier comprising an address for one of a 
plurality of memory devices and anbank address for one of a 
plurality of memory banks in the one of the plurality of 
memory devices; and a command identifier comprising an 
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operation code representing an operation to be performed by 
the one of the plurality of memory devices. 
0006. In accordance with another aspect of the present 
invention, there is provided, a modular command set com 
prising: a plurality of separatable commands representing a 
request from a processor for access to one of a plurality of 
memory devices, each of the plurality of separate commands 
comprising: a device identifier comprising an address for the 
one of a plurality of memory devices and anbank address for 
one of a plurality of memory banks in the one of the plurality 
of memory devices; and a command identifier comprising an 
operation code representing an operation to be performed by 
the one of the plurality of memory devices. 
0007. In accordance with another aspect of the present 
invention, there is provided a system comprising: a memory 
system comprising at least one memory device for storing 
data; a processor for managing requests for access to the 
memory system; and a controller for translating the requests 
from the processor to one or more separatable commands 
interpretable by the at least one memory device, each com 
mand having a modular structure comprising an address iden 
tifier for one of the at least one memory devices and a com 
mand identifier representing an operation to be performed by 
the one of the at least one memory devices, the at least one 
memory device and the controller being in a serial configu 
ration for communication. 

0008. In accordance with another aspect of the present 
invention, there is provided a controller for a system having a 
plurality of memory devices for storing data, the controller 
being in a serial configuration for communication with the 
plurality of memory devices, the controller comprising: a first 
connection for receiving requests from the processor for 
access to the plurality of memory devices; a translator for 
translating the requests from the processor to a plurality of 
separatable commands interpretable by the plurality of 
memory devices, each command having a modular structure 
comprising an address identifier for one of the plurality of 
memory devices and a command identifier representing an 
operation to be performed by the one of the plurality of 
memory devices; and a second connection in serial commu 
nication with one of the plurality of memory devices for 
issuing the plurality of separatable commands. 
0009. In accordance with another aspect of the present 
invention, there is provided A method of requesting access to 
at least one memory device, the method comprising: deter 
mining an address including an address for the at lest one 
memory device; identifying a plurality of operations that in 
combination effect a request for access to the at least one 
memory device; and providing a plurality of separatable com 
mands to the at least one memory device, each of the com 
mands including a device identifier comprising the address 
and a command identifier comprising one of the plurality of 
operations, where the command identifier is interpretable by 
the memory device. 
0010. In accordance with one embodiment of the present 
invention, there is provided a command structure comprising: 
a plurality of separatable commands representing a request 
for access to one of a plurality of memory devices. Each of the 
plurality of separate commands includes: a device identifier 
comprising an address for the one of a plurality of memory 
devices and anbank address for one of a plurality of memory 
banks in the one of the plurality of memory devices; and a 
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command identifier comprising an operation code represent 
ing an operation to be performed by the one of the plurality of 
memory devices. 
0011. In accordance with another embodiment of the 
present invention, there is provided a modular command 
structure comprising: a device identifier comprising an 
address for one of a plurality of memory devices and an bank 
address for one of a plurality of memory banks in the one of 
the plurality of memory devices; and a command identifier 
comprising an operation code representing an operation to be 
performed by the one of the plurality of memory devices. 
0012. In accordance with another embodiment of the 
present invention, there is provided a system comprising: a 
memory system including at least one memory device for 
storing data; a processor for managing requests for access to 
the memory system; and a controller for translating the 
requests from the processor to one or more separatable com 
mands interpretable by the at least one memory device, each 
command having a modular structure comprising an address 
identifier for one of the at least one memory devices and a 
command identifier representing an operation to be per 
formed by the one of the at least one memory devices; the at 
least one memory device and the controller being in a series 
connection for communication. 

0013 For example, the at least one memory device 
includes at least one memory bank. The address identifier 
may include a device address for one of the at least one 
memory devices and a bank address for one of the at least one 
memory banks. For example, the memory device is a flash 
device, such as a NAND-type flash memory device. 
0014. In a case where the memory system includes a plu 

rality of memory devices, the devices may be series-con 
nected or connected to a common bus. 

0.015. In accordance with another embodiment of the 
present invention, there is provided a controller for a system 
having a plurality of memory devices for storing data, the 
controller being in a series-interconnection configuration for 
communication with the plurality of memory devices. The 
controller comprising: a first connection for receiving 
requests for access to the plurality of memory devices; a 
translator for translating the requests to a plurality of separat 
able commands interpretable by the plurality of memory 
devices, each command having a modular structure compris 
ing an address identifier for one of the plurality of memory 
devices and a command identifier representing an operation 
to be performed by the one of the plurality of memory 
devices; and a second connection for communication with 
one of the plurality of memory devices for issuing the plural 
ity of separatable commands. 
0016. In accordance with another embodiment of the 
present invention, there is provided a method comprising: 
determining an address including a memory device address; 
identifying a plurality of operations effecting a request for 
access to a memory; and providing a plurality of separatable 
commands for the memory, each of the commands including 
a device identifier having a memory device address and a 
command identifier having one of the plurality of operations. 
0017 Advantageously, the method is used for translating a 
request for access to a memory device into a plurality of 
separatable commands interpretable by the memory device. 
The method may be used for translating a request for access to 
a memory device into a plurality of separatable commands 
interpretable by the memory device. 
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0018. Other aspects and features of the present invention 
will become apparent to those ordinarily skilled in the art 
upon review of the following description of specific embodi 
ments of the invention in conjunction with the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
attached Figures, wherein: 
0020 FIG. 1 is a block diagram illustrating a host system 
and a system having a memory system and a memory con 
troller, to which embodiments of the present invention are 
applicable; 
0021 FIG. 2 is a block diagram illustrating a memory 
system including a plurality of memory devices and a con 
troller connected to the memory system via a common bus, to 
which embodiments of the present invention are applicable; 
0022 FIG. 3 is a block diagram illustrating a memory 
system having a plurality of memory devices that are series 
interconnected and a controller connected to the memory 
devices, to which embodiments of the present invention are 
applicable; 
0023 FIG. 4 is a block diagram illustrating an example of 
a general configuration of a flash memory device, to which 
embodiments of the present invention are applicable; 
(0024 FIGS.5A,5B and 5C illustrate examples of modular 
command structures for use with a NAND flash memory, to 
which embodiments of the present invention are applicable; 
0025 FIG. 6A is a block diagram illustrating a configura 
tion of a flash controller to which embodiments of the present 
invention is applicable; 
0026 FIG. 6B is a block diagram illustrating an example 
of functional components of a flash command engine shown 
in FIG. 6A: 
0027 FIG. 7 is a flow chart illustrating a process con 
ducted by a PageRead command from the controller using the 
modular command structure; 
0028 FIG. 8 illustrates a timing of a Page Read operation 
with a set wait period from the flash memory device using the 
modular command structure; 
0029 FIG. 9 illustrates a timing of a Page Read operation 
from the flash memory device with a status request using the 
modular command structure; 
0030 FIG. 10 is a flow chart illustrating a process con 
ducted by a Page Program command from the controller using 
the modular command structure; 
0031 FIG. 11 illustrates a timing of a Page Program 
operation from the flash memory device with a single data 
input using the modular command structure; 
0032 FIG. 12 illustrates a timing of a Page Program 
operation from the flash memory device with two data inputs 
using the modular command structure; 
0033 FIG. 13 is a flow chart illustrating a process con 
ducted by a Block Erase command from the controller using 
the modular command structure; 
0034 FIG. 14 illustrates a timing of a Block Erase opera 
tion with a single block address to erase from the flash 
memory device using the modular command structure; 
0035 FIG. 15 illustrates a timing of a Block Erase opera 
tion with two blockaddresses to erase from the flash memory 
device using the modular command structure; 
0036 FIG. 16 is a flow chart illustrating a process con 
ducted by concurrent PageRead commands from the control 
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ler for two memory banks in the same flash memory device 
using the modular command structure; 
0037 FIG. 17 illustrates a timing from the flash memory 
of concurrent PageRead operations for two memory banks in 
the same flash memory device using the modular command 
Structure: 
0038 FIG. 18 is a flow chart illustrating a process con 
ducted by concurrent Page Program commands from the con 
troller for two memory banks in the same flash memory 
device using the modular command structure; 
0039 FIG. 19 illustrates a timing from the flash memory 
of concurrent Page Program operations for two memory 
banks in the same flash memory device using the modular 
command structure; 
0040 FIG. 20 is a flow chart illustrating a process con 
ducted by concurrent Block Erase commands from the con 
troller for two memory banks in the same flash memory 
device using the modular command structure; 
0041 FIG. 21 illustrates a timing from the flash memory 
of concurrent Block Erase operations for two memory banks 
in the same flash memory device using the modular command 
Structure: 
0042 FIG. 22 is a flow chart illustrating a process con 
ducted by interleaved Page Read and Page Program com 
mands from the controller for two memory banks in the same 
flash memory device using the modular command structure; 
0043 FIG. 23 illustrates a timing from the flash memory 
device of interleaved PageRead and Page Program operations 
for two memory banks in the same flash memory device using 
the modular command structure; 
0044 FIG. 24 is a flow chart illustrating a process con 
ducted by suspended and resumed Page Read and Page Pro 
gram commands from the controller for two memory banks in 
the same flash memory device using the modular command 
Structure: 
0045 FIG. 25 illustrates a timing from the flash memory 
device of suspended and resumed Page Read and Page Pro 
gram operations for two memory banks in the same flash 
memory device using the modular command structure; 
0046 FIG. 26 illustrates an example of interleaved and 
concurrent PageRead, Block Erase, Page Program and Page 
pair Erase commands/operations for multiple flash memory 
devices, each having multiple memory banks; 
0047 FIG. 27 illustrates an example of interleaved and 
concurrent Page Read commands/operations for multiple 
flash memory devices, each having multiple memory banks; 
and 
0048 FIG. 28 illustrates an example of interleaved and 
concurrent Suspended and resumed Page Read, Block Erase, 
Page Program and commands/operations for multiple flash 
memory devices, each having multiple memory banks. 

DETAILED DESCRIPTION 

0049. In the following detailed description of sample 
embodiments, reference is made to the accompanying draw 
ings which form a part hereof, and in which is shown by way 
of illustration specific sample embodiments. These embodi 
ments are described in sufficient detail to enable those skilled 
in the art to practice the present invention, and it is to be 
understood that other embodiments may be used and that 
logical, mechanical, electrical and other changes may be 
made without departing from the scope of the present inven 
tion. Therefore, the following detailed description is not to be 
taken in a limiting sense. 
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0050 Semiconductor memory devices are often intercon 
nected to form a large capacity memory system. FIG. 1 illus 
trates a system to which embodiments of the present inven 
tion are applicable. Referring to FIG. 1, a host system 102 
having a processor 103 therein is connected to a system that 
includes a memory system 106 and a controller 104 for con 
trolling the memory system. The memory system 106 
includes at least one memory device (e.g., two flash memory 
devices 107-0 and 107-1). The controller 104 receives 
requests from the host system 102 and translates the requests 
into commands that are interpretable by the memory system 
106. The controller 104 also translates logical addresses for 
the memory system 106 that are used by the host system 102 
into physical addresses of the memory system 106. The con 
troller 104 ensures that data to be stored in the memory 
system 106 is distributed among the memory devices 107-0, 
107-1. An error correcting code (ECC) is also generated by 
the controller 104 to check for errors in the execution of 
commands. 
0051 FIG. 2 shows an example of a system configuration 
to which embodiments of the present invention are appli 
cable. Referring to FIG. 2, a controller 112 communicates 
with a memory system including a plurality of memory 
devices (e.g., four flash memory devices 108-0-108-3) 
through a common bus 114. The controller 112 uses the 
common bus 114 to transfer data into and out of the memory 
devices 108-0-108-3. Only a designated flash memory device 
is asserted at a time with this configuration by asserting a chip 
enable signal. 
0052 FIG.3 shows another example of a system configu 
ration to which embodiments of the present invention are 
applicable. A memory system includes series-connected 
memory devices. Referring to FIG. 3, a controller 116 and a 
memory system including a plurality of memory devices 
(e.g., four flash memory devices 109-0-109-3) are intercon 
nected in a loop configuration. Since the memory devices 
109-0-109-3 are series-interconnected, only one of the 
devices receives data and messages incoming to the memory 
system through the controller 116. Each of the memory 
devices 109-0-109-3 is coupled to at most two other memory 
devices (i.e., prior and next devices). As such, data and mes 
sages coming into the memory system pass through every 
other memory device to reach the last device 109-3 in the 
series connection. 

0053. The flash memory devices can be any type of flash 
memories, e.g., NAND-, NOR-AND-type flash memories. 
Also, the memory devices can be random access memories. 
0054 NAND flash memory devices are commonly inter 
connected to provide low cost, high density memory. FIG. 4 
illustrates the functional components of a NAND flash device 
400. In the NAND flash device 400, commands, addresses 
and data are multiplexed via common I/O pins in a chip of the 
device. The NAND flash device 400 has a memory bank 402 
which is a cell array structure having a plurality (n) of eras 
able blocks. Each of the erasable blocks is subdivided into a 
plurality (m) of programmable pages. Each of the pages con 
sists of (+k) bytes. The pages are further divided into a j-byte 
data storage region in which data is stored and a separate 
k-byte are typically used for error management functions. 
Each page typically comprises 2,112 bytes of which 2,048 
bytes are used to data storage and 64 bytes are used for error 
management functions. The memory bank 402 is accessed by 
the pages. Although FIG. 4 shows a single memory bank 402. 
the NAND flash device 400 may have more than one memory 
bank 402. Each such memory bank 402 may be able to per 
form concurrent page read, page program, page erase and 
block erase operations. 
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0055 Commands for accessing the memory bank 402 are 
received by a command register 414 and control logic 416 
from a controller (e.g. the controller 116 shown in FIG. 3). 
The received commands enter the command register 414 and 
remain there until execution. The control logic 416 converts 
the commands into a form that can be executed against the 
memory bank 402.The commands generally enter the NAND 
flash device 400 via the assertion of different pins on the 
external packaging of the chip, where different pins may be 
used to represent different commands. For example, the com 
mands may include chip enable, read enable, write enable, 
and write protect. The read and write commands are executed 
on a page basis while the erase commands are executed on a 
block basis. 
0056. When a command is received by the command reg 
ister 414 and the control logic 416, an address for the page in 
the memory bank 402 to which the command pertains is 
received by an output driver 412. The address is provided to 
address buffers and latches 418 and then control and prede 
coder 406, sense amplifier (S/A) and data register 404 and 
row decoder 408 for accessing the page indicated by the 
address. The data register 404 receives the complete page 
which is then provided to the I/O (input/output) buffers and 
latches 410 and then the output driver 412 for output from the 
NAND flash device 400. 
0057 For example, a read command is received by the 
command register 414 and the control logic 416 and an 
accompanying address is received by the address buffers and 
latches 418. The address buffers and latches 418 determine 
the page in which the address is located and provide a row 
address(es) corresponding to the page to the row decoder 408. 
The corresponding row is activated. The data register and S/A 
404 sense the page and transfer the data from the page into the 
data register 404. Once the data from the entire page has been 
transferred to the data register, the data is sequentially read 
from the device via the I/O buffers and latches 410 and the 
output driver 412. 
0.058 A program command is also processed on a page 

basis. The program command is received by the command 
register 414 and the control logic 416, an accompanying 
address is received by the address buffers 418 and input data 
are received by the output driver 412. The input data is trans 
ferred to the data register 404 through the I/O buffers and 
latches 410. Once all of the input data is in the data register 
404, the page on which the input data is to be stored is 
programmed with the input data. 
0059 An erase command is processed on a block basis. 
The erase command is received by the command register 414 
and the control logic 416 and a block address is received by 
the address buffers 418. 
0060 A typical NAND flash memory command uses two 
cycles of command to complete loading of the command. 
Table 1 shows an example command set of NAND flash 
memories. 

TABLE 1. 

Command Set of NAND Flash 

Function 1st Cycle 2nd Cycle 

Read OOh 3Ol 
Read for Copy Back OOh 3S 
Read ID 90h 
Reset FFh 
Page Program 8Oh 1Oh 
Cache Program 8Oh 1S 
Copy-Back Program 8Sh 1Oh 

Jun. 2, 2011 

TABLE 1-continued 

Command Set of NAND Flash 

Function 1st Cycle 2nd Cycle 

Block Erase 6Oh DOh 
Random Data Input 85 
Random Data Output OSh EO 
Read Status 7Oh 

0061. Many of the commands issued to a NAND flash 
memory in the two command cycles are considered as one 
procedure and as such cannot be broken, interrupted, Sus 
pended or resumed. When the NAND flash memory is receiv 
ing these two command cycles, it cannot accept any addi 
tional commands other than reset and read status commands. 
In flash memory devices having multiple memory banks, this 
command structure restricts the use of banks as one bank 
remains inactive while the other bank is processing a com 
mand. This results in low input/output utilization when the 
commands being performed having long internal core opera 
tions (e.g., page read at 20 us, page program at 200 us and 
block erase at 1.5 ms). In systems having multiple flash 
memories being series-interconnected, this command struc 
ture may reduce the processing speed of the entire system as 
a flash memory device that is processing a command cannot 
forward other commands to Subsequent flash memory 
devices until that processing is complete. 
0062 An example of a command structure applicable to a 
system according to an embodiment of the present invention 
includes a command field having a byte(s). For example, the 
command field has a first byte for device and bank addresses 
and a second byte for operation codes. 
0063 FIG. 5A, shows an example of modular command 
structure for use with a NAND flash memory. In this particu 
lar example, the modular command structure is a byte basis. 
Referring to FIG. 5A, a modular command structure 500 
includes first and second bytes 502 and 508 (Bytes 1 and 2), 
each having a plurality of bits. In this particular example, the 
first and second bytes 502 and 508 of the command structure 
include an eight-bit address and an eight-bit operation code, 
respectively. The first byte 502 has a six-bit address 504 for 
the destination memory device. The six-bit address 504 is 
used to differentiate among memory devices where the sys 
tem includes a plurality of memory devices. The first byte 502 
also includes a two-bit address 506 for a memory bank of the 
memory device for use with memory devices having a plu 
rality of memory banks. The second byte 508 of the command 
structure includes an eight-bit operation code 510 indicating 
the command to be performed by the memory device. Table 2 
illustrates examples of operation codes. 

TABLE 2 

Example Operation Codes for Second Byte 

Second Byte Address 
(OP7-OPO) Command Input 

O O O O O O O Page Read (OOh) Row 
0 0 O O 0 0 1 1 Burst Data Read (03h) Column 
0 0 O 0 0 1 0 1 Page Read for Copy Row 

(05h) 
0 0 0 0 1 0 0 1 Burst Data Load Start Column 

(09h) 
0 0 0 0 1 0 1 0 Burst Data Load (OAh) Column 
0 0 0 0 1 1 1 1 Page Program (OFh) Row 
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TABLE 2-continued 

Example Operation Codes for Second Byte 

Second Byte Address 
(OP7-OPO) Command Input 

O O O 0 0 1 0 Address Input for Block Row 
Erase (12h) 

O O O 0 1 1 1 Block Erase (17h) None 
O O O 0 1 0 O Address Input for Page- Row 

pair Erase (14h) 
O O O 1 1 1 0 Page-pair Erase (1Eh) None 
O O 1 0 0 1 1 Read Device Status (33h) None 
O O 1 0 1 0 1 Read Device ID (35h) None 
O O 1 1 0 0 1 Write Device Address None 

(39h) 
O O 1 1 0 1 0 Write Configuration None 

Register (3Ah) 
O O 1 1 1 1 1 Reset (3Fh) None 

0064. The command structure has many variations. 
Another example of the two-byte command structure is that 
the first byte has eight-bit device address (DA) and the second 
byte has four-bit OP code and a four-bit bank address (BA). 
0065 FIG. 5B shows another example of modular com 
mand structure for use with a NAND flash memory. Referring 
to FIG. 5B, a command structure 520 includes a plurality of 
bytes. In the illustrated example, the command structure 520 
has a two-byte modular command structure (Bytes 1 and 2) 
with a three-byte row address 522 (Bytes 3-5). A partial 
structure of the two-byte modular command in FIG. 5B is 
identical to the two-byte modular command structure shown 
in FIG.5A. The first byte 502 has a six-bit address 504 for the 
destination memory device and a two-bit address 506 for the 
memory bank. The second byte 508 has an eight-bit operation 
code 510. The three-byte row address 522 provides a 24-bit 
address 524 for a row(s) in the memory bank indicated in the 
first byte 502. This 24-bit (i.e., three-byte) row address 524 is 
used for commands for which a row address is required to 
specify a row location on which the command is to be per 
formed. 

0066 FIG. 5C shows another example of modular com 
mand structures for use with a NAND flash memory. Refer 
ring to FIG. 5C, a command structure 540 includes a plurality 
of bytes. In the illustrated example, the command structure 
540 has a two-byte modular command structure (Bytes 1 and 
2) with a two-byte column address 542 (Bytes 3-4). A partial 
structure of the two-byte modular command in FIG. 5C is 
identical to the two-byte modular command in FIG. 5B with 
the first byte 502 having a six-bit address 504 for the desti 
nation memory device and a two-bit address 506 for the 
memory bank. The second byte 508 has an eight-bit operation 
code 510. The two-byte address 542 provides a 16-bit address 
544 for a column(s) in the memory bank indicated in the first 
byte 502. This 16-bit (i.e., two-byte) column address 544 is 
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used for commands for which a column address is required to 
specify a column location on which the command is to be 
performed. 
0067. The command structures 500, 520 and 540 depend 
on the command that is being sent to the memory device. As 
indicated in Table 2. Some commands require additional 
addresses to be supplied with the command (i.e., row or 
column addresses). Thus, the command structures 500, 520 
and 540 depend on the operation code in the second byte 508. 
0068 Referring to FIGS. 1 and 5A-5C, the controller 104 
translates a request from the host system 102 into one of the 
command structures 500, 520 and 540 which can then be 
interpreted by the flash memory devices. Based on the opera 
tion code 510, the controller 104 determines whether a row 
address, column address or no address will be supplied to the 
memory device. The controller 104 forms the commands that 
are used by the memory devices 107-0, 107-1 to perform 
operations. 
0069. Each of the command structures 500, 520 and 540 
includes both the memory device address 504 and the bank 
address 506. Thus, processing of commands can be broken up 
and suspended by different memory devices. Further, since 
the first byte 502 includes all addressing information, each 
memory device can assess very quickly whether the com 
mand indicated in the second byte 508 is destined for them or 
is to be passed on to the next memory device. 
(0070 Although the modular command structures 500,520 
and 540 can be used in any NAND flash memory device, the 
following examples describe the processing of various com 
mands in the modular command structures 500, 520 and 540 
using an HLNANDTM (HyperLinkNAND) flashdeviceasam 
example. The HLNANDTM flash device is described in detail 
in U.S. Provisional Patent Application No. 60/839,329 filed 
on Aug. 22, 2006 and incorporated herein by reference. 
0071. An exemplary input sequence of the modular com 
mands 500, 520 and 540, depending on the particular com 
mand in the operation code, for the HLNANDTM flash device, 
is shown in Table 3. All commands, addresses and data are 
shifted in and out of the device, starting with the most signifi 
cant bit (MSB). In the HLNANDTM flash device, serial data 
input (SDn) is sampled at the positive or negative clock edge 
while Serial Data-Input Enable (SDE) is “high”. In the par 
ticular example shown in Table 3, each command includes 
one-byte target address represented as “TDA' (the first byte) 
as per the command structures 500. 520 and 540 shown in 
FIGS.5A to 5C and one-byte operation code represented (the 
second byte). Once SCE goes to logic “high, the one-byte 
address is shifted in followed by the one-byte operation code. 
The exception to this is the Write Device Address in which the 
first byte entering the device is a page read command. 
Depending on the command, either a three-byte row address 
represented as “R” in Table 3 or a two-byte column address 
represented as “C” in Table 3 (the third-fifth bytes). If data is 
to be provided to the flash device then the data is input into the 
device after any row or column addresses (as appropriate) and 
is represented by “D” in Table 3. 

TABLE 3 

Modular Command Input Sequence 

Command 

Page Read 
Burst Data Read 

InputByte Number 

1st 2nd 3rd 4th 5th 6th 7th 2115th 21 16th 

TDA 00h R R R — — — — 
TDA 03h C C — — — — — 
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TABLE 3-continued 
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Modular Command Input Sequence 

Input Byte Number 

Command 1st 2nd 3rd 4th 5th 6th 7th 

Page Read for Copy TDA 05h R. R. R - - - 
Burst Data Load Start TDA 09 C C D D D 
Burst Data Load TDA OA C C D D D 
Page Program TDA OFh R. R. R - - - 
Address Input for Block Erase TDA 12h R. R. R - - - 
Block Erase TDA 17h — — — — — — 
Address Input for Page-pair Erase TDA 14h R R R — — 
Page-pair Erase TDA 1Eh — — — — — — 
Read Device Status TDA 33h — — — — — — 
Read Device ID TDA 35h — — — — — — 
Write Device Address OOh 39h — — — — — — 
Write Configuration Register TDA 3Ah D — — — — — 
Reset TDA 3Fh — — — — — — 

0072 Examples of the operation of the HLNANDTM flash 
device using the modular command structures 500, 520 and 
540 for various operations are described below. The examples 
below include timing diagrams illustrating processing the 
memory devices (e.g., the memory devices shown in FIGS. 
1-3). The signals in the timing diagrams are shown for the 
HLNANDTM flash device as an example. The chip enable 
(CEH) signal indicates that the memory device is enabled 
when this signal is “low”. The serial data input (SDn) signal 
indicates command, address and input data. The serial data 
output (SQn) signal indicates a transmission of output data 
during a read operation. The serial data input enable (SDE) 
signal controls data input Such that when this signal is "high”. 
command address and input data (SDn) are latched into the 
device. The serial data output enable (SQE) signal enables 
output (SQn) when this signal is “high”. 
0073. In a case where device addresses are assigned to all 
of series-connected devices (e.g., the configuration as shown 
in FIG. 3) at the start of system operation, the first byte of the 
command does not need the Write Device Address. The 
assignment of sequential device addresses is disclosed in U.S. 
Provisional Patent Application No. 60/787,710, filed Mar. 28, 
2006 and U.S. Provisional Patent Application No. 60/802, 
645, filed May 23, 2006; all of which are incorporated herein 
by reference in their entirety. 
0074 FIG. 6A shows an example of a flash controller to 
which embodiments of the present invention are applicable. 
The flash controller corresponds to the controllers 104, 112 
and 116 shown in FIGS. 1, 2, and 3. 
0075 Referring to FIG. 6A, a flash controller 310 includes 
a central processing unit (CPU) 312; and a memory 314 
having a random access memory (RAM) 316 and a read only 
memory (ROM)318. Also, the flash controller 310 includes a 
flash command engine 322, an error correcting code (ECC) 
manager 324 and a flash device interface 326. Furthermore, 
the flash controller 310 includes a host interface controller 
332 and a host interface 334. The CPU 312, the memory 314, 
the flash command engine 322 and the host interface control 
ler 332 are connected through a common bus 330. The host 
interface 334 is for connection to an external device through 
abus, connection links, interface or like (e.g., ATA (Advanced 
Technology Attachment), PATA (Parallel ATA), SATA (Serial 
ATA), USB (universal serial bus). The host interface 334 is 
controlled by the host interface controller 332. The CPU 312 
operates with instructions stored in the ROM 318 and pro 

cessed data is stored in the RAM 316. The flash command 
engine 322 interprets the commands and the flash controller 
310 controls the operations of the flash devices through the 
flash device interface 326. The ECC manager 324 generates 
an ECC and the ECC verification is conducted. In a case of an 
error, an error message is generated. The flash controller 310 
can be configured as a system on chip, system in package or 
multiple chips. 
0076 FIG. 6B shows an example of functional compo 
nents of the flash command engine 322 of FIG. 6A, when 
issuing a command to flash devices. Referring to FIGS. 1, 6A 
and 6B, the flash command engine 322 interprets the requests 
from the host system 102 into a plurality of separatable com 
mands that are interpretable by the flash memory device. 
Thus, the flash controller 310 translates a request for access to 
flash memory device into at least one command using the 
modular command structure shown in FIGS. 5A to C. The 
flash controller 310 includes a connection with the bus 330 
connected to the host interface controller332. The connection 
enables communication with the host system 102 for receiv 
ing requests from the processor 103 of the host system 102 for 
access to the flash memory device. The flash controller 310 
also includes the flash device interface 326 in communication 
with the flash memory device. The flash device interface 326 
acts as another connection for issuing commands to the flash 
memory devices of the memory system. 
0077. The flash command engine 322 includes a command 
structure mechanism 558, a bank interleave mechanism 560, 
a device interleave mechanism 562, an address identify 
mechanism 564, a command identify mechanism 566, a row 
address identify mechanism 568, and a column address iden 
tify mechanism 570. The command structure mechanism 558 
processes the modular command structures to be used by the 
memory devices (e.g., the modular command structures 
shown in FIGS. 5A to C). The address identify mechanism 
564 and the command identify mechanism 566 analyze the 
request from the host system 102 to extract the memory 
device and/or bank address and the command, respectively, 
therefrom. The command identify mechanism 566 deter 
mines that multiple commands are to be used to implement 
the request. Each of the commands is separatable and in 
combination effects the request from the host system 102. The 
command identify mechanism 566 gathers the information to 
formulate the command, including the address from the 
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address identifying mechanism 564. If any of the commands 
that form the request respects a row or column address then 
the command identify mechanism 566 enlists the use of the 
row address identify mechanism 568 or the column address 
identify mechanism 570, respectively, to obtain the row or 
column address that form part of the command. 
0078. The bank interleave mechanism 560 and the device 
interleave mechanism 562 order multiple commands being 
send through the device interface 326 to multiple memory 
banks or memory devices, respectively. The modular com 
mand structure is configured so that a flash memory device 
having multiple memory banks can have each memory bank 
processing simultaneously. Likewise, the modular command 
structure is configured so that the series-connected memory 
devices can be simultaneously processing. The bank inter 
leave mechanism 56O interleaves commands for different 
memory banks in the same memory device (see FIGS. 16-21 
for examples of concurrent operations in multiple memory 
banks). The device interleave mechanism 562 interleaves 
commands for different memory devices in the same memory 
system (see FIGS. 22-28). 
007.9 The EEC manager 324 generates an error correcting 
code (ECC) to verify that certain commands have been per 
formed Successfully and completely. 
0080 FIG. 6B illustrates the functional components of the 
flash command engine 322 and may be realized in a number 
of configurations that will be recognized by a person of skill 
in the art. 

0081. The modular command can include a Page Read 
command. With a modular command structure the first cycle 
of the Page Read command is input followed by a column 
address for the start column address in a target page address 
and a row address for the target page address. The second 
cycle of the Page Read command is in input after which the 
device is busy for a time period (e.g., 20 LS) for completion of 
the internal page read operation. After such a wait time 
period, a Burst Data Read operation is performed to retrieve 
the data from buffers of the device. From the time this opera 
tion starts until the Burst Data Read is finished, the device 
cannot perform any other operations. 
I0082 FIG.7 shows a flow of the PageRead command. The 
controller for the system generates a Page Read command in 
step 602 including a destination flash device address, a 
memory bank address, the Page Read operation code and a 
three-byte row address for the row(s) defining the page to be 
read. The Page Read command is passed through the flash 
devices forming the system until the destination flash device 
address matches the flash device receiving the Page Read 
command. The Page Read command including the row 
address(es) is received by the destination flash device. The 
Page Read command is provided to the command register of 
the destination flash where the address latch cycles are then 
started to enter the three-bytes of row address. Once the 
address latch cycles are finished, the Page Read operation is 
started in the flash device and the data in the selected page is 
sensed and transferred to the data registers in less than time t 
(transfer time from memory bank to data registers, e.g., 20 
LLS). 
0083. The controller either waits fort to collect the data 
from the page or the controller generates and sends a device 
status inquiry to the flash device to receive a notification when 
the page has been accessed. In the case where the controller 
generates a device status command, the command is sent to 
the flash device in step 604. The flash device will response to 
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this request with a continuous busy indication until the page 
has been accessed, at which time the flash device indicates 
that the memory bank is ready and no longer busy. The con 
troller continuous checks to determine whether the memory 
bank is ready in step 606. 
I0084. Once the memory bank is ready, or if the controller 
waits for t, a Burst Data Read command with the device 
address and the column address is then issued in step 608. If 
the controller does not send a device status inquiry and waits 
fort instead, then steps 604 and 606 are not performed. Once 
the device receives the Burst Data Read then the SQE signal 
is enabled and the page data in the data registers is read out in 
step 610 starting from the column address given with the 
command. This reading continues via SQn until SQE goes 
low. 
I0085. An error correcting code (ECC) is generated by the 
controller in step 612 and verified in step 614. If the ECC 
cannot be verified then an error message is issued in step 616. 
If the ECC is verified then the Page Read operation was 
successful and the operation is completed in step 618. For 
example, the flash device controller generates ECC parity bits 
for 2048 byte input data per page. Thus, 2048 byte data with 
ECC parity bits are programmed (typically one-byte ECC per 
512 bytes, total four byte ECC per 2048 bytes in a page). The 
ECC parity bits are programmed in 64 bytes spare field in a 
page. During the page read, the flash device controller reads 
2048 bytes data with ECC parity information. The flash 
device controller verifies the 2048 data with four byte ECC 
information. Therefore, the ECC process is performed by the 
flash device controller and the flash memory devices store 
only ECC parity information. 
I0086 FIG. 8 illustrates a timing diagram for a PageRead 
operation from the perspective of the flash device where the 
controller waits for the expiration oft to obtain the requested 
data. If the Burst Data Read command is issued and SQE is 
enabled during the Bank Busy period t, all output data will 
be invalid. 
I0087 FIG. 9 illustrates a timing diagram for a PageRead 
operation with a device status from the controller from the 
perspective of the flash device. 
I0088. The modular command can include a Page Program 
command. With a modular command structure the first cycle 
of the Page Program command is input followed by a column 
address for the start column address in a target page address 
and a row address for the target page address. The input data 
is then loaded followed by the second cycle of the page pate 
program command. The device is busy for a time period (e.g., 
200LLS) after the second cycle during completion of an inter 
nal Page Program operation. These steps are all considered as 
one procedure that cannot be interrupted if the Page Program 
operation is to be completed. 
I0089 FIG. 10 illustrates a flow of a Page Program com 
mand from the flash device controller. The controller for the 
system generates a Burst Data Load Start command in step 
902 including a destination flash device address, a memory 
bank address, the Burst Data Load Start operation code and a 
two-byte column address for the column(s) that are to be 
programmed. The Burst Data Load Start command is passed 
through the flash devices forming the system until the desti 
nation flash device address matches the flash device receiving 
the Burst Data Load Start command. The Burst Data Load 
Start command is provided to the command register of the 
destination flash device along with the two-byte columns 
address in step 904 and then the input data in step 906. The 



US 2011/013 1383 A1 

Burst Data Load Start command resets all data registers in the 
destination flash device. If the Burst Data Load Start opera 
tion did not input all data into the flash device then subsequent 
Burst Data Load commands may be used to place all data in 
the device. 

0090 The flash device controller generates a Page Pro 
gram command in step 908 again specifying the destination 
device address and the memory bank address as well as the 
Page Program operation code and a row address(es) that 
specify the rows that will be written in the Page Program 
operation. The Page Program command is generated by the 
controller a time t, after the data has been loaded into the 
flash device from the Burst Data Load Start command. This 
will program the loaded data into the selected page location. 
0091. The controller uses a Device Status command 
issued in step 910 to monitor the status of the Page Program 
operation. The flash device will respond to this request with a 
continuous busy indication until the page has been accessed, 
at which time the flash device indicates that the memory bank 
is ready and no longer busy. The controller continuous checks 
to determine if the memory bank is ready in step 912. Once 
the memory bank is ready the controller checks to see is the 
Page Program operation was successful. If not then an erroris 
output in step 916, otherwise, the Page Program operation is 
completed in step 918. 
0092 FIG. 11 illustrates a timing diagram for a Page Pro 
gram operation from the perspective of the flash device where 
the Burst Data Load Start is sufficient to load all data into the 
device. FIG. 12 illustrates a timing diagram for a Page Pro 
gram operation where a Burst Data Load operation is required 
after the Burst Data Load Start operation in order to load all 
data into the device. 

0093. The modular command can include a Block Erase 
command. With a command structure the first cycle of the 
Block Erase command is input followed by a row address for 
the target blockaddress. The second cycle of the Block Erase 
command is input after which the device is busy for 1.5 ms to 
complete the internal block erase operation. 
0094 FIG. 13 is a flow of a Block Erase operation from the 
controller. The flash device controller for the system gener 
ates an Address Input for Block Erase command in step 1202 
including a device address, a memory bank address, an opera 
tion code and a three-byte row address in step 1204. If more 
than one block is to be erased at a time in step 1206 then 
additional Address Input for Block Erase commands are gen 
erated by the controller to specify these additional blocks. 
When all blocks have been specified, the controller generates 
a Block Erase command in step 1208 to start the flash device 
performing the Block Erase operation for the selected blocks. 
The Block Erase command generated by the controller 
includes the device address, the memory bank address and the 
operation code. 
0095. The controller issues a Status command in step 1210 
that is used to determine when the memory bank is available 
and the Block Erase operation is completed. The controller 
continuously checks in step 1212 on the device status until the 
memory bank is available. When Block Erase operation is 
complete, the controller checks to see if the operation was 
Successful in step 1214. If the operation was not successful 
then an erroris issued in step 1216, otherwise the Block Erase 
operation is completed in step 1218. 
0096 FIG. 14 illustrates a timing diagram for a Block 
Erase operation from the perspective of the flash device where 
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only a single block is being erased. FIG. 15 illustrates a timing 
diagram for a Block Erase operation where multiple blocks 
are being erased. 
0097. The modular command structures illustrated in 
FIGS. 5A to C provide for a memory bank address to be 
supplied in the first byte along with the device address. This 
memory bank address is used in circumstances where the 
flash memory device has more than one memory bank to 
specify the memory bank to which the command is directed. 
Since a command with the modular command structure speci 
fies the memory bank address in the command, a flash device 
having a configuration in which each memory bank operates 
independently, will be able to have operations being per 
formed on more than one of the memory banks in the flash 
device at a time. The HLNANDTM flash device is an example 
of one such flash memory. 
(0098. The pin configuration of multiple HLNANDTM flash 
devices that are cascaded at the top level may be identical to 
one of the single devices. With a serial interconnection con 
figuration, each device introduces an additional half clock 
cycle latency, for example, on a cascading path. As such, the 
number of cascaded devices determined a total clock latency 
ofoperations in the serial interconnection configuration. With 
a configuration of multiple devices having multiple memory 
banks interconnected, the controller can effectively schedule 
many different procedures that are accessing time consuming 
core operations by interleaving the commands. 
(0099 FIGS. 16 to 21 illustrate concurrent operations 
being performed on two memory banks in a single flash 
memory device. 
0100 FIG.16 illustrates a flow for a concurrent PageRead 
operation from two memory banks in the same flash memory 
device. A Page Read command is given to memory bank 0 in 
step 1502. Memory bank 0 then proceeds to process the 
request by accessing the requested page. While memory bank 
0 is processing the PageRead command, a second PageRead 
command is given to memory bank 1 in step 1504. Memory 
bank 1 then proceeds to process the request by accessing the 
requested page while memory bank 0 is concurrently process 
ing its own request. A time to after the Page Read request is 
given to memory bank 0 is then allowed to elapse in step 1506 
before a Burst Data Read command is given to memory bank 
0 in step 1508 to access the data resulting from the PageRead 
command issued in step 1502. A time to after the PageRead 
request is given to memory bank 1 is allowed to elapse in step 
1510 before a Burst Data Read command is given to memory 
bank 1 in step 1512 to access the data resulting from the Page 
Read command issued in step 1504. 
0101 FIG. 17 illustrates a timing of the concurrent Page 
Read operation illustrated in FIG. 16. 
0102 FIG. 18 illustrates a flow for a concurrent Page 
Program operation in two memory banks of the same flash 
memory device. A Burst Data Load Start command is given to 
memory bank 0 in step 1702 along with data to be pro 
grammed into memory bank 0. A Burst Data Load Start 
command is given to memory bank 1 in step 1704 along with 
data to be programmed into memory bank 1. A Page Program 
command is given to memory bank 01 in step 1706 and a Page 
Program command is given to memory bank 1 in step 1708. 
Read Status commands are given to memory bank 0 in step 
1710 and memory bank 1 in step 1712 to monitor the progress 
of each memory bank in completing the Page Program opera 
tion. When the status returns a pass for each memory bank 
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then the Page Program operations are complete and other 
operations can be performed by the memory banks. 
(0103 FIG. 18 shows the Burst Data Load Start command 
being given to each memory bank before the Page Program 
command was provided to each bank. The Burst Data Load 
Start and the Page Program command may both be given to 
memory bank 0 before either of the commands is given to 
memory bank 1. FIG. 19 illustrates a timing of the concurrent 
Page Program operation in which the Burst Data Load Start 
and the Page Program command are given to memory bank 0 
before either of the commands is given to memory bank 1. 
0104 FIG. 20 illustrates a flow for a concurrent Block 
Erase operation in two memory banks of the same flash 
memory device. An Address Input for Block Erase command 
is given to memory bank 0 in step 1902 along with the address 
of the block to be erased. An Address Input for Block Erase 
command is given to memory bank 1 in step 1904 along with 
the address of the block to be erased. A Block Erase command 
is provided to memory bank 0 in step 1906 upon receipt of 
which the block indicated in the Address Input for Block 
Erase command received in step 1902 is erased. A Block 
Erase command is provided to memory bank 10 in step 1908 
upon receipt of which the block indicated in the Address Input 
for Block Erase command received in step 1904 is erased. A 
Read Status command is given to memory bank 0 in step 1910 
and also to memory bank 1 in step 1912 to monitor the 
progression of the Block Erase operation. When the status 
returns a pass for each memory bank then the Block Erase 
operations are complete and other operation can be per 
formed by the memory banks. 
0105 FIG. 20 shows the Address Input for Block Erase 
command being given to each memory bank before the Block 
Erase command was provided to each bank. The Address 
Input for Block Erase and the Block Erase command may 
both be given to memory bank 0 before either of the com 
mands is given to memory bank 1. FIG. 21 illustrates a timing 
of the concurrent Block Erase operation in which the Address 
Input for Block Erase and the Block Erase command are 
given to memory bank 0 before either of the commands is 
given to memory bank 1 
0106 The operations that are concurrently performed by 
the memory banks are not necessarily the same operation. 
FIGS. 22 to 25 illustrate different operations being performed 
concurrently by two memory banks of the same flash memory 
device. 

0107 FIG. 22 illustrates a flow for concurrent Page Read 
and Page Program operations in two memory banks of the 
same flash memory device. A PageRead command is given to 
memory bank 0 in step 2102. While memory bank 0 is access 
ing the page indicated in the Page Read command, a Burst 
Data Load Start command is given to memory bank 1 in step 
2104 along with data that is to be programmed into memory 
bank 1. A Page Program command is given to memory bank 
1 in step 2106 to start programming of the data into memory 
bank 1. A time t is allowed to elapse in step 2108 after the 
Page Read command is given in step 2102 to allow memory 
bank 0 to retrieve the requested data before a Burst Data Read 
command is given in step 2110 to memory bank 0 to access 
the data retrieved from the Page Read operation. A Read 
Status command is given to memory bank 1 in step 2112 to 
monitor the progression of the Page Program operation. 
When the status returns a pass for memory bank 1 then the 
Page Program operation is complete and other operations can 
be performed by memory bank 1. 
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0.108 FIG. 23 illustrates a timing of the concurrent Page 
Read and Page Program operations from FIG. 22. 
0109 FIG. 24 illustrates a flow for a suspending and 
resuming operations being performed in two memory banks 
of the same flash memory device where a Page Read opera 
tion is being performed at memory bank 0 and a Page Pro 
gram operation is being performed at memory bank 1. A Burst 
Data Load Start is given to memory bank 1 in step 2302 along 
with data to the programmed into memory bank 1. Before all 
of the data in the Burst Data Load Start operation is loaded 
into memory bank 1, this operation is Suspended when a Page 
Read command is given to memory bank 0 in step 2306. After 
the Page Read command has been completely received by 
memory bank 0, and while memory bank 0 is accessing the 
requested page, the operation on memory bank 1 is resumed 
in step 2308 using a Burst Data Load operation with the 
remaining data. Once the data has been provided to memory 
bank 1, a Page Program command is given to memory bank 1 
in step 2310 to start programming of the data therein. A time 
t is allowed to elapse in step 2312 after the Page Read 
command is given to memory bank 1 in step 2306. Once to has 
elapsed, a Burst Data Read command is given to memory 
bank 0 in step 2314 to start the extraction of the requested data 
from memory bank 0. The Burst Data Read command is 
Suspended in step 2316 when a Read Status command is given 
to memory bank 1 in step 2318 to monitor the status of the 
memory bank. The Burst Data Read command is resumed in 
step 2320 once the Read Status command has been received. 
Memory bank 1 returns a pass to the Read Status command 
when the Page Program operation is complete and other 
operations can be performed by memory bank 1. 
0110 FIG. 25 illustrates a timing of the suspended and 
resumed Page Read and Page Program operations from FIG. 
24. 

0111 FIGS. 26 to 28 show interleaving of operations 
between multiple devices. FIG. 26 shows Page Read opera 
tions at both memory bank 0 and memory bank 1 of flash 
device 0 and flash device 1, a Block Erase operation at 
memory bank 0 of flash device 2. Page Program operations at 
memory bank 1 of flash device 2 and at memory bank 0 of 
flash device 3 and a Pair-pair Erase operation at memory bank 
1 of flash device 3. FIG. 27 shows Page Read operations at 
memory banks 0 and 1 of flash devices 0, 1, 2 and 3. FIG. 28 
shows a Page Program operation at memory bank 0 of flash 
device 0 followed by a Page Read operation, a Page Read 
operation followed by a Block Erase operation at memory 
bank 1 of flash device 0, Block Erase operations at memory 
bank 0 of flash devices 1 and 3 and at memory bank 1 offlash 
devices 2 and 3, a Page Program operation at memory bank 1 
of flash device 1, and a Page Read operation followed by a 
Page Program operation at memory bank 0 of flash device 2. 
0112. In the above described embodiments, the memory 
devices have been described as flash memory devices. It will 
be apparent to those of ordinary skill in the art that the 
memory devices can be random access memory devices: e.g., 
dynamic random access memories (DRAMs), static random 
access memories (SRAMs), magnetoresistive random access 
memories (MRAMs). Also, the plurality of memory devices 
included in a memory system can be devices having identical 
device type or mixed device types. A configuration of series 
connected multiple devices of mixed type is disclosed in U.S. 
Provisional Patent Application No. 60/868,773 filed Dec. 6, 
2006, the disclosure of which is incorporated herein by ref 
erence in its entirety. 
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0113. In the embodiments described above, the device 
elements and circuits are connected to each other as shown in 
the figures for the sake of simplicity. In practical applications 
these devices, elements circuits, etc., may be connected 
directly to each other or indirectly through other devices 
elements, circuits, etc. Thus, in an actual configuration, the 
elements, circuits and devices are coupled either directly or 
indirectly with each other. 
0114. The above-described embodiments of the present 
invention are intended to be examples only. Alterations, 
modifications and variations may be effected to the particular 
embodiments by those of skill in the art without departing 
from the scope of the invention, which is defined solely by the 
claims appended hereto. 
What is claimed is: 
1. A modular command structure comprising: 
a plurality of separatable commands representing a request 

for access to at least one of a plurality of memory 
devices, the plurality of separate commands including: 
an address identifier comprising a device address for the 

at least one of the a plurality of memory devices and a 
bank address for one of a plurality of memory banks in 
the at least one of the plurality of memory devices: 
and 

a command identifier representing an operation to be 
performed by the at least one of the plurality of 
memory devices. 

2. The modular command structure of claim 1, wherein the 
address identifier comprises an m-byte identifier, m being an 
integer. 

3. The modular command structure of claim 2, wherein the 
device address comprises an n-bit address and the bank 
address comprises a p-bit address, each of n and p being an 
integer. 

4. The modular command structure of claim 1, wherein the 
command identifier comprises a q-byte identifier, q being an 
integer. 

5. The modular command structure of claim 1, further 
comprising a row address specifying a row in a memory bank 
of the at least one of the plurality of memory devices to which 
the operation represented by in the command identifier is to 
be applied. 

6. The modular command structure of claim 1, further 
comprising a row address when the operation is of a deter 
mined type, the row address specifying a row in a memory 
bank of the at least one of the plurality of memory devices to 
which the operation represented by in the command identifier 
is to be applied. 

7. The modular command structure of claim 5, wherein the 
row address comprises an r-byte address, r being an integer. 

8. The modular command structure of claim 1, further 
comprising a column address specifying a column in a 
memory bank of the at least one of the plurality of memory 
devices to which the operation represented by in the com 
mand identifier is to be applied. 

9. The modular command structure of claim 1, further 
comprising a column address when the operation is of a 
determined type, the column address specifying a column in 
a memory bank of the at least one of the plurality of memory 
devices to which the operation represented by in the com 
mand identifier is to be applied. 

10. The modular command structure of claim 8, wherein 
the column address comprises an S-byte address, S being an 
integer. 
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11. The modular command structure of claim 9, wherein 
the command identifier comprises a q-byte identifier, q being 
an integer. 

12. The modular command structure of claim 9, further 
comprising a row address specifying a row in a memory bank 
of the at least one of the plurality of memory devices to which 
the operation represented by the command identifier is to be 
applied. 

13. The modular command structure of claim 9, further 
comprising a row address when the operation is of a deter 
mined type, the row address specifying a row in a memory 
bank of the at least one of the plurality of memory devices to 
which the operation represented by in the command identifier 
is to be applied. 

14. The modular command structure of claim 13, wherein 
the row address comprises an r-byte address, r being an inte 
ger. 

15. The modular command structure of claim 1, wherein 
the modular structure further comprises a column address 
specifying a column in a memory bank of the at least one 
memory device to which the operation in the command iden 
tifier is to be applied. 

16. The modular command structure of claim 1, wherein 
the modular structure further comprises a column address 
when the operation is of a determined type, the column 
address specifying a column in a memory bank of the at least 
one memory device to which the operation in the command 
identifier is to be applied. 

17. The modular command structure of claim 3, wherein: 
the m-byte identifier comprises a one-byte identifier; 
the n-bit address comprises an six-bit address; and 
the p-bit address comprises a two-bit address. 
18. The modular command structure of claim 7, wherein 

the r-byte address comprises a three-byte address 
19. The modular command structure of claim 4, wherein 

the q-byte identifier comprises a one-byte operation code. 
20. A controller for a system having a plurality of memory 

devices for storing data, the controller being in a series 
interconnection configuration for communication with the 
plurality of memory devices, the controller comprising: 

a first connection for receiving a request for access to at 
least one of the plurality of memory devices: 

a translator for translating the request to a plurality of 
separatable commands of a modular structure interpret 
able by the at least one of the plurality of memory 
devices, the plurality of separatable commands compris 
ing an address identifier for at least one of the plurality of 
memory devices and a command identifier representing 
an operation to be performed by the at least one of the 
plurality of memory devices; and 

a second connection for communication with one of the 
plurality of memory devices for issuing the plurality of 
separatable commands. 

21. A method for use in a system having a plurality of 
memory devices for storing data, the method comprising: 

receiving a request for access to at least one of the plurality 
of memory devices; 

determining whether the request includes address informa 
tion; 

identifying a plurality of operations effecting the a request 
for access to at least one of the plurality of memory 
devices; and 

providing a plurality of separatable commands of a modu 
lar structure, the plurality of separatable commands 
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including an address identifier having a device address 
for the at least one of the plurality of memory devices 
and a command identifier representing an operation to 
be performed by the at least one of the plurality of 
memory devices. 

22. The method of claim 21, wherein: 
the step of determining comprises determining whether the 

address information included in the request identifies at 
least one of the plurality of memory devices: 

the step of identifying comprises identifying the a plurality 
of operations that in combination effect the request; 

the step of providing comprises providing the plurality of 
separatable commands comprising the a device identi 
fier including the memory device address and a the 
memory bank address and the a command identifier 
comprising one of the plurality of operations, where the 
command identifier is interpretable by the at least one of 
memory devices, the plurality of separatable commands 
being issued to the plurality of memory devices. 

23. The method of claim 21, wherein: 
the step of providing comprises: 

generating an m-byte device identifier, m being an inte 
ger. 

generating an n-bit memory device address and a p-bit 
memory bank address, each of n and p being an inte 
ger, and 

generating a q-byte command identifier, q being an inte 
ger, 

further comprising 
interleaving issuance of each of the plurality of separat 

able commands having different device identifiers. 
24. The method of claim 21, wherein the at least one of the 

plurality of memory devices comprises at least two memory 
banks, the method controlling the at least two memory banks, 

the step of determining comprising determining an address 
for the at least one of the plurality of memory devices 
and an address for each of the at least two memory 
banks; 
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the step of identifying comprising identifying a plurality of 
operations that in combination effect the a request for 
access to each of the at least two memory banks; 

the step of providing comprising generating the plurality of 
separatable commands for each of the at least two 
memory banks, the plurality of separatable commands 
being issued to the at least one of memory devices. 

25. The method of claim 21, wherein: 
the step of determining comprises an address for each of 

the plurality of memory devices: 
the step of identifying comprises identifying a plurality of 

operations that in combination effect the request; 
the step of providing comprises generating the a plurality 

of separatable commands for the request for each of the 
plurality of memory devices, the plurality of separatable 
commands including the address identifier having the 
memory device address and the a command identifier 
having one of the plurality of operations, where the 
command identifier is interpretable by the at least one of 
memory devices, the plurality of separatable commands 
being issued to the at least one of the plurality of memory 
devices. 

26. Use of a modular command structure to access a plu 
rality of memory devices, the command structure comprising: 

an address identifier comprising an address for one of a 
plurality of memory devices and anbank address for one 
of a plurality of memory banks in the one of the plurality 
of memory devices; and 

a command identifier comprising an operation code repre 
senting an operation to be performed by the one of the 
plurality of memory devices. 

27. The use of claim 26, wherein the modular command 
structure comprises a plurality of separatable commands rep 
resenting a request for access to one of a plurality of memory 
devices, each of the plurality of separate commands including 
the address identifier and a command identifier comprising an 
operation code representing an operation to be performed by 
the one of the plurality of memory devices. 
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