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FLASH MEMORY SYSTEM CONTROL 
SCHEME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation application of U.S. patent 
application Ser. No. 1 1/693,027 filed on Mar. 29, 2007, which 
claims the benefit of priority of U.S. Provisional Patent Appli 
cation No. 60/788,083 filed Mar. 31, 2006, which is incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to Flash 
memory. More particularly, the present invention relates to a 
multi-device Flash memory system for mass storage applica 
tions. 

BACKGROUND OF THE INVENTION 

0003 Flash memory is a commonly used type of non 
Volatile memory in widespread use as mass storage for con 
Sumer electronics, such as digital cameras and portable digital 
music players for example. The density of a presently avail 
able Flash memory chip can be up to 32 Gbits (4GB), which 
is suitable for use in popular USB Flash drives since the size 
of one Flash chip is small. 
0004. The advent of 8 mega pixel digital cameras and 
portable digital entertainment devices with music and video 
capabilities has spurred demand for ultra-high capacities to 
store the large amounts of data, which cannot be met by the 
single Flash memory device. Therefore, multiple Flash 
memory devices are combined together into a memory sys 
tem to effectively increase the available storage capacity. For 
example, Flash storage densities of 20 GB may be required 
for Such applications. 
0005 FIG. 1 is a block diagram of a prior art Flash 
memory system 10 integrated with a host system 12. Flash 
memory system 10 includes a Flash memory controller 14 in 
communication with host system 12, and multiple non-vola 
tile memory devices 16. The host system will include a pro 
cessing device such as a microcontroller, microprocessor, or 
a computer system. The Flash memory system 10 of FIG. 1 is 
configured to include one channel 20, where memory devices 
16 are connected in parallel to channel 20. Those skilled in the 
art will understand that the memory system 10 will have any 
number of memory devices connected to it. 
0006 Channel 20 includes a set of common buses, which 
include data and control lines that are connected to all its 
corresponding memory devices. While not shown, each 
memory device is enabled/disabled with a respective chip 
select signal provided by Flash memory controller 14. The 
Flash controller 14 is responsible for issuing commands and 
data, via the channel, to a selected memory device based on 
the operation of the host system 12. Data read from the 
memory devices is transferred via the channel back to the 
Flash memory controller 14 and host system 12. Flash 
memory system 10 is generally referred to as a multi-drop 
configuration, in which the memory devices 16 are connected 
in parallel with respect to channel 20. 
0007. In Flash memory system 10, non-volatile memory 
devices 16 are identical to each other, and are typically imple 
mented as NAND Flash memory devices. Those skilled in the 
art will understand that Flash memory is organized into 
banks, and each bank is organized into blocks to facilitate 
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block erasure. Most commercially available NAND Flash 
memory devices are configured to have two banks of memory. 
Prior to a discussion of the operation of Flash memory system 
10, a brief overview of a single NAND Flash memory device 
memory core is described. 
0008 FIG. 2 is a general block diagram of one bank of a 
known NAND Flash memory. Bank 30 is organized into k+1 
blocks. Each block consists of NAND memory cell strings, 
having up to i+1 Flash memory cells serially connected to 
each other. Accordingly, wordlines WL0 to WLi are con 
nected to the gates of each Flash memory cell in the memory 
cell string. A string select device connected to signal SSL 
(string select line) selectively connects the memory cell String 
to a bitline, while a ground select device connected to signal 
GSL (ground select line) selectively connects the memory 
cell string to a source line, such as VSS. The string select 
device and the ground select device are n-channel transistors. 
There are j+1 bitlines common to all blocks of bank 30, and 
each bitline is connected to one NAND memory cell string in 
each of blocks 0 to k). Each wordline (WL0 to WLi), SSL 
and GSL signal is connected to the same corresponding tran 
sistor device in each NAND memory cell string in the block. 
As those skilled in the art should be aware, data stored in the 
Flash memory cells along one wordline is referred to as a page 
of data. 
0009 Connected to each bitline outside of the bank 30 is a 
data register 32 for storing one page of write data to be 
programmed into one page of Flash memory cells. Data reg 
ister 32 also includes sense circuits for sensing data read from 
one page of Flash memory cells. During programming opera 
tions, the data registers perform program verify operations to 
ensure that the data has been properly programmed into the 
Flash memory cells connected to the selected wordline. Pro 
gramming within a block typically starts at the page corre 
sponding to WL0, and proceeds sequentially up to WLi to fill 
the present block. Then programming continues with WL0 of 
a new block. Within a device, blocks are programmed in 
Sequence. 
0010 Returning to the Flash memory system 10 of FIG. 1, 
there are specific issues that will adversely impact perfor 
mance of the system. Some are physical while others are 
architectural. 
0011. The configuration of Flash memory system 10 
imposes physical performance limitations. With the large 
number of parallel signals running across the system, the 
signal integrity of the signals they carry will be degraded by 
crosstalk, signal skew, and simultaneous Switching noise 
(SSN). Power consumption in such a configuration becomes 
an issue as each signal track between the flash controller and 
flash memory devices is frequently charged and discharged 
for signaling. With increasing system clock frequencies, the 
power consumption will increase as well. 
0012 From an architectural perspective, programming 
operations will take too much time. A primary function of the 
Flash controller 14 is to manage the writing of data to the 
memory devices in the system. In the Flash memory context, 
writing of data is more commonly referred to as programming 
data. There are two significant issues related to Flash pro 
gramming. First, Flash programming is slow relative to Vola 
tile memories such as DRAM and SRAM, and other non 
Volatile memories such as hard disk drives. Programming 
data to Flash memory cells requires high Voltages and a 
stepped programming sequence to obtain a tight programmed 
threshold voltage distribution. In a NAND Flash memory 
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device having two banks of memory, two pages of data are 
concurrently programmed, one for each bank. Since there is 
only one data register per bank, further programming opera 
tions must wait until the current pages have been Successfully 
programmed. Therefore, programming large quantities of 
data to the Flash devices 16 may require a significant amount 
of time. 

0013. A second issue with the conventional Flash memory 
system 10 is the linear file structure of the program data. FIG. 
3 is an illustration of the conventional file structure for a Flash 
memory system 50 having four memory devices. In FIG. 3, 
each memory device 52,54, 56 and 58 has a total of n physical 
pages of storage space, which are divided among any number 
of blocks. In the presently shown example, it is assumed that 
the n pages are divided equally between two banks. Most 
Flash memory systems will store a data file consisting of a 
number of data pages, linearly within one memory device. 
For example, the first page of the data file is stored in Page 0 
of device 52, and Successive data pages are progressively 
stored in subsequent pages. Once device 52 is full, then fur 
ther data files to be stored in system 50 starts at Page 0 in 
device 54, and so forth. Arrow 60 shows the storage pattern of 
data being written to the Flash memory system 50. 
0014. This linear file structure coupled with the relatively 
long programming time per page of the data file per memory 
device, results in a Flash memory system that requires sig 
nificant time to store data. Another issue which is related to 
the linear file structure is device reliability, and more specifi 
cally, programferase wearing of one memory device relative 
to the other memory devices in the system. Program/erase 
wearing refers to a progressive degradation of a Flash 
memory cell due to cumulative program and erase operations. 
The effect of such cumulative program and erase operations is 
the alteration of the program and erase characteristics of the 
memory cell beyond optimal parameters. When memory cells 
are degraded, higher program and erase Voltages are needed 
to program or erase the memory cells to the desired threshold 
voltages. Eventually, the memory cells will fail to function 
properly. This is the reason that Flash memory are rated for a 
limited number of erase-program cycles, which is between 
10,000 and 100,000 cycles. 
0015. If for example, the first memory device 52 in FIG.3 
endures more program and erase cycles than any of the other 
memory devices, memory device 52 will likely fail before the 
others. When memory device 52 fails, the entire system 50 is 
no longer usable since the memory devices are packaged 
together and replacement of a single memory device is 
impractical. This is an unfortunate waste of memory devices, 
as the remaining devices in the system are still useful and may 
have significant life left. 
0016. An inherent technical architecture of most Flash 
memory is that the smallest unit of memory which is erasable 
is a block of memory. This means that if even one page within 
the block is to be modified, the entire block must be re 
programmed along with the new page. This is referred to as 
block re-programming, which requires significant program 
ming time and hence negatively impacts performance of the 
system. 
0017. Therefore, presently known Flash memory systems 
have slow throughput for programming data, and due to the 
unequal program and erase wearing across the devices, the 
entire system will have a lifespan limited to the first memory 
device to fail. 
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0018. It is, therefore, desirable to provide a high speed 
Flash memory system architecture having a scheme for maxi 
mizing the lifespan of the system. 

SUMMARY OF THE INVENTION 

0019. It is an object of the present invention to obviate or 
mitigate at least one disadvantage of previous control 
schemes for Flash memory systems. In particular, it is an 
object of the present invention to improve Flash memory 
system programming throughput by interleaving program 
ming operations in each Flash memory device of the system. 
0020. In a first aspect, the present invention provides a 
method for controlling first and second Flash memory devices 
connected to a channel. The method includes executing a first 
operation in the first Flash memory device in response to a 
first command, and initiating a second operation in the second 
Flash memory device in response to the a second command, 
while the first Flash memory device is executing the first 
operation. 
0021. In an embodiment of the present aspect, the first 
Flash memory device and the second Flash memory device 
are serially connected to each other, and the second command 
is passed to the second Flash memory device through the first 
Flash memory device before the step of initiating. In further 
embodiments, the step of executing the first operation 
includes programming at least one page of a data file in the 
first memory device. The second operation includes initiating 
programming of at least one other page of the data file in the 
second memory device, while the method further includes 
initiating a third operation in the first Flash memory device in 
response to a third command. The second operation includes 
initiating a read operation of data in the second memory 
device or initiating an erase operation in the second memory 
device. In yet another embodiment, executing the first opera 
tion includes one of a read operation and an erase operation in 
the first memory device. 
0022. In a second aspect, the present invention provides a 
method for high speed wear leveling programming in a Flash 
memory system having a plurality Flash memory devices. 
The method includes receiving a data file having k pages, k 
being an integer greater than 0; selecting a programming 
profile corresponding to the size of k and configuration 
parameters of the Flash memory system; and programming at 
least one of the k pages of the data file in each of to at least two 
of the plurality of Flash memory devices in accordance with 
the selected programming profile. 
0023. According to an embodiment of the present aspect, 
the configuration parameters includes j Flash memory 
devices, and each of the Flash memory devices have i pages 
per block, wherejandi are integer values greater than 0. The 
step of selecting includes calculating a ceiling function of Z. 
where Z-k/i, and the programming profile includes a single 
file structure for storing k pages of the data file in Z of Flash 
memory devices when Z is less than or equal to j. The step of 
programming includes sequentially providing program com 
mands to each of the Z Flash memory devices for program 
ming the k pages, where each program command programs 
the at least one of the k pages. 
0024. In another embodiment of the present aspect, the 
programming profile includes a multiple file structure when Z 
is greater thanj. The multiple file structure includes storing m 
units of ji pages of the data file in Flash memory devices, 
and storing k-(m(*i)) pages of the data file in Z of Flash 
memory devices when Z is less than or equal to j, where m is 
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an integer value greater than 0. The step of programming 
includes sequentially providing program commands to each 
of the Flash memory devices for programming the ji pages 
of the data file, where each program command programs the 
at least one of the k pages. The step of programming further 
includes sequentially providing program commands to each 
of the Z Flash memory devices for programming the k-(m 
(i)) pages, where each program command programs the at 
least one of the k pages. 
0025. In a third aspect, the present invention provides a 
data file storage architecture for a memory system having at 
least two memory devices connected to the same channel. The 
data file storage architecture includes portions of the data file 
stored in two of the at least two memory devices. According 
to embodiments of the present aspect, the portions are Sub 
stantially equal in size to each other, and the portions are 
stored in each of the at least two memory devices of the 
memory system. 
0026. In a fourth aspect, the present invention provides a 
method for high speed wear leveling programming in a Flash 
memory system having Flash memory devices, where each 
of the Flash memory devices has i pages per block, where 
and i are integer values greater than 0. The method includes 
receiving a data file having k pages, k being an integergreater 
than 0; providing commands for programming k pages within 
Z of memory devices if a ceiling function of Zk/i is less than 
or equal to j; providing commands for programming ri pages 
within j memory devices if the ceiling function of Z=k/i is 
greater thanj; updating k by setting k-k-(*i); and repeating 
the step of programming updated k pages. 
0027. In a fifth aspect, the present invention provides a 
Flash memory system. The Flash memory system includes a 
controller, a first Flash memory device, and a second Flash 
memory device. The controller has a channel for providing a 
first command and a second command. The first Flash 
memory device is coupled to the channel for executing a first 
operation in response to the first command. The second Flash 
memory device is coupled to the channel for initiating a 
second operation in response to the second command while 
the first Flash memory device is executing the first operation. 
0028. According to embodiments of the present aspect, 
the first Flash memory device and the second Flash memory 
device are serially connected to each other, and the second 
command is passed to the second Flash memory device 
through the first Flash memory device. The first operation 
includes a programming operation, and the first Flash 
memory device programs at least one page of a data file. The 
second operation includes another programming operation, 
and the second Flash memory device programs at least one 
other page of the data file. 
0029. 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 

0030 Embodiments of the present invention will now be 
described, by way of example only, with reference to the 
attached Figures, wherein: 
0031 FIG. 1 is a block diagram of a prior art Flash 
memory system; 
0032 FIG. 2 is a schematic of a prior art NAND Flash 
memory core; 
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0033 FIG. 3 is an illustration of a conventional file struc 
ture for a Flash memory system; 
0034 FIG. 4 is a block diagram of a Flash memory system 
according to an embodiment of the present invention; 
0035 FIG. 5 is a timing diagram of program commands 
issued by the Flash controller of FIG. 4, according to an 
embodiment of the present invention; 
0036 FIG. 6 is a timing diagram showing program com 
mands received by each memory device of the Flash memory 
system in FIG. 4; 
0037 FIG. 7 is a flow chart illustrating a high speed inter 
leaved programming method, according to an embodiment of 
the present invention; 
0038 FIG. 8 is a graphical illustration of a file structure in 
the Flash memory system in FIG. 4 resulting from the high 
speed interleaved programming method of FIG. 7; 
0039 FIG. 9 is a flow chart illustrating a high speed wear 
leveling programming method, according to an embodiment 
of the present invention; and 
0040 FIG. 10 is a timing diagram showing interleaved 
program and read operations. 

DETAILED DESCRIPTION 

0041) A Flash memory system architecture having serially 
connected Flash memory devices to achieve high speed pro 
gramming of data. High speed programming of data is 
achieved by interleaving pages of the data amongst the 
memory devices in the system, such that different pages of 
data are stored in different memory devices. A memory con 
troller issues program commands for each memory device in 
a bitstream having one or more signal lines. As each memory 
device receives a program command, it either begins a pro 
gramming operation or passes the command to the next 
memory device. Therefore, the memory devices in the Flash 
system sequentially program pages of data one after the other, 
thereby minimizing delay in programming each page of data 
into the Flash memory system. The memory controller 
executes a wear level control algorithm to optimize program 
ming performance and endurance for data of any size. 
0042 FIG. 4 is a block diagram of a Flash memory system 
having serially connected memory devices for executing high 
speed data programming operations with wear level control, 
according to an embodiment of the present invention. Flash 
memory system 100 includes a Flash memory controller 102 
in communication with host system 104, and four serially 
connected Flash memory devices 106, 108, 110 and 112. 
While four memory devices are shown in the present embodi 
ment, the embodiments of the present invention will be effec 
tive for memory systems having at least two memory devices. 
Each of the four Flash memory devices have a serial input/ 
output interface circuit for facilitating serial operation 
between memory devices. An example of a Such a Flash 
memory device is described in commonly owned U.S. patent 
application Ser. No. 1 1/324,023, filed on Dec. 30, 2005, and 
commonly owned U.S. patent application Ser. No. 1 1/496, 
278, filed on Jul. 31, 2006., the contents of which are incor 
porated herein by reference. The Flash memory device of 
U.S. patent application Ser. No. 1 1/324,023 is referred to as a 
multiple independent serial link device (MISL). As in the 
system shown in FIG. 1, the host system will include a pro 
cessing device such as a microcontroller, microprocessor, or 
a computer system. 
0043. Flash memory device 106 is the first device in the 
chain, and receives commands, such as read, program and 
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erase commands, from Flash memory controller 102. In the 
MISL Flash device of U.S. patent application Ser. No. 
1 1/324,023, all commands, data and address information are 
received as a serial bitstream. The commands include data 
information, address information, and any other information 
required by the memory device for executing a particular 
operation. As each Flash memory device should include flow 
through logic circuitry, any received command not intended 
for a particular device is passed to the next Flash memory 
device, and so forth, until it is acted upon by the intended 
Flash memory device. The last Flash memory device 112 in 
the chain has outputs connected to the Flash memory control 
ler 102, for providing read data in response to a read com 
mand. The presently shown embodiment of FIG. 4 has one 
channel for sending and receiving data from the chain of 
Flash memory devices. Those skilled in the art will under 
stand that Flash memory controller 102 will optionally have 
multiple channels for accommodating a corresponding num 
ber of Flash memory device chains. Since each Flash memory 
device is preferably positioned in close proximity with the 
other, conducting wires interconnecting the Flash memory 
devices to each other will be minimized. Therefore, there are 
no physical performance limitations related to bus line length, 
as in Flash memory system 10 of FIG. 1. 
0044 As previously discussed, the Flash memory control 
ler102 is responsible for issuing program commands for each 
Flash memory device. For high speed programming of data 
according to an embodiment of the present invention, pages 
of a data file are programmed to different memory devices. 
This is done by issuing program commands serially one after 
the other to initiate program operations in each Flash memory 
device in rapid succession. FIGS. 5 and 6 will help illustrate 
how Such high speed programming is achieved. 
0045 FIG. 5 is a timing diagram illustrating the issuance 
of program commands by the Flash memory controller 102 
for maximizing overall programming speed for the Flash 
memory system 100, according to an embodiment of the 
present invention. In the presently shown example, four pro 
gram commands DataO. Data1). Data2 and DataI3 are 
issued serially at respective time periods t1 to ta by Flash 
memory controller 102 to program one data file. The identi 
fication number within square brackets for each program 
command indicates the sequential order the program com 
mand was issued from the Flash memory controller102. Each 
programming command will include, but is not limited to, a 
command 200 and at least one page of data 202 for a specific 
memory device. The command 200 includes an address to 
which the page of data is to be programmed, and a device 
identifier for matching the programming command to the 
specific memory device. Flash memory devices 106, 108,110 
and 112 are responsive to program commands DataO. Data 
1. Data2 and Data 3 respectively. Since the Flash 
memory devices are serially connected and the program com 
mands are issued serially, the core programming operations 
of each Flash memory device overlap with the operations of 
the subsequent Flash memory device, with the exception of 
the last Flash memory device that receives a programming 
command. 

0046. If it is assumed that each programming command 
requires about 85 microseconds to transfer to the memory 
device (time t1), then the total sequence for transferring the 
four program commands will require 4x85 microsec 
onds 340 microseconds. The time required for programming 
the at least one page of data per memory device is fixed, and 
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assumed to be about 200 microseconds. Therefore, the total 
elapsed time for programming all the data to the Flash 
memory system 100 will be about 340 microseconds--200 
microseconds=540 microseconds. The 200 microsecond pro 
gramming time is contributed by the last memory device to 
receive a programming command. In contrast, programming 
4 pages to the same memory device will take 1140 microsec 
onds. The overlapping programming operations of the Flash 
memory devices is more clearly shown in the expanded tim 
ing diagram of FIG. 6. 
0047 FIG. 6 is an expanded timing diagram showing the 
operations of Flash memory devices 106, 108, 110 and 112 in 
response to respective program commands DataO. Data 1. 
Data2 and Data3. The time periods t1 to ta correspond to 
the same time periods shown in FIG. 5. The programming 
sequence of FIG. 6 will now be described with reference to 
the flow chart of FIG. 7. The Flash system programming 
control embodiment described in FIG. 7 will be referred to as 
a high speed interleaved programming method, whereby pro 
gramming operations are interleaved between different 
memory devices. The method begins at step 300 where at 
least two program commands are provided serially to the first 
memory device 106 in the system. The first program com 
mand corresponds to program command DataO while the 
second program command corresponds to program command 
Data1). At step 302, memory device 106 receives program 
command DataO during a first time period t1, which is 
followed by a program operation at step 304. During time 
period t1, program command DataO is transferred to 
memory device 106 while memory devices 108, 110 and 112 
remain in a no operation (NOP) state. 
0048. As soon as program command DataO has been 
transferred to memory device 106, the second program com 
mand Data1 is received by memory device 108 during a 
second time period t2 at step 306. A program operation fol 
lows at step 308, and because the programming operation for 
memory device 106 has already commenced at the end of 
time period t1, there is a period of time where both memory 
devices 106 and 108 are executing programming operations 
at the same time. The process would repeat in the same 
manner for the next program command and memory device. 
In the present example, programming operations in memory 
devices 106 and 108 will have been completed by the end of 
time period ta. The programming operation in memory 
device 110 will be completed as the programming operation 
in memory device 112 continues. 
0049. The above example presents a scenario where the 

first memory device to receive a command is 106. Alternately, 
any one of the memory devices in the system can be the first 
memory device to receive the first program command. A fifth 
program command is issued to memory device 106 after time 
period ta, provided that device 106 has finished its program 
ming operation. Those skilled in the art will understand that 
different Flash memory devices will have varying program 
ming times. In the presently shown example of FIG. 6, 
memory device 106 has finished programming its data at the 
beginning of time period tak, therefore it is ready to receive the 
next program command Data4 as soon as memory device 
112 has finished receiving program command DataI3). If the 
Flash memory device has a very long core programming time, 
then the Flash memory controller will need to wait until 
memory device 106 has completed programming operations 
before issuing the Data4 program command. Flash memory 
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devices will typically provide a ready status signal to the 
Flash memory controller to indicate when a programming 
operation is completed. 
0050 FIG. 8 is a graphical file structure illustration of 
Flash memory devices 106, 108, 110 and 112 after the high 
speed programming sequence described in FIG. 6 and FIG. 7 
has been executed for program commands DataO. Data 1. 
Data2). Data3 and Data4. The file structure shown in FIG. 
8 assumes that memory blocks of devices 106, 108 and 112 
are empty prior to programming. This is why pages are pro 
grammed to physical page 0 of these devices. In memory 
device 110 on the other hand, the memory block may have 
other data in physical pages 0 and 1. Therefore, Data2 is 
programmed to the next available page in the block, which is 
in physical page 2. As shown in FIG. 8, physical page 1 of 
memory device 106 is the last page to be programmed in the 
presently shown high speed programming sequence. The next 
programming sequence will start programming data at physi 
cal page 1 of memory device 108, and will proceed in the 
same manner as previously described for the programming 
sequence shown in FIG. 6. Therefore, maximum program 
ming speed of Flash memory system 100 is obtained when 
program commands are serially issued to consecutive serially 
connected memory devices. In otherwords, a file structure in 
which data is distributed across the maximum number of 
memory devices in the serially interconnected Flash memory 
system will result in highest speed programming of a data file. 
It should be noted that data does not necessarily need to be 
programmed in the same physical page number across all the 
memory devices. 
0051 While high speed programming is beneficial to sys 
tems using Flash memory system 100, some systems may 
require maximized endurance of the Flash memory system 
100. The file structure shown in FIG. 8 will not maximize 
programferase wear across all memory devices, mainly due to 
the block erase architecture of Flash memory devices. For 
example, if a 20 page data file is interleaved programmed 
across one block in each memory device, then there is a 
possibility that all four memory devices will need to perform 
a block erase before updating the data file. In contrast, if all 20 
pages were stored in one block of one memory device, then 
only that block needs to be erased. 
0052. Therefore, according to another embodiment of the 
invention, the above described high speed programming con 
trol method is adjusted to minimize programferase wear, or to 
optimize programming performance and program/erase 
wear. More specifically, the Flash controller 102 of FIG. 4 
executes a program control algorithm for optimizing program 
performance and program/erase wear based on predeter 
mined criteria. This predetermined criteria will include char 
acteristics of the data to be programmed and characteristics of 
the memory devices of the Flash memory system. Data char 
acteristics include the number of pages of the data to be 
programmed, and memory device characteristics include the 
number of pages per block. 
0053 FIG.9 is a flow chart illustrating an embodiment for 
programming multiple Flash memory devices in a Flash 
memory system with high speed and with wear leveling con 
trol. This program control embodiment will be referred to as 
a high speed wear leveling programming method. Wear lev 
eling refers to a scheme for prolonging the life of the Flash 
memory system. The presently described embodiment will 
optimize wear leveling and performance for any data file to be 
programmed, by using a variety of programming profiles. A 
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programming profile generally corresponds to a program 
ming sequence for storing pages of a data file with a specific 
file storage structure. Ultimately, the programming profile 
distributes pages of the data file across the memory devices of 
the Flash memory system. The presently described method is 
executable by a memory controller, such as Flash controller 
102 of FIG. 4, in a system of serially connected memory 
devices. 

0054 The high speed wear leveling programming method 
starts at step 400 where a variable i is set to be the number of 
pages per block in each memory device of the Flash memory 
system, and a variable j is set to be the number of memory 
devices in the Flash memory system. It is presumed that all 
the memory devices in the Flash memory system are identical 
to each other, and have the same block size. This information 
is pre-programmed into the memory controller. At step 402, a 
data file consisting of a number of pages k, is received by the 
memory controller for programming. Proceeding to step 404. 
a calculation is made to determine if k is less than or equal to 
i. If k is less than or equal to i, meaning that the data file is less 
than or equal to one block of storage space in a memory 
device, then allk pages of the data file are programmed to one 
block of one memory device at step 406. This is an example of 
a programming profile having a single file structure. The 
memory controller selects the specific memory device to 
which the data file will be programmed to in accordance with 
one or more selection parameters. For example, one selection 
parameter is the memory device with the highest number of 
remaining program/erase cycles, while another selection 
parameter includes the last memory device to be programmed 
tO. 

0055. On the other hand, if k is greater thani, meaning that 
the data file includes more pages than one block of storage 
space in a memory device, then the method proceeds to step 
408. At step 408, a calculation is made to determine if k?i is 
less than or equal to j. It should be noted that the calculation 
of k?i should yield integer numbers only. Since the present 
method determines the minimum number of blocks required 
for storing the k data, a non-integer result having a whole 
number and decimal portion (ie. a real number) indicates that 
one block more than the whole number is required. This is 
done through known mathematical functions such as a ceiling 
function. Those skilled in the art will understand that a ceiling 
function returns the Smallest integer that is not less than the 
real number. On the other hand, a direct integer result from k/i 
does not require further mathematical processing. From this 
point forward, reference to the k?i result will presume that a 
ceiling function has been applied to it. 
0056. If the k?i integer value is less than j, the number of 
memory devices in the Flash memory system, then the k 
pages of the data file are interleave programmed between k/i 
memory devices in step 410. This is another example of a 
programming profile having a single file structure. The inter 
leave programming will proceed as previously described in 
the method of FIG. 7. In a practical example, if i=32.j=4 and 
k=61, then k/i=1.90. Since k?i results in a real number, a 
ceiling function applied to 1.90 results in the integer number 
2. Hence in step 410, all k=61 pages are interleave pro 
grammed across 2 memory devices. The memory controller 
selects any two memory devices in the Flash memory system, 
whether they are directly connected together or indirectly 
connected together. Two indirectly connected memory 
devices can have at least one intervening memory device 
connected between them. Since the data file is programmed 
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within two memory devices, about half of the pages are pro 
grammed in one memory device and the remainder is stored 
in the other memory device. 
0057. If k?i is at least j, the number of memory devices in 
the system, then different optimization programming 
sequences, will be used for programming differently sized 
groups of the data file. More specifically, very large data files 
are treated as multiple units of smaller data files, which are 
programmed according to any one of the previously described 
programming sequences. Continuing at step 412, all page 
locations in one block of each memory device is programmed 
with ji pages of the k pages of the data file, according to the 
interleaved programming sequence of step 410. Following at 
step 414, the number of pages k is updated by setting it equal 
to k-(*i). Therefore, the remaining number of pages to be 
programmed is calculated. The method loops back to step 404 
to repeat the decision tree processing and programming 
sequences based on the updated value of k. In Summary, the 
present method will iteratively program multiple units of ji 
pages of the data file using the same file structure for each unit 
of ji pages, and then program the remaining k-(i) pages 
using a different file structure. Hence the present method has 
a programming profile consisting of multiple file structures 
for the data file. 

0058. A practical example will now be used to illustrate 
this embodiment. If i=32, j=4 and k=192, then the first 128 
pages will be programmed across all the memory devices as 
described in step 412. At step 414, k is updated to be 192 
(128) 64. Then the remaining 64 pages are programmed 
across two memory devices as described in step 410. As 
previously mentioned, any two memory devices are selected 
for programming the remaining 64 pages. While the presently 
described embodiment illustrates a method where program 
ming is followed by recalculation of k, the entire sequence 
can be determined by the Flash controller in advance and 
before any programming operations begin by employing the 
above described calculations. While it is presumed that the 
first pages of the data file to be programmed are the ji pages, 
the first pages to be programmed can be the k-(i) pages 
instead, followed by the multiple units of ji pages. 
0059. The presently described high speed wear leveling 
programming method has been described for a Flash memory 
system having a single channel. Such as the embodiment 
shown in FIG. 4. The previously described embodiments of 
the invention are executed in a Flash memory system having 
two or more channels. In Such alternate embodiments, at least 
two data files are concurrently programmed; a first data file in 
one channel and a second data file in another channel. 
0060 Additionally, the present embodiment has been 
described in operation with memory devices having a single 
memory bank. Of course, memory devices having two or 
more memory banks can be used. With two memory banks, 
there will be two available page buffers for storing up to two 
pages of data. In a multi-bank device configuration, several 
programming options are available. In a first option, all the 
pages of data to be programmed to one memory device are 
programmed to one block within one bank of the memory 
device. The operation would be analogous to a memory 
device having only one memory bank. In a second option, two 
pages of the data file are loaded into one memory device 
concurrently, or in a single program command. This will 
effectively increase programming throughput as each 
memory device will program two pages at the same time. In a 
third option, programming operations are interleaved 
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between banks of the memory devices. For example, pro 
gramming pages to two memory devices will proceed in the 
following sequence: device 1 bank 1, device 2 bank 1, 
device 1 bank 2, and device 2 bank 2. The programming 
sequence should be obvious for memory devices having more 
than 2 banks. 
0061 Furthermore, while the previously described high 
speed wear leveling programming method has been described 
for Flash memory systems having serially connected, or 
daisy-chained memory devices, the embodiments are appli 
cable to multi-drop configured Flash systems such as the one 
shown in FIG. 1. This is done by enabling the appropriate 
memory device and providing the corresponding command 
data onto the common busses at different times. 
0062. The previously described embodiments of the 
invention illustrate examples where programming operations 
in the Flash memory system of FIG. 4 are interleaved. 
According to another embodiment of the invention, inter 
leaved program and read operations are executed by the Flash 
memory system of FIG. 4. 
0063 FIG. 10 is a timing diagram illustrating high speed 
interleaved read and program operations for the Flash 
memory system of FIG. 4. In this example, memory devices 
106 and 112 are to be programmed with data, while memory 
devices 108 and 110 are to provide read data. During time 
period t1, memory device 106 receives a program command 
DataO, and then immediately commences core internal 
sequences for programming the data. At the beginning of time 
period t2, a read command is received by memory device 108, 
and internal data transfer operations (Xfer) proceed. An inter 
nal data transfer operation will take 20 micro seconds for 
example, for reading out the data and loading the data regis 
ters, after which time the Flash controller will issue the read 
command for memory device 110 at the beginning of time 
period t3. An internal NOP period 500 is entered by memory 
device 108 to allow flow-through of a command to a down 
stream memory device before outputting data from its data 
registers. 
0064 Memory device 110 will commence its internal data 
transfer operation after receiving its respective read com 
mand. However, now that the signal lines between memory 
devices 108 and 110 are unused, upstream memory device 
108 will begin outputting the data in its data registers to 
memory device 110, which passes the data through to 
memory device 112. This is done in a sequential manner, for 
example. At the end of time period t3, memory device 108 
will have finished outputting all its read data, thereby allow 
ing memory device 110 to start outputting its read data at the 
start of time period ta. Since memory device 110 cannot 
output its data until memory device 108 has finished output 
ting its data, an internal NOP period 502 is entered. At the end 
of time period ta, the signal lines between memory devices 
110 and 112 will be unused as all the data from memory 
device 110 has been outputted through memory device 112. 
Hence at the beginning of time period t5, memory device 112 
will receive program command Data 1. 
0065 While interleaved read and program operations have 
been illustrated, interleaved read, program and erase opera 
tions are executable in any combination. 
0066. The previously described high speed interleaved 
programming method is used to maximize programming per 
formance in a Flash memory system having serially con 
nected memory devices. High speed interleaved program 
ming is applied to data files of any size. However, to improve 
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endurance of all the memory devices, a high speed wear 
leveling programming method is used to distribute the pages 
of a data file with a file structure based on a size of the data file. 
While the embodiments are directed to Flash memory 
devices, the embodiments of the invention are applicable to 
other memory devices in which pages of data files are pro 
grammed or written to at least two memory devices. 
0067. In the preceding description, for purposes of expla 
nation, numerous details are set forth in order to provide a 
thorough understanding of the embodiments of the invention. 
However, it will be apparent to one skilled in the art that these 
specific details are not required in order to practice the inven 
tion. In other instances, well-known electrical structures and 
circuits are shown in block diagram form in order not to 
obscure the invention. For example, specific details are not 
provided as to whether the embodiments of the invention 
described herein are implemented as a software routine, hard 
ware circuit, firmware, or a combination thereof. 
0068 Embodiments of the invention can be represented as 
a software product stored in a machine-readable medium 
(also referred to as a computer-readable medium, a processor 
readable medium, or a computer usable medium having a 
computer-readable program code embodied therein). The 
machine-readable medium can be any suitable tangible 
medium, including magnetic, optical, or electrical storage 
medium including a diskette, compact disk read only memory 
(CD-ROM), memory device (volatile or non-volatile), or 
similar storage mechanism. The machine-readable medium 
can contain various sets of instructions, code sequences, con 
figuration information, or other data, which, when executed, 
cause a processor to perform steps in a method according to 
an embodiment of the invention. Those of ordinary skill in the 
art will appreciate that other instructions and operations nec 
essary to implement the described invention can also be 
stored on the machine-readable medium. Software running 
from the machine-readable medium can interface with cir 
cuitry to perform the described tasks. 
0069. The above-described embodiments of the invention 
are intended to be examples only. Alterations, modifications 
and variations can 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. 
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What is claimed is: 
1. A method for programming in a Flash memory system 

having a plurality Flash memory devices, the method com 
prising: 

receiving a data file having a plurality of pages; 
if all of the plurality of pages of the data file can fit into a 

single block of one of the plurality of Flash memory 
devices, programming all of the plurality of pages of the 
data file into the single block of the one of the plurality 
of Flash memory devices; 

otherwise, if all of the plurality of pages of the data file can 
fit into a plurality of blocks including one block in each 
of the plurality of memory devices, interleave program 
ming all of the plurality of pages of the data file across 
the plurality of blocks including one block in each of the 
plurality of memory devices; and 

otherwise, interleave programming a subset of the plurality 
of pages of the data file into a plurality of blocks includ 
ing one block in each of the plurality of memory devices 
and removing the subset of the plurality of pages of the 
data file from the data file. 

2. The method as claimed in claim 1 further comprising 
repeating interleave programming of the subset of the plural 
ity of pages of the data file into the plurality of blocks includ 
ing one block in each of the plurality of memory devices and 
removing the subset of the plurality of pages of the data file 
from the data file. 

3. The method as claimed in claim 1 further comprising 
selecting the single block of the one of the plurality of Flash 
memory devices according to a highest number of remaining 
program/erase cycles remaining for the memory device. 

4. The method as claimed in claim 1 further comprising 
selecting the single block of the one of the plurality of Flash 
memory devices according to a last memory device pro 
grammed. 

5. The method as claimed in claim 1 wherein interleave 
programming comprises sequentially providing program 
commands to each of the plurality of memory devices. 

6. The method as claimed in claim 5, wherein the sequen 
tially provided program commands are executed in overlap 
ping time periods. 


