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HYBRID SOLID-STATE MEMORY SYSTEM HAVING VOLATILE AND NON-VOLATILE
MEMORY

[0001] The present invention relates generally to a solid-state memory system, and specifically

to a hybrid solid-state memory system that comprises both volatile and non-volatile memory.

BACKGROUND
[0002] The most common mass storage system in computer systems today is a hard disk drive
(HDD) that uses one or more rotating disks and records data magnetically. Although HDDs are

capable of storing a large amount of information, they have disadvantages compared to solid-
state memories. Specifically, HDDs have a slower read/write speed, higher power consumption,

larger system size, and lower tolerance to mechanical shock.

[0003] Solid-state memories are data storage devices that use memory chips to store data. Non-
volatile solid-state memories, such as flash memory for example, are becoming increasingly
popular as their memory density increases. It is envisioned that eventually solid-state memories
will replace HDDs in mobile computers, such as notebook computers, because of their

advantages, as discussed above.

[0004] However, there are known problems associated with the use of flash memory. One
known problem is flash memory cells have a limited number of rewrite cycles. For example,
typical maximum number of rewrite cycles range between 100,000 and 1,000,000 cycles.
Further, in order to meet memory density and low cost requirements, multilevel cell (MLC)
technology will likely be employed. However, MLC typically reduces the maximum number ot

rewrite cycles per flash memory cell by two orders of magnitude, for example from 1,000,000
cycles to 10,000 cycles.

[0005] Another issue with flash memory 1s a size mismatch between read/program and erase
operations. Specifically, in flash memory, read and program operations are executed on a page
basis, while erase operations are executed on a block basis. Therefore the minimum erasable
size 1s typically 16 to 64 times larger than the read/program size. Since memory cells in flash
memory devices must be erased before being programmed with new data, an entire block has to
be erased in order to write a new page. This further exacerbates the problem of having a limited

number of rewrite cycles.
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[0006] Accordingly, a number of solutions have been proposed to address these issues. Many of
these attempted solutions are described in U.S. Patent No. 6,763,424 issued to Conley.
However, while these solutions provide certain improvements, they still require a significant

number of pages to be rewritten.

[0007] Accordingly it can be seen that there is a need for a memory system that further reduces
the number of read/write operations performed by the flash memory, thereby extending a life

expectancy of the memory system.

SUMMARY

[0008] It is an object of the present invention to obviate or mitigate at least some of the above-
mentioned disadvantages. Accordingly, a solid-state memory storage system is provided that
combines both volatile memories, such as Dynamic Random Access Memory (DRAM) and
Static Random Access Memory (SRAM), and non-volatile memories, such as tlash memory.
The memories are combined in a manner that takes advantage of the benefits of each type of
memory to improve the overall system performance and improve the life expectancy of the

storage device.

[0009] In accordance with an aspect of the present invention, there 1s provided a solid-state
memory system comprising: a volatile solid state memory; a non-volatile solid-state memory; a
memory controller configured to store write data in the volatile memory, the memory controller
being further configured to transfer data from the volatile memory to the non-volatile memory 1n

response to a data transfer request.

[0010] In accordance with a further aspect of the present invention, there is provided a method
for storing data in a solid-state memory system comprising a volatile solid-state memory, a non-
volatile solid-state memory, and a memory controller, the method comprising the steps of:
receiving a command to store write data; storing the write data in the volatile memory 1n
response; and transferring data from the volatile memory to the non-volatile memory in response

to a data transfer request.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Embodiments of the present invention will now be described with reference to the

following drawings 1in which:

Figure 1 1s a block diagram illustrating a solid-state memory system; )

5 Figure 2a is a block diagram illustrating a memory cell array structure having a plurality
of blocks;

Figure 2b is a block diagram illustrating a block structure having a plurality of pages;

Figure 2c¢ 1s a block diagram illustrating a page structure;

Figures 3a and 3b are memory space maps of a volatile and non-volatile memory,

10 respectively;

Figures 4 and 5 are flow diagrams illustrating a process implemented by the solid-state
memory system,;

Figure 6 1s a block diagram of a solid-state memory system using a common bus to
communicate with a plurality of memory devices;

15 Figure 7 1s a block diagram of a solid-state memory system using a plurality of common
buses to communicate with a plurality of memory devices;

Figure 8 1s a block diagram of a solid-state memory system using a plurality of common
buses to communicate with a plurality of memory devices, each bus
communicating with one type of memory device;

20 Figure 9 1s a block diagram of a solid-state memory system using a daisy chain structure
to communicate with a plurality of memory devices;

Figure 10 1s a block diagram of a solid-state memory system using a plurality of chains to
communicate with a plurality of memory devices; and

Figure 11 1s a block diagram of a solid-state memory system using a plurality of chains to

25 communicate with a plurality of memory devices, each chain communicating with

one type of memory device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0012] For convenience, like numerals in the specification refer to like structures in the
drawings. Referring to Figure 1 a block diagram of solid-state memory system 1is illustrated

30 generally by numeral 100. The solid-state memory system 100 comprises a memory controller
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102 and a solid-state memory 104. External devices 106 communicate with the solid-state

memory 104 via the memory controller 102.

[0013] In the present embodiment, the memory'controller 102 includes a virtual mapping system
108 (or simply mapping system 108). The mapping system 108 is used to map a logical address

5  associated with the request to a physical address associated with the solid-state memory 104.

[0014] The solid-state memory 104 includes volatile memory 104a and non-volatile memory
104b. As will be appreciated, both the volatile memory 104a and the non-volatile memory 104b

can include one or more memory devices.

[0015] In the present embodiment, the volatile memory 104a comprises DRAM memory and the

10 non-volatile memory 104b comprises NAND flash memory. However it will be appreciated that

other types of both volatile and non-volatile memory 104a and 104b may be used.

[0016] Since the solid-state memory system 100 includes volatile memory, 1t may also
incorporate an internal battery (not shown) to retain data. If power to the solid-state memory
system 100 is lost, the battery would maintain sufficient power to copy data from the volatile
15  memory 104a to the non-volatile memory 104b. More commonly, however, battery power will

be provided as part of an external system.

[0017] Reterring to Figure 2a, a block diagram illustrating a memory cell array structure 1s
shown generally by numeral 200. The cell array 200 comprises n erasable blocks 202, labelled
trom Block 0 to Block n-1.

20 [0018] Referring to Figure 2b, a block diagram illustrating a cell array block 202 in more detail
1s shown. Each block 202 comprises m programmable pages 252, labelled from Page O to Page

m-1.

[0019] Referring to Figure 2c¢, a block diagram illustrating a programmable page 252 in more
detail 1s shown. Each page 252 comprises a data field 262 for storing data and a spare field 264
25 for storing additional information related to the data, such as error management functions. The

data field comprises j bytes (B) and the spare field 264 comprises k& bytes (B).

[0020] Accordingly, it can be seen that each page 252 comprises (j + k) bytes (B). Each block
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202 comprises m pages 252 and, thus, one block 202 is (j + k) * m bytes (B). Further, a total
memory size for the cell array 200 of n blocks 202 is (j + k) * m * n bytes (B). For convenience,

the followingabbreviations are used: 1B = 8 bits; 1K = 1024; 1M = 1024K; and 1G = 1024M.

[0021] Referring to Figures 3a and 3b, block diagrams illustrating volatile 104a and non-volatile

104b memory, respectively, in accordance with the present embodiment are shown. The
following description provides exemplary sizes for pages, blocks and cells. However, it will be
appreciated that these size can vary greatly for different implementations and will continue to
change as technology advances. Further, it will be appreciated that volatile memory 104a, such
as DRAM for example, does not necessarily have a block and page structure. Accordingly, any
data temporarily stored in the volatile memory 104a may also include a corresponding block
address and/or a page address. The block address and/or page address is referred to when the
data is transferred into the non-volatile memory 104b. Therefore as long as the data in the
volatile memory 104a is block and page addressable, the volatile memory 104a itself need not be

physically mapped onto the non-volatile memory 104b.

[0022] In the present embodiment, the size of the page 252 is the same for both the volatile 104a
and non-volatile 104b memory. Specifically, the page 252 comprises 2112B; 2048B for the data

field 262; and 64B for spare field 264.

[0023] Further, the size of the block 202 is the same for both the volatile 104a and non-volatile

104b memory. Specifically, since each block 202 includes 64 pages 252, each block 202
comprises 132KB; 128KB for the data field 262; and 4KB for spare field 264.

[0024] In accordance with the present embodiment, the number of blocks 202 in the volatile
memory 104a 1s fewer than the number of blocks 202 in the non-volatile memory 104b.
Specifically, the volatile memory 104a comprises 8K blocks and the non-volatile memory 104b
comprises 256K blocks. Therefore, the volatile memory 104a comprises 1,056MB; 1GB for the
data field 262; and 32MB for the spare field 264. The non-volatile memory 104b comprises '
33GB; 32GB for the data field 262; and 1GB for spare field 264.
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[0025] For clarity, general operation of NAND flash devices is described as follows. Read and
program operations are executed on a page basis while erase operations are executed on a block

basis.

[0026] For a read operation, a READ command followed by a logical address is sent to the solid-
state memory system 100. The mapping system determines a physical address corresponding
with the logical address. Data corresponding to the physical address is read from the volatile
memory 104a, or non-volatile memory 104b if the physical address does not exist in the volatile

memory 104a.

[0027] In the case where data is read from the non-volatile memory 104b, the read data may be

programmed in the volatile memory 104a. Details thereon are described with reference to

Figures 4 and 5.

[0028] For a program operation, a PROGRAM command followed by an address and input data
1s 1ssued to the solid-state memory system 100. The data is initially programmed in the volatile
memory 104a. If the address referenced by the PROGRAM command is already programmed in
the volatile memory 104a, the data is overwritten at that address. If the address referenced by the
PROGRAM command 1s not yet programmed in the volatile memory 104a, space for the address

is established in the volatile memory 104a.

[0029] For a block erase operation, a BLOCK ERASE command followed by block addresses is
issued to the solid-state memory system 100. The 128K bytes of data in a block are erased in
less than a predefined block erase time tggrs. Referring to Figure 4, a flow diagram illustrating a
process implemented by the solid-state memory system 100 in accordance with one embodiment

is shown generally by numeral 400. In step 402, the memory controller 102 receives an '

operation request. The operation request typically includes a command. Types of commands
include, for example, read, program and erase. Depending on the command, other information

may be included as part of the operation request. For example, both a read and a write command

will include a logical address. Further, a write command will also include data to be written.

[0030] At step 404, the memory controller 102 processes the request and the requested operation

1s determined. In step 406 it is determined whether or not the requést includes an operation that
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involves a transfer of data from the volatile memory 104a to the non-volatile memory 104b. A
number of situations exist for which the data would have to be transferred. For example, system
restart, system power down or memory maintenance operations may create a data transter

request. Therefore, if a request to transfer data is received at the memory controller 102, the

process continues at step 408. Otherwise, the process continues at step 414.

[0031] At step 408, the data stored in the volatile memory 104a is transferred to the non-volatile
memory 104b and the mapping system 108 is updated accordingly. The transter can be done in
accordance with any state-of-the-art method for updating data in a non-volatile memory 104b.
At step 409, the mapping system 108 is updated with the physical address of the transferred data,
which i1s in the non-volatile memory 104b. At step 410 it 1s determined whether or not the
transfer of data was in response to a power down operation. If the data transfer was performed in
response to a power down operation, then at step 412 the solid-state memory system 100 powers

down. If the data transfer was performed in response to another operation, the process returns to
step 402.

[0032] At step 414, it 1s determined whether the requested operation is a read operation or a
write operation. If it is determined that the operation is a read operation the process continues at

step 416. Otherwise, the process continues at step 420.

[0033] At step 416, the memory controller 102 translates the received logical address of the data
to be read into a physical address using the mapping system 108. At step 418, the data is read

from the non-volatile memory 104b as is standard in the art and the process returns to step 402.

[0034] At step 420 the memory controller 102 translates the received logical address of the data
to be written into a physical address using the mapping system 108. In Step 422, mapping

system 108 determines whether the physical address matches a non-volatile memory address or a

volatile memory address.

[0035] If the physical address corresponds to a volatile memory address, the process continues at
step 424. At step 424, the data accompanying the write operation is written to the physical
address 1n the volatile memory, overwriting the pre-existing data. Writing data to a volatile

memory 104a, such as DRAM, does not require that the memory be erased prior to the write
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operation. Further, volatile memory 104a does not suffer from the rewrite cycle limitation
associated with non-volatile memory 104b, such as flash memory. Once the data is written to the
volatile memory 104a, the process continues to step 434. At step 434, the mapping system 108 18
updated with the physical address of the write data and the process returns to step 402 1n order to

execute a next operation, if one 1s pending.

[0036] If the physical address corresponds to a non-volatile memory address, the process
continues at step 426. At step 426, the memory controller determines the amount ot space
available in the volatile memory 104a. At step 428, it 1s determined whether or not the amount
of available space is greater than an amount of space required for the data to be written. If there

is insufficient space, the process continues at step 430. Otherwise, the process continues at step

432.

[0037] At step 430, at least a portion of data stored in the volatile memory 104a is transterred to
the non-volatile memory 104b. In the present embodiment, a predefined number of Blocks are
transterred from the volatile memory 104a to the non-volatile memory 104b. Further, in the
present embodiment, the blocks selected for transfer are the most “stale”. That 1s, the blocks that
are transferred have had not been accessed for the longest period of time. As described with
reference to step 408, the pages can be written to the non-volatile memory 104b in accordance
with one of a number of state-of-the-art methods. At step 431, the mapping system 108 1s
updated to reflect the change in physical address for the transferred data and the process returns

to step 428.

[0038] At step 432, the data is written to the volatile memory 104a. The method used to write
the data to the volatile memory 104a can be any state-of-the-art method, as will be appreciated
by a person of ordinary skill in the art. At step 434, the mapping system 108 1s updated with the
physical address of the write data and the process returns to step 402 in order to execute a next

operation, if one is pending.

[0039] Accordingly, it can be seen that the present embodiment uses a combination of both
volatile and non-volatile memories to improve overall performance of a solid-state memory
system. Specifically, relatively inexpensive non-volatile memory is used to provide persistent

storage of data. Volatile memory is used to improve limitations related with the use of non-
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volatile memory. For example, the use of volatile memory as described above improves overall
time-performance of the solid-state memory system. Further, since fewer write operations are

performed to the non-volatile memory, the effective life expectancy of the non-volatile memory

1s improved.

[0040] Further, in the present embodiment, a read operation is implemented by simply reading
the data from the non-volatile memory 104b and outputting it to a requesting device or processor.

However, 1t will be appreciated that in some instances it may be preferable to load the read data

into the volatile memory 104a as well.

[0041] Accordingly, referring to Figure 5, a flow diagram illustrating a process implemented by
the solid-state memory system 100 in accordance with an alternate embodiment is shown
generally by numeral 500. In the present embodiment, data transfer and write operations are
handled in the same way as described with reference to Figure 4. Accordingly, Figure 5

illustrates an alternate process for a read operation and the description begins at step 414.

[0042] At step 414, it 1s determined that the operation request is for a read operation and the
process continues at step 502. At step 502 the memory controller 102 translates the received
logical address of the data to be read into a physical address using the mapping system 108. In

step 504, the mapping system 108 determines whether the physical address matches a non-

volatile memory address or a volatile memory address.

[0043] If the physical address corresponds to a volatile memory address, the process continues at

step 506. At step 506, the data reads the physical address in the volatile memory associated with
the read operation. It will be appreciated that the data can be read using state-of-the art methods.

Once the data 1s read from the volatile memory 104a, the process returns to step 402.

[0044] It the physical address corresponds to a non-volatile memory address, the process

continues at step 508. At step 508, the requested data is read from the physical address in the
non-volatile memory 104b associated with the read operation. As described at step 506, the data
can be read using state-of-the art methods. At step 510, the data read from the non-volatile

memory 104b 1s made available to the requesting device 106.
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[0045] At step 552, the memory controller 102 determines the amount of space available in the
volatile memory 104a and whether or not the amount of available space is greater than an
amount of space required for the data to be written to the volatile memory 104a. If there 1s

insufficient space, the process continues at step 554. Otherwise, the process continues at step
512.

[0046] At step 554, at least a portion of data stored in the volatile memory 104a is transferred to
the non-volatile memory 104b. In the present embodiment, a predefined number of blocks are
transterred from the volatile memory 104a to the non-volatile memory 104b. Further, in the
present embodiment, the blocks selected for transfer are the most “stale”. As described with
reference to steps 408 and 430, the pages can be written to the non-volatile memory 104b in
accordance with one of a number of state-of-the-art methods. In step 555, the mapping system
108 1s updated to reflect the change in physical address for the transferred data and the process
returns to step 552. At step 512, the data read from the non-volatile memory 104b 1s written to
the volatile memory 104a. At step 514, the mapping system 108 is updated with the new

physical address for the read data and the process returns to step 402 in order to execute a next

operation, 1t one 1s pending.

[0047] Accordingly, 1t can be seen that in the embodiments described with reference to Figures 4
and 5, data i1s loaded into the volatile memory 104a for read operations as well as write
operation. This may improve the solid-state memory system performance if the same data 1s
accessed before 1t 1s transferred back to the non-volatile memory due to the improved access '

speed of volatile memory.

[0048] In the previous embodiment, data may be written to the volatile memory 104a in response

to a read or a write operation. In a further embodiment, a tag is provided for each page of data

written to the volatile memory 104a to identify the data as being the result of either a read
operation or a write operation. The tag may be maintained in either the spare field 264 of the

page 252 or in the mapping system 108.

[0049] The tag can then be used for other steps in the process. For example, when data is
transferred from the volatile memory 104a to the non-volatile memory 104b, only pages with a

write tag are transferred. Pages with a read tag may be able to be deleted from the volatile

10
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memory 104a since the data is still stored at an associated non-volatile memory address.

Accordingly, the mapping system 108 would need to be updated.

[0050] Further, the previous embodiment describes freeing space from the volatile memory 104a
in accordance with the most stale data. However, the process of determining which blocks to
erase may also contemplate whether or not a page includes a read or write tag. For example, in
some cases it may be preferable to delete newer pages comprising read tags than an older page
comprising write tags. It will be appreciated that different algorithms can be implemented on a

using one or more of these or other considerations.

[0051] Referring to Figure 6, a block diagram of a solid-state memory system in accordance with
an alternate embodiment is illustrated by numeral 600. The solid-state memory system 600
comprises a memory controller 102 and a solid-state memory 104. In the present embodiment,
the solid-state memory 104 comprises a plurality of volatile memory devices 104a and a plurality
of non-volatile memory devices 104b. The volatile memory devices 104a and the non-volatile

memory devices 104b are coupled with the memory controller 104 via a common bus 602.

[0052]} For exemplary purposes only, the volatile memory devices 104a are DRAM devices and
the non-volatile memory devices 104b are flash memory devices. Further, although the diagram

illustrates two DRAM devices and four flash memory devices, the number of devices may vary

depending on the implementation.

[0053] In order to access one of the solid-state memory devices 104a or 104b, the common bus
602 includes a device enable signal for enabling only one of the plurality of volatile memory
devices 104a or one of a plurality of the non-volatile memory devices 104b at a time. Methods
of using an enable signal for activating one of a plurality of memory devices on a common bus

are well known in the art and need not be described in detail.

[0054] Reterring to Figure 7, a block diagram of a solid-state memory system in accordance with
an yet an alternate embodiment is illustrated by numeral 700. The solid-state memory system
700 comprises a memory controller 102 and a solid-state memory 104. In the present
embodiment, the solid-state memory 104 comprises a plurality of volatile memory devices 104a

and a plurality of non-volatile memory devices 104b. The volatile memory devices 104a and the

11



10

15

20

25

CA 02669690 2009-05-14
WO 2008/074140 | PCT/CA2007/002304

non-volatile memory devices 104b are coupled with the memory controller 104 via a common
bus 602. However, unlike the previous embodiment, the memory controller 104 controls a

plurality of buses, referred as channels.

[0055] In order to access one of the solid-state memory devices 104a or 104b, each channel 602
includes a device enable signal for enabling only one of the memory devices at a time. If the
requested operation 1s a read operation, the enabled memory device outputs the data onto the

channel 602. If the requested operation is a write operation, the enabled memory device writes

the data from the channel 602.

[0056] Each channel 602 works independently. Further, multiple channels 602 can be active at
the same time. Using this scheme, the system performance increases along with the number of

channels 602 implemented, since the channels 602 operate in parallel.

[0057] Reterring to Figure 8, a block diagram of a solid-state memory system in accordance with
an alternate embodiment is illustrated by numeral 800. The present embodiment is similar to the
previous embodiment and comprises a plurality of channels 602. However, in the present
embodiment, each channel is assigned a specific type of solid-state memory device. That is, for
an n-channel solid-state memory system 800, m channels are coupled exclusively to volatile

memory devices 104a and n-m channels are coupled exclusively to non-volatile memory devices
104b.

[0058] Referring to Figure 9, a block diagram of a solid-state memory system in accordance with
yet an alternate embodiment is illustrated by numeral 900. The solid-state memory system 900
comprises a memory controller 102 and a solid-state memory 104. In the present embodiment,
the solid-state memory 104 comprises a plurality of volatile memory devices 104a and a plurality
of non-volatile memory devices 104b. The volatile memory devices 104a and the non-volatile
memory devices 104b are coupled with the memory controller 102 in a daisy chain
configuration. That is, the memory controller 102 is coupled to a first one 902 of the memory
devices 104a or 104b. The remaining memory devicés 104a and 104b are serially coupled and a

last serially coupled 904 memory device 104a or 104b is coupled back to the memory controller
102.
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[0059] In order to access one of the solid-state memory devices 104a or 104b, the memory
controller 102 outputs a request to the first memory device 902. The request is passed through
the memory devices 104a and 104b until it reaches a target device. The target device performs
the requested operation and the results, if any, continue to pass through the chain of memory
devices until it reaches the last device 904, which returns the result to the memory controller 102.
Methods of using a daisy chain for activating one of a plurality of memory devices are well

known 1n the art and need not be described in detail.

[0060] Referring to Figure 10, a block diagram of a solid-state memory system in accordance
with yet an alternate embodiment is illustrated by numeral 1000. The solid-state memory system
1000 comprises a memory controller 102 and a solid-state mémory 104. In the present
embodiment, the solid-state memory 104 comprises a plurality of volatile memory devices 104a
and a plurality of non-volatile memory devices 104b. The volatile memory devices 104a and the
non-volatile memory devices 104b are coupled with the memory controller 104 in a daisy chain

configuration. However, unlike the previous embodiment, the memory controller 104 controls a

plurality of chains.

[0061] Each chain works independently. Further, multiple chains can be active at the same time.
Using this scheme, the system performance increases along with the number of chain

implemented, since the chains operate in parallel.

[0062] Referring to Figure 11, a block diagram of a solid-state memory system in accordance
with yet an alternate embodiment is illustrated by numeral 1100. The present embodiment 1s
similar to the previous embodiment and comprises a plurality of chains. However, in the present
embodiment, each chain is assigned a specific type of solid-state memory device. That is, for an
n-chain solid-state memory system 1100, m chains are coupled exclusively to volatile memory

devices 104a and n-m chains are coupled exclusively to non-volatile memory devices 104b.

[0063] All of the previous embodiments described various ways of implementing an solid-state
memory device comprising both volatile and non-volatile memory devices. The devices are

combined in such a way as to improve the performance and effective life expectancy of the solid-

state memory device.
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[0064] Although the previous embodiments describe the volatile memory 104a as having fewer
blocks 202 than the non-volatile memory 104b, this need not be the case. This arrangement will

be the most likely embodiment due to volatile memory 104a limitations with regard to cost, size

and persistence. However, there may be situations where the number of blocks for each of the

volatile memory 104a and the non-volatile memory 104b are the same. Further, there may be
situations where the number of blocks in the volatile memory 104a exceeds the number of blocks

in the non-volatile memory 104b.

[0065] Lastly, although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled in the art without

departing from the spirit and scope of the invention as defined by the appended claims.
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Claims:

1. A solid-state memory system comprising:
a volatile solid-state memory;
a non-volatile solid-state memory; '
5 a memory controller configured to store write data in the volatile memory, the
memory controller being further configured to transfer data from the volatile memory to

the non-volatile memory in response to a data transfer request.

2. The solid-state memory system of claim 1, further comprising a mapping system
configured to correlate a logical address of stored data with a physical address of stored
10 data, the mapping system further configured to update the physical address of the write

data when the write data is transferred to the non-volatile memory:.

3. The solid-state memory system of claim 2, wherein the memory controller is further

contigured to transfer read data from the non-volatile memory to the volatile memory in

response to a read command.

15 4, The solid-state memory system of claim 3 wherein the mapping system is further
configured to update the physical address of the read data when the read data is

transferred to the non-volatile memory.

5. The solid-state memory system of claim 1, wherein the non-volatile solid-state memory

comprises a plurality of non-volatile solid-state devices.

20 6. The solid-state memory system of claim 5, wherein the volatile solid-state memory

comprises a plurality of volatile solid-state devices.

7. The solid-state memory system of claim 6, wherein the plurality of volatile and non-

volatile solid-state devices are coupled to the memory controller via a common bus.

8. The solid-state memory system of claim 6, wherein the plurality of volatile and non-

25 volatile solid-state devices are coupled to the memory controller via plurality of buses,

the buses capable of being accessed simultaneously.
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The solid-state memory system of claim 8, wherein the each of the plurality of buses is
coupled with either a plurality of volatile memory devices or a plurality of non-volatile

memory devices.

The solid-state memory system of claim 6, wherein the plurality of volatile and non-

volatile solid-state devices are coupled to the memory controller in a daisy chain.

The solid-state memory system of claim 6, wherein the plurality of volatile and non-
volatile solid-state devices are coupled to the memory controller in a plurality of daisy

chains, the daisy chains capable of being accessed simultaneously.

The solid-state memory system of claim 11, wherein the each of the plurality of daisy
chains comprises either a plurality of volatile memory devices or a plurality of non-

volatile memory devices.

The solid-state memory system of claim 3, wherein data written to the volatile memory
turther comprises a tag identifying whether the data is written in response to a read

command or a write command.

A method for storing data in a solid-state memory system comprising a volatile solid-
state memory, a non-volatile solid-state memory, and a memory controller, the method
comprising the steps of:

recerving a write command;

storing write data in the volatile memory in response to the write command; and

transferring data from the volatile memory to the non-volatile memory in response to

a data transfer request.

The method of claim 14, further comprising the step of updating a mapping system when

transterring data from the volatile memory to the non-volatile memory.

The method of claim 14, wherein the data transfer request is in response to a command

requesting transfer of all data from the volatile memory to the non-volatile memory.

The method of claim 16, wherein the command requesting transfer of all data is a power

down command.
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The method of claim 14, wherein the data transfer request is in response to a lack of

available space in the volatile memory.

The method of claim 18, wherein the data transfer request occurs when the available

space 1n the volatile memory falls below a predefined threshold.

The method of claim 18, wherein the data transfer request occurs there is insufficient

available space in the volatile memory to perform a requested command.

The method of claim 14, further comprising the step of transferring data from the non-

volatile memory to the volatile memory in response to a read command.

The method of claim 21, further comprising the step of updating a mapping system when

transterring data from the non-volatile memory to the volatile memory.

The method of claim 21, wherein the data transfer request occurs there is insufficient

available space in the volatile memory to perform a requested command.
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