
1  Portable Data Storage Device incorporating multiple
flash memory units  Field of the invention The present
invention relates to a portable data storage device
employing  multiple flash memory units. 5 Background
of Invention In recent years it has become common to
provide portable data storage  devices having an
internal flash memory. Such a device is disclosed in
PCT/SG00/00029, entitled "Portable Data Storage
Device". There a portable 10 storage device is
described having an integral USB plug which plugs into
a  USB socket of a computer (or other device). The
portable data storage device  includes a flash memory
for storage of user data. The size of the memory in
commercial versions of this device is typically at
least 8MB, but is often much  higher. The overall size
of the device is typically small enough that it fits
into a  15 closed fist. Typically, commercial versions
of this device employ NAND flash memory.  NAND flash
memory is available in two types: single layer cell
("SLC") flash  memory, and multiple level cell ("MLC")
flash memory. SLC presently has 20 higher read/write
speeds and longer lifetime, but MLC, which makes
possible  the storage of more than one (typically,
two) bits per cell, is cheaper per bit  stored.
Summary of the Invention 25 The present invention aims
to provide new and useful methods for storing and
retrieving data from a portable data storage device
incorporating a plurality of  flash memory devices,
and in particular it proposes that the flash memory  



devices comprise both SLC and MLC flash memory
devices.  2 This makes it possible to provide a device
which has a trade-off between the  relative advantages
of SLC and MLC. For example, if substantially half the
memory of the device is provided by SLC, then the
device has a speed which  is about half way between
that of SLC and that of MLC, while being cheaper 5
than if the device were used MLC alone. In principle,
it would be possible to arrange for the portable data
storage  device to employ only the SLC initially (e.g.
until the amount of data which the  device has to
store exceeds the capacity of the SLC), which would
mean that 10 initially the performance of the portable
storage device would be as high as if  the entire data
storage function were realised using SLC. However,
this leads  to a rapid fall in performance as soon as
the SLC is exhausted and the device  has to start
using the MLC. Accordingly, preferred embodiments of
the present invention store data from the beginning
using both the SLC and MLC. 15 In one form of the
invention, the logical addresses (that is, addresses
in  commands sent to the portable data storage device
by the host) are allocated  such that the sequence of
logical addresses corresponds to one or more  blocks
of SLC addresses, then to one or more block of MLC
addresses, then 20 to one of more blocks of SLC
addresses, and so on. Thus, when a large  amount of
data (many blocks) is written to a sequence of logical
addresses in  the portable storage device, it will be
written to both SLC memory and MLC  memory. The
sequence of logical addresses may in particular
correspond  alternately to a predefined number of
blocks of SLC addresses and to a 



25 predefined number of blocks of MLC addresses. For
example, since in some realisations of MLC memories,
the MLC blocks  are twice as large as blocks of SLC
memory, the sequence of logical  addresses may
correspond to two blocks of SLC, then one block of
MLC, then 3 two blocks of SLC, and so on. This would
mean that a large amount of data  will typically be
written to equal amounts of SLC and MLC memory. The
correspondence between logical and physical memory
addresses is  5 given by a mapping table. In typical
flash memory writing schemes this correspondence
changes with time, as a respective succession of
blocks of  physical addresses become associated with
each set of logical addresses  under the control of a
master control unit. However, the master control unit
may be arranged to ensure that the mapping table is
changed such that a 10 given set of logical addresses
is always associated with blocks of SLC  memory, or
always associated with blocks of MLC memory. Brief
Description of The Figures Preferred features of the
invention will now be described, for the sake of  15
illustration only, with reference to the following
figures in which: Fig. 1 is a schematic block diagram
of an embodiment of the invention;  Fig. 2, which is
composed of Fig. 2(a), 2(b) and 2(c), is a flow
diagram  of the operation of the embodiment of Fig. 1.
20 Detailed Description of the embodiments A portable
data storage device which is an embodiment of the
invention is  shown schematically in Fig. 1. The
portable storage device includes a housing  1 which
has a USB interface 3. The USB interface may be
electrically coupled 25 to a serial bus (typically a
USB socket) of an external device, such as a host  



computer 5. The USB interface 3 may be a USB plug
integral with the housing  1, and for insertion into a
socket of the host 5. Alternatively, in other
embodiments, the USB interface 3 may be a socket for
receiving a plug of a  USB cable. 30 4 The portable
storage device further includes a USB controller 7
which controls  the USB interface 3. In use, the host
5 transfers data to and fro between itself  and the
portable data storage device. Data transferred to the
USB interface 3  from host computer 5 passes through
the USB controller 7 to a master control  5 unit 9 in
the form of data packets. Similarly, the interface
controller 7 is arranged to send data it receives from
the master control unit 9 through the  interface 3.
The data packets have sizes which are multiples of 512
bytes. The master control unit 9 is connected to a bus
10, which may for example be  10 an 8-bit bus. The bus
10 is further connected to an SLC-type NAND flash
memory 11, and an MLC-type NAND flash memory 13. Each
of these two  memories may include one or more
physically-separate integrated circuits.  The memories
11, 13 are arranged in blocks of pages. Typically, a
physical  page of data consists of 2048 bytes.
Typically, a block of data in the SLC 15 memory unit
11 consists of 64 pages and a block of data in MLC
flash  memory unit consists of 128 pages.
Additionally, the master control unit 9 is connected
to each of the flash  memories 11, 13 by a respective
set of control lines 15. Each set of control 20 lines
transmits control signals referred to here as ENABLE,
ALE, WRITE and  READ signals. When the master control
unit 9 is to write data to memory, it enables one of  



the two memories 11, 13 by sending an ENABLE signal to
it (thus, at most 25 one of the two memories 11, 13 is
enabled at any one time). At the same  time, the
master control unit 9 sends the enabled memory an ALE
signal and  WRITE signal. The master control unit 9
then writes address data and data to  be stored to the
enabled memory via 8-bit bus. The memory unit 11, 13
which  is enabled stores the data in the location
indicated by address data. The 30 memory unit 11, 13
which is not enabled takes no action. 5 Similarly,
when the memory control unit is to read data from one
of the  memories 11, 13, it enables that memory 11, 13
by using one of the control  lines to send an ENABLE
signal to that memory. It then uses the other control
5 lines to send the enabled memory the ALE signal and
the READ signal, and  sends address data to the
enabled memory using the 8-bit bus. The enabled
memory 11, 13 transmits over the bus 10 the data at
the physical location  corresponding to the address
data. 10 The algorithm performed by the embodiment
will now be described. For  simplicity we will assume
that the SLC-type NAND flash memory unit 11 and
MLC-type NAND flash memory unit 13 have different
respective address  mapping tables which respectively
map physical addresses within the  respective memories
11, 13 to logical addresses. These address mapping 15
tables are typically stored in RAM (not shown) within
the portable data storage  device, and together
constitute a single master mapping table. In a typical
example, data received from, or to be transmitted to,
the host 3 is  arranged in logical pages of size 512
bytes. However, as mentioned above, 20 typically a
physical page of data consists of 2048 bytes.
Typically, a block of  data in the SLC memory unit 11
consists of 64 pages and a block of data in  



MLC flash memory unit consists of 128 pages. Referring
to Fig 2, and in particular Fig. 2(a), when portable
data storage  25 device is plugged into the host 3 an
initialisation process begins (step 21), which
initialises the master control unit 9 and USB
controller unit 7, and in  which the host 3 determines
the ID of the flash and its location and capacity.
After the initialisation process, the master control
unit 9 is ready to receive an  30 instruction (data
packet) from the host 3 (step 23). Once an instruction
is 6 received from the host 3, the master control unit
9 determines whether the  packet received is a read
packet or a write packet (step 25). If the data packet
is a read packet, the master control unit 9 performs a
5 calculation (step 26), based on the logical address
specified by the packet, to  determine which of the
memories 11, 13 corresponds to the logical address. It
then reads the data from the determined memory 11, 13
at the address  specified by the respective address
mapping table (step 27), and the method  then
terminates until the next packet is received (this is
represented in Fig. 2 10 as the box "5", which feeds
back to the step 23). If, alternatively, the data
packet is a write packet, the master control unit 9
performs a calculation (step 28) to determine which
memory 11, 13 to write  the page 1 to. 15 After the
type of NAND flash memory 11, 13 is selected, the
master control  unit 9 recalls the corresponding
address mapping table from RAM (step 29),  and uses it
to locate the physical address corresponding to the
logical address. 20 



The master control unit then determines whether the
page at that physical  address is erased (step 30). If
not, the master control unit performs an  operation in
which a new block is selected, pages of the old block
preceding  the page corresponding to the logical
address are copied to the new block, 25 and the data
in the write packet is written to the page of new
block  corresponding to logical address (step 31). The
method then passes to the part of the flow diagram
shown in Fig. 2(c). In  step 36 it is determined
whether the page just written to is the last page of
the 30 new block. If so, the memory mapping address
table is updated and the old 7 block is erased (step
37), and the method terminates. Conversely, if in step
36  the determination is negative, the method monitors
whether another write  packet in respect of the
consecutively following page arrives within a
predetermined interval (step 38). If so, then the data
for that page is written to 5 the same new block (step
39), and the method then passes back to step 36. If
not, then in step 40 the master control unit 9 will
copy the succeeding page of  the old block to the new
block and then pass to step 37 to update the mapping
table and erase the old block. The method then again
terminates. 10 Returning to Fig. 2(a), if in step 30
the determination is positive, then a write  operation
is performed (step 32) using an SLC or MLC command
depending  on what type of flash is being written
into.. In this operation, the master control  unit 9
sends an ENABLE control signal to the selected NAND
Flash memory  11, 13 to chip enable the NAND flash
memory 11, 13 to prepare for a write 15 operation.
Then, the master control unit 9 sends data specifying
the physical  address in the NAND flash memory 11, 13
and the data to be written there. After a page is
written to the flash memory 11, 13, the master control
unit 9  



will monitor incoming write packets from the host 5
(step 33). If no write 20 packet is received within a
given time, then a step is performed of  programming
the written data into the flash (step 34). (The
writing step 32  means the data is in the flash
memory, but without the programming step 34  the data
will lost if there is a power down. Following the
programming step 34,  the data will be able to survive
a power down). 25 If however, at step 33 it is
determined that a new packet has been received,  the
method passes to the part of the flow diagram shown in
Fig. 2(b). In step  45 it is determined whether the
new packet is a write packet. If not, the method
passes back to step 34. Or, if so, the method
determines (step 46) 8 whether the write operation
which was performed in step 32 was to the last  part
of the physical page. If so, in step 47 a new page is
selected. In any case, the corresponding physical
address for the new write packet is 5 determined from
the appropriate address mapping table in step 48. In
step 49  it is determined whether the page having this
physical address is erased. If  not, a step 51 is
performed which is equivalent to step 31 of Fig. 2(a),
and the  method then passes to the steps of Fig. 2(c).
Or, if so, a write operation (step  50) is performed
(equivalent to that of step 32 of Fig. 2(a)), and the
method 10 passes back to step 33. As described above,
the master mapping table (i.e. the two address mapping
tables) determines the mapping between logical
addresses and physical  addresses. As mentioned above,
a large block of the SLC memory 11 15 typically has 64
pages, whereas a large block of the MLC memory 13 has
128  pages. In this case, the master mapping table is
such that a sequence of  



logical addresses corresponds to two blocks of the SLC
memory 11, then to  one block of the MLC memory 13,
then to two blocks of the SLC memory and  so on. Thus,
if data is written to the successive logical
addresses, then the 20 master control unit 9 enables
the SLC flash memory 11 and sends a block of  data to
the memory 11, and then the master control unit 9
enables the MLC  flash memory unit 13 and sends two
blocks of data to the memory unit 13.  This process is
repeated until all the desired blocks of data have
been sent to  the respective flash memory units. In
summary, 25 i. If the data is being written to the SLC
flash memory 11, the master  control unit 9 will write
two blocks into the SLC memory 11 before switching to
the MLC memory 13. ii. If the data is being written to
the MLC memory 13, the master control  unit 9 only
writes one block. Upon determining that the page just
written to is 9 the last page of the block, the master
control unit 9 will enable the SLC flash  memory 11
for the next write operation. When, in steps 31 and 51
a new physical block is associated with a set of  5
logical addresses, this done such that if a given set
of logical addresses previously corresponded to SLC
memory then that continues to be true, and if  the
given set of logical addresses previously corresponded
to MLC memory  then that continues to be true. In
other words, each of the address mapping  tables is
updated independently, without logical addresses being
swapped 10 between them. Although only a single
embodiment of the invention has been described in
detail, many variations are possible within the scope
of the claims, as will be  clear to a skilled reader. 



15 10 Claims  1. A portable data storage device
having: (a) an interface for enabling the portable
data storage device to be  used for data transfer with
a host computer; 5 (b) an interface controller for
controlling the interface; (c) a non-volatile memory
comprising at least one single layer cell  flash (SLC)
memory and at least one multiple layer cell (MLC)
flash memory; and (d) a master controller for
controlling the writing of data to, and  10 reading
data from, the non-volatile memory; wherein, the
master controller is arranged: upon the interface
receiving a write instruction from the host, to
identify  a flash memory from among the said flash
memories, and to write data  specified by the write
instruction to the identified flash memory; and 15
upon the interface receiving a read instruction from
the host, to identify  a flash memory from among the
said flash memories, and to read data from  the
identified flash memory. 2. A device according to
claim 1 in which the master control unit is  arranged
to identify the flash memory based on a logical
address contained in 20 the instruction and using a
mapping table, the mapping table being arranged  to
store a mapping between physical and logical addresses
in which a  sequence of logical addresses correspond
alternately to a predefined number  of blocks of SLC
addresses and to a predefined number of blocks of MLC
addresses. 



11 3. A device according to claim 2 in which the
predefined number of blocks  of the single layer cell
flash memory is higher than the predefined number of
blocks of the multiple layer cell flash memory. 4. A
device according to claim 3 in which the predefined
number of blocks  5 of the single layer cell flash
memory is two and the predefined number of  blocks of
the multiple layer cell flash memory is one. 5. A
method of storing data in portable data storage device
having: (a) an interface for enabling the portable
data storage device to be  used for data transfer with
a host computer; 10 (b) an interface controller for
controlling the interface; (c) a non-volatile memory
comprising at least one single layer cell  flash (SLC)
memory and at least one multiple layer cell (MLC)
flash memory;  and (d) a master controller for
controlling the writing of data to, and  15 reading
data from, the non-volatile memory; the method
comprising: (i) receiving a write instruction from the
host, (ii) identifying a flash memory from among the
said flash memories, and 20 (iii) writing data
specified by the write instruction to the identified
flash memory. 6. A method according to claim 5 in
which said step (ii) of identifying the  flash memory
includes extracting a logical address from the write
instruction,  and obtaining a physical address in the
non-volatile memory from a mapping 12 



table, the mapping table storing a mapping between
physical and logical  addresses in which a sequence of
logical addresses correspond alternately  to a
predefined number of blocks of SLC addresses and to a
predefined  number of blocks of MLC addresses. 5 7. A
method according to claim 6 in which the predefined
number of  blocks of the single layer cell flash
memory is higher than the predefined  number of blocks
of the multiple layer cell flash memory. 8. A method
according to claim 7 in which the predefined number of
blocks of the single layer cell flash memory is two
and the predefined number  10 of blocks of the
multiple layer cell flash memory is one. 9. A method
according to any of claims 6 to 8 in which said step
(iii) of  writing the data includes: determining
whether the non-volatile memory having the obtained
physical address is erased, 15 if the determination is
positive, writing said data to the obtained  physical
address; and if the determination is negative,
allocating a new block to the logical  address, said
obtained physical address and said allocated block
both being  single layer cell flash (SLC) memory or
both being multiple layer cell (MLC)  20 flash memory.


