Portabl e Data Storage Using SLC and M.C Pl ash Menory
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Background to the Invention

Recently there has been much interest in providing data storage devices containing flash
memory and which can be connected to a serial bus of a computer. Such devices are used for
data storage, data transfer, media players such as, for example, MP3 players, and so forth.
The structure and operation of such a portable storage device may be as shown in the earlier
patent. Tradition flash memory is the SLC flash memory. The newer, MLC flash memory has a
read and write speed that is much slower than SLC flash memory. Many devices are now

including MLC flash memory but the operation of such devices is slower than if only SLC

memory was used.

Summary of the Invention

In accordance with a first preferred aspect there is provided a portable data storage device
comprising an interface for enabling the portable data storage device to be used for data
transfer with a host computer, and an interface controller for controlling the interface. A master
controller is provided for controlling the writing of data to and reading data from a non-volatile
memory. The non-volatile memory comprises at least one single layer cell flash memory and at

least one multiple layer cell flash memory. The at least one single layer cell flash memory and



conprising an interface for enabling the portable data
storage device to be used for data transfer with a

whoemu/0ssput er, and an interface controll er foPCT/SG2005/000328
controlling the interface. A master controller is
provided for controlling thé witing of data to and
reading data froma non-volatile nenory. The

SR ane GOl EE T gaho2p o e 260 A arRp i 6 morovng
hén | east one single |ayer
m%%%%ﬁpfgIhné%ﬁ%$oﬂFn%é¥aI%ast@%ne multiple [ ayer cel
flash nenory are able to operate sinultaneously for
i mproving the speed of operation over only M.C flash
AJEBIIPE Yo a 6e06d frefefied aspactsiecoin gravided e netthd abpesssitdidataon a
is provided a nethod of processing data on a portable
patiabla dath etosge detdes, the portdiie deter sterboedayise gorspisingGemapiay periroller
g a master controller for controllin

conprisin
T@E@?lw\g eltrP@n%rﬂm PeBIHEITRISHY 2HEaqt @R tinghiBvaic %'bffaéh memory
d I
a3y ot a8 kP B ENeTTBNAY merins it faor REFdREageTrothe
conﬁcglereto céﬁ% Ihg IvsIanrIgfcIf gatg QcIErIdCIIeaotl % Y%rotnI a EIorP\IoléIIi%tn?erﬁd?y such

roma non-vo e menory such that

th%tI?ﬁe ﬁIeaEﬁﬁ%%l ?I@‘I’ayﬁ:‘ Rghssh n@éﬁ?cfry &ﬂ;I at 1dabsnl Mﬁﬁﬂé&ea&!ﬂ fladh

east one nmultiple ayer cell flash nenory have data
m¥hbrl hae dad \aitdn toemnd rddd@in thensimiunatebasneousl y. The may
al so be at | east one data bus operatively connected to
the master controller and the at | east one S|ngle
| ayer cell flash nmenory and at | east one multi
THeanayralsodie|at leps{ ohe datarbusyopeafively ¢qnne@eddaﬂ& mafteaﬁ@m"er and the
readi ng data fromthe at Ieast one si

ot epBiRe ADAG I%Yefa‘??& Fagh gt 16y A BB EF Al s memoryfor

Th t d t
oAl P b B v
I I I le | II
m%?éi%*@%@%“%ﬂ%ﬁ‘ﬂ%{ﬂ? oast one mi 15 Laver <o
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flash nenory. The first data
flash memory and at least one multiple layer cell flash memory. Alternatively, it may be a first
data bus operatively connected to the at least one single layer cell flash memory and a second
bus operatively connected to the at least one muiltiple layer cell flash memory. The first data

bus may be one of: an upper data bus and a lower data bus, the second data bus being the

other of the upper data bus and the lower data bus.

In the first case, the master controller may be for writing data to and reading from the at least
one single layer cell flash memory and the at least one multiple layer cell flash memory
alternately, the data being in the form of blocks; data being written to and read from the at least
one single layer cell flash memory in blocks or pages at a speed that is a multiplication factor

higher than those of the at least one multiple layer cell flash memory.
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In the drawings:

Figure 1 is a block diagram illustrating the structure of a first embodiment;

Figure 2 is a flow chart for the operation of the first embodiment;

Figure 3 is a block diagram illustrating the structure of a second embodiment; and

Figure 4 is a flow chart for the operation of the second embodiment.

Detailed Description of the Preferred Embodiments

In Figure 1, the portable storage device is within a housing 1. It includes a USB controlier 2
which controls a USB interface 3 which connects directly to the serial bus 4 via a USB socket
(not shown) of a host computer 5. Data transferred to the USB interface 3 from the host
computer 5 passes through the USB controller 2 to a master control unit 7. Data packets are

normally of a siZe that is a multiple of 512 bytes.



Figure 2 is a flow chart for the operation of the
first enbodinent; Figure 3 is a block diagram
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by address data.

Similarly, when the master control unit 7 is to read data, it enables only one of the memories 8,
9 by using lines 10 to send an ENABLE signal, the ALE signal and READ signal, and the

address data using the bus 11.

As the SLC flash memory 8 and MLC flash memory 9 share the same data bus 11, each of the
memories 8, 9 has an identical address mapping table which stores the physical address and

logical address of the data.

As shown in Figure 2, the master control unit 7 performs READ and WRITE operations on data
block basis, and switches between SLC memaory 8 and MLC memory 9 by use of control
signals via the control signal line 10. For example, during a WRITE operation, the master

control unit 7 sends an ENABLE signal to SLC memory 8 over line 10 and then sends a block
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signal, the ALE signal and READ signal, and the
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of ﬁ%ﬁ[‘}t %Si‘gﬁ‘fﬂg‘g&%r SDUF 11 9|’he?rh s@pﬁd Sl%'t?%fg%g%s%%NABLE

ores sica ress
3'%%'% e n%% oc’\/epﬁnet‘l'a%éa%te@ds aﬁﬁoc‘ﬁt&PMa toth&MBY FRméry d dver
ster cont unit 7 perforns READ and WRI TE

bu® e ﬁ*ﬁtslpmeséssqmu B\epedd DG theBIRSTE epeehtisiistiinions). Died avelmss
SLC nmenory 8 and ML.C nenory 9 by use of contro

mappiny &bk fori tae SIiEmemntyBaind SALGmadmdry @il b8 up@aded dxingredcd WRITE
during a WRI TE operation, the master control unit 7
opgratieis an ENABLE signal to SLC nenory 8 over line 10
and then sends a bl ockof data to the SLC nenory 8 over
bus 11. The master control unit 7 then sends an ENABLE
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and a block of data in M.C nenory 9 consists of 128
pages.
Also, SLC memory 8 has a faster writing (and reading) speed than MLC memory 9 — normaily

five to ten times faster. Therefore, the master control unit 7 transmits data to the memories 8, 9
depending on the writing speed of the relevant memory 8, 9. For example, if the SLC memory
8 is five times faster than MLC memory 9, in each data transmission the master control unit 7
transmits five times more data to the SLC memory 8 than to the MLC memory 9. In
consequence, both memories are able to operate simultaneously even though they are
receiving data sequentially. This is due to the different WRITE (and READ) speeds. In this way
the amount of data written to each of the memories 8, 9 at each stage of the WRITE cycle is
the maximum data it can process in the same time as the other of the rhemories 8, 9. In that
way the WRITE operation is performed at maximum speed, and with minimal delay. ltis similar

for READ operations.

Figures 3 and 4 show a second embodiment. Common elements with the embodiment of

Figures 1and 2 have the same reference numerals.
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types of memory. Again, the data is written to the memories 8, 8 at optimum speed such that

the WRITE time is minimized.

The READ operation is similar to that described above in relation to Figures 1 and 2. The
main difference is that during the READ operation on SLC memory 8, the upper bus 12 data
will be read from the master control unit 7; and during the READ operation on MLC memory 9,
the lower bus 13 data will be read from master control unit. During a READ operation, the
master control unit 7 will simultaneously ENABLE the SLC memory 8 and the MLC memory 9
and received data from both memories 8, 9 simultaneously on a page or block basis. As the
SL.C memory 8 read speed is faster than that of the MLC memory 9 the SLC memory will read
more pages or blocks than the MLC memory 9 in order to obtain a read speed between both
types of flash. Again, the data is read by the memories 8, 9 at optimum speed such that the

READ time is minimized.
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2. A portable data storage device as claimed in claim 1 further comprising at least one
data bus operatively connected to the master controller and the at least one single
layer cell flash memory and at least one multiple layer cell flash memory for writing
data to and reading data from the at least one single layer cell flash memory and at

least one multipie iayer cell flash memory.

3. A portable data storage device as claimed in claim 2, wherein the at least one data
bus comprises a common data bus for both the at least one single layer cell flash

memory and at least one multiple layer cell flash memory.

4. A portable data storage device as claimed in claim 2, wherein the at least one data
bus comprises a first data bus operatively connected to the at least one single fayer

cell flash memory and a second bus operatively connected to the at least one multiple

layer celi flash memory.
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storage device as clainmed in claim5, wherein the
mul t ippgé.cation factor is in the range 5 to 10. 7. A
portabl e data storage device as clained in claimb5,
wherei n each bl ock of data for the at |east one single
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8. A portable data storage device as claimed in claim 4, wherein the master controller is
for writing data to and reading data from the at least one single layer cell flash
memory and the at least one muitiple layer cell flash memory simultaneously, the data

being in a form selected from the group consisting of: blocks, and page.

9. A portable data storage device as claimed in claim 8, wherein the data being written
to and read from the at least one single layer cell flash memory is at a speed a
multiplication factor higher than that of the at least one multiple layer cell flash

memory.

10. A portable data storage device as claimed in claim 9, wherein the multiplication factor

is in the range 5 to 10.
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data storage device as clained in claim4, where the
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non-volatile memory such that the at least one single layer cell flash memory and at
least one multiple iayer cell flash memory have data written to and read from them

simultaneously.

14. A method as claimed in claim 13 further comprising writing data to and reading data
from the at least one single layer cell flash memory and at least one multiple layer cell
flash memory over at least one data bus operatively connected fo the master
controller and the at least one single layer cell flash memory and at least one multiple

layer cell flash memory.

15. A method as claimed in claim 14, wherein the at least one data bus comprises a
common data bus for both the at least one single layer cell flash memory and at least

one muitiple layer cell flash memory.
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claim 19, wherein each block of data for the at |east

one least one single layer cell flash memory at a speed a multiplication factor higher than
those of the at least one multiple layer cell flash memory; the data being in a form

selected from the group consisting of: blocks, and page.

19. A method as claimed in claim 18, wherein the multiplication factor is in the range 5 to

10.

20. A method as claimed in claim 19, wherein each block of data for the at least one
single layer cell flash memory is 64 pages; and each block of data for the at least one

multiple layer cell flash memory is 128 pages.

21. A method as claimed in claim 16, wherein the master controller writes data to and
reads data from the at least one single layer cell flash memory and the at least one
multiple layer cell flash memory simultaneously, the data being in a form selected

from the group consisting of: blocks, and page.
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by&ESA method as claimed in claim 21, wherein each block of data for the at least one
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