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priority fromprior Japanese Patent Applications No.
2004- 204028, filed July 12, 2004; and No. 2004-342275,
filed Novenmber 26, 2004, the entire contents of both
of which are incorporated herein by reference .
Technical Field The present invention relates to a
storage device and a host apparatus (el ectronic
apparatus) using a std de dewH cle.P I''h Jpar tN cul ar, the
present invention relates to a storage device such as
a non-vol atile seniconductor storage device and a
menory card usngg]j I n addltlon t he present

i nvention rel at QP@A% s oArN[E %%rpa‘%%%% as a

recordi ng apparatus; for exanple, a digital stil
canera and a digital video canmera having the storage

genhFSeng:tserléf bJ@ﬁ%ﬁ%&?tg?}%% éﬁ%§zgg%%ronlc

appar at Usé[% 131&595&9{@ GRBUH &1 ArF@ncﬁrtdlaﬁms the
per sonal |taI assi st ant PDA) are |ncluded In the

cat e%@@équt re gariesanty ifhventiran Backaresrd prdentn

recent years, a nenory card having a built-in

non- velatiidae i$eys clendeooe- 2008y, fad ecpmmliyntl®, 2004; and
No. 2004-342275, filed November 26, 2004, the entire
contents of both of which are incorporated herein by
reference.

Technical Field
The present invention relates to a storage device

and a host apparatus (electronic apparatus) using a
storage device. 1In particular, the present invention
relates to a storage device such as a non-volatile
semiconductor storage device and a memory card using
it. In addition, the present invention relates to
an electronic apparatus such as a recording apparatus;
for example, a digital still camera and a digital
video camera having the storage device built in. For
example, a storage device such as a universal serial
bus (USB) flash and electronic apparatus such as a
personal computer (PC) and a personal digital assistant
(PDA) are included in the category of the present

invention.



wi despread use as a storage device storing various
kind of digital information such as imge data and
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menory is not at risk of being |ost even if power is
turned off, and is rewitable. A NAND flash(tm

menoryi s frequently used as a non-volatile nenory (for
exanpl e, see JPN. PAT. APPLN. KEKAI Publication No.
2003-30993) . Recently, the nmenory capacity of the

flash menory has increased with advances in the

t echni que of manuf act uri Bpcslemoonduktiors . For

exanpl e, a storage device such as nenory card having_a
bui | t-i n fhashcaphorgars, usedenPsyachsst hagpagapuduils—1in
this case, the host apparatus directly controls the
f|asﬁOﬂEW@l§tbh?|?emhFen@H@t§¥oW§§@rueOPéeCPHetH@ °
conventi onal case. Thus, the host a ara gras

pr ogV 47iF SPR820f UFReF | asRtREABFyIe%hgdCc Oﬁﬁ 8|X$rl°us kind
TPosY B PR TRneopRde 1har 80LE LLMPybBeoaTR 080 husic.

wever tén now th

Cas€y gpgt t@?OSBQEQQSfdﬁﬁécﬁoﬂa§o§a99iEtsbﬁlconductor

contro I's reason, the control has becone
conplbsatedi sAnstaatesukk, okt pksnhMOssi Bkent 6 Fppedeet is
the nmenory performance using a sinple calculation. The

transfiencnaberpanageter reli@ibepleonnBrcNANDG theshé8t memory
apparatus and the storage device is defined. However,

't hi siksfnetjuthelyeakedate whennthielbbsf eappawatyud for

wites data to the storage
example, see JPN. PAT. APPLN. KOKAI Publication

No. 2003-30993).

Recently, the memory capacity of the flash memory
has increased with advances in the technique of
manufacturing semiconductors.

For example, a storage device such as memory card
having a built-in flash memory is used via a host
apparatus. In this case, the host apparatus directly
controls the flash memory built into the storage device
in the conventional case. Thus, the host apparatus
grasps program time of the flash memory, and can
predict memory performance and storable time to some
degree from the program time.

However, it is often now the case that the storage
'device has a built-in controller; for this reason, the
control has become complicated. As a result, it is
impossible to predict the memory performance using

a simple calculation. The transfer rate parameter of



device. For this reason, the transfer rate does not
function as a neans for identifying the performance.
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device including a NAND flash(tm nenory, calcul ation

iIs required in conmbination with a bl ock processing

nmet hod by the host apparatus. For this reason, it is
difficult to determi ne the perfarmance using only the
storage device. Accordingly, it is desired to provide

an el ectronic apparatus which can sinply predict

st oragsudevéme erfrirende s SorEraegs een@vene | $tarage

| ar gecapacity storage device is controlled via a
contdevies ,ia defivoet of Hrweelieti nghihel perdoroedcesal rate
and a storage device . Disclosure of Invention
Accorfemgth® odt ragpaspast wiitee Priezche theentrbage
there is provided a storage device conprising; a

sem VTERt orF HengtyS SERATHY datd; L EeRoheF of fef does not

i nst ti t ite data to, th ' ‘
R e T T HSE Bt L AP CORE T Ol Vor PEEr heree -

d | st hol dj i :
howi ngonb. RB7Tor hAnRsPat abe F Bcgir SaaRar Bl Pna ozage

St or 3ge; 8evi £8 (& q?ﬂﬁﬂﬁﬁtf%$§§TMpﬁéﬁ8£§)a@&fo%@&@hon is

t he storage device Supports, per f or mancecl asses

specifigdrdd A¢COSEMNES Yo hy PErf 9T PBAER. pAcEEEEi NG hethod
a second aspect of the present invention, there is

" provhyetha host apparatws.repdinghis reason, it is

difficult to determine the performance using only the
storage device.

Accordingly, it is desired to provide an
electronic apparatus which can simply predict storége
device performance to some degree even if .a large-
capacity storage device is controlled via a controller,
a method of predicting the performance, and a storage
device.

Disclosure of Invention

According to a first aspect of the present
invention, there is provided a storage device
comprising: a semiconductor memory storing data; a
controller instructing to write data to the semiconduc-
tor memory in accordance with a request the controller
receives; and a register holding performance class
information showing one performance class required to
allow the storage device to demonstrate best perform-

ance which the storage device supports, of performance



data froma storage device which stores data and
performance cl ass i nformati on show ng one perfornance
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denonstrate best performance which the storage device
supports of performance classes specified in
accordance with perfornmance, the host apparatus
witing data to the storage deviéce, one performnce
class required to allow the host apparatus to
denonstrate best performance which the host apparatus
supperissef specpeidorimncecctasses bethgoseformatnpe.
host apparatus. Brief Description of Drawings. FIG 1

i s a bl ockcdpadiaen showni agcohe eseperfupd thenrsesant
NAND flash(tm menory according to a first enbodi ment
of theveresent FRYERtIDPIEYEICY ashash| dBER2ERBYF ahfading

showi ng the configura tion of a storage device hayi
Che GRFR CFAM manBr9E o9° t HeVFFF StReRBotF AERE, SRR 810

host t i ng_the_st deyice: Fl ' '
i ouPTELGRBIATR GHO%e ot STETTRCr™ L RICEEBY aghe digf Safnance
assUPds DY LO8; POS! - 8PRAI S UshL NsLOLL bLT SLyeabogpment
and actual nory area division int storage devi ce;

FI G gnbRsBr¥tEVHL O exPLab PndRt@ NRYEh Phehetbihge device
enbodinent ;FIG 5 is aviewto explain the wite

oper 34 he8rt s NbAJp¥hRESrHShBg 81aBkEE- Bpbeekrvedt én accordance
command; FIG 6 Is a view show ng an exanpl e of
with performance, the host apparatus writing data to
the stofage device, one performance class required to
allow the host apparatus to demonstrate best
performance which the host apparatus supports of the
performance classes being set to the host apparatus.
Brief Description of Drawings.

FIG. 1 is a block diagram showing the configura-
tion of a NAND flashT™ memory according to a first
embodiment of the present invention;

FIG. 2 is a block diagram showing the configura-
tion of a storage device having the built-in memory of
the first embodiment, and a host apparatus using the
storage device;

FIG. 3 is a view to explain area division of the
storage device assumed by the host apparatus in the

first embodiment, and actual memory area division in

the storage device;

FIG. 4 is a view to explain data move in the first

embodiment;



a performance curve in the first enbodiment; FIG 7 is
a viewto explain file systemupdate during real tine
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views show ng the wite sequence; FIG 9 is a

per spective view show ng the appearance of the host
appar atus and storage device according to the first
enbodi ment; FIG 10 is a view show ng the performance
curve classification in the first enmbodinment; FIG 11
is a table showi ng card requirenent characteristics of
each cl aspIGFI & id&2ai siawt abl exphaxk\hnghereasmteneptaration
condi tions of card requirenment characteristics of each
cl assimEh@ wisn i gsangi @wnshoin infothewtbhe eposmandr ed
in aregister of an SD nenory card; FIG 14 is a view
showi ng AELGHabsifi aavien GhPWiRgspBcEXpBPASBRDrY
card area_in the first epbodi nent i ew

tgbe%pw%¥%0¥%%n%%n6%ﬁve ofn t%%sleﬁFf%?b?alwﬁBtf.rst
enbodi nen Fl how

al | used %&@ ?lEoF‘: g&gg\é g\r/]v?%p? fig froEe ggg%ﬁ onpgfﬁte
AU LG réglat%fngw §98¥‘M§ thg Eggfggyget éﬁ?o@imémt,

msm)r ca d accor I nNg a secton
thepresen%zcﬁveeklge skl GrelBibnsashahhagt enexpkain

the signal allocation with respect to signal pins in
the segRENCe;

FIG. 9 is a perspective view showing the
appearance of the host apparatus and storage device
according to the first embodiment;

FIG. 10 is a view showing the performance curve
classification in the first embodiment;

FIG. 11 is a table showing card requirement
characteristics of each class;

FIG. 12 is a table showing measurement conditions
of card requirement characteristics of each class;

FIG. 13 is a view showing the contents stored in
a register of an sDT™™ memory card;

FIG. 14 is a view showing AU classification with
respect to a memory card area in the first embodiment;

FIG. 15 is a view to explain the concept of a host
buffer in the first embodiment;

FIG. 16 is a view showing the case where all used
RUs are collected onto the front position of AU;

FIG. 17 is a view showing the configuration of

a memory card according to a second embodiment of the



woreowongeeear d of the second enmbodi nent

10

15

20

25

card of the second enbodinent; FIG 19 is a bl ock
di agram showi ng t he hardware configuration of the
; FI G 2BCT/$P2805/013104
bl ock di agram showi ng the configuration of a register

of the nmenory card of the second enbodinent; FIG 21

is a view showi ng the configuration of the nenory cell
and the buffer in the nmenory ca#d of the second

enbodi nent; and FIG 22 is a table to explain signal
allocation with respect to SD bus signal pins in

var ipussgperiatveait images . Best Mbde for Carrying CQut
the I nvention Enbodi ments of the present invention

will be deszrilfed hed cvalnie hto ef:apenide e thgnal
acconpanyi ng drawi ngs. These enbodi nents do, not

r estalilstcatiopmasentr ¢ IR i oh. s {IMastP Ehboh ngt )MSpREY
first enbodinment relates to_a storage device having a

bui 13214t GorkRRIFRTIE R LOHtRtor st orage devi ce, .

Conf i gur akam B of of agkoGbVILES S0 PSSt appar aF e farare

used i B & M e laNiuer ot S or g Eeond 1o
embodiment;

FIG. 20 is a block diagram showing the
configuration of a register of the memory card of
the second embodiment;

FIG. 21 is a view showing the configuration of
the memory cell and the buffer in the memory card

of the second embodiment; and

FIG. 22 is a table to explain signal. allocation

with respect to SD bus signal pins in various operation

modes.
Best Mode for Carrying Out the Invention

Embodiments of the present invention will be
described below with reference to the accompanying
drawings. These embodiments do not restrict the
present invention.

(First embodiment)

The first embodiment relates to a storage device
having a built-in non-volatile semiconductor storage
device, and to a host apparatus using the storage
device.

[1] Configuration of storage device and host



device built in a storage device used for the host
apparatus according to the first enbodi nent of the
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the configura tion of a semiconductor storage device
(sem conductor nenory) in the case of realizing the
sem conductor storage device according to the first
enbodi ment using a NAND flash(th) nenory. In FIG 1
a reference nuneral 11 denotes a nmenory cell array.
The nmenory cell array 11 is provided with several word

l'i ngppaselect gate lines and bit lines (not shown)

The several word lines and bit |lines are connected N
several rmenuhe dellllowing ddmwnpticthe asé‘lféw‘%lfl%#bﬁ

cells are divided into several blocks as described

| at eremcine irevoeg el |2 axray OLB bid & FffEERPHT HarH 0r29e
hold circuit 12 and row decoder circuit OiL hceh daﬁa

hol dlesiirqeuiuild denpy iSSEF P HIRFEG Y579 | ¢ host

circuits. The row decod ircuit 13 sel ect
dr i VEPERE Wdﬂriqwq% l& dﬁ? CF nesyOfT e

data hol d CIFCUIt terrporarlly hol ds data read via
t he Bi%° qr}%eWnn&:aﬁa tead fromthe nemory cell array
11. The @ hpld cing %?éklgl FRET & b Yndot gls M@hf@gura—

data in data wite with respect to the nenorycell

array; dob ond ddien-stppti®s ditotHyd heevwed®r ys@rl tonductor
array 11 via the bit line. The data hold circuit 12 is

-conngsteest 0in the case of realizing the semiconductor

storage device according to the first embodiment using
a NAND flashT memory.

In FIG. 1, a reference numeral 11 denotes a memory
cell array. The memory cell array 11.is provided with
several word lines, select gate lines and.bit lines
(not shown). The several word lines and bit lines
are connected to several memory cells (not shown).

The several memory cells are divided into several
blocks as described later.

The memory cell array 11 is connected to data hold
circuit 12 and row decoder circuit 13. The data hold
circuit 12 comprises a plurality of latch circuits.

The row decoder circuit 13 selectively drives several
word lines and select gate lines.

The data hold circuit 12 temporarily holds data
read via the bit line in data read from the memory cell
array 11. The data hold circuit 12 temporarily holds

write data in data write with respect to the memory



i nput/out put buffer (1/0O buffer) 14 and col um decoder
circuit 15. In the data read, read data held in the

waelaaoa/obebd circuit 12, that is, only sel ect ed PEl/aP2065/013104

10

15

20

25

read outside the sem conductor storage device via in
accordance with the output of the col umm decoder
circuit 15. In the data wite, wite data supplied
fromoutside the seniconductor 8torage device via the
i nput/output buffer 14 is held by a latch circuit of
the data hold circuit 12, which is selected in
accasencer wh ¢ hi 1 heawdit puén ofuphiel el Lomt detielenemory cell
circuit 15. The row decoder circuit 13 selectively
dri vesrayel precadilmg wor dlinees and sel ect gate |ines
included in the menory cell array 11 in data read and
wite. ByTH@iﬁgt@ohOhﬁnﬁiycééFI% cé?r@@BBﬁBFﬁa t8 one
page of the neno cell array 11 ar ane

sel ebli;]@élt/ oatar b Ee s, by Gtot B ShesThanr s%of%ﬁydef”der
and t I

ci lrcafé;%t&ﬁ?r o Tantte FIat S Bet B Sa, e e R i he
col umm, deco t,45.

T A5, A R chas e
compQ dd8899§8e1§heTbémQQHHaﬁgtgﬁcgesEaéé de¢odesvihein

command to out put various control signals. Based on

the gerbrahnstopatsouhpubuipam bhetsensabdmdedodeted
the operations of the data hold circuit 12, row

“decogdefcaitcubt 13n tneuaéaatpuntbufwEité4datalanpplied

decoder circuit 15 and
from outside the semiconductor storage device via

the input/output buffer 14 is held by a latch circuit
of the data hold circuit 12, which is selected in
accordance with the output of the column decoder
circuit 15.

The row decoder circuit 13 selectively drives the
preceding word lines and select gate lines included
in the memory cell array 11 in data read and write.
By doing so, memory cells corresponding to one page of
the memory cell array 11 are simultaneously selected.

An address latch 16 latches address input, and
then, supplies row address to the row decoder circuit
13 while supplying a column address to the column
decoder circuit 15.

A command latch 17 receives command input. The
command latch 17 is connected to a command decoder 18.
The command decoder 18 decodes the command to output

various control signals. Based on the control signals



address latch 16 are controlled. In the NAND flash(tm
menory, the address latch and the command | atch are

w@eoesedsed to the input/output buffer 14 (not BEDIWRPO5/013104
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Thus, address and conmand are supplied from an

i nput/output pin of the NAND flash(tm nenory. The

sem conduct or storage device is provided with a

hi gh-vol tage and i nternedi at e-v8l t age gener at or

circuit (not shown), in addition to the circuits. The

hi gh-vol t age and i nt ernmedi at e-vol t age gener at or

Cci r cliipgenerat esha déoghavd| deagedandl 8 nt Eneredpatations of
vol tage supplied to the row decoder circuit 13 and the
menorhe céta drohy dir¢widat?, wow edeeeder agbrow i 13,
shows a storage device into which the nenory of FIG 1

i s buiput/eweoat Hesffappht at ©RLWER rigeePee st 6 hgett 15 and
device. The storage device 19 is menory card, for

exaﬁ%@%?%ﬁﬁ&i%?i@ hendts %%?B?O#%%dgxplanation of the
case 0 ng, t N0 |

| ater. Ayiﬁsﬁ%ﬁpﬁ%ﬁ%é%ggsﬁ , ég?ﬁgéh_ﬁ%%%??gfgsg?}atCh and
R T

e £gardi 4 Theof! a norynhas Lhersenf hgyr abihesnd
shga%y$ﬁgélG. ?E?%heﬁgggfce coﬂt?ollefggZ indélludesé]n are

ver s @hoi NEQT FRbAH 08N T eghSt PbuBSut PEIAOLHBPEE NAND flashTM
identification code register 24 and perfornance

‘par anehery I egi ster 25.

The semiconductor storage device is provided with
a high-voltage and intermediate-voltage generator
circuit (not shown), in addition to the circuits.

The high-voltage and intermediate-voltage generator
circuit generates a high voltage and intermediate
voltage supplied to the row decoder circuit 13 and the
memory cell array 11 in data write and erase.

FIG. 2 shows a storage device into which the
memory of FIG. 1 is built, and a host apparatus using
the storage device. The storage device 19 is a memory
card, for example an SDTM memory card. The explanation
of the case of using the SD™ memory card will be made
later.

As shown in FIG. 2, a flash memory (i.e., memory
area 21 in FIG. 2) and a device controller 22 for
controlling the flash memory are built in the memory
card. The flash memory has the configuration shown in

FIG. 1.



The version information register 23 holds version
i nformati on. The version information is used for

WO d@enideyd ng a version of the nenory card. ThePCT/JP2005/013104
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performance identification code register 24 holds a
performance identification code. The performance
identification code is used for identifying a

per formance groupi ng (performabte class) . The
performance paraneter register 25 holds a performance
paraneter (described later) of the storage device.
When t he 1gl0idaga dde\iaes i lier connectledidso e hnost
apparatus 20, the host apparatus 20 controls a

bui litfiormaedbnc argricitdesr 226 psinfyrachgid tidem torigcadsdan
28 to nmake a data exchange with the storage devi c

In coder regisesd ddt and mnninemaese Wm gltsrlEer 25.
datalsterrporarll held in a huilt-i t buffer,

( buffirer viegweiop) 12 O Taet 1 He rEar ST s?-relﬁw %1515[ N rsion
storaedewce 19 via the host cont ral.l '
cas e TRFEHRIN -puf Vf’fsc]éﬂl agc ren(r)rlrzrs}(?sml'}:geenz1 e

varla ns of t he _st.or.age nt to
dtt? Pfhé' hos Slgoq}fer %%g}j Jél;gﬁ(?zedmfgl ng
par e@d@f@fﬁ’l iy %@&é&sﬂ&efﬂ i 10 TWs

t
neeé)oé prow I ng special nenory such as the host

buf faer Ao @alhdd addidi Pisat fod scld ectitve gor fesedves
it on the system nmenory 29 because a | arge host buffer

- 27 isusuald e demi reshie The st fpparddnisi 2Qicamwite

data using one-tine nulti-block wite conmand (i.e
commirtdamance grouping (performance class). The

performance parameter register 25 holds a performance
parameter (described later) of the storage device.

When the storage device 19 is connected to the
host apparatus 20, the host apparatus 20 controls a
built-in host controller 26 using a built-in processor
28 to make a data exchange with the storage device 19.

In order to send data from the host apparatus 20,
the data is temporarily held in a built-in host buffer
(buffer memory) 27, and thereafter, sent to the storage
device 19 via the host controller 26. In this case,
the host buffer 27 can buffer performance variations of
the storage device depending on time to some degree.

The host buffer 27 may be realized using part of a
system memory 29. By doing so, there is no need of
providing special memory such as the host buffer 27,
and in addition, it is effective to reserve it on the

system memory 29 because a large host buffer 27 is
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writing several continuous blocks using one wite
command) . [2] Performance definition of card

W@ r@agedoes The storage device 19 hol ds perf or neC@2005/013104

cl ass corresponding to sel f-performance and vari ous
performance paraneter informations so that the host
apparatus 20 can know the performance of the storage
device 19. The definition of the performance paraneter
will be explained below In the follow ng expl anati on,
a menory card, in particular, SD nmenory card is given
as apuexappkegofrtle storage device 19. Data transfer
performance fromthe host apparatus 20 to the storage
devi ce (fTerDhpstargpatatius &9sgmed vaste dedeseindat e
on control bus 30. In this case, the control bus 30
cor pesponds nelairhilekkairdkebicoampact i(dngl-Iry command for
connecting the host controller 26 and the device .
cgnﬁﬁéﬁﬂ@ﬂ SSVRHaE| €ONS 1NUPHS PﬁgﬁiﬁePsﬁgﬁeqn§ & T6n
t he assunption that the host apparatus 20 executes
mwiFQmWﬁnF%e opti mum st at e. [ZPQ] Definition of

per f ormence gurye L 2vlecla i vissl o, f MBI ol Rfhrds
First, divi'sion of nmenory area by the host apparatus
20 and t e, StQrage dewd pe el 9 gid1 die i andathdel s s
Because this Is necessary forthe explanation of the
per f I TRRER nenke tis ad 1ffon siFRainfatideg amdperdararence

cl ass. The host "apparatus 20 divides the nenory area

21 performance parameter informations so that the host

apparatus 20 can know the performance of the storage
device 19. The definition of the performance parameter
will be explained below. In the following explanation,
a memory card, in particular, sDT™™ memory card is given
as an example of the storage device 19.

Data transfer performance from the host apparatus
20 to the storage device (memory card) 19 is assumed
as a transfer rate on control bus 30. 1In this case,
the control bus 30 corresponds to a thick arrow
bi-directionally connecting the host controller 26 and
the device controller 22 in FIG. 2. The transfer rate
is set on the assumption that the host apparatus 20
executes write in the optimum state.

[2-1] Definition of performance curve

[2-1-1] Division of memory area

First, division of memory area by the host
apparatus 20 and the storage device 19 will be

explained below. Because this is necessary for



into a unit calling 16 kB recording unit (RU to wite
data such as video data for each RU. Specifically, the
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by a one-tinme nulti-block wite comuand. For exanpl e,
the RUis the same as a cluster defined by an SD(tm
file system or has a size of integer nmultiples of the
cluster. The unit of the RU may2be set as 32 kB, 64
kB, 128 kB, etc. A s described later, the host
apparatus 20 counts the nunber of RUs capabl e of
recait ngkplatres t iand dihertebype anrneal cul ateve esiatliafor
recording time. FIG 3 shows the division of the
nenpear el i} agsunedimndge frst. apparatus 20, and
the actual division of the nenory area 21 by the
menory cafle 1stThrparatss @0 i rdss StTé%rIF%‘%%@ﬁd%r?% 21
di vision of the nenory area 21 assu thegg?

to write

appardts 2001 ofahet ¥ hed Hanecq

FIG 3 ds | di f
ar eaijaztl"’?or r({e}ﬁgo%lt o]réaegoe Rl;—i‘ac% ]%l\éé S%C{nggeea eromf‘l%%l% the

U 32
appa PALS GBIy, U %@t‘f{v%ﬁ\?gﬁcﬁrs hfe fosteen by
a.s4 ﬁes@ rﬁé%uﬂlﬁ—ﬁfocﬁ%ﬂé (SBAAGEITENt unit ar ea)

i s a managenent unit, and is defined as a unit used

for dividiyg @kémﬁ?@})r‘&h@rﬁ@zﬂs ofhé heagé osage dewster
19 into an AU size \J . The relationship between the

"RU 3= anted hey Adh 3DTY sim | aystant her riedaita onshe pof

bet ween page 34 and
integer multiples of the cluster.

The unit of the RU may be set as 32 kB, 64 kB,

128 kB, etc. As described later, the host apparatus 20
counts the number of RUs capable of recording data, and
thereby, can calculate residual recording time.

FIG. 3 shows the division of the memory area 21
assumed by the host apparatus 20, and the actual
division of the memory area 21 by the memory card 19.
The left side of FIG. 3 corresponds to division of
the memory area 21 assumed by the host apparatus 20.

On the other hand, the right side of FIG. 3 corresponds
to actual division of the memory area 21 by the storage
device 109.

As seen from FIG. 3, an RU 32 is a memory unit
when viewed from the host apparatus 20. An allocation
unit (AU) 31 is defined as a set of several RUs 32.

The AU (management unit area) is a management unit, and

is defined as a unit used for dividing all memory area



bl ock 33 when viewed the menory area 21 fromthe
storage device 19 (device controller 22) . The page 34

w0 g00a/00@eL£ess unit when the device controll er PCT/JP2005/013104
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executes wite or read with respect to the nenory area

21. The block 33 is conposed of several pages 34, and

is used as a unit when the device controller 22 erases
the nenory area 21. For exanpl g3 if a NAND flash(tm
menory TC58512FT manuf actured by Toshiba is used as

the nenory area 21, the size of the page 34 is 512 B,

and the sizes cftdhegdl deki @3 1% M6ckBn (AW shis 3mse,
redundancy capacity is ignored for sinplification) . A
NAND f | astif¢ nye hetboysivpsee pagen siize RE 32 k@@rt?aek%‘i 31
may glso.bg used. The page 34 and the RU 32 have_no
Beedl@fsnmwl@%pbﬁdtm@ uf tat erth B2 Heetvate RPE23 feynd

e set to integer nmultiples of the page 34 i kewj se,
t he BOGF 223 SRR nY £g¢< Nt g | PR B2t h %&Jt??%v%ﬁﬁe
AU 31 may be set to_integer nultiples, of bl

Indt%%p¥ ??oﬁ?ﬁb?ee§%lgﬁ 1on %f?fr%glﬁﬁdégﬁéingﬁédggge 34
and AU 31 as a_basjc ' -1 : '
perf%?n%%c%cgﬁ?%e??ﬁgug%%?o%%%n%é¢%€$sgéﬁfgﬁigég1@g
described, bel oy with, r el ggepcent pebb&et 401 YhBOmbRBry area

foll ow ng case as an exanple. Nanely, the host

appagat usTRO SUEERSSBVELYMbhbeSe®Rbankbvdata bagest Bé, and
position Ato the position Bin the nenory area 21.

- Typi ¢al h¥yedt Be areaifreneA theBdeotcespondsolberhd2 erases

the memory area 21.

For example, if a NAND flashT™ memory TC58512FT
manufactured by Toshiba is used as the memory area 21,
the size of the page 34 is 512 B, and the size of the
block 33 is 16 kB. (In this case, redundancy capacity
is ignored for simplification). A NAND flash™ memory
whose page size is 2 kB or 4 kB may also be used.

The page 34 and the RU 32 have no need of
corresponding with each other. The RU 32 may be set to
integer multiples of the page 34. Likewise, the Au
size Say is integer multiples of the RU size. The AU
31 may be set to integer multiples of the block 33.

In the following, explanation will be made using RU 32
and AU 31 as a basic unit.

[2-1-2] How to determine performance curve

The performance curve will be described below
with reference to FIG. 4 giving the following case as

an example. Namely, the host apparatus 20 successively



AU 31. In the follow ng description, data is newy
witten into the AU including used RU 31 as an

wez@aphed4+ A s shown in FIG 4 , a | ogic addr esBCDIP2§R013104
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AU 31 is set as LA Wien data is newWwy witten to each

RU 32 of the AU 31, the followng work is actually

required. First, data in RUs) 32 (shown by "Used" in

FIG 4 ) which holds data in thé4dexisting physica

bl ock PAAis witten into RUYs) 32 of another physica

bl ock PAB. Next, new wite data nust be witten

t her eroteFhe&H, unhé ghysi Eabmbltbek PPABtionnéwty fagpedsition
onto the logic address LA, Tine of newy witing data

to RB 32 t8RoWRMBYY" FEea"2iln FIG 4 ) which initially

hol ds no data cqrresponds to wite tine. The wite

time is dgﬁpﬁéégéyrwggﬁeaﬁ§@f5Fﬁﬁh@etﬁmB<§?Hﬂ%§ﬂﬂﬂ%§-to the

hand n alre Ltten data is.copied to,another

R 330" B e 1 ERE e Roro P Aad R 52 Yo the S0 g RO 3271V
.(e. g 3 [ ddjt i N f i tbing .data .
00 RSP 1kl B ROH N LA L HL 0 MOl 03 o
MhenAEh%hB%%diRUF§§.EXLSESleiEth@&@sghﬁ%'%ﬁb AosK is set
PAA, the used RU 32 is skippéd and data is witten

intoag fnee RUBZ (etE. isRWewiyhwrBatan3'th. eBahariunsbher
used RU 32 need to be witten intodestination RU 32

(e. gtheRRU32h) hatorelmewidat aoirk Wsi blcenallWi treqofired.
new data is stopped while the data in the used RU 32

is nmbiedt, TdmtaspenkUflel BRe (shown by “Used” in FIG. 4)

which holds data in the existing physical block PAA is
written into RU(s) 32 of another physical block PAB.
Next, new write data must be written thereto. Then,
the physical block PAB is newly mapped onto the logic
address LA.

Time of newly writing data to RU 32 (shown by
“Free” in FIG. 4) which initially holds no data
corresponds to write time. The write time is defined
as write performance Pw.

On the other hand, when already written data is
copied to another RU 32, time is taken to read data
from the old RU 32 (e.g., RU 32a) in addition to time
of writing data to the RU32 (e.g., RU 32b) of the new
physical block PAB.

When the used RU 32 exists in the old physical
block PARA, the used RU 32 is skipped and data is
written into a free RU32 (e.g., RU with “Data 3”).

Data in the used RU 32 need to be written into



operation is defined as data nove performance Pm
Thus, the total tinme spent for witing new data is the

wevs/00d694 he total wite tine and the total noORET/iF20€5/013104
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From the foregoing expl anati on, when average
performance P(Nu) is formularized, the follow ng

mat hemati cal expression 1 is obtained. [Mathenatical
expression 1 ] Average perforndifce: P(Nu) = [Sc x (M

- Nu)] / [Sc x (Nt - Nu) / Pw+ Sc x Nu/PM = [(Nt -
Nu) x Pmx Pw] / [(Nt - Nu) x Pm+ Nu x Pw] where, Sc:
Si zedoft Rub i\t on TRU aB2 nterber , oRU RBEbBulceéssdavma\y data
witten fromA to B (Nunber of RUs form ng AU)

Nurbes of itsed. RUSr beg webn@v adat 8 { aunberred wbéaeRtBe
included in AU Pw. Wite performance (unit: %
Pm dave perfFbrnanee RUnit: lWBP%%%? Th llfl%r%@%]ﬂhgfo the

mat henat i cal ssi on on the_assunmpti
nts 150 ge’ £

d
¢ hat OReF? bi fan HoTr 7 nn BePREC: RersPTTe
f t ‘
Dt D RN En b ShS T LI YERET EQE TROEE AT ndlCEL ) €5 the

Vor oouar o e Y et O e Py @%§?F§%%lémove Eime.
s the
| onest VabH@moﬁh@nf@Y@@@QﬁgOExbmgnatlon, when average

performance P(Nu) is formularized, the following
mathematical expression 1 is obtained.

[Mathematical expression 1]

Average performance: P (Nu)

= [Sc x (Nt — Nu)] / [Sc x (Nt - Nu) / Pw + Sc X
Nu/Pm]
= [(Nt - Nu) x Pm x Pw] / [(Nt - Nu) x Pm + Nu X

Pw]

where,

Sc: Size of RU

Nt: Total number of RUs successively written from
A to B (Number of RUs forming AU)

Nu: Number of used RUs between A and B (number of
used RUs included in AU)

Pw: Write performance (unit: MB/sec)

Pm: Move performance (unit: MB/sec)

The foregoing mathematical expression is defined
on the assumption that performance is determined using

the write performance Pw and the move performance Pm.

The write performance Pw varies depending on



performance when wite is continuously executed to all
RUs 32 of A U 31 which consists of free RUs 32. Note

W@ b@b/oodsed wri t e performance vari es dependi ng OPCPIRR0ERE 3104
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time consuned by the front-end. The frontend process

ti me depends on SD cl ock frequency giving the SD(tm
menory card as an exanple. This matter wll be
described below. FIG 5 is a viiéw showing the wite
operation timng when a multi-block wite command is
used. In the first stage of the wite operation, the
bac kR s tiadd 0Ty thY inlemarivt ecadat d %ar (fileesh frepmoitshe
front-end. In the second stage, the back-end is
oper[aiegt rtyogetdrer Mijt.h tMuedavent,- i WRHerefmfomganee Fw
time consuned for the nmulti-block wite nust b e
consisderedd rigw epe identlopdatoms igntele il e Rak-Ehdhe
In the second stage, back-end wite tine dom nates the

wr i tRe Rl QrARe & ORIt St Wi H S GRS EHP B eSS T et o att
Back- end ite ti t jJBis th foti td (I
' (83 LG G AP WIS XD (e TSR ey

21) t :
(Tome Lo oo ctbat byt ot FEtOmelre v BN oppnding

start of the mulilsh d s, conaendta dhe, staid ofont-
wri te ?por?%eswfalsri}]e %%%MA@ descri bed above, if the

SD By, S@E Lk i 81 VEIH &S AN XA Bock herdgeaicengiving
process tinme t r depends onthe SD cl ock frequency.

. ThergfOren™ hgedis Ot cend 98 onesexdmpee! i Bhexpnassed will

usi ng coefficient Cgo and SD cl ock frequency fso- _
Thusse tdesd ¥ Opdd enell g OCEBBG. 5 is a view showing the write

operation timing when a multi-block write command 1s
used. 1In the first stage of the write operation, the
back-end is waiting until write data arrives from the
front-end. In the second stage, the back-end is
operated together with the front-end. Therefore,
write time consumed for the multi-block write must be
considered independently from front-end and back-end.
In the second stage, back-end write time dominates the
write time as compared with front-end process time.

Back-end write time typ is the sum of time until
all write is completed after write to the flash memory
(memory area 21) is started.

On the other hand, front-end process time typ is
the sum of time from the start of the multi-block write
command to the start of write to the flash memory.
As described above, if the SDTM memory card is given as

an example, the front-end process time typ depends on



time t is expressed using the follow ng mathemati cal
expression 2 in the SD nenory card. [Mathemati cal

wexpseesdon 2 | Front-end process tinme: t jp =PCyIF200903104
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If data is recorded to one A U 31, the front-end
process time t p is proportional to the nunber of

write commands. The nunber of wite commands is

equi valent to the nunber Nj ofl7RUs 32. If the nunber

N i ncreases, that is, the RU size SRU becones small,
wite efficiency decreases. The nove performance Pmis
def ivred sas dllecd divestuaratyue dfheare faves ageherofieont-end
performance. The nove performance Pmis cal cul ated as
an aueErcEges WHere dorg i rfierp RIS B windmvest - ¥erin Csp and
one conpleted AU 31. The nove tine is defined on the

si dSDofcliam FHAGUETEY digbi s TBtS affec ey qe Brpcess

oV G HOTERS S EXRARE TR G N ot 189 B Tt 0
[ ; 0 '

as being infinije. This J xpressed 1/ Pm= 0".

Nbr fd\?é?g‘e,s§lr?é'l ré)v]en ptgﬁ oél‘%bﬁ eenll-prrrmskgacraﬁ“i%' depenmdi ng on

read tine ' t ve i ddi ti t

t he progr%%e?@%%ggﬁc%ﬁe%?%‘%%@nzg? InI tnhias I(:alsg,n °

the data ppye isngxgrytedsinshde ¢ Ly/cagrd 19;

therefore, the host” apparatus 20 does no
directl ycoptgnlathe gdataramyeso Thee fRU| ®W nghéworont-end

val ues are defined when it cones to read perfornmance.
process time typ is proportional to the number of write
commands. The number of write commands is equivalent
to the number Ngy of RUs 32. If the number Ngy
increases, that is, the RU size Sry becomes small,
write efficiency decreases.

The move performance Pm is defined as the lowest
value of an average move performance. The move
performance Pm is calculated as an average when
continuous RUs 32 are moved to form one completed
AU 31. The move time is defined on the side of the
back-end, and is not affected by the SD clock
frequency. If the memory card 19 has no need of moving
the RU 32, the move.performance Pm is defined as being
infinite. This is expressed as “1 / Pm = O;.

Moreover, the move performance Pm varies depending
on read time described later and data move in addition
to the program time of the flash memory. In this case,
the data move is executed inside the memory card 19;

therefore, the host apparatus 20 does not directly



1 ) Read performance with respect to data Read
performance with respect to data (hereinafter,

WO edoenoe@od t 0 as read performance) Pr is defi nePCHIPAIR13104
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| onest val ue of an average of performance when readi ng
data in units of RU 32 at random The average may be
cal cul at ed based on 256-tinme randomreads in units of
the RU 32. Mreover, the worst Tfse should be
considered in the tine spent for making corrections
using an error correcting code (ECC) with respect to
eachcbhbekl 38he Thetaeadvper f ormance Pr nust be | arger
than or at |east equal to the wite performance Pw 2 )
Read ti meTbé fpléocwyspetpFATLuRsadrei AefinegkBhepf 1t comes
file systemsuch as a file allocation table (FAT) is
def i hedraadt Rer FAXPANRTti me when readi ng a 4kB FAT. In
this case, FAT read st be possible during Al ite.
This i o bbbaBgad BGRCPRBATRG MhecASSPHFY ofl OAfe
recordi ng, the host appara 20 _nust..read FAT

bet ween Aﬁ@ﬁ?i?ggio gg%&e??%Phgeﬁ8§§F ggsggg oul d be

ConSiQSESEE%EtEPe LLRE-$RENE of 95 gegan cCPELRShieNS pr
é an w i o}

usi n h respect to each block 33. FAT read

tinme;w thrrgsgest tAef ibResy¥siBMisi 8¢ LRRagkza)eSoiS
expressed using CEIL function as follows .FAT read

ti mepwkEhrmngapecknta tkbaisystemnsizeubifkkcBE: RU B2R

(SFR) |~x~] represents the CEIL function which

convett sadaemnal The average may be calculated based on
256-time random reads in units of the RU 32. Moreover,
the worst case should be considered in the time spent
for making corrections using an error correcting code
(ECC) with respect to each block 33. The read
performance Pr must be larger than or at least equal to
the write performance Pw

2) Read time of file system (FAT)

Read time Tpr(4kB) of file system such as a file
allocation table (FAT) is defined as the maximum time
when reading a 4kB FAT. In this case, FAT read must be
possible during AU write. This is because, considering
the case of real time recording, the host apparatus 20
must read out FAT between AU writes. Moreover, the
worst case should be considered in the time spent for
making corrections using an ECC with respect to each
block 33. FAT read time with respect to file system

size (FR size) Spr 1s expressed using CEIL function as

follows.



fraction x to the smallest integer nore than or equal
to x . FIG 6 shows the performance of the nenory card

waDoeabed at ed according to the mat hemati cal eRr@QI/ER0030013104
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1. InFIG 6, there is shown the performance when
the nunber Nt of RUs 32 formng the AU 31 is set as
16. A's seen fromFIG 6 , performance (vertical axis)
is determ ned for each used RUlgatio r (horizontal
axis) . Then, the performance o f each used RU ratio r
is connected, and thereby, a performance curve is

obt ai ned.rAfher et fromEnCie e uraspdct sigrificatsten size Spr
infornmation to host apparatus makers. The performance
cur VikBls dpeciSpred using the wite performance Pw and
the nove performance Pm The wite perfornmance Pwis
eqw val ent to full perfor rmnce when the used RU ratio

= 0 . The R is expressed as the
foI I O¥M ggU; I‘eSSI on usi ng the nunber of
d the y
EUISI ) JHENPIWW sNt %ﬁéq Mo 9's 505(%1 e%%p%ségsgd%GClmal
ol | ows. u=.r se r [
Fandd Tond 14 g T %F"i%{%ésf’n%oa%% TR G foava

RU_s t3(; are unused. On the other hand, when r =1
this neans that all RUs 32 are used, that is,

performangegi Sg Oshowd WhHEse Wob fgandé | 3£ =t e i Be@b¥encard 19

calculated according to the mathematical expression 1.
In FIG. 6, there is shown the performance when the
number Nt of RUs 32 forming the AU 31 is set as 16.

As seen from FIG. 6, performance (vertical axis)
is determined for each used RU ratio r (horizontal
axis). Then, the performance of each used RU ratio r
is connected, and thereby, a performance curve is
obtained. The performance curve is significant
information to host apparatus makers.

The performance curve is specified using the write
performance Pw and the move performance Pm. The write
performance Pw is equivalent to full performance when
the used RU ratio r = 0.

The used RU ratio r is expressed as the following
mathematical expression using the number of Nt of RUs
32 of the AU 31 and the number Nu of used RUs 32.

r = Nu / Nt

This equation is also expressed as follows.

Nu = r x Nt



It can be seen that any performance curves passes
through the point (1, 0). Wien rewiting the

woredohem@d4 cal expression 1 using "r", the fol | PUi/MRR005/013104
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mat hemat i cal expression 3 is obtained. [Mathematica
expression 3 ] Average performance curve: P(r) = [(I -
roxpPwxpPnm / [r x Pw+ (1 -r) x Pn] Were, 0 <r <

1 The performance is plotted usiing the expression 3 ,

and thereby, the performance curve shown in FIG 6 is

obtai ned. [2-1-3] Position of nenory area and

per f or mantlee acsadaBy frétider dadmiorite stapngadfressO to 1.
of the RU 32 is not the boundary of the block 33 of

t he Weemry ar®a Piis theantsl ok myld i RS i 32 ragmi pegsed.
Specifically, time for noving witten data is requigff RUs

so tPatthae WReE endRr t VR i ont cor S pBRARS t BRE he

boundar f the b k 33. For_thi
Coungr L 2Lud 8, DLESK 35 faLt sz sehualicy vorc,

cas %n order_to.ppasure accurate performance, it is
necg%g %y to Sat %?% the requirenents that addresses A

and B corespopdytosthgboyndary., ofc E8sRaHBEL (1B @SKpasses
33) . Specifying the allocation unit results fromthe

reason-geserthedpoabeve (1, [@r 2] Wasaneéeritehgvene to
file system update during recording

W ”

mathematical expression 1 using “r”, the following
mathematical expression 3 is obtained.

[Mathematical expressioﬁ 3]

Average performance curve: P(r)

= [(L - r) x Pw x Pm] / [r x Pw + (1 -r) x Pm]

Where, 0 £ r £1

The performance is plotted using the expression 3,
and thereby, the performance curve shown in FIG. 6 is
obtained.

[2-1-3] Position of memory area and performance
accuracy

If the data write start address of the RU 32 is
not the boundary of the block 33 of the memory area 21,
the following time is required. Specifically, time for
moving written data is required so that the write start
position corresponds to the boundary of the block 33.
For this reason, actual performance is inferior to
expected performance in the case. In order to measure
accurate performance, it is necessary to satisfy the

requirements that addresses A and B correspond to the



File systemupdate is inserted into the wite
sequence, and thereby, general (actually obtained)

wowriobeoges f or mance decreases. For this reason, PCTiaP2oawi13104
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apparatus 20 requires paranmeters relevant to file
system updat e when cal cul ati ng the performance of the
menory card 19 as described | ater. The host apparatus
20 can cal cul ate the reduction2df actual perfornance
by the influence that the file systemupdate is
inserted into the wite sequence. FIG 7 shows a

t ypirzalndseguentenfsd ile syddlemluptiht e dipeagf yead the
time recording. In the follow ng description, FAT is
used ldocr ttypi oaliexaaplk off tde the ef%%ﬁﬁferﬂe%%lbed
update of the file system (FAT) possibly occurs after
an?/rba};rQW? to RUs 32. FAT is periodically updated.. The
nunber of RUs 32 witten befween cert file syste
]chpFIate anHzT%]e l?f%&"t‘m???lé 555 ?Vé?ﬁlﬁptb%té f% §}5§E?1¥ Qqﬁte
ile systemu eri od Tpu. The nunber of RUs 32
wri t9 rtﬂat]?/\% Jhrécg)fl | e systemupdates is Nd. A FAT

wite CY%%&%{%E%%%@%%'iﬁsé’P@éétiﬁﬂé th8 ﬂ@ce

7 , FATI and formation wite to

and LATZ ngﬂ%@etﬂyfébP|Q%¥né¥éie (£OPRERNTy obtalned)
respec |v y. File system (FAT) wite nmay be started

fromyarbd tyaF yo Bid ecaddé €sSas@hd neyr beh def ragdons the host

wite rang| ng from16 kB to arbitrary |ength.
apparatus 20 requires parameters relevant to file
system update when calculating the performance of the
memory card 19 as described later. The host apparatus
20 can calculate the reduction of actual performance by
the influence that the file system update is inserted
into the write sequence.

FIG. 7 shows a typical sequence of file system
update during real time recording. In the follow;ng
description, FAT is used as a typical example of the
file system.

The update of the file system (FAT) possibly
occurs after any write to RUs 32. FAT is periodically
updated.. The number of RUs 32 written between certain
file system update and the next file system update is
specified by file system update period Tgy. The number
of RUs 32 written between the file system updates
is Nd.

A FAT write cycle comprises three write

operations. In FIG. 7, FAT1 and FATZ2 denote FAT



In FIG 7 , DIR denotes Directory Entry. The DIR is
generated prior to recording, and wite is nade to

wWo0y/086628 porti on havi ng change directory entPgr/JiR005013104
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systemwite time Tp is defined a s the total tinme o f
file systemwite cycle, that is, the total wite tine

of the FATI, FAT2 and DIR. The file systemwite tine

T p f changes dependi ng on the Zpecifications of the
device controller 22. [2-2-1] Conditions of neasuring

an average of file systemwite tine T p The File

syst enfornbdeionnerTte ts HaTlneddaBAB2vasiegobhai medti-
fromthe average of sone neasuring val ues. The

fol | lohpal watheneeisandexpeessrbhvalys uBédef system (FAT)
speci fying average file s¥sten1mwite time T (ave. ) A

s seehRlEpoRRY heefoF prBWPAgTrERhaRAE FEaFYeRpFBsaPgReEs,; and

the worst val ye of the average value_of arhitra .

i gy he TSy stRnr i FPoteydrby FEoTobh KPatPnarbitrazy
averﬂge %%Ie systemwite tine T p (ave.)

[ Mat hatical expression 4 ] Average file systemwite

time: (T : = - ;

I, 0 BB ettt el g one oxs
system wehtBatbgeArSodessr bbed-hahgl . ahhewb9st is made to
apparatus 20 tenporarily holds data using the host

buf f gh1275dpki pgriibe B¥stam updaye. dThystokheemmxiymUM
file systemupdate period needs to be considered when

~det eFfriai sgstbe wihtaumisezeppf ithaehidstdbatf ehe2¥otal time

The require
of file system write cycle, that is, the total write

time of the FAT1, FAT2 and DIR. The file system write
time Tpy changes depending on the specifications of the
device controller 22.

[2-2-1] Conditions of measuring an average of file
system write time Tpy

The File system write time Tpy is defined as
a value obtained from the average of some measuring
values. The following mathematical expression 4 is
used for specifying average file system write time
Try(ave.). As seen from the following mathematical
expression 4, the worst value of the average value of
arbitrary eight-time file system write cycles is used
as the average file system write time Tpp(ave.)

[Mathematical expression 4]

Average file system write time: (Tpy(ave.))

= [max (Tpy(l) + Tpy(2) + .. Tpr(7) + Tpy(8))] / 8

[2-2-2] Maximum file system write time



ments on the size of the host buffer 27 will be
explained in the followng [4-5] . The follow ng

woradokeo@mdd cal expression 5 is used to specify POEIROOF113104
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value of the file system (FAT) wite tine. :
[ Mat hemati cal expression 5 ] Wrst value of file
system (FAT) wite tinme: (T F W(max) ) < 750 [ns]

[ 2-2-3] I ndependence of data wd3xe and file system
wite File systemwite may be inserted between any
Rus or AUs during real time recording. The device
control | ens2@enertsed ol decnpl €he oheoht apPamkthduL0
influencing the wite performance Pw of data itself.
The tepoeactlpfhehes flata sysieem Weetkoss PREIGF| ¢4 during
performance Pw may be elimnated in the folloyﬁn
mannekle Spestem caPigte ¢ hel Re3unph® oRC BFWRI T %fgg?tem

interruption it by the fil [ [ .
car AR bat PEF O PEI ST R dPe argas FAF ot Mhe P HaSsREn aing
ich data is witte f [ ti I o
or der"E o PRbT T Pt HE Rontrel oSt cRERESE! bk foper PRguires
;gstﬁg%@@' & PHX 9§z@f8f'€§Q ﬁ?gttﬂgf9§¥i§¢09@1105éer
may control as descri bed below. As shown in FIG

8A, LhE1aeABLYiAT €Re 2401 D6l UAgS [2-Bprmal physi ca
bl ock and a cache bl ock. When a file systemwite is

request edrddr Fpyl6RGUENIhE8hEMavi il ngxpeBEsnvaus dat ased to
to a normal physical block as shown in
specify the worst value of the file system (FAT) write
time.
[Mathematical expression 5]
Worst value of file system (FAT) write time:
(Tew (max)) < 750 [ms]
[2-2-3] Independence of data write and file system
write
File system write may be inserted between any
Rus or AUs during real time recording. The device
controller 22 needs to be able to control without
influencing the write performance Pw of data itself.
The influence of the file system write to the
write performance Pw may be eliminated in the following
manner. Specifically, the resumption of write after
interruption on writing by the file system write is
carried out from an physical area following the one to
which data is written last before interruption.

In order to realize the control, a cache block

for file system write may be provided and the device



FIG B8A, file managenment information is successively
witten to a free area (page 34) of the cache bl ock as

walepsotet in FI G 8B. Thereafter, as seen fronPEl/@208013104
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data wite is restarted froman area (page 34)
following the one to which data is witten last before
interruption. Wien wite of the interrupted data wite
is resuned on a physical area ahich is not the next

one of the physical area (e.g., area in a new bl ock,

or BLOCK2) to which data is witten |ast before
resygptken1kirke2t heypebntralt asddeacmbbedabedppanyPfigshown
wite occurs. As a result, the wite performance Pw
var i gsriage B8, théefmbmosysaeﬁamﬁﬂténc H¢é§tﬁgéPFW6
address, size and seguence makes it possible tq

cl apbivEycadr mAPcHatadandArhe RaAs§enelPeinPoliafi §YStem
[3] Cdassification of nenpry car n,or readily

r to
mat wmxtﬁelﬁeﬁfﬁapﬁéﬁéé SPTERE ﬁ@ﬁf&ﬁytéé.lgyly%&ntghe
ey s ey, AR R A bl o 1o

séeveral classes

(perfar mance Ll aS%%%% LDAECOr danse ickh sthe caedsively

per may béclassified in accordance

wi t [y RLLAY AANCe MALATRLE' 84eh )5 IMe ReeiEmeck as

curVé described before and I"e systen1MW|te time T .
Thed@?‘i‘&%ocq_@lt rrald e ghol dfﬁetrlé%fadeass dsnfeprematirem &FIS. 8C,

a performance identification code 2 4 of the nenory

car gzt write is restarted from an area (page 34)
following the one to which data is written last before
interruption.

When write of the interrupted data write is
resumed on a physical area which is not the next one
of the physical area (e.g., area in a new block, or
BLOCK2) to which data is written last before resumption
like the prior art, data move accompanying write
occurs. As a result, the write performance Pw varies
due to the file system write.

Investigating address, size and sequence makes it
possible to classify normal data and file management
information.

[3] Classification of memory card

In order to readily match the performance of the
memory card 19 and the performance required by the host
apparatus 20, the memory card 19 is classified into

several classes (performance classes) in accordance

with the card performance. The class may be



The menory card 19 displays its own class according.
In FIG 9, there is shown a |abel displaying the

welkasmodetent i fication. FIG 9 shows the case WheT/aP20052013104
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storage device 19 is an SD nenory card. A s seen from

FIG 9, the nenory card 1 9 has case 7 1 and |abel 72

di splaying its class on the case 71. The case 71 at

| east partially covers the nenbby area 2 1 and device
controller 22. Mreover, the host apparatus 2 0 has a
preset class. The class in the host apparatus 2 0

meaps jkhatr ik Gan apecireliiiceh & ihes perfermancss garameters
menory card 1 9 with the sane class as the host
appaizhus s2@heThe tfosmaapparcarys 2egogdpacedsipre and file
i nformati on when it uses a | ower class nmenory card 19
tﬂoagzlgtietnswpa'rtmrtrimé"mws nghet HevHEe contEolg adhdgds the
that a case 73 of the host apparatus 20

di spilapisng nfoyTEtdLs G i .Pe%%@%%d&égea}ﬁ&tafilé‘bcell“?%de
necessarily show its class. [3-1] Request from
appﬁﬂcéﬁi&%?&ﬂﬁWQEﬁiQﬁFqr}%he host gpparatus 20

requests hi gh perfornman 0, .t ry. C d
by th_ebagﬂwbﬁ l(f‘é%)r?ool?% TR o L o Ay Shese
escri bed. .be|] ow. A gid aly | I E&
and.al\?ociqrcsjnl.n\ngEGI(%i%%:'t %’ect(?rédﬁg% gsth{]@ rrr%rrloér]i/é\{ar d
19 'o?is&:ﬁ%é)d{r?gd-t% car perdarmnce oforaboutT@, M3/ Sesws the

is req I'n order to obtain standard tel evision
i mage qUalidse ank resotafd aevikeard is an SDTM memory
card.
As seen from FIG. 9, the memory card 19 has case
71 and label 72 displaying its class on the cése 71.
The case 71 at least partially covers the memory area
21 and device controller 22.
Moreover, the host apparatus 20 has a preset
class. The class in the host apparatus 20 means that
it can perform the best when it uses a memory card 19
with the same class as the host apparatus 20. The host
apparatus 20 can record information when it uses a
lower class memory card 19 though its performance is
not the best. FIG. 9 shows that a case 73 of the host
apparatus 20 has a label 74 displaying its class on 1it.
The host does not necessarily show its class.
[3-1] Request from application
Application in the host apparatus 20 regquests
high performance to the memory card 19 used by the

application. Typical examples will be described below.



performance of about 4 MB/sec is required to record
hi gh quality image. (2) Digital still canera having

W@ oovbiomeaus shooting function Digital still caper/aP2005/013104

10

15

20

25

makers requires the nmenory card 19 having high
performance in order to realize a continuous shooting
function. The digital still canera nakers can use ‘the
card performance and the contr@6 nmethod of the host
apparatus to cal culate an avail abl e continuous
shooting rate to the user. [3-2] Oassification FIG
10 i s a grnaphiyetexphdidect hecoelddhigonshi p bet ween
performance curve and class. In FIG 10, there are
three ar aas MPEGERded doylotbienp SiFEGH meice cturnpeerdigg to the
seen fromFI G 10, the area fornmed by the vertica
?Elﬁeﬁpmy &ﬁgdtﬁ@ her iregitialedaxi & £ars FORT@ERAN o ©F

ree areas by performance curves of class
4 . aPearty @r MBEEFCakiSs TRAN RS s OIS Tpéry &%ﬁg‘ecsgc%‘?fsdard
the horizontal ,axis r , .a used Rgéggf

SNV S SRR s i SN I i et

to the origin

in the three areas, ,that /i
0" CHAF ETRRR ) 2P 4 BB/ he oA g A
iﬂﬁé§gm | owest perfornmance The

ggr g%ﬁ%%%%ﬁguﬁﬁe of’ class 2 inplies the | onest
per f or mangs of; £il@ss 2 LA dsamdii shpeiforamicin ey e
is specified by two paraneters PWM (the
shooting function
Digital still camera makers requires the memory
card 19 having high performance in order to realize a
continuous shooting function. The digital still camera
makers can use the card performance and the control
method of the host apparatus to calculate an available
continuous shooting rate to the user.
[3-2] Classification
FIG. 10 is a graph to explain the relationship
between performance curve and class. In FIG. lO,‘there
are three areas divided by two performance curves.
As seen from FIG. 10, the area formed by the vertical
axis P(r) and the horizontal axis r is divided into
three areas by performance curves of class 2 and class
4. The vertical axis P(r) represents performance and
the horizontal axis r, a used RU ratio.
Conventional memory cards belong to the area

nearest to the origin in the three areas, that is, a

class 0 (Area of Class 0 Card in FIG. 10). In FIG. 10,



intersection of the performance curve of class 2 and
the Y-axis) and Pnml. Likew se, the perfornmance curve

wo@booshasss 4 i nplies the | owest performance of PCEHIER065/013104
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cards. This performance curve is specified by two
paranmeters Pw2 (the intersection of the perfornmance
curve of class 4 and the Y-axis) and Pn2 . Wen the
appl i cation nmakes a further enbdnced request,
performance curves of class 8 , class 10 havi ng hi gher
| evel nust be specified. However, there is no need of
chargicng ridze icencelpts. memaie qeardsohmanioesy dlvey & aafest
cl.ass 8 is defined, an area of class 6 occupies an

ar epdntdirestniorg hi gher performance than the class 6
performance curve and | ower one than the c| ass,

per f or rraﬁl&e% maf@rwqﬁ Rl gfe é?fas%l%s%c?clﬂﬁ? ea?] Hea

|nd|cat| h
characterlstlcs r, d for each clas
r eqiite® fot %9%%§%fﬁ{zl %ﬁ%?e é§§5§g§¥and

class b (CLA I

EIG H?[I(Sﬁ_céggq ﬁ/t% %ﬁ&%é@%w c/gls%m Z,rbnd
r M/ 1 Pw =4 [MB/ , P =2
[NBFgé%] >é%9— 4 [NB/sec] CLA%SG SE&)- 6 FkB/sec] ,

Pm = 3 [“ﬁiﬁéﬁﬂse Rine et MBfeL6de ThervwesBgeldsted implies
systemwite time Tjrftj(ave.), nmaximumfile system

Wi tiend | T@eds{ s fanthridd eoBysiass reéachtdse TP 4kB)

are the sane paraneter in each
performance curve is specified by two parameters Pw2

(the intersection of the performance curve of class 4
and the Y-axis) and PmZ.

When the application makes a further enhanced
request, performance curves of class 8, class 10 having
higher level must be specified. However, there is no
need of changing the concept. If the performance curve
of class 8 is defined, an area of class 6 occupies
an area indicating higher performance than the class
6 performance curve and lower one than the class 8
performance curve. An area of class 8 occupies an area
indicating higher performanceﬂthan the class 8
performance curve.

FIG. 11 is a table showing characteristics
required for each class. Parameters required for class
2 (CLASS2), class 4 (CLASS4) and class 6 {(CLASS6) cards
are as follows and as shown in FIG. 11.

CLASS2: Pw = 2[MB/sec], Pm = 1[MB/sec], Pr = 2[MB/sec]



class; for exanple, 100 [nms] , 750 [ms] and 4 [ns],
respectively. According to paraneters shown in FIG

wda oeoe9per f ormance curve of class 2 card i nt PCHERA65/013104
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with the Y-axis at the point 2 [MB/sec] and with the
X-axis at the point 1 and gets closer to the origin in
the mddle. An area of class 2 occupies an area

i ndi cating higher perfornance Ban the class 2
performance curve and | ower one than the class 4
performance curve (described below) in the first
quadiaris4 :Lickew sgMBY/kecdl, a®m 4 cdid/serdflor fence ddiB/sec]
intersects with the Y-axis at the point 4 [MB/sec] and
Wit leTiise 6% @xi s &t MEe epdi, ntPml =ardd MBistes If,urfther CdwWe/ sec]
fromthe origin than the performance curve of c|ass 2
card. Th&re ewefagene idieasy b hrtr i dning ol e

side opposite to the origin of the perfornance curve g
fltm@z@nagrs A learystanketise e ¥ Gt b drve oS tem
class 6., which intersects with the Y-axi 1 '
por s s dee (L Goe il i o S gl aen
showi_ng neasuring candi tiQns t a@;?sreé}{@s

cha i i T S5 Reseh as[ﬁ]t{ohv\ﬁ(fn i L %’A[smsl'

de_s_crrei l%fedc hove, front-end process time t jF an< size
Spj j af s the wite performance Pw. The SD cl ock

frequencynfcafd 864 Std Non fdetc @ds s WEEss FIGE 11p the

The S D clock frequency fg and the RU size S U are set

to valuesrshovd durd Gf 12 & A card intersects with
the Y-axis at the point 2 [MB/sec] and with the X-axis
at the point 1 and gets closer to the origin in the
middle. An area of class 2 occupies an area indicating
higher performance than the class 2 performance curve
and lower one than the class 4 performance curve
(described below) in the first'quadrant.

Likewise, the class 4 card performance curve
intersects with the Y-axis at the point 4 [MB/sec] and
with the X-axis at the point 1 and exits further away
from the origin than the performance curve of class 2
card. The area of the class 4 card is an area on the
side opposite to the origin of the performance curve of
the class 4 card.

Likewise, the performance curve of class 6, which
intersects with the Y-axis at the point 6 [MB/sec], is
defined.

FIG. 12 is a table showing measuring conditions of

the card request characteristics of each class shown in



condition o f neasuring the request characteristics o

f each class. The host apparatus 2 0 i s desirablet o
waewesssedhe nmenory card 1 9 using |arger RU siPRET/JR2005/013104

order to enhance the performance. [3-3] Relationship

bet ween capacity and maxi mum A U size The host

apparatus 2 0 nakes a request o f another paraneter

relevant to the bl ock size. A register sending the A U

size S u specified according the physical standards o

f the menory card 19. Then, the nmenory card can show

its pptinum A NssbzecSibetioabhechostoappandt pgo2@ssAtdme

a result, the host apparatus 2 0 effectively uses the

A U 8jr #ndi RE sédei fed REfethe hbst wbitfepezfoirgance Pw.

speci fied according to the maxi numvalue o f the A U 3

1 asTHes8Pi bedckelsRAUPREYmARDNAMIACESsithe front-end

corresponding,t o the capacity o f the nmenor ard_19
oy BEBORSS FOTFORE - CatBocPaEy O et EHIRTRY T eP g nd the

16 o 128 / 128 kB, ., 256 MB/ 256 k 12 12.kB

5 Gal 1, 37 CaPBOVB. 4 Foo 32 CAPAMECT S AT RdGd 12 29 3
per f or mge eque | . 2.
o) MIELenien Rt e gt b e o
4 angaéhcéﬁgésgreTﬁ%S%%%%Eﬁﬁ %raRes biced swaer ik@adel %o

executed in units o ) wever, this does not
assupecthe readmpeci9r raree 10f ukhaghastrgapp&Uatsusze2@n order

This is because the environnment of the host apparatus
20 i s$onehhance the performance.
10 [3-3] Relationship between capacity and maximum AU
size

The host apparatus 20 makes a request of another
parameter relevant to the block size. A register
sending the AU size Spy is specified according the
15 physical standards of the memory card 19. Then, the
memory card can show its optimum AU size Spy to the
host apparatus 20. As a result, the host apparatus 20
effectively uses the AU 31. A size required for the
host buffer 27 is specified according to the maximum
20 value of the AU 31 as described below.

The maximum AU size corresponding to the capacity
of the memory card 19 may be as follows.

Card capacity/maximum AU size =

16 to 128 MB/128 kB, 256 MB/256 kB, 512 MB/512 kB,
25 1 GB/1MB, 2 GB/2 MB, 4 to 32 GB/4 MB
[3-4] Read performance request

Read performance of at least 2 [MB/sec],



taken into consideration in the foregoing expl anation.
[3-5] Requirenments of specifying the physical standard

wo@Rooemoass \When the performance i s specified usP@IR2des5/013104
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cl ass and various paraneters and standardi zed, the

per formance standard needs to include both current and
next generation standards. Therefore, the perfornmance
standard mnust include the next ¥eneration nmenory card

in addition to the foregoing standards. Thus, in the
current SD(tm nenory card, paraneters such as wite

per f or mEKEPW,armdVve ek f seahnferPihandliiske2sy %t emd 6
wite tinme Tp nmust be specified in conformty to the
phystxals stmndagsbdciOilve 1y 1oreal éépdahenl geed( dsgexecuted
high class defined in future) nmenory card 19 is given.
The ot awsi el REatd | sHAVEVARNUEREFUFBgS] pot assure the

conformty to a certain sjcal standard (e.9., ... _ .
physFeadl RYEREIRRAS (2 BBYah83t, APAtakns, 203 ' mhis 1s

restriction of the condition (te.qg., . 9D, cl ;

fr odRRTRYIC rotfi o6 UM aBE R n’ég?hgééfca%g’%fﬁitémki2r9d is not
of meppry card 19 . qRNuf a r [ onf ar ;

fo nhrgher hy it P 2Rt h R P, FE rsRgang] S5 gharion.
cards can ed Qs M. te0 e
physicaIs%gﬁ%gfﬁeqagﬁéﬁgggﬁsgft%g%%gfgﬁé&tﬁﬁbeéﬁggtr1i%

hi ghsspeed-aqode. dhesefore, they need to conformto
t he physical standard 1.10. [3-6] Hol ding data of

- cl ass andwipar abkt epsrAceondiceg 1tso siee ifdweel ustiaryd arhd

the regi ster may
class and various parameters and standardized, the

performance standard needs to include both current and
next generation standards. Therefore, the performance
standard must include the next generation memory card
in addition to the foregoing standards. Thus, in the
current SDTM memory card, parameters such as write
performance Pw, move performance Pm and file system
write time Tppy must be specified in conformity to the
physical standard 1.01, 1.10.

A certain class (e.g., high class defined in
future) memory card 19 is given. The class memory card
is not manufactured in conformity to a certain physical
standard (e.g., physical standard 1.01) because there
exists a restriction of the condition (e.g., SD clock
frequency) required for defining the class. This kind
of memory card 19 must be manufactured in conformity to
a higher physical standard. For example, class 6 cards

can not be manufactured in conformity to a the physical



hold class, AU size SJ J , nove performance Pm and
coefficient C as status information of the nenory

wa@ 200d/00debt e specifically, the class is stored PCI/g#e0s/013104
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performance identification code register 24. The AU
Size are stored in the performance paraneter register
25. A s described above, the nenory card 19 hol ds the
cl ass and paraneters. Then, thelhost apparatus 20
capabl e of identifying the class can nore accurately
cal cul ate performance while effectively using the
MeNDs ¥z €dd £d 10. 0 Flkecdi3s é stlae § abte shoiwpgd birttini gt high
of register information in the SD(tm nenory card. In

t he Sh¥éd)modernr yTrarefort) sizey eedove perforimheethe
Pm and coefficient are described in the performance
par apeyeicabgssrrdardhbstOdat a may be recorded to

separately prepared, register. The fields f th
data may %%TQ]OHP%dhnﬂeﬁ6F§ egrﬂlﬁﬁ?cﬁn§08§£ﬁﬁ? 8%s

S T ocognhaBa AL G| BeeCBScAPHC . THESLRAEE | R Gr KeErBGT "2V

i s recogni*Z€ 570 i

”Hy 081 ilégsthﬁUf gf&&'tI%ﬁgpmg%dgewsﬂ%sg lﬁﬂ' Hﬁd

t heconven St orage device

CO”VSQEE9£gieH€V¢§SSas“@tgﬁugoﬁﬁfBQ&aﬁyBﬁoat the memory

present enbodi nen be 1dentified as bei ng out of
the objget Q&réh§p@§£f9é5§!ﬂ%&, ghassifbsat soptoNetiein the

that the wite performance IS unique in
performance identification code register 24. The AU
size Spy, move performance Pm and coefficient Cgp are
stored in the performance parameter register 25.

As described above, the memory card 19 holds the
class and parameters. Then, the host apparatus 20
capable of identifying the class can more accurately
calculate performance while effectively using the
memory card 19.

FIG. 13 is a table showing bit width of register
information in the SDTM memory card. In the SDTM
memory card, AU size Spy, move performance Pm and
coefficient Cgp are described in the performance
parameter register. These data may be recorded to
separately prepared register. The fields for these
data may hold 0 in a memory card which does not support
the performance standard. Such a memory card is
recognized as class 0 card.

The class information may be set in the field

which holds the fixed value (e.g., 0) in the



each class (wite performance required by each class
is determned) . Thus, the host apparatus 20 reads the

waeb@smgosdher eby knowi ng the wite perfornance RII/JP2005/013104

Information in the performance identification code

regi ster 24 and the performance paraneter register 25
may be output to the host apparatus 20 when the nenory
card 19 receives a predeterm néd@ conmand from the host
apparatus 20. The value set in the performance
identification code register 24 and the perfornmance

par amiweintiegisl et Amgmybde o t tBuss eorpreviiously
cal cul ated val ue in manufacture or may be determ ned
by tcherinmsmyr ywickhrd dkBes matni dupdvattloh Prereurgeifdiment,
SD(tm) nenory card has no neans (dedicated regist e]g)
forf@;smeawid@’ftﬁel%raf%rb@m B dret'dte GpESct of 'the
performance code and perfornmance paraneters nay be
addexe 1P BN r et 3 el Gt P Tr ogfammbl e regi )s(t er.

The host appar at tects th f v
know t he %&&F o%ﬁc%%?"??%_ee c]g?gfé ger e%‘gfvé?f_’?ﬁ%BQque 0
current. SD(t j b i [

Che TAF? ont™ Car B EoHt ron et dge G a O e o
hOStié‘pc?@E@f&ﬂf‘né@@fneWé,! Ngh& eRbst | ABpa£sOLEi DY 888ds the
requitenents [4-1] Operation sequence of host

apparpids, WeHr EX@Ckt bitng eahe t ABL & e6OF Hb Ngaibhenpw .
executing real -time recording, the host apparatus 20

.carries oghfarmatlienoperahéopewhbkeance identification code
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register 24 and the performance parameter register 25
may be output to the host apparatus 20 when the memory
card 19 receives a predetermined command from the host
apparatus 20.

The value set in the performance identification
code register 24 and the performance parameter register
25 may be written as a previously calculated value in
manufacture or may be determined by the memory card 19
in initialization.

The current SDTM memory card has no means
(dedicated register) for displaying the performance
parameter. The performance code and performance
parameters may be added to a reserve area of a
programmable register. The host apparatus detects the
performance code to know the performance of the card.
Therefore, the current SDTM memory card is usable
without changing the current card controller.

[4] Operation sequence of host apparatus when



executing cal cul ations according to the foll ow ng
sequence usi ng the performance curve, class and

w@ananetees s. Preferably, the host apparatus 20PCHIR20€%013104
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out the foll ow ng sequence when executing real -tine
recording. (1) Determ ne performance (hereinafter,
referred to as application perfornmance) Pa requested
fromapplication included in ttE host apparatus 20.

(2) Select a proper nunmber Nd of wite RUs between
file systemupdates. (3) Determ ne a card perfornmance
Pc reguddetnd orestatime ngetbed appl acat requpeefientance
Pa, considering file systemupdate. (4) Determne the
maxi num u$édl ROparabiprfPepquébyeChAsbpty ADP8ratnsowhen
AUS a st and AUs io w. (6) Estinmate avail able record
ti meeFeeeting7y¥eadihdnet hecatdbed Nd of RUs witten
between file system updates. Wen the nuynber hﬂ L %B
witten b@bﬁéeﬁXﬁFP§l§9sF§ﬁ4uEaﬁ?egeFQr aPger che hos
per f or mance | n suf C|ent rforggﬂge

and 3PPFFRFEAL évg?Fﬁbéﬁ ?ggo?dwf? Pe* no obt'ai ned
e e hEtRot or tiaron g hSePE R e £89) o8t

carryl ng ou e-operati ons

(9 8840 BT ek o st
nEth@Qr&hEGeEbLe Preferably, the host apparatus 20 carries
out the following sequence when executing real-time

recording.

(1) Determine performance (hereinafter, referred
to as application performance) Pa requested from
application included in the host apparatus 20.

(2) Select a proper number Nd of write RUs between
file system updates.

(3) Determine a card performance Pc required for
realizing the application performance Pa, considering
file system update.

(4) Determine the maximum used RU ratio r(Pc).

(5) Classify AU 31 into AUfzgt and AUglow-

(6) Estimate available record time Tyegc.

(7) Adjust the number Nd of RUs written between
file system updates. When the number Nd of RUs written
between file system updates is larger, performance
improves.

(8) When sufficient performance and sufficient

available record time are not obtained after these



system update A typical file system (FAT) update cycle
sequence in real time recording is as shown in FIG 7

WO 2006/0089pr ef er abl e that the host apparatus 20PCEHIF20€%013104
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out the sequence in the file systemupdate. [4-2-1]

Card performance conditions considering file system

updat e The host apparatus 20 determ nes the card

performance Pc required for sagiasfying Pa . fromthe

application performance Pa and average file system

wite time T . As described above, the file system

Wi 18, SEQUATIGHd S dEerd ke and ddwariabyd. the total

write performance worsens. Thus, the host apparatus 20

requi res eheaspegl ¥l agnaticad dopecd oryamgeo®c hhgheperations

than the application performance Pa in general. Sone

of hgst apptlatarsdsti2® neyusueports sofretlee flhepenipraratus

kinds of bit rate nodes in accordance with the kind of

3ppI2Q:a/ann.1;ﬂ rdesesikeddbetdie- host apparatus 20

eterm nes the application perfornmapnce Pa in . _—

3ccor danckdwt i thggoﬁ%ﬂ’éC%e‘lg%i?% a*bﬁloﬁsl@?gf?o?twilgh file

esirabl e that the host apparatus 20 shoul d not refuse

thelf‘?é‘?fb?rﬁy ‘t‘:%‘g%l:ﬁg, whi ch does not matchwith the

appl i catigpn r . pHSt e
tgglcgin?gfgog?ﬁpgﬁcg?%?§ ubB&tBeE QEEF@%%uence

of the host parat u anhce wth the cl ass

of the ng?ry%ﬁérgeégrdfﬁé exanpl enowhemntheccanrd 1t is

performance of a menory card 19 is inferior to the

-appl Lkl PR Per £ QL FBAEE R8st apparatus 20 carries out the

sequence in the file system update.

[4-2-1] Card performance conditions considering
file'system gpdate

The host apparatus 20 determines the card
performance Pc required for satisfying Pa from the
application performance Pa and average file system
write time Tpy. As described above, the file system
write sequence is inserted, and thereby, the total
write performance worsens. Thus, the host apparatus 20
requires a card giving a card performance PcC higher
than the application performance Pa in general.

Some of host apparatuses 20 may support some
different kinds of bit rate modes in accordance with
the kind of application. In this case, the host
apparatus 20 determines the application performance Pa
in accordance with the mode selected by users.

It is desirable that the host apparatus 20 should

not refuse the memory card 19, which does not match



it is desirable that the host apparatus 20 change a
node to | ower one requesting a | ower application

w@erboodance Pa. For exanple, the data conpresBCDIP2005/013104
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rati o may be increased, imge resolution may be
reduced or the frane rate nmay be reduced to allow the
host apparatus 20 to conform a | ower application
performance Pa. In order to realsi ze the nmet hod, the
host apparatus 20 preferably has sone kinds of wite
nodes to use nenory cards 19 having | ow performance.
The yias! @Rpaaiilusa2Q dmpeearangmdes, havi gijust the
di fferent recordi ng performance, and thereby it can
keepewfdimmat dfovere raise: rapme mvers 140 fi lageordance with
occurs. Failure may happen when a class 0 card is used
because ¢lwshaost tdppararasy 2B afbes? not know if it can
operate in a certain node before it actual

i, g o St bl 7 R
§ gle:rcl‘?v\l/i’r%f]t%rlishgd}%lﬁé’lr’? Greitee) i B ot B R ES AR Pe
Fespaet TS LT oS P pedrBat tf° 0 it
A T R e Tt R e

Pe ISOUESEMLLOr BALT Styd Nex D012, (Sife Xddda xcEiaprésé Son

_ W) The card performance Pc varies
depengdi ng R4y tihe MiebessNd, of magé t ee Rsubeonerayfbeereduced

system updat es
or the frame rate may be reduced to allow the host
apparatus 20 to conform a lower application performance
Pa. 1In order to realize the method, the host apparatus
20 preferably has some kinds of write modes to use
memory cards 19 having low performance.

The host apparatus 20 has several modes having
different recording performance, and thereby it can
keep writing at lower rate mode even if failure occurs.
Failure may happen when a class 0 card is used because
the host apparatus 20 does not know if it can operate
in a certain mode before it actually tries the mode.

The application performance Pa and card
performance Pc required for satisfying Pa (hereinafter,
card performance) are expressed by the following
mathematical expressions 6 and 7, respectively.

[Mathematical expression 6]

Performance requested by application: Pa

= (Sc x Nd) / (Sc x Nd/Pc + Tgy)



A's seen fromFIG 7, the number Nd of wite RUs
between file system updates varies depending on a

wo e@guemey of file system update. Thus, the freQUaroys/013104
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of file system update affects the card perfornmance Pc.
The nethod of determ ning the frequency of file system
update will be described in the follow ng [4-2-2].
[4-2-2] Condition of file syst@m update period File
system (FAT) update time (fromfile systemupdate to
next file systemupdate) is deternmned by inserting
file systpmwéher seguengeréssdat a’l ransfer.

Therefore, the file systemupdate period depends on
Wite speeatrdhpwelermaice Becrrachred for sapbsivhry AC:
sinpl e method may be enpl oyed so that the host

appar at us= 20Sei ¥l e dPul At €€ thd'd i1 £xystElupdat e

period. The file system update ssed

ﬁ/ia ng thf?ha%:%wn@eﬁ%?%%?? c%geiéﬁf%%g?gﬁg%&mg on the
emati ¢ ' 8 - . ‘

per i BFPTH N %p";reiﬁel logﬂb% }%&é%‘n i%f’]}gg%s‘;’%‘?%(e% O&l’ges .

The OSteS‘r?gg{&%“ﬁc%?l?Z@@%JMbéP%&U@%r%e_RUs between

RUsWr t T &H ween em updat es considering a

redQ§£i8ns?£t§ﬂr Rt E QT PRALES T @SPLLE DI f 6@M f FL&quency of
systemwite. Inthis case, the file system update

peripd Ipp £§eﬁr@%§ﬁ@@!y TREs Seeradr pequeney Mhefiihe system
| ar ger nun%er of RUs is selected, the card

update affects the card performance Pc. The method of
determining the frequency of file system update will be
described in the following [4-2-2].

[4-2-2] Condition of file system update period

File system (FAT) update time (from file system
update to next file system update) is determined by
inserting file system write sequence in data transfer.
Therefore, the file system update period depends on
write speed; however time accuracy is not important.
A simple method may be employed so that the host
apparatus 20 simply calculates the file system update
period.
The file system update period is expressed using the
following mathematical expression 8.

[Mathematical expression 8]

File system update period: Tpp

= Sc x Nd / Pa

= Sc x Nd / Pc + Tpplave.)

The host apparatus 20 may adjust the number of RUs



performance Pc approaches the application performance
Pa. By doing so, the nenory card 19 having | ow
wpesoboedsance i s capabl e of satisfying the appl PCEHIF2005/013104
performance Pa. The followi ng nmethod is given as
anot her method of determining the file system update
period. According to the nethod, file system update
period Tp (equivalent to Tpp) i3§ determ ned using a
timer included in the host apparatus 20. In this case,
Tpu is constant. File systemupdate is inserted
bet waen Rl Wétwsen Thiss dinet enmundpsdatofs Rysnswdetng a
between file system updates varies depending on the,
fil eresystteimupotait e perpodt Smanda 1eselehve, fxore Hata
amount of the file systemupdate period Tp is
Sxpr?zl\s/ﬁ@ﬁn usrrh@elt hel# of b i FREF Srat Hedrat 1 £ S¥XprBsPIhte
. themati cal expression 9 | Data amount of Tpu
LA 4 Kivegh el ST i o T

%%;E%%gégﬁﬁ;e?ﬁ%f%%%g%ﬁf’%m%%% R Reatr oar ek pedes iy card
o 0; AGLROIRLLCE | pEXREERSL O d Hn LRl G PeEd O OREE: EOEmance
(ored) 19y Shgost L ent apraty b sos syt L

avai papfsrhohcéeal thpBo1&CHF diagistPinghenewapdsication

performance Pa.

10
determining the file system update period. According
to the method, file system update period Tpy

(equivalent to Tpp) is determined using a timer

included in the host apparatus 20. In this case, Tpy

The following method is given as another method of

15 is constant. File system update is inserted between RU

writes. Thus, the number of RUs written between file
system updates varies depending on the file system
update period Tpy.
In this case, the data amount of the file system
20 update period Ty is expressed using the following
mathematical expression 9.
[Mathematical expression 9]
Data amount of Tpy time: Pa x Tpy
Mathematical expression 9 1s transformed, and
25 thereby, the card performance Pc is expressed using

the following mathematical expression 10.
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host apparatus 20 determ nes whether or not each AU 31
satisfies the requested card performance Pc. The
w@erboodgance of each AU 31 changes dependi ng oPCT/iR2005/013104
used RUratio as seen fromFIG 6 . Therefore, each AU
31 is determned using the used RUratio as a
threshold value. [4-3-1] Maximumused RU ratio A's
shown in FIG 4, if the wite38tart position A and
the wite end position B are at the boundary of the AU
31, the perfornmance of the AU 31 is calculated using
nat hemat i (g8t rexpriess Orexprestius 1@] is possible to
| ead the nmaxi numused RUratio r(Pc) fromthe card
per f or manka Peeast dimenaw efse fainictivmafPaathemti cal
expression 3 . AU 31 having a used RUratio r |ess
t han t he =addanummed RUTEL i THPAVS 9 Jan AU 31

satisfying the card performance_ Pc._ The smaller _u
RU rati o ré4the Gl s3l Fe@atithe Hordt saft b ot e?f?ﬁl)

time ding. The AU 31 | 1 fi [ \ :
AUS ] O VIt st MRS i Acit RUTPALTH POPEY A% Thets

boundary, .as describ bel ow, T ' '

R A i
| . ' ;

use raﬁﬁﬁaé%%c&?%&(%%ﬁé%;ﬁi&g%kﬁ%(Ilé’bsve(l-@%@n};l ]?(U

Pc +Pwx Fd; d4-32] rassidd cad i @roof £ kit ® Pap

cat egori es
The performance of each AU 31 changes depending on the
used RU ratio as seen from FIG. 6. Therefore, each AU
31 is determined using the used RU ratio as a threshold
value.
[4-3-1] Maximum used RU ratio
As shown in FIG. 4, if the write start position A
15 and the write end position B are at the boundary of the
AU 31, the performance of the AU 31 is calculated using
mathematical expression 3.

Thus, it is possible to lead the maximum used RU
ratio r(Pc) from the card performance Pc as the inverse
20 function of mathematical expression 3.

AU 31 having a used RU ratio r less than the
maximum used RU ratio r(Pc) is an AU 31 satisfying the
card performance Pc. The smaller used RU ratio r the
AU 31 has, the more suitable to real time recording.

25 The AU 31 is classified into AUggst and AUgloy using

the maximum used RU ratio r(Pc) as the boundary, as

described below.



The host apparatus 20 classifies the AU 31 into two
categories. One is AUf a s (adaptive nanagenent unit

w@ae®@apoes9dThi s AU 31 has a rate sufficient to eREDIR200713104
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real -tinme recording with the card performance Pc.
Another is AUS ] _O W (non-adaptive managenent unit
area) . This AU 31 is not suitable to real-tine
recordi ng because the nmenory ame@a is too fragmented.
The host apparatus 20 counts the nunmber Nu of used RUs
for each AU 31, and thereafter, calculates a used RU
rati o r fremride rurbese NIROf ratsesl RBc) |1sisxpressed using
deternmi ned whether the AUis AUf 3 - or is AUS] O W
usi nghd hio Flodviowy mop et a © ad x@xgps eisst ohl 12.

[ Mat hemati cal expression 12] If Nu / N < r(Pc), AUis
AUf ast | fMarhemeicak (expreaeion k| ow Specifically,
i f (nunber Nu of used RUs) / (total number Nt of RUs
in AU) i M3esun Haged ndY nexFhuim 889 RU ratio r(Pc),

the Nu / ReLISY eq Br! 06 SR n%rﬁg%wtag—ﬁ L B A
RU . P ! ke ‘
Shove. a1 beatiah brEREr A biofnofral, tnfo Dekb Ceaffgories
and ShomsT&éf@ﬁé@#%%ﬁQré@uEh?Ot@@aggﬂg§e9ftﬁgnﬁﬁy3§r@ﬁto

21 of the uppernost AU 31 includes file

syst EQtcdbiScdeasORe 15 ASr2D. A Ldap¥hi€hnbsagehent
sui tgﬁe toeéjrealeti me r%cor di ngfggti'her efore, the

- uppehPsta AAL Bl iBhLéassi fledagasaAtst¢ u¥ficient to

executing real-time recording with the card performance
Pc. Another is AUgioy (non-adaptive management unit
area). This AU 31 is not suitable to real-time
recording because the memory area is too fragmented.

The host apparatus 20 counts the number Nu of used
RUs for each AU 31, and thereafter, calculates a used
RU ratio r from the number Nu of used RUs. It is
determined whether the AU is AUgggt or. is AUg]oy using
the following mathematical expression 12.

[Mathematical expression 12]

If Nu / Nt < r(Pc), AU is AUfzgst

If Nu / Nt = r(Pc), AU is AUg]low

Specifically, if (number Nu of used RUs) / (total
number Nt of RUs in AU) is less than the maximum used
RU ratio r(Pc), AU is classified as AUfggt- On the
other hand, if the Nu / Nt is equal to or more than

the maximum used RU ratio r(Pc), AU is classified as

AUglow-



Moreover, directory entry should not be created in the
AU 31 recording data. AU and AWM do not include file

W@ yBbemeshowever, it is determned that they aPEI/iRR005/013104
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fragnented because the (nunber Nu of used RUs) /
(total nunber Nt of RUs in AU) is nore than the

maxi mum used RU ratio r(Pc) . [4-4] Available record
time The host apparatus 20 can4oal cul ate available
time for real time recording using the follow ng

mat hemat i cal expression 13. In the expression, Nr

representsrd het nwsrs N fcaviadd abf et RUSABZ bfimlthe
AUs 31 determned as AUf a s t If sufficient avail able

r ecefghdryreaden 1m0t, preparteds tdies thoidtutEppariat yshed-wo

gi ves users instructions to transfer recorded data to
anotiierdl @t enemrr y efrraretls ahe et y3kar d'hyp uppermost

[ Mat hemat i cal expression 13] Available record ting: ,
TREGU 31ScincNdgs Fil trhes WM apialr dt s 2P aifdim 1t 1

cal cul ates the avail able recor i te_when it. set .
nﬁnt?é? EN’CPQ)T Wi KU Yet e ]:‘T et%ﬁ?%mmlpr%t%%%&dlng'
that_is, fil esystem update i T. - Jhi S i

vec s Tarifer OGN OT AL Dot bocr T T 4y et B 0s1ow:
updaf es_ | Nproves r n st ed hen
maxi ]fﬁe%\g%%’ . ?éa‘{%e%ﬁf(%%a lﬁ%ujf(g ?%Qr%e%\;%g act‘ai_he(azlélt he £he
numbes of Al locigasesa. therefore, available record

time Increases .

AUl and AU4 do not include file system; however,
it is determined that they are too fragmented because
the (number Nu of used RUs) / (total number Nt of RUs
in AU) is more than the maximum used RU ratio r(Pc).

[4-4] Available record time

The host apparatus 20 can calculate available
time for real time recording using the following
mathematical expression 13. In the expression, Nr
represents the number Nr of available RUs 32 of all AUs
31 determined as AUfggt. If sufficient available
record time is not prepared, the host apparatus 20
gives users instructions to transfer recorded data to
another place, or reformats the memory card 19.

[Mathematical expression 13]'

Available record time: Trpc

= Sc x Nr / Pa

The host apparatus 20 again calculates the

available record time when it sets the number Nd of

write RUs between file system updates, that is, file



[4-5] Requirements for host buffer The host buffer 27
must have a capacity enough to tenporarily store data.

wab@ehosv4 buf fer 27 nmust neet the followi ng  PCT/JP2005/013104
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requi renents. [4-5-1] Size requirenents of host buffer
The host buffer 27 needs to have a capacity satisfying
the follow ng requests. (1) Request fromfile system
(FAT) update Wien the host appdratus 20 updates file
system the host buffer 27 is used for tenporarily
storing data which is supposed to be witten during.
filesysdreapdatie. pdiorod My rleasper; . a Trrgel hudderuse
size is required. The buffer size is specified as the
maxi nunyeml nenie ik )o DfREshdodti eyt e St tppRAtes
For exanple, the maximumvalue T (nmax) of the file .
systiomygves theereslTHRIGR] a5 SREMET répd $he the maximum
mat hemati cal expression 5 . In geperal, the buffer

Zi fzsvlﬁ%d Rhrealett B BR) reldte 1 M GRS TR WS cHE HRuoeT
uffer can store. (2) Request fromerr ect i L
The MotV Bt et 97T Used To° conp! e?r%%l%g%%el%/é\ﬁgﬁ time
correc(t:]i:n Sgsvvrite data error. If a wite error

occut®ST The nenory card 19 does not return the CRC

status or (5tgp FULLEsbhockewebtenand dispbay an error
occurrence. e host buffer 27 needs to store data

until wridgei Bosenpheted £v abhkowhaewr bt eapachey enough to
executed if an error occurs.
temporarily store data. The host buffer 27 must meet
the following requirements.
[4-5-1] Size requirements of host buffer
The host buffer 27 needs to have a capacity
satisfying the following requests.
(1) Request from file system (FAT) update
When the host apparatus 20 updates file system,
the host buffer 27 is used for temporarily storing data
which is supposed to be written during file system
write. For this reason, a large buffer size is
required. The buffer size is specified as the
maximum value Tpy(max) of the file system write time.
For example, the maximum value Tgy(max) of the file
system write time is 750 [ms] as seen from the
mathematical expression 5. In general, the buffer size
is represented as record time data in which the buffer
can store.

(2) Request from error correction

The host buffer 27 is used to complement a delay



The host buffer 27 nust have a proper size, for
exanple 250 [n8] , so that the host apparatus 20

w@omvbiomses real -tinme recording even if an erroPCDIR2003013104
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This is because the value 250 [ns] is specified as the
maxi mumtinme to conplete wite. Therefore, the size is
required in conbination with the maxi num value T (max)

of the file systemwite tine. 4% the nmaxi numvalue T
(max) of the file systemwite tineis 750 [nB] , a

buf fer capable of storing data equivalent to 1 [s] in

t ot afhés tceguécetng(3) wRegaesdtirenrdld. w Lfeadelraye error
conpensation If witten RUs 32 exist in the AU31l

i ncl adcugst heheamemahgr eauded® RUseg2nght hekukn the CRC
upper portion of the AU 31, data can not be witten

unl estatiasacst oFed MALlESelLREKIPTECBYEdIE8P4AYL ABr STTOT

RU 32. Therefore, wite data st _be stared in. the
host OBGHFEPRST - whi ['8 RPPFtEHfg%F3§9i§e §eg9 EF@Felgat?

shows _the concept of th ost, buffer 27. A.s_S in
FIGiu@%}fiWr%geg§§uﬁgﬁpiﬁg?gdg aaﬁgogoﬁ Wﬁﬁgﬁsg§m?ﬁput

to the h€§ggbygf55 %erEOBEEﬂﬁshOSt apparatus 20 at a
€ t he

fixe%x?% a an ost appafatpszo reads data
stored ingthe,hast phufker 227 hatwhizte the datkd Ay for
31l. On the other hand, the rate of the data out put

fromihgphespsbuiifien , 24odepandshennastr agpartedsstat e
of the AU 31. Specifically, if witten RU 32 exists in

-the Abh8inassdesatli-hedeakeverdinit evdat afi anhelrdolny occurs.

t he .
This is because the value 250 [ms] is specified as the

maximum time to complete write. Therefore, the size is
required in combination with the maximum value Tpy(max)
of the file system write time. If the maximum value
Tr (max) of the file system write time 1s 750 [ms],
a buffer capable of storing data equivalent to 1 [s] in
total is required.

(3) Request from AU write delay compensation

If written RUs 32 exist in the AU31 including the
case where used RUs 32 gather in the upper portion of
the AU 31, data can not be written unless data stored
in used RU 32 is moved to another RU 32. Therefore,
write data must be stored in the host buffer 27 while
written RU 32 is moved.

FIG. 15 shows the concept of the host buffer 27.
As shown in FIG. 15, it is assumed that data is
continuously input to the host buffer 27 from the host

apparatus 20 at a fixed rate Pa and the host apparatus



host buffer; therefore, it is not output. If no
witten RU 32 exists in the AU 31, or when the nove of

WORRH08A0G634 conpl et ed, the host buffer 27 out put BCH#AR20054113104
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arate Pw A s seen fromthe description, the size
required for the host buffer 27 is determ ned from how
long it takes to nove all used RUs 32 in the AU 31. If

the size of the host buffer 274Becones insufficient,
overflow (buffer shortage) of the host buffer 27 may

occur depending on a data fragnented state in the AU

a styp Gdadshids yeas@red consitdernaidtobuifehe T ure herite the
required in accordance with the size of the host

buf fert2tcard tHe data fragnmented state of the AUfasf

(4) Preparation for wite data It takes the host
appar at uQrRCfeeratdier thamd i othe epalFe OF i Bee ddtka ambPut

thus, the wite data is discretel d. t hi
e T At P Sl AGTRAT (P 1o TR RPN o i e

may be written by the host trol . B ' L
(el & b et AR Lot UGy o' Y et prgiises in
effective. t f ' d. ' '

oL oA Y T e B Al Vel PR B AT Yl by che

the host buffer, 24, Junetioning as FEQu@ngk.  1f no
er,

thereaf witten to the menory card 19. By doing
SO, JiidiSPOsSi P &t Osd nedercihd By Spentof orh@n epaeidgve of

(calculating) the real tinme data. In other
RU 32 is completed, the host buffer 27 outputs data at
a rate Pw.

As seen from the description, the size required
for the host buffer 27 is determined from how long it
takes to move all used RUs 32 in the AU 31.

If the size of the host buffer 27 becomes
insufficient, overflow (buffer shortage) of the host
buffer 27 may occur depending on a data fragmented
state in the AUfgzgt. For this reason, .consideration
may be further required in accordance with the size of
the host buffer 27 and the data fragmented state of the
AUfast-

(4) Preparation for write data

It takes the host apparatus 20 certain time to
prepare write data, and thus, the write data is
discretely generated. In this case, the data may be
once stored in the buffer 27 and may be written by the
host controller 26. By doing so, transfer can be

carried out continuously; therefore, effective transfer



words, data is effectively recorded to the nenory card
19. If data is directly witten to the nenory card 19

w@bdaoenodsed ng cal cul ated on the system nenory- , PCH@EP2005/013104
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procedure is sequential. For this reason, data
calculation and wite nust be alternately carried out.

If the alternative operation is executed, no data can

be witten to the nenory card 49 during the

cal cul ation, and thereby, the nmenory card 19 perforns
worse than the class it presents. The required buffer

si ze 45 gepi@sentad. as a function using the

application perfornmance Pa, nmove performance Pw,

maxi mum used: Rthatip, r{Pcyeahdt Mk sigeoSlingn real time

foll ow ng mat hemati cal expression 14, the required

buf featsi ze GrddF statroinin | the heoskgresEson 14furgigioning

first item (Pa) of the right side corresponds to the
descxs piIBdy oind Hehewstafimer ( 1L HreeR 2§0 . thhanaglephgcard 12.
itemof the right, side corresponds tp the description. _
of Ut ol e () SR REEE B Tor Pt het CoT LT 3) £OF
is not inc|luded i thematical expressionl4
gbre%g%perhaagaﬂﬁf@%ﬁaam%f%feeng@ﬁ’%e??%%u%?%%- In other
ependi hg on e; st t appag@at u
[Nht%%ﬂ%%ic%?{gxb$e§€?%%g§2§1¥@g§?$ggé%u?€eﬁﬁéigzggry

SBUF.>.Fa;¢_ [r(Pc) x SAUx Pa] / PmIf the

application performance Pa is smaller than

If data is directly written to the memory card 19
after being calculated on the system memory, the
procedure is sequential. For this reason, data
calculation and write must be alternately carried out.
If the alternative operation is executed, no data
can be written to the memory card 19 during the
calculation, and thereby, the memory card 19 performs
worse than the class it presents.

The required buffer size is represented as
a function using the application performance Pa,
move performance Pw, maximum used RU ratio r(Pc) and AU
size Say.

In the following mathematical expression 14, the
required buffer size Spyp is shown. In the expression
14, the first item (Pa) of the right side corresponds
to the description of the columns (1) and (2). The
second item of the right side corresponds to the
description of the column (3). The description of the

column (4) is not included in mathematical expression



t he nove performance Pm and the host buffer 27 has a
| arge size exceeding (Pa + S J ) / mathenatica

wexpseesdon 14 is al ways satisfied. [4-5-2] Haedi/iregos/013104
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when host buffer size is small Independently fromthe
foregoi ng discussion, the following is an expl anati on
about the nethod of finding Mifast having a snal
fragnented degree if the size of5the host buffer 27 is
insufficient. It is preferable that the host buffer 27
has a sufficient size rather than taking the nethod
describedvbeeeiar, Fafs ad8ishomslt heftasemakiebe azkhuired
used RUs 32 gathers in the upper portion of the AU 31.
The demendingsed RueratapdatPe)ofephesbnfs arbabplupy20
which is divided by used RU 32¢c and free RU 32d. Wen
t he host éﬁééhﬁﬂé§lgélwﬁﬁPé§sééP§ tdlthe first free RU
32d, the nenor, 9 outputs long busy until all
used RUs §?8ué¥§ %FF eﬁoéég *For thls duration, wite

data i s stored | the h t.\ buf thi. s case
time requ P8 fo fove 5?? usgdfs %Hlé Fﬁe AU 31 is

expressed; ?St&%|ﬁ%??1cg ?Bﬁ) §r§érHahc@ Bairher ef@n8er than

the size 0 required in this case

| s expressed ByrBenbatbophnanaBthembseabugxpressi aas
15. [ Mathemati cal expression 15] Host buffer size: S p

> Paax1ktHEPs)z% SxdepdinBnipdhe Balyhownaghematical
mat hemat i cal expreSS|on 16 is
expression 14 is always satisfied.
[4-5-2] Handling when host buffer size is small

Independently from the foregoing discussion, the
following is an explanation about the method of finding
AUfgst having a small fragmented degree if the size of
the host buffer 27 is insufficient. It is preferable
that the host buffer 27 has a sufficient size rather
than taking the method described herein.

'FIG. 16 shows the case where all used RUs 32
gathers in the upper portion of the AU 31. The maximum
used RU ratio r(Pc) represents a boundary, which is
divided by used RU 32c and free RU 32d. When the host
apparatus 20 writes data to the first free RU 32d, the
memory card 19 outputs long busy until all used RUs 32c
are fully moved. For this duration, write data is
stored in the host buffer 27. 1In this case time
required to move all used RUs 32c in the AU 31 is

expressed as follows.

(r(Pc) x Say) / Pm



obt ai ned from mat hemati cal expression 15.
[ Mat hemati cal expression 16] Used RUratio limted by

whowb/omehf er size = r(Pc) < [(Pmx SBUF ) / (PBCRIEAIN13104
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)] . As seen from mat henmati cal expression 16, if the
size of the host buffer 27 is small, the maxi num used
RUratior(Pc) is limted by the size of the host

buffer 27. In this case, the A4a3l nust be classified
using the maxi mumused RUratio r(Pc) limted by the
size of the host buffer 27 as r(Pc) in mathematica
expressicfody,. Vs eoves , of ftidehsszeowffehe2 hosequired in
buffer 27 is small, the size of data stored in the
hostt il fers7i dueimge sead -ty nehelaf @l keebrdi hgthenatical
observed. I n accordance wth the observed result,
contexpremside Barried out so that data bit rate is
tenporarily nmade smaller, or file t em updat e peri od
may be coH¥?%¢?%@t%6abr%%PB%%F%O%ri%int buf f er

flow _Th ' bl that the_h f 27 '
over 1 onstone SuF el L 8ac BEVE T obt . X ForL{hrL Feshoh, / F™
data | oss HES% Pfo@ﬁﬁé?ﬂg§geﬁ¥§gcéi daba.guabhtyes is
deterioral 8s. TT recordi ng I § nmade Using write

per f(?t'ﬁ%@d PEedhchednbased oD peptossrpgebnf or mation

(performance paraneter) of the storage device 19, the

host appafahtseRQtBkeseapredeichange. Specifically,
when buffer overflow occurs or an error frequently

‘occurs dupkeg RUcessiof lthetstiobagRodevbuéfE®, stihe

host apparatus 20
= r(Pc) < [(Pm x Spyp) / (Pa x Say)]

As seen from mathematical expression 16, if the
size of the host buffer 27 is small, the maximum used
RU ratio r(Pc) is limited by the size of the host
puffer 27. 1In this case, the AU 31 must be classified
using the maximum used RU ratio r(Pc) limited by the
size of the host buffer 27 as r(Pc) in mathematical
expression 12.

Moreover, if the size of the host buffer 27
is small, the size of data stored in the host buffer
27 during real-time data recording is observed.

In accordance with the observed result, control may be
carried out so that data bit rate is temporarily made
smaller, or file system update period may be controlled
to previously prevent buffer overflow. There is a
problem that the host buffer 27 overflows; as a result,
data is lost. For this reason, data loss must be

prevented even if data quality deteriorates.



makes a change to a | ower speed node than the speed
based on the performance infornmation of the storage

waeleasne6dD. [4-6] Others The host apparat us 20PEEYP2eSAE3104
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a means for conparing performance information (e.qg.

class, performance paranmeter) with its performance
information (same as above) . The host apparatus 20

may be provided with a conparigpn means for conparing
performance information read fromthe nmenory card 19.

with its own perfornmance information. This is based on

the fol | gW R@GJRaSER;: iFOMmeXANPRieg endrtd fparfe wfartdee
menory card 19 and the host apparatus has a very high

per boemareed bheeat ber pemdormpnoet Ihdwemedrifogr ormance
equi val ent to above. In such a case, the slower

per famameter)i wift <hedatsd omeares Cav iset wden thee hisdy apparatus
apparatus 20 and the nenory card 19 after al

, | .
Per 26r makes Bhaedss s1$ e c SRS TG 0 ot het Wifen
a lower class nenory card 19 is used. ln order to :
avoioy e o QSRR Ae 21t g Tds th G5y ar'ds S 1S during
mayconpar e performance informnmati r f t
_msf Car d’f1§fhﬁt RS T efvolrcneafw)l(r:bef %%orﬁn%ogtgl G haeptus 20
i nform users h | £ Vi [ Spl xahpl
t he "Hag%?nsr y ccél%@%eﬁogeﬁsnﬁs(;eﬂetfe%égnﬁ ﬁdee E%gatr?apparsg%%esd

20, and 4 hef aafd elerddgndinsd apRMRltioR 0 di s aysot dige

fol 'ow ng nessage on the
device 109.

[4-6] Others

The host apparatus 20 may have a means for
comparing performance information (e.g., class,
performance parameter) with its performance information
(same as above).

The host apparatus 20 may be provided with a
comparison means for comparing performance information
read from the memory card 19 with its own performance
information. This is based on the following reason.
For example, even 1if one of the memory card 19 and the
host apparatus has a very high performance, the other
one may not have performance equivalent to above.

In such a case, the slower performance limits data
transfer between the host apparatus 20 and the memory
card 19 after all.

Performance that users expect may not be obtained
when a lower class memory card 19 is used. In order to

avoid the disadvantage, the host apparatus 20 may



screen. That is, "This apparatus belongs to class M;
however, operation based on class N(N< M) is

W@x®e0@od because inserted nmenory card cl ass i BCINIP20&/013104
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doing so, users can grasp why an expected operation
speed is not obtained even if class N nenory card is
used. The screen display may be autonmatically nmade
after the menory card 19 is ing@&rted into the host
apparatus 20 or users nmay nmake a predeterm ned
operation to nmake the nmessage appear on the screen.

The qgwdrdrayeaers d mifaaraatiirofo eenmiar sored uhicin drhe memory
descri bed above is not essential for the host
appatzatdisl 0vitth uises tover fremance airedf dignast g igpd  inform
performance information. (Second enbodi ment) An SD(tm
menorsewaref tihanietitkther ¥a rdtseimodi nent i s

applicable will be explained bel ow. FlI 17 is a .
schenatiCF@¥e%%%mﬁ%@ngt?%ém%%%¥Yg%?%dtf%nl%fl%ﬁegff?n%nto

q i .
gfgﬁ%# Z}%fe?{f?%%éﬁﬁs S et e A el T S
referre S| to. :

ot TR A% TR S aS i e ifRamREg on whe

I nte %$%§n45'TH$@ ﬂ%ﬁn$yh ar g4l i nek udeso NN o class M;

flas menory (hereinafter, referred sinply to as

fl aslﬁkroa@&@f Y)oSbi Pr A2 16256 cONt EDAErN 4By conty oL ki egecuted
t he ash nenory chip 42, and several signal pins

(firnsdciosdi hdeptes)mddorA c&f@rebses nuselal 4By doing so,

denotes a bus interface.
users can grasp why an expected operation speed 1s not

obtained even if class N memory card is used. The
screen display may be automatically made after the
memory card 19 is inserted into the host apparatus 20
or users may make a predetermined operation to make the
message appear on the screen.

The performance information comparison function
described above is not essential for the host apparatus
20 to use the memory card 19 storing performance
information.

(Second embodiment)

an SDT™™ memory card to which the first embodiment
is applicable will be explained below.

FIG. 17 is a schematic view showing the configura-
tion of an SDT™ memory card according to a second
embodiment of the present invention. An sDT™ memory
card (hereinafter, referred simply to as memory card)

41 exchanges information with the host apparatus 20 via



The card controller 43 is equivalent to the device
controller 22 of the first enbodinent (see FIG 2 )

wab@ehb@sh nmenory 42 is equivalent to the nenoPgT/arees/ 013104
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21 of FIG 2 . The signal pins 44 are electrically
connected to the card controller 43. Signal allocation

to signal pins 44, that is, first to ninth pins are as
shown in FIG 18. Data O to dats® 3 are allocated to
seventh, eighth, ninth and first pins, respectively.

The first pinis also allocated to a card detection

si gnalpudhenseeense pi . | sTied leesded ¢ard £bnivenbdudgheNAND
third and sixth pins are allocated to ground potentia

Vss, £ aash Thendoory h(ips e irsa &t ¢ 0c at @b 1 oe powere Syippd yas
potential Vdd. The fifth pinis allocated to a clock

si gn@lasiheemeny) yclehp dt 21 eard beonhsekied ¢9 @oREpelling
formed in the host apparatus 20. The host controller

26 (ot SHORR)TOROFhEE Mot GppBiat 1Y S 647 bsPLhS

various signals, and dat ith the card controll 4
of th%lﬁ%&EFV %b? 4H?Q$%Y4%e f#rﬁ?F?Beﬂ?%t%u%?ﬁé% %%r
exa e en data, | itten to the d41,
t he %%?t%%n?r%PFe%n§%¥£%%%S awite gggg;xdc?g t he

card ContﬁﬁglSgréscéﬁt§o§fé£ahBSﬁgnéhquglEHQ £6CeNAE device
pin. In thi's case, the card controller 43 fetches the

Wi t e, coryRNd-gbyegrt ent hes 88€08doOHImE AL €SPENBEGT 024.

clock signal supplied to the fifth pin. As described

abovepet heawhi hemeoymandi § Segefvaléyt to the memory area 21
of FIG. 2.

The signal pins 44 are electrically connected to
the card controller 43. Signal allocation to signal
pins 44, that is, first to ninth pins are as shown in
FIG. 18.

Data 0 to data 3 are allocated to seventh, eighth,
ninth and first pins, respectively. The first pin is
also allocated to a card detection signal. The second
pin is allocated to a command. The third and sixth
pins are allocatéd to ground potential Vss, and the
fourth pin is allocated to power supply potential Vdd.
The fifth pin is allocated to a clock signal.

The memory card 41 can be inserted to a slot
formed in the host apparatus 20. The host controller
26 (not shown) of the host apparatus communicates
various signals and data with the card controller 43
of the memory card 41 via the first to ninth pins.

For example, when data is written to the memory card



input to the card controller 43 using the second pin
only. The second pin allocated to command i nput is

w0 nicepwsed between the first pin for data 3 apdI/aree0s/013104
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third pin for ground potential Vss. The bus interface

45 corresponding to several signal pins 44 is used for
communi cations of the host controller 26 of the host
apparatus 20 with the nmenory caod 41. On the other

hand, comuni cations of the flash nmenory 42 with the

card controller 43 are executed via a NAND flash(tm
nmenyyy, idierdage. cdherelione,2 @lddralghe natishovemrere, to the
the fl'ash menory 42 and the card controller 43 are
connectetatitrainl & il dnputdeoutaputsigrad) Vimethegosecond
exanple, when witing data to the flash nenory 42, the

car (bicont rot | Brid T atrecasst Vet o i aisoLher 198 | bRk eles the
information to the flash nenory 42 via the 1/0Oline.

The Wit rReTENG e} Rl st Yat2E | FRIANY dhnt: gEppronse to

col um address, page addre t

10 oo e f’lm R Tl SRty
nunmeral , and_ actu , _an_8- bj [ " 00" i .
S e FATRIERE oS0 St TR, CARMRARRS s
several-bit c IS ' ' i .
o] Gl oad-d s SeR Lod: e RREShyckpY, Belbl pir

MenoLy § Nt eff8CEe c6QHMBNG aNth dat 8t 0ot BembhAghi npHOr ¥s
42 are communi cated on the same |I/O line. Thus, the

interfecepoysed hotweonmunt cationspdh the hess 3 and the

controller 26 of the host
third pin for ground potential Vss. The bus interface

45 corresponding to several signal pins 44 is used for
communications of the host controller 26 of the host
apparatus 20 with the memory card 41.

On the other hand, communications of the flash
memory 42 with the card controller 43 are executed via
a NAND flashTM memory interface. Therefore, although
not shown here, the flash memory 42 and the card
controller 43 are connected via an 8-bit input/output
(I/0) line.

For example, when writing data to the flash memory
42, the card controller 43 successively inputs the
following information to the flash memory 42 via the
I/0 line. The information includes data input command
80H, column address, page address, data and program
command 10H. “H” of the command 80H represents a
hexadecimal numeral, and actually, an 8-bit signal

“10000000” is supplied in parallel to the 8-bit I/O



apparatus 20 with the nmenory card 41 differs fromthat
used for comunications of the flash nenory 42 with

W b@ooaiood control ler 43. FIG 19 is a bl ock diBgr/armo0s/013104
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showi ng the hardware configuration of the nenory card
according to the second enbodi ment. The host apparatus
20 i ncludes hardware and software for accessing the
menory card 41 connected via tihha bus interface 45. The
menory card 41 operates when being connected to the
host apparatus and receiving power supply, and then,
t akes; fr ocarties, | seaceas dance ddrirharat ces ssdppii ¢diein
host apparatus 20. The nenory card 41 includes the
f | astnEmsly Wiz artte tNRN Iz aff th oY modthasry 43nterface.
descri bed above. In the flash nenory 42, an erase
bl ock si zEn (the. NAWD oEkash Ze memaryinietoffagaseforpand
the erase operation is set to a predeterm ned sizge
(e. g;tr}%z%lékB)O EherebRveEh YRR i1 1 AntP TR g7 esd on
carried out at,a unit called e (e.q. 2 kB) .. -The
;:iar dthft%rﬁeﬂ‘ﬁl (0 45 ManagEs iy B Psilg% qu% ? Lil?f)i%lh%or

ash nenory 42 (for_exanple ' Lca
sggt%qmﬂe%astwisa R e e L A A
addr es 0 cky, d d T
R T T

processh Ngo HNkdmbh MRl 2 Bfont | @8hc ONE 196 ehiedbryl €20with the
only nenory (ROVM 56, random access nenory (RAM 57

-and pyffefo®8roller 43.

FIG. 19 is a block diagram showing the hardware
configuration of the memory card according to the
second embodiment.

The host apparatus 20 includes hardware and
software for accessing the memory card 41 connected via
the bus interface 45. The memory card 41 operates when
being connected to the host apparatus and receiving
power supply, and then, takes procedures in accordance
with access from the hosﬁ apparatus 20.

The memory card 41 includes the flash memory 42
and the card controller 43 as described above. In the
flash memory 42, an erase block size (i.e., block size
at a unit of erase) in the erase operation is set to
a predetermined size (e.g., 256 kB). Moreover, data
write and read are carried out at a unit called page
(e.g., 2 kB).

The card controller 43 manages a physical state in

the flash memory 42 (for example, which logical sector



The host interface nodule 53 interfaces between the
card controller 43 and the host apparatus 20, and

WO pwboaes4 a regi ster 59. FIG 20 is a bl ock diBgr/armo05/013104
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showi ng the configuration of the register 59. The

regi ster 59 has card status register, and registers
such as CI D, RCA DSR CSD, SCR and OCR The registers
are defined as follows. The cari? status register is
used in a nornmal operation, and for exanple, stores
error information described later. Registers CI D, RCA
DSR, 2 &5 s SCGR aandi OCRh @t edeai inh ywhised whesitchée hiaoky
card is initialized. The card identification nunber

(Cl Dhdsteses ¢hewhiemthidcht ionenamdal - of ThheCaBfiory
card 41. The relative card address (RCA) stores_wth
rel acpwerehier atidireas ¢ dynaki tarryiace erarHes Bﬁ'tﬂécro

host apparatus in, jnit The, d
rega@%%ﬁe%ﬁﬁﬁi %?b?e&MggLuég r?gé ?o?%gtﬁéii nDF§ad
ar The r dat '
char%ﬁ%@r?éﬁ?gy;ggé%Lt%§ 35%% "o C?ﬁgrﬁéﬁg?§ycéﬁémﬁls7 and
The CS P L rg er hol ds version information, perfornance
[

den? cation code and performance paraneter

descr'bedTHetHSSE'EﬁEe§@Q@g'ﬁgahleTB@ SRreenrbi-gur akit@Ren
data register (SCR) stores the data array of the

menoyecakdaddondhe10per ai @AdCcendi hbed kpghshens(O0R)
stores an operating voltage of the nmenory card 41

‘havi agdaihthitied epeegikbgrr afge ¥vobtagé. is a block

diagram showing the configuration of the register 59.
The register 59 has card status register, and registers
such as CID, RCA, DSR, CSD, SCR and OCR.

The registers are defined as follows. The card
status register is used in a normal operation, and for
example, stores error information described later.
Registers CID, RCA, DSR, CSD, SCR and OCR are mainly
used when the memory card is initialized.

The card identification number (CID) stores the
identification number of the memory card 41. The
relative card address (RCA) stores with relative card
address (dynamically determined by the host apparatus
in initialization). The driver stage register (DSR)
stores a bus drive force of the memory card.

The card specific data (CSD) stores characteristic
parameter values of the memory card 41. The CSD
further holds version information, performance

identification code and performance parameter described



The MPU 54 controls the entire operation of the nenory
card 41. When the nenory card 41 receives power

WG applogee9t he MPU 54 reads firmmvare (control prBgrargo0s5/013104
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stored in the ROM 56 onto the RAM 57 to execute

predet erm ned processes. By doing so, the MPU 54
prepares various tables on the RAM 57 . The MPU 54

al so receives wite, read and gpase commands to

execute predeterm ned processes to the flash nenory

42, or controls data transfer via the buffer 58. The
ROM;56 ${0r8S GoR)d iple@@r.ans control | ed by the MPU
54. The RAM 57 is used as a work area of the MPU 54,

and st or eshe« BT rain firqagraanpo ranth hearieiss teb| BCRITHECores
flash controller 55 interfaces between the card

contured |dertadamamed tdfe tHeagtemmemrap . 4 Ithe The fepezpg-ion
tenporarily stores a predeterm ned anount of dat

il ‘ a
(e. @qndﬂl‘telzqgagre%gww WQGR )In g tpitas SBhtCRGIGHR T Frstade of
appar at us to the flash nenory 42 t 1
SPORER ot T i RO ot ok b e Tarah g anoe
data read fromthe flash nenory 42 to the host
appéfoa]t’ifgeéo. FIG 21 shows the data array of the flash
nmenory in

?% %gﬁﬁggqg%%af d 4. Egch - pagepit1b8 of the

flash ne ytes (512-byte data nenory
ar e%&#or:'% l%ilpé/t@l r edpdandye &R Xy dedrdd4byt&ceives power

managene ata nenory area) . 128 pages are one erase

. uni tst_ﬁﬁﬁﬁy,chH'e B K #82dH28) rmwd Pe t heodot b DWpNggram)

description, the
stored in the ROM 56 onto the RAM 57 to execute

predetermined processes. By doing so, the MPU 54
prepares various tables on the RAM 57.

The MPU 54 also receives write, read and erase
commands to execute predetermined processes to the
flash memory 42, or controls data transfer via the
buffer 58.

The ROM 56 stores control programs controlled by
the MPﬁ 54. The RAM 57 is used as a work area of the
MPU 54, and stores control programs and various tables.
The flash controller 55 interfaces between the card
controller 43 and the flash memory 42.

The buffer 58 temporarily stores a predetermined
amount of data (e.g., one page) when writing data sent
from the host apparatus 20 to the flash memory 42 and
temporarily stores a predetermined amount of data when
sending data read from the flash memory 42 to the host

apparatus 20.



erase unit of the flash menmory 42 is set to 256 kB for
conveni ence of explanation. The flash nenory 42

w0 pwboaes4s a page buffer 42A for inputting and PCT/JP2005/013104
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outputting data to the flash nenory 42. The nenory
capacity of the page buffer 42A is 2112 bytes (2048 B

+ 64 B) . In data wite, the page buffer 42a carries

out data input/output to the fbash nenory 42 at a unit

of one page equivalent to its own nenory capacity. If
the flash nmenory has nenory capacity of 1 Gb, the

nunber ofgF256-kB dH@eksHerdse witgy it 5342 Flagh 2Memory
shows the case where the erase unit is 256 kB;

howenerin itthd snqucagt icatd yilef f dtatdlveoads bl |tdhaiptash
erase unit of 16 kB. In this case, each page has 528 B
(51eBytms 4fathe sretiord Birtess + Sl Bt dalcuitpipRyy area x4
area) , and 32 pages are one eras

i 16 k )
B )% IAnired R TRy ared) % Flardir e, date
ash nenor tt [ i Vi [ .
zilg edf@ﬁ%d%}o}‘?éa%iel% t%eé%sl'o?aerté \éogd%d%llfsgstsool\?\ﬁyl :1?%:?% kB +
. as 4 fol | . ow
ar ed q(eE? th %%Edn%%%geﬁlerhn?&déathéo%]?ée%%@%on ?%‘E%%)él the

dat ae%zseé‘ @ﬁit protect i o dat Al ep 63 paNdsdisefo dat@ kB for

area he managenent data area 61 nainly stores
MaNYeIRIt: ddOr SRt é oM £ed€vant to nenory card, that

is, security information of the nenory card 41 and

The flash memory 42 includes a page buffer 42A for
inputting and outputting data to the flash memory 42.
The memory capacity of the page buffer 42ZA is 2112
bytes (2048 B + 64 B). In data write, the page buffer
42a carries out data input/output to the flash memory
42 at a unit of one page equivalent to its own memory
capacity.

If the flash memory has memory capacity of 1 Gb,
the number of 256-kB blocks (erase unit) is 512.

FIG. 21 shows the case where the erase unit is
256 kB; however, it is practically effective to build
up an erase unit of 16 kB. 1In this case, each page
has 528 B (512-Bytes data memory area + 16-Bytes
redundancy area), and 32 pages are one erase unit
(16 kB + 0.5 kB).

The area (data memory area) to which data of the
flash memory 42 is written is divided into several

areas in accordance with stored data as shown in

FIG. 19. The flash memory 42 has the following data



card information such as nedia ID. The confidenti al
data area 62 stores key information used for

wepwspmichon and confidential data used for PCT/JP2005/013104
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aut hentication, and is an area, which is not

accessi ble fromthe host apparatus 20. The protection
data area 63 stores significant data, and is an area,
whi ch is accessible only when ti%e host apparatus 20 is
val i dated t hough. the nutual authentication with the
host apparatus 20 connected to the nenory card 41. The
userpdtdy alea $A StHF ebs Useinagatient aduka sawr afla,
which is freely accessible and avail able to users of

t he ¢mnmirdercairall 4dataherex pbanatt ore oni secdnitk area 63 and
enbodi nent is directed to the case where the operation
nmodeusr tdmtarerey @©hrd 41 is a SD 4-bit node. The
present invention is applicable to the case where the
operationTW%déa%ﬁg?%%ngeﬁ%?§ 2EPY 94 m%l%iylgB?FeﬁDde

d SPl_node. F|G 22 sh i gnal, al | ocat i ‘
cor PSR 11SPGHAF B rss Y (he SO HCH T notE? S
1-bit_mode and SPI_pode,. T i t
ooty AT LY 1A G5 AT LS 100 TATS 8D Rbde. and

SPI g%lg?.i_r}lrg%]grggtistgbnggg?tggemgg{@rmpard 41 is set to

SD 4- e or node according to a bus

wi dth chapge conwreadnhtram theahastaappasabuss2@eyFour
pins, dataO pin (DATO to data3 pin (DAT3) all are

-used; f o5 rfat soh rassfiefok NehbeySbi drnbatdnedrfidential data

used for authentication, and is an area, which is not
accessible from the host apparatus 20.

The protection data area 63 stores significant
data, and is an area, which is accessible only when
the host apparatus 20 is validated though the mutual
authentication with the host apparatus 20 connected to
the memory card 41.

The user data area 64 stores user data, and is
an area, which is freely accessible and available to
users of the memory card 41.

The explanation on second embodiment is directed
to the case where the operation mode of the memory card
41 is a SD 4-bit mode. The present invention is
applicable to the case where the operation mode of the
memory card 41 is SD l-bit mode and SPI mode. FIG. 22
shows signal allocation cérresponding to signal pins in
the SD 4-bit mode, SD 1l-bit mode and SPI mode.

The operation mode of the memory card 41 is



which transfers data in units of 4-bit width. In the
SD 1-bit node, which transfers data transfer in units

w@Roododed4 Wi dt h, the dataO (DATO pin only i s PGE#PAGY013104
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data transfer, and datal (DATlI) and data2 pin (DAT2)

are not used at all. The data3 pin (DAT3) is used, for
exanpl e, for non-synchronous interrupt to the host
apparatus 20 fromthe nmenory ca@ 19. In the SPI node,
the dataO pin (DATO is used as a data signal |ine

(DATA QUJT) fromthe menory card 19 to the host

appar at gl ¢ lads soffmadipta $CDpde sandedPhsmadeat aln the
signal line (DATAIN) fromthe host apparatus 20 to

t he S®rmsge carlte IemdThe datrdl 4 pi hs (PATI o abld #abaR PPAe or
(DAT2) are not used. In the SPI npde, the data3 pin

( DAT3D 1sbu%emo¢@ra@¢%ﬁ§hﬁgttﬂgaab%ﬁu%l%%he%baggﬁnaPmmand
CS fromthe host apparatus 20 to the menory card 19.
Wienf¥e Ehashose n%$9a£% E%n%?rses one chip, the

d 19 .
coernti ookSufobiaesirrel BatcDRTON PR BEEL, pig, (0nT3)
pos'tixf '”te@&&)fo¥“§§t£h@;éﬁ@fgf”EHDEMe4§Dh@S§§t mode,

cl as$ osrtive integer larger

highﬁﬁlé e@Qaﬁ%ﬁ@rQnﬁaEQ'Ennﬁﬂ?E¥ sard-g9¢ s98enfl ash

menory c i ps may conprise sonme chips in the menory

card 19. By dpikngpse-bhe gand,Conteal keanwretes ddata
to one flash chip nenory whi | e transferring data to

-anotheankFashineamtys of 1-bit width, the dataO (DAT0) pin

only is used for data transfer, and datal (DAT1l) and
data2 pin (DAT2) are not used at all. The data3 pin
(DAT3) is used, for example, for non-synchronous
interrupt to the host apparatus 20 from the memory
card 19.

In the SPI mode, the datal pin (DATO) is used as
a data signal line (DATA OUT) from the memory card 19
to the host apparatus 20. A command pin (CMD) is used
as a data signal line (DATA IN) from the host apparatus
20 to the memory card 19. The datal pin (DAT1) and
data2 pin (DAT2) are not used. In the SPI mode,
the data3 pin (DAT3) is used for transmitting a chip
select signal CS from the host apparatus 20 to the
memory card 19.

When the flash memory 42 comprises one chip, the
memory card 19 is used for not-so-high-speed operation,
and classified as class M (M is zero or positive

integer) .



chip. Thus, superficial data transfer rate between the
card controller 43 and the flash nenory 42 inproves.

Wohbmeowsp4 a flash memory chip having a page cREHIK2005/013104
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copy back) function nmay be enpl oyed, and thereby, data
stored in a page of the flash nenory chip is copied to
anot her page of the sane flash nenory chip. By doing

so, the nove perfornmance Pmingrioves. The present
invention is described on the basis of the first and
second enbodi nents; however, the present invention is

not |im tgket otlider sgoipemeodi git ahastal tlgaseNa(N is
digital video canera, PC and PDA are given as a host

appad apaisit ovehicteddie pregent thawveh) i oholher speed than
applicable. In addition to the NAND fl ash(tm nenprg,

AND $hersth hie ey r WOR £ ¢ abh( t ymerefb? ) RHEPLY sChips 42 may
menories having a floatin ate as a charge nné .
Iﬁye¢0m&§l%% $ABY GRS st EIRIUEEOFY ety Used éstlng

t he storage device of t first._and,seco ;
enbo?P ne %.Ciﬁﬁe%%%??oﬁiﬁﬁrVE%tﬁgv?ﬁgaaQ%CRE% flash chip
insulating |l.a a e
e e e R

a magnelic tandom access- MRIDLY{MRAMN3PEr rate between the

ferronagneti ¢ random access nenory (FeRAM may be

used., Addibhopal 1advant agestaadrmedhfheavkpns2wiiproves.
readily occur to those skilled in the art. Therefore,

-the invenyibesoirBrits bleademeaspectaipshautinki Al pedet copy

the specific details and representative enbodi nents
(or copy back) function may be employed, and thereby,

data stored in a page of the flash memory chip is
copied to another page of the same flash memory chip.
By doing so, the move performance Pm improves.

The present invention is described on the basis of
the first and second embodiments; however, the present
invention is not limited to the scope. A digital still
camera, digital video camera, PC and PDA are given as
a host apparatus to which the present invention is
applicable.

In addition to the NAND flash™ memory, AND flash
memory, NOR flash™ memory, that is, memories having
a floating gate as a charge memory layer may be used as
a semiconductor memory used as the storage device of
the first and second embodiments. Moreover, memories
having a MONOS insulating layer as a charge memory
layer may bé used. Moreover, non-volatile semicon-

ductor memories such as a magnetic random access memory



shown and descri bed herein. Accordingly, various
nodi fi cati ons may be nade wi thout departing fromthe

W@ piosiooeess scope of the general inventive conceEL/JEe05/013104
defined by the appended clains and their equivalents.C
LAI MS1. Astorage device conprising: a
sem conduct or nenory storing data; a controller
instructing to wite data to thegsem conductor mnenory
in accordance with a request the controller receives;
and a register holding performance class information
showi(ngaene aper ffetrranagneltass raedom edces samepwriyhe FeRAM)
storage device to denonstrate best perfornmance which
t he shgr hge udevi.ce supports, of performance cl asses
specified in accordance with performance. 2 . The
devi ce ac@sidditigried @dyiemtegeswrarceMeifd qaggiofteewill
further hol ds performance paraneter i nfornmation
r el e¥&RAY PECHS MRNEEOSE SHfd 1460 dondict &F trendypretore,
and the controller., 3.. The device accordi.ng t l,ai,

5 5" Hher PSP oo PorFineE FaP P B ATt G ort 11 fed £
| ncl ydes AL digast ane ok 3.aPve sheed SRant kb ildie s
data i'n the Sem conductor nenor? and a size of a

manageneat WA edlea el AcFRIRrY @,n:%%ﬂa%%l%ﬁfg&q%s

appar atus which uses the storage device.

devi g8 2eRLAiike st @a6! deMmbde WARMRIUR WRQarting from the
sem conduct or nmenory includes physical areas, each of

spirit or scope of the general inventive concept as

10 defined by the appended claims and their equivalents.



which is a data wite unit, and the controller resunes
data wite fromnext one of the physical areas to one

w@booslasephysi cal areas witten | ast before w iP@&r/JP2005/013104
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interruption when a file systenmupdate is requested

whil e continuous data is being witten to continuous

physi cal areas. 5 . The device according to claim1l ,
further conprising: a cover covesing the sem conductor
menory, the controller and the register; and a display
portion provided on the cover and displaying the
performance cl ass show ng the pernf er mance cl ass
information held by the register. 6 . A host apparatus
readi ng data Arefilvaagtodagecdevbaeribiich:stores data

and performance class information show ng one

per f or manee sehassndequbredemoral bowrtthg sedrage devi ce

to denonstrate best performance which the storage

devi ce suppernsroflpsr tBpiraHEs lePasoeyrdpecidpitad tion the
accordance wth performange, the host ap at us ‘
wr i t FRGIEaREUEBOENBCRPBY adB BEGPEENGRe nglf 8r kRACEST the
cl ass regui&ed to allow the host apparatus to
dempASEFaPe1BEsECEEFF 6P frmARE whi ch the host apparat us
supports qof _the _perfornan I i.n : ;
host appaPafﬁg}s °r $ﬁggg%§a%§?§§%ggggﬁd%%3%%0 &%ﬁ%%i%lon

: re@ﬂbwgng gﬁ&{ﬁ%?@BEﬁaHééaﬁﬁééé Lel@yaBl &8 allow the

per f or manc e storage device fromthe storage

~devi geo-aRd 8%¢¢HLEI BY demonstrate best performance which

the storage device supports, of performance classes
specified in accordance with performance.

2. The device according to claim 1, wherein
the register further holds performance parameter
information relevant to performance of the
semiconductor memory and the controller.

3. The device according to claim 2, wherein the
performance parameter information includes at least one
of a move speed spent for moving data in the
semiconductor memory and a size of a management unit
area of a memory area used by a host apparatus which
uses the storage device.

4. The device according to claim 1, wherein the
semiconductor memory includes physical areas, each of
which is a data write unit, and

the controller resumes data write from next one of
the physical areas to one of the physical areas written

last before write interruption when a file system



a calculation using the performance paraneter. 8 . The
apparatus according to claim7 , managing a nenory

W@e®@a/0od694 he sem conductor nmenory by nanagemnmeneCT/am2005/013104
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areas each conprising wite unit areas, andcl assifying
t he managenent unit areas into an suitabl e managenent
unit area capable of storing data with a requested
performance and an unsuitabl e nmapbagenent unit area

i ncapabl e of storing data with the requested
performance in accordance with a condition of the
managegent tBi Feaneasedsiwhd leheopeihoomande tpadsmbiegng
9 . The apparatus according to claim8 , using the

sui t abietranagerment ioppusapbasficelr egkatsi.-ne wite. 10.
The apparatus according to claim9 , calculatin

avai | abl e drec8h@i AlgVilicee afcso tgkineh tPatCd 318 v tf?Uéﬂ:her
with the requested performance using the performance
par afreter tar8%now many t he suitabl e managenent unit

areas remain unused. 11. The appar.at us, according to '
claim6 , SdEPEFH FONSTERS: e S%&PF&PME%’%W? Ly the

not dgtined:Lh Lhg shor age.device yhen the per for mance

class™information of The toragé evice is "0". 12.
The appar at ug s3a6Q" ¢iRe it PJrdlvila oM itdnGAala 4y

the storage device with a second performance | ower
t hanga shilbst ngerher paree rierpeniesnencs el the

storage device does not satisfy the first performance
r equickedoclbyahbe kosksappdoaimasion held by the register.

6. A host apparatus reading data from a storage
device which stores data and performance class
information showing one performance class required to
allow the storage device to demonstrate best
performance which the storage device supports of
performance classes specified in accordance with
performance, the host apparatus writing data to the
storage device, one performance class required to allow
the host apparatus to demonstrate best performance
which the host apparatus supports of the performance
classes being set to the host apparatus.

7. The apparatus according to claim 6, reading
a performance parameter relevant to performance of the
storage device from the storage device, and executing
a calculation using the performance parameter.

8. The apparatus according to claim 7, managing
a memory area of the semiconductor memory by management

unit areas each comprising write unit areas, and



13. The apparatus according to claim6 , storing data
requested to be witten in a buffer while data wite

W@ 200bk@s634 or age device is inpossible. 14. The BODArAcUE3104
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according to claim6 , furtherconpr i s ng: a cover
and a display portion provided on the cover and

di spl ayi ng the performance class set to the host
appar at us. 61

classifying the management unit areas into
an suitable management unit area capable of storing
data with a requested performance and an unsuitable
management unit area incapable of storing data with the
requested performance in accordance with a condition of
the management unit areas using the performance
parameter.

9. The apparatus according to claim 8, using the
suitable management unit area for real-time write.

10. The apparatus according to claim .9,
calculating available recording time for which data
is written with the requested performance using the
performance parameter and how many the suitable
management unit areas remain unused.

11. The apparatus according to claim 6,
determining that the performance class is not defined
in the storage device when the performance class
information of the storage device is “0”.

12. The apparatus according to claim 6, writing
data to the storage device with a second performance
lower than a first performance when performance of the
storage device does not satisfy the first performance
required by the host apparatus.

13. The apparatus according to claim 6, storing
data requested to be written in a buffer while data
write to the storage device is impossible.

14. The apparatus according to claim 6, further
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comprising:
a cover; and
a display portion provided on the cover and

displaying the performance class set to the host

5 apparatus.



