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The present 1nventlon relates to a storage device

and a host appara

storage device.

tus (electronic apparatus) using a

In 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
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invention.
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In recent years, a nmenory card having a built-in

non-vol atil e sem conductor nenory has-cone into

WP LY use as a storage device storing var iPET&P2005/013104
kind 5 of digital information such as i mage data and

musi ¢ data. The data of the non-volatile

sem conductor nenory is not at rjisk of being | ost

even if power is turned off, anfis rewitable. A

NAND fl ashTM nenory is frequently used as a

non-vol atile menory (for 10 exanple, see JPN. PAT.

APPLN. KOKAI Publication R8ckgsesnsodss). Recently,

t he nenory _capaci of the flash nEnDr S j ncrease
wi th advanc®s rel‘fet‘%e My | cﬁJé“ed‘fory g?%Y‘rrh% $BH e-in

T R MR AL

as nmenory car avi ng a

via awﬁaﬁggféﬁﬁaﬁé%u%s %nﬁknh%ﬁﬁ§§ﬁggh ERDTY ?ﬁ{Yarlous kind

appar at us rectl controls
5i nto phegserage 19‘1%"6'rﬁl%lt1'dh tsﬁf‘cl’?%{yei%aiég‘aéat%sﬁad music
Thus, the host apparatus 20 grasps programtinme of the

f1 ash daeEDr y Thandatan o el coramsIrat ey f SuriBased@ntr
storable time to sonme degree fromthe programti ne.
Howeveremoirty iis abttemtnaw stkhes ft dsel richalodtheswdor Bfjepower is
device has a built-in controller; for this reason, the

25 comurokdhas fheemse icomsw sidtairle As Za Mo§u| £1ashTY sremory
i mpossi bl e to predict the menory perfornmance u5|ng a

si npl & scdlrequenitdy. URRs Fsards franTeRle thakareereer v (fof

- WD 2006/ 006694 PCT/ JP2005/ 013104

10

example, see JPN. PAT. APPLN:3KOKAI Publication
No. 2003-30993).

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

manufacturing semiconductors.

15 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

20 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

25 control has become complicated. As a result, it is

impossiblé to predict ‘the memory performance uéing

a simple calculation. The transfer rate parameter of
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a bus connecting the host apparatus and the storage
device is defined. However, this is not the real rate
WRSAYWEMost apparatus wites data to the st orREEaIP2005/013104
device. For this reason, the transfer rate does not 5
function as a nmeans for identifying the perfornmance.

In order to predict the performance of a storage

device including a NAND fl ashTM nenory, calculation is
required in conbination with a bl ock processing nethod
by the host apparatus. For this reason, it is 10

di f fi subtist godaestinge thihe hositf epmereE ussiarg atey dterage
storage device. Accordingly, it is desired to provide

ePe¥iFenie dppargtus WRWSNegan tdilmpliy pradditdte real rate

storagg deViCﬁ erformance to sonme deqree even if.a
| ar geV 50 c 5p&c P§

tspBPagatHsy vEd bes & J19 éd&istarage

contrqll er a_met hod of predicting.the performnce,

ood aderEFgge THE FBa = 5RBER B AT GiAte ddes not
ccor dj q.a.firs e of. the .present,. .20
|nven?Pg%FE?Reagl%shsgﬁe'gég lded%%ﬁ;%%ﬁﬂEQ§aperformance‘

conpri si ngina o$EIC RRAVGLEN STy atp;éx:%i ergcag %r % storage

controller instructing'to wite

sem caegtice LAE1NBABLY ai RARGC FNGAMNTY Wdnh A, F @UeSI1ation is
the controller receives; and a register holding

per f oregndeedl aascambiABOLBR WA HSROWIRGE O ocessing method
performance class required to allow the storage

devi cbyt thdehorst rpparbésts .perfoar ehianceadyrch ithe s

st orage devi ce supports, of performance WO 2006/ 006694

re rovi a stor

10 pCT/ JP2663£018104 détermine the performance using only the

15

20

25

storage device.

Accordingly, it is desired to provide an
electronic apparatus wﬁich 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



cl asses specified in accordance w th performance.
According to a second aspect of the present

VRZ2/906¢74 there is provided a host apparatus rREJAIRIN5/013104
data from a storage device which stores data and 5

per formance class information show ng one perfornmance
class required to allow the storage device to
denonstrate best perfornmance which the storage device
supports of performance classes specified in
accordance wth performance, the host apparatus
witiggagses seperdfird dnopsyetianae widde grerfomerme.
class required to allow the host apparatus to

denonst r at @958 109 HP0 PNEFEEhi 2P e Pbstha e RS
suppor,ts of .t he erformance cl asses being set to the

host APPEPLLQYs BIRCEE BEsERPH i Q§§ﬁMqﬁﬁﬁr?EFTH¥§ading
1i I ' haw th Nf.i - ti of a

NanD Frden Tt doey Sede dtd o It At e bt
507 ¢ NBRlEBSAhdeNEIAbkOn el Rad dif Sl ALK HAUAR o rmance
showi hg the configura- tion of a storage Vi ce *havi ng

the buhblsl BetRMRRYE @b a2 e rd rsst{foﬁ&é)ddelr%r&es @hd a

host apparatus using the storage device; F IS a

Vi ew Hemexphaiat cabed tdiperFiodmaicd Mhid WIS IIRME KL device
assuned by the host apparatus in the first

enbodisoepior tand fapiudo rmenarey dras«l WdOnfidd b dd®ordance
storage device; FIG 4 is a viewto explain data nove

i n theitir per forpedices nttheWD 200G/ HG6us writing data to
1OPCT/Jiﬁgoiégigégﬁde%ice, one performance class required to
allow the host apparatﬁs to demonstrate best
.performance which the host apparatus supports of the
performance classes being set to the host apparatus.
Brief Description of Drawings.

15 | FIG. 1 is a block diagram showing the configura-
tion of a NAND flashTM 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

20 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 mehory area division in

25 the storage device;

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

embodiment;



FIG 5is aviewto explain the wite operation

timng when using a nmulti-block wite command; FIG 6

MY 23"‘5‘?“@9\?45hovw ng an exanple of a perfornmance RGCF4R2005/013104
inthe first enbodinent; 5 FIG 7 is a viewto explain .
file systemupdate during real time recording in the
first enbodinent; FIGS. 8A to 8C are views show ng

the wite sequence; FIG 9 is a perspective view

showi ng the 10 appearance of the host apparatus and
storage device according to the first enbodi nent;

FIG 10 is FGA éwishawiHgw Heo perd br Fantlee curvee operation
classification in the first enbodinent; FIG 11 is a

t abl e LRI F NEEr B EGUIAr Sret: " Eharaktereamard of

each cl ass;FlgG 12 is a table show ng neasur enent

condi ti ons Sark? raed’l}ier“.én%}h?"‘.’l%‘?]a? CTEFTREF cQF of
each cl i%ﬁésffo@lmg‘nc]es dSA Vi eg?shoﬁr%;&?ﬁ nlg%é']szl c

in
st oreg a‘register of an

514 is a vi %VYGS.hGWi@g a“%fé Stc‘. fé iéf’rﬁ‘ ﬂig {(gtc’ ¢ pdate'
"ﬁe (%I r)g msn?, %ﬁ

to a nenory card area int enbodi

15 i s gV A 10l tdde-sanrept e o $&{ment ;
in the fifn?}Nenbodi ment ; FIGQ% i's a?/iews'o%g trﬁ%n
case wher e mlds .usd tBRUsrarei s | SedRInMERe tPigite
front position of AU, FIG 17 is a view show ng the

conf i gecateinae;of a nenory card according to a second
enbodi nent of the r'1 WO 2006/ 006694 PCT/ JP2005/ 013104

' FIG. 9 is a perspective view showing the

10 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

15 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 SD™™ memory card;

20 FIG. 14 is a view showing AU classification with

25

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



6 present invention; FIG 18 is a table to explain
allocation with respect to signal pins in

t he siﬁgal
YRS00¢ W‘ card of the second enbodi nent; 5 FIKET/IF2005/013104

is a block diagram show ng the hardware configuration
of the nmenory card of the second enbodinent; FIG 20
is a block diagram show ng the configuration of a

- register of the nenory card of X0 the second

5
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enbodi ment; FIG 21 is a view showi ng the .
configuration of the nenory cell and the buffer in

t he npnesgntatnventiphe second enbodi nent; and FIG 22

is a table to explain signal.. allocation 15 wth

respect toFEP-bd8 dBgARaltapiles tion ex@dicdls tdiserstdron

nodes. _Best Mdde for Carrying Qut .the_lnvention
EnbodPeRET 6Pt HetBr EEERECIENFONSiGRaki PANse 10 the memory

described belpw with reference to the acconpanying 20.
dr awi g5 ?ﬁegéeeﬁ%af‘ﬁeﬁf“ ogl&rr\‘?&t’r estrict the

present | nygRti 9. 5 ol B i3k aiadigpen gh%ﬁ%iz%ae hardware

enbodi nent rélafés to a Storage Ice

bui | t-c'bﬂfmgﬂfxekaﬁi be $6& GRAMLG U ¥ UG8 e cond
device, and to a host apparatus using the storage

devi cempbdim&aati gurati on of storage device and host
WD 2006/ 006694 PCT/ JP2005/ 013104

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 embodimeht; 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 apparatﬁs using the storage
device.

[1] Configuration of storage device and host



7 apparatus In the foll-owi ng description, a NAND
flashTM nmenory is used as a non-vol atile _
WOIRedt or storage device built in a storadg€T/JP2005/013104
devi ce used for the host 5 apparatus according to the
first enbodi nent of the present invention. FIG 1 is
a bl ock di agram showi ng the configura- tion of a
sem conduct or storage devi ce (seficonductor nenory)
in the case of realizing the sem conductor 10 storage
devi ce according to the first enbodi nent using a NAND
flasheidpaeatowsy. In FIG 1, a reference nuneral 11
denotes a nenory cell array. The nenory cell array
11-i s provineth@i £nlleeiegafeasrdptines, astiPdidr fdash ™
lines and.bit |ines 15 (not shomng“ The several word
| i nesheperhiis |WRd agre BBRnEelagils sevdeandysiprystorage
cells (not sho .. The several nenory cells are
i vi RV 5 PLbber bR 2 bF G0KSI8sOGESER! BEGS Aper Chengost
menory cell, array 11.is cpnnected.to, dat old. . 2
S ci rcuRPIPHRY 7 %?ﬁ%%%%e?ocﬁﬁgug%rf§.e?ﬁgg&Qthhgldthe
circu%£e;gn§0fpgé§§§og plurality of latch circuits.
r

The r'ow decoder circuift 13 selectively drives severa

word linespagd selgch gabexl WReSratherdatidend configura-
circuit 12 tenporarily holds data 25 read via the bit

line tiofdada &eadmiconutibeoresBbyagel Hevakeay skhicbi®uctor
data hold-circuit 12 tenporarily holds wite data in
dat a memdey th tbspeabet oft headdrmng WHe?2GRGH1G6GA4ELOr
PCT/ JP2005/ 013104
10 storage device according to the first embodiment using
| a NAND flashT™ memory.

In FIG. 1, a reference numera; 11 dénotes a memory
cell array. The memory cell array 1l1l.is provided with
several word lines, select gate lines and.bit lines

15 (not shown). The several word lines and bit lines
are connected to severél memory éells (not showh).
The several memory cells are divided into severél
blocks as described later.

The memory cell array.ll is connected to data hold.

20 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

25 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



. . |
8 cell array 11, and then supplies.it to the nenory
cell array 11 via the bit line. The data hold circuit

WO 2pes/i96a94ect ed to i nput/output buffer (1/O budrarProos/013104

14 and col um decoder 5 circuit 15. In the data read,

read data held in the data hold circuit 12, that is,

only selected data is read outside the sem conductor
storage device via in accordance8sw th the output of

the columm decoder «circuit 15. In the data wite,

wite data supplied 10 from outside the sem conductor

st or ageldeuircayvild,t bedi hpetry Guigpiti dsufifrertol 4 hies nfemakry cell
by a latch circuit of the data hold circuit 12, which

i s sebecagdliinviactdbediite Mineh t he out put of the

col um decoder circuit 15. 15 The row decoder circuit

13 sel ect i Féley d@rtiay 89 lch &1 niide dt H gt swsranig Gead adi

select gate lines included_in the nenory cel] array 1
T ot BERE R b REE S oy 1) (R ST o b s i decoder

di. f h N 11 ..
Sre SPRGFLARGINS! y 1Rl Bot S C2 SO AHLE ottt 6T the

10

15

20

'atch‘aatadﬂgﬁ%s R ¢ 8Bd te}%& mif#prz!rh JOuaddi egsta s

to the row decoder circuit e supplying a

col ump addiReS il the ceimMbndesaderstdyLgl tdekbicd via in
command | atch 17 receives conmand i nput. e 25

comrage doaldalh ck7 wit he @hee chatbutd ¢ coiaTaiil et atefoddr
The command decoder 18 decodes the command to out put

var i oud rearttr dl5.si dgmalthe Based vonitdie waoitte aatd gnapslied
WD 2006/ 006694 PCT/ JP2005/ 013104
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 }1 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 addreés to the column

decoder circuit 15.

A command latch 17 receives command input. The

25 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



9 output fromthe command decoder 18, the operations

of the data hold circuit 12, row decoder circuit 13,
VR0 WeeMdut buffer 14, col utm decoder circuit PXS/EM005/013104
address latch 16 are controlled. 5 In the NAND fl ashTM
menory, the address |atch and the command |atch are
connected to the input/output buffer 14 (not shown).

Thus, address and command are supplied from an '

i nput/output pin of the NAND fl ashTM nenory. 10 The

sem conductor storage device is provided with a

hi gh- vokpage fant theecommiaate dealddege 1gendhat mperations of
circuit (not shown), in addition to the circuits. The

hi gh- ¢bet dg&aahglincérreditatle-rvslovagecpsiesr arigrcuit 13,
circuit generate igh voltage and jnternediate 15
voIta@@ngBBPFQH%tg“&ﬁ%rr&ﬁ"déEﬁ&@W decadiar it e and
menor el |l arr 11 .in data wite and erase. FIG 2
shomsggggﬁgfaég%ﬁgvﬁgeafﬁtSQH%Hﬂfi s nemory of FIG

51 1s built.andaaesH A™ %@%&g@é‘%&é? £9%atch and

devi ce. Thé storage device 19 is car

exanp a I d. tyd ;
CAaTP RS2 RRINITENGY, SRt TR ol BPLIAY 1 B Mot

|aterbu$$e§hqwn(h%tFH@ow%ﬂ.a'WH$§7'EHH¥éé§iaﬁHacommand are
menory area 21 in FIG 2) and a devi ce control ler 22

for 25upentiea Ifirog the ifdpasty cwimry m@ire duidde iNBNDef1ashTM
menory card. The flash nmenory has the configuration
shownmemorFl.G 1. WO 2006/ 006694 PCT/ JP2005/ 013104
10 The semiconductor storage device is provided with
a high-voltage and intermediate-voltage generator
circuit (not shown), in addition tQ the circuits.
The high-voltage and intermediate—voltage_generatof
circuit generates a hidh voltage and intermediate
15 voltage supplied to the row decoder circuit 13 and the
memory cell array 11 in data write and erase.

FIG. 2 shows a stofage device into which the
memory of FIG. 1 is bgilt, and a host apparatus using
the storage device. Tﬁe storage.device 19 is a memory

20 card, for example an SDT™™ memory card. The explanation
of the case of using the spIM 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

25 controlling the flash memory are built in the memory
card. The flash memory has the configuration shown in

FIG. 1.



10 The device controller 22 includes version
i nformation register 23, performance identification
VOPH06/@8¢%t er 24 and performance paraneter regiBEUEBIP2005/013104
25. The version information register 23 holds version
5 information. The version information is used for
identifying a version of the nmenory card. The
performance identification code ¥&gister 24 holds a
performance identification code. The performance
identification code is used for identifying a 10
per f or mancehgroepiog ¢pettoilmncé2clasilideEheersion
per formance paraneter regi ster 25 holds a perfornance
par anet eyri(atelset | bedl sheery3of PehEosnanage identédication
When the storage device 19 is connected to the host
appar@®ds PLiTFRT hodt2Bpparafasmapceopprgmetgrisegister 25.
‘built-in host, controller 26 using a built-in processor
28 t o HEKES LR L ot BREHARGSOT ERORECEL Grage g8y vee S16n
In order to send d . fromthe.haost apparatus 20,. the
S dat a 1SRRI |y A1 GoF RS b L OrTA CRaS: Huprer Tot

(bUfffcﬁeﬂf%’Pr ) Zg'ngQiBHeh%achSrmeﬁl‘éE} 9, Ne The

st or age evice via the host controller 26. In

this 1{5@§§®rrﬁ$‘ﬁc@°§8e995?§5a%1oﬁaE’:o@éf E%g_i@%frorzma%qu
variations of the storage device depending on tine to

sone gegseeormdheehogbnbiffieat2édnmaydbe radld 24 fesimaGice
part of a system nenory 29. By doing so, there is no

need dflen2bfptavidhngospetsausereEndpy Sdemtdstimeg lost
: buffer 27, and in addition, it is effective to
10reserperitroantbegrsyptiem reeoifpr@npecalsssg .| arlje
host buffer 27 is W 2006/ 006694 PCT/ JP2005/ 013104
performance parameter register 25 holds a performance
pérameter (described léfer) of the stérage device.
When the storage device 19 is connected to the
host apparatus 20, the host apparatus 20 controls a
15 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
20 device 19 via the host controller 26. In this caée,
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
25 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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15

20

25

11 wusually required. The host apparatus 20 can wite

data using one-tinme nmulti-block wite command (i.e.,
VORW6¢%r witing several continuous, bl ocksPaQEIR2005/013104
one wite 5 conmand). [2] Performance definition of

card standards The storage device 19 hol ds
performance .cl ass corresponding to sel f-performance

and various performance paranet®e¥ informations so

that the host 10 apparatus 20 can know t he perfornmance

of the storage - device 19. The definition of the

per f orsmeickey perauetest. will be explained below. In the
foll owing explanation, a nenory card, in particular,

SDTM nenorihedreist sappaedtuas2ancaranpiécoflatheusing
storage device .19, 15 Data transfer performance from

the KO- BPparditis -2Ptls Yhetet 6PEPa HeVict - ¢ nERBRGND for
card) 19 js assuneq{ as a, transfer rate on control b%s

30, I 1HI cRe¥erat MR HRPaYS b oSBS CBF RS pBRES VES 8
thic&:arrgxl)bi-directionally connecting the host
contréﬁW&r‘iG'and 20 the device controller 22 in FIG

2. The trap?fe§e£§5g%aﬁéeSﬁéf?ﬂi&ﬁ%na%fu%g gogg%ggﬁéds

t he host apparatus executes wite int

state. [2-djfeDotbPhltoBe9licBENBOLMABGE pe¥remaheel cllass
Di vision of nenory area 25 First, division of nenory

ar ea dyrtdephosing appasal sp@dfanflahbe ahar ggeideawi ce
19 will be explained below. Because this is necessary
for \ife2006h0669da PERéeIe2006£01B8420840ns 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, SD™ memory card is given
as an example of the storage device 19.
| Data transfer performahce from the hoét apparatus
20 to the storage device (memory card) 19 is assumed
as a transfer rate on control bus 30. In this casé,
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 assumptidn 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



12 the expl anation of the performance curve used for
speci fying a performance cl ass. The host apparatus 20
WORMEW66He nenmory area 21 into a unit cal |l i ngpCiGIBeBIS/013104
recording unit (RU) to wite 5 data such as video
data for each RU Specifically, the RU (wite unit
area) is equivalent to a unit witten by a one-tine
mul ti-block wite command. For eganple, the RUis the
same as a cluster defined by an SDTMfile system or
has a size of 10 integer nultiples of the cluster.

The ubht ekpilheaRiUomapfbéheetpeatoihabBe GAirkB, uk2B] Kjr
etc. As described later, the host apparatus 20 counts
t he napbeifyfinBUs papibrmavicer edersdi.ng data, and

~thereby, can calculate residual recordin time. 15

10

15

20

25

FIG 3 shokdet ROSEi @PERSATeFs tafk distislap diea memory area 21

assunmed by the host aratus 20, and the actua
di vi si-BR%f Pﬁétwsﬁ&igggr 8 B Bpreingmony teaff)1go write

he | d f G, 3 ds
®Uhe nEmbFy “Hrba 31 a0 Heg. () e ety et AR Y Gl tne
20. ZQUCR Eq%eohgﬁ% g?ggIVIS|o$d¥y: 2 eeg Jqunlt wfﬂtten by

correspo actu e nmenory area

by thg %h%L%Q%e Qlﬁ‘ilt‘iebl%cldo‘%ﬂ %nJJnﬁJ, dd.G 3, an RU

32 is a nenory unit when viewed from the host

appar at us 2Qr Axadllesatihen RiZS dnide (Rlde Ik i8S cluster
defined as a set of several RUs 32. The AU (nmanagenent
unit de€aneids by aanggéifemt lunisystang drs rdef ined a8 &
unit used for dividing all nenory area WO 2006/006694
PCT/JPZ@@SE@lﬁ@Q&lples 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 ass;med 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. 2An 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



13 21 of the storage device 19 into an AU size SAU The

rel ati onship between the RU 32 and the AU 31 is
N290/P066% t he rel ati onshi p between page 34 andpchliEmbso13104
33 when viewed the nenory area 21 fromthe 5 storage

device 19 (device controller 22). The page 34 is an

access unit when the device controller 22 executes

wite or read with respect to théd3menory area 21. The

bl ock 33 is conposed of several pages 34, and is used

as a unit when the device controller 22 erases 10 the

menor Y larcea thle sforrageansece f1a NAND 414 ash TM sendKy.
TC58512FT nmanufactured by Toshiba is used as the

menory ar edEl, reldfel gishipfbetiecpagen84RUs3812n@, thadAU 31
the size of the block 33 is 16 kB. (In this case,

r edundeén&imddifdcity W5 i e iannsh foroaiween fpege i 3h)and

A NAND fl ashTM nenory, whos age size is 2 kB or 4 kB

oy aBSEDe Lselerit e G GIChe RSS2 hatEomothe

need of_ __correspandi jth each other.. The RU 32_nmy '
be setsﬁogaq%tdzegvércﬁr[}lg% }N{Jciee‘élcoef ?%tﬁ%Jg]ee’éfB_i kehipgepage 34
the A [ [.Ss r | 1 h U

i ze. HhEAT S ey he R U QLELES Sl Bl 22

t he blngk- I I i NEK +1EX gﬁ@é' '

made usi ngl%)l'gj 'ﬁ”gfd‘;ﬁ&%& legﬁblg%i Cc u%??owflléé 1r?§l]‘ory area
How t @1det emd nsl dasx f38 M Ceommps ¥ed 255 Thevpesf opg88se34, and
curve will be described below with reference to FIG

4 giviirg udesd faod lcovamigt odsen asshe adeexeaptent NahBéy, 22 erases

- the host apparatus 20 successively WO 2006/ 006694
10PCT/ JR2G0 Ik B804 rea 21, ‘ -

[8)]

For example, if a NAND flashTM 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, redundéncy capacity

15 is ignored for simplification). A NAND flaéhTM 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. .Thé RU 32 may be set to
integer multiples of the page 34. Likewise, the Au

20 size Spay is integer multiples of the RU size. The AU
31 may be set to integer multiples of the block 33.
In the following, explgnation will be made using RU 32
and AU 31 as a basic ﬁnit.

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

25 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



14 wites RU unit data fromthe position A-.to the
osition B in the nenory area 21. Typically, the area
HOA0G66948 corresponds to the AU 31. In the PCT/IP2005/013104
followi ng description, data is newwy 5 witten into
the AU including used RU 31 as an exanple. As shown
in FIG 4, a logic address of the AU 31 is set as LA
Wen data is neWwy witten to eachdRU 32 of the AU 31
the following work is actually required. First, data:
in RY(s) 32 (shown by "Used" in FIG 4) 10 mhlch hol ds
dat a |%r¥ﬁ%se&UsFFh@ Physi EabmbtbekpPAAtisn W itbt €éhe position
into RUs) 32 'of another physical block PAB. Next,
new w? t ¥ dbt% W%@?r%eaﬁﬁ?t¥ A thereto. TEenI t he
hysi cal bl Qck ewl y mapped onto the |ogic
gdéress LA'9 %l?? yofgﬂ%m%§eafEFPWgAd59aBt§0R@e§@0nds to the

hown, "Fre whi.ch initially holds no
thg ég¥respon stég %éfi %?%ede§ﬁ5 FP@ t AgEaj ¢s newly

Edef'nqgr1€§bﬁ“iﬁ@op@ﬁéQQﬁaﬂgglg%ﬁgégPehgtgbgggtﬁgraﬁuexample

15

20

25

when already witten data is

32, time dowken traread datag: &rautheobg ?He PYadl is set
32.(e.g., RU32a) in addition to tine of wi a

to theaRURL. (eilgen REB24Y @éwifiewpewt cRNYS EQEhbhecbz of
PAB. When the used RU 32 exists in the old physical

25 bl ogke BAA, 31 hethus et ROWBng swskk ppedadpdadayartguired.
witten into a free RU32 (e.g., RUwith "Data 3").
Dat a ifiiHe Lﬁb@*da R U (e B2 o Hlaown | byenusedo WO FIG. 4)
2006/006694 PCT/ JP2005/ 013104
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 PAA, the used RU 32 is skipped and data is
written into a free RU32 (e.g., RU with “Data 37).

Data in the used RU 32 need to be written into



»

15 destination RU 32 (e.g., RU '32b) before new data
is witten. Wite of new data is stopped while the

W2406/06¢Me used RU 32 is noved. Tine spent forPQIBEP2005/013104

5

10

15

20

25

operation is defined as data nove performance Pm 5
Thus, the total time spent for witing new data is the
suns of the total wite tine and the total nove tine.
From t he foregoi ng expl anati on, Wen average
performance P(Nu) is formularized, the follow ng

mat hemat i cal expression 1 is obtalned 10

[ Mat hé@&ttul@ﬂtléaapﬁ&s% dﬁ= B+ Rler3gje) gerforeramee:data
P(Nu) | e&nﬁlt [Sc x (Nt - Nu) / Pw+ Sc X
Nu/ PnitS[ E"I‘Htltt )‘fquirihex °|£M v [k lwuat%mﬁ ML & the

£, RU Nt nber of
succ \M\%:Irl)% dTZ%g?nSZAJt 50 "é"(o nbe'fluIQﬁ eqr:qﬁnt R%Jsr the .
f d RUs_ bet
(E’L%Q%e@?’tlﬁ@e?% 8? T G F o r P4 farie S,
perfo@%gcetﬁllén'ttotaw/tﬁ%@ spgdft Mye pef a{‘}{ data is the

(unit: MB/'sec) The foregoi ng mat henatlc expressi on

i s defiupgd o 2% HeN tohe 1assyumR! iomd hatq paid od'cf@zﬂ@%é’ée time.
determ ned using the wite performnce Pw and

nmove per f orepeouc e HRMf oke@yoirrid e PEeT 4 0% FBdE e vFNéﬂaé‘ir@iSage
dependi ng. on WO 2006/ 006694 PCT/ JP2005/ 013104
performance P(Nu) 1s formularized, the following
mathematical expressidn-l 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 g 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 Aﬁ)

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



16 programtinme of the nenory card 19 (flash nenory

nmenory area 21]). Moreover, the wite performance Pw

O 290499464 as the | owest val ue of an average ofPEHEP2005/013104
performance when wite is continuously executed to al

5 RUs 32 of AU 31 which consists of free RUs 32. Note
that the wite performnce varies depending on

process time consuned by the froh6é-end. The front- end
‘process tine depends on SD cl ock frequency giving the
SDTM nmenory card as an exanple. This matter will 10 be
descrpbegrbmlbmmerG.tEeimemovyewasdoﬂﬂngfﬂhshmmemery
operation timng when a nulti-block wite command is

used. [hemohg &FF3t23fage Yprekeewi téeoperas gerfiammance Pw
back-end is waiting until wite data arrives fromthe
frontlén@efFﬁe?héSSEESné°§?§§eVaﬂﬁ@ RacRNefysrages of the
oper at ed_t oget her front-end. Therefore,

O Cber et neE eI Re Ha Cer BB eI Sxdrdtesk to all
cons ependent ron1front e
In tkgs g% 9 nggﬁ kX en nSlStg t| r&&n&ﬁ%iégpthe

te t .
Bocke |neNg§ecgg%gr |s Fﬁe sum %$%£ un | ?ég%dlng

Back-end wri

Wit eqhspeaprBLat edmafl behsWiele bhyO tiie Al AN RN Vrhe front-
(menory area 21) is started. On"the other hand,

front egAdpRHEEESS thnee deYEnids dnh& s Wk tﬂxf‘é&;de,rr{&p giving
the start of the nulti-block wite 25 conmand to the

startthé BoIMememotrlye chlralsla smenpiekamdd edesatihedatter will
above, if the SDTM nenory card is given as an

10exanpbe, deberfibent beidwpr o¢d8ss 5 nes bMﬁﬂéNxahhwing\Mhe write

2006/ 006694 PCT/ JP2005/ 013104
operation timing when a multi-block write command is

used. In the first stage of the write operation, the
back-end is waiting until write data arrives from the

front-end. 1In the second stage, the back-end is

15 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.

20 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
25 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



17 the SD cl ock frequency. Therefore, the front-end
rocess tinme tWF i s expressed using coefficient CSD
. ‘gﬁé‘m@wwock frequency fSD. Thus, the front-emr{T/JP2005/013104
process time tW is expressed using the foll ow ng '
mat hematical 5 expression 2 in the SDTM nenory card.
[ Mat henmati cal expression 2] Front-end process tine:
tWF = CSD/ fSD If data is recorHéd to one AU 31, the
front-end process time tWF is proportional to the
nunber of wite 10 commands. The nunber of wite
commebids $B8 ebotkafeaguencyhe fhabefoNRY theRBs 032 -end
the nunber NRU increases, that is, the RU size SRU
beconrEoa@as$ | 1Moy tue &ff PEPEREjCHeBFéAgeSOSTHd Cipng Csp and
performance Pmis defined as the | owest 15 val ue of

an ave? ageoFbvEr PEHEBFHahED - ThBUFovEhepérratmence prpcess
oy mbUBh HF 108 nERREC SRR BEelaaLFe] o e ase tecTenatical
is def]j h j.d f - d i t

5t ootk By TRh "Sothy o8 55", aRELy e e merory

card 19 hasygenBRe i%fal”%‘!c N4sstiRg BY 32, the move

performance Pmis define s ‘being infinite. This is

expressed pgont-EnBMpTolessMRrig@Ver  t he dmye

per f or mance Pn1varig§ dependi ng onwféadqgﬁn; fsp

descri bed fateatandsdakaorored itd a@ei WUOB1,25HO At -end

programtime-of the flash nmenory. In this case, the

dat a ppveess exmeutfe isspdepblreivesdr yocah®d Himber of write

therefore, the host apparatus 20 does not directly WD
102006/ 008644 SCT/ TP200OBMDEZ10F write commands is equivalent

to the number Nry of RUs 32. If the number Ngy
increases, that is, the RU size Sjy becomes small,
write efficiency decreases.
The move performance Pm is defined as the lowest
15 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
20 frequency. If the meery 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
25 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



18 control the data nove. The follow ng two val ues

are defined when it cones to read performnce. 1)
WO290¢66%r rance with respect to data 5 Read PCT/JP2005/013104
performance with respect to data (hereinafter,

referred to as read performance) Pr is defined as the

| onest val ue of an average of perfornmance when

reading data in units of RU 32 atl& andom The average

may be cal cul ated based on 10 256-tine randomreads in
units of the RU 32. Mdreover, the worst case should

be comsindercdd tihe tded & immvespent- for maki ng

corrections using an error correcting code (ECC) with
respect t()Qﬁﬁﬂféﬁkﬂﬂ@qgitW%éV@b@@Sp@r@odﬁﬁhnedpwhﬁﬂsit comes
be | arger than or_at |east equal to 15 the wite
perfort%’aﬁ(?@cb\ﬁef)fqﬂfé‘}fd“qqﬂe of file system (FAT) Read

' TFR( 4 f_fil t h fil
a1 1 ocat | on AR 165 SIURTS nEl- Aer T RS oo F e e

320 pose bl &0} g A0 W T, Vi PP REb A eae e

20 possible , alst
consi derdiadnaridle G Oled 63 14 T4 8GO 0F0G,a108) pr

host apparatus 20 nust read out _
Witess MATaoMRs ad e IRSREstEas£1 sbob da#Pea\‘?é’Pé%Qe%%dc
in the tinme spent for nmaking corrections using-an

Wit h esfecmarzeeatier?rdddicky 3t &ATn reackd i o8 nitip
respect to file system size (FR size) SFRis

. expr esdedamsiary CHlHe fawetdgn msy fol toVeul WR2d based on

10

2006/ 006694 PCT/ JP2005/ 013104
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

15 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. 1In this case, FAT read must be

20 possible during AU write. This is becausé, 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

25 block 33. FAT read time with respect to file system

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

follows.
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19 FAT read tine with respect to file systemsize SFR

%EE{ . TFR(SFR) 141 TFR (4kB) kB 5 "x] represents the
006/066%4 on whi ch converts decimal fraction KCT/®P2005/013104

the smallest integer nore than or equal to X FIG

shows the performance of the nenory card 19

cal cul ated according to the mat hemati cal expression 1.

10 In FIG 6, there is shown thelperformance when the

nunber Nt of RUs 32 formng the AU 31 is set as 16.

As seen fromFIG 6, performance (vertical axis) is

det er mi ned FiAdr reach tusedwRHhr atdspdct( ey ifZQ alystem size Spy

axis). Then, the performance of each used RUratio r

15 |S[&Bﬂme6‘u;adSFarhd t hereby, a performance curve is

obt ai ned. The performance curve is significant

information to host apparatus makers. The performance

curve is spe|9ﬁ§3 usi n %ﬁe wite performnce Pw and

t he nove pétflgrganle e wite 20 performance Pw

51 att ol F 1o BDrSRENt et RUE PR G UPord OB fPeSBol R athe decimal

(011 0¥ 51 ol Lol oEXPAESS! 904800 LB BUIRCT. O

RUs 32, 25 r = Nu/ Nt This equation is al so expressed
as follows. Nu =r x Nt WO 2006/ 006694

PCT/ JP2005£QE31@4 shows the performance of the memory card 19
calculated according té the mathematical expression 1.
In FIG. 6, there is shqwn 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)
'ls determined fér 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 performénce curve is significant
information to host apparatus makers.

The performance curve is spécified 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



20 The used RUratio r varies in a range fromO to 1.
Wien r = 0, this neans that all RUs 32 are unused. On
YRS WE*4hand, when r = 1, this neans that al |PGUEP2005/013104
32 are used, that is, performance is 0; in other
words, 5 P(1) =0 is given. It can be seen that any
perf ormance curves passes through the point (1, 0).
Wen rewiting the mathematical <8xpression 1 using
“"'r", the following nmathematical expression 3 is
obt ai ned. 10 [ Mat hematical expression 3] Average
per f or manc@heuirg€d Bl Yatdp r mandesybn prirgnde Krqwmy 0 to 1.
+ (1 -r) x P  Were, 0 < r <- 1 The performance is
pl ot t BRSOsFng phetg%ﬁr@§§P§nt§?t P lak¥ s et éie wihesed.
performance curve sho in FIG 6.is_ . abtained.
[2-1-éP gggi?% ﬁroﬁaﬁggow§e§r§a_a&d Fe ot that all RUs
accur ggy da i,t.e ress of,the RU.3
is Zggng%gthg%géu%ggﬁgl%f ?%%&gﬁﬁgiéé;%ﬁ QTN§WH§#§%% words,

sarea gkp) the fial LQweng time is required.
Specifically, time for noving witten data is

required satt kah the sddd erstrdny E&é&iﬂdﬁﬁhﬁ@é r&sPeOLSpasses
to the boundary of the block 33. or this reason,

act uakhpeuntjor maec@oisiti nfleriogr. t oihzm exdpecittechg the
performance in the case. In order to neasure accurate
per f omahematiitails expeessadon tlo usdigsf\r’t,heche following
requi renments that addresses A and B correspond to the

- WD 2006tb6B6Y4 CRETRIPZEFSAPI3 04 s obtained.

10 [Mathematical expression 3]
Average performance curve: P(r)
= [(1 -~ r) x Pw x ém] / [r x Pw + (1 -r) x Pm]
Where, 0 £ r £ 1
The performance is plotted using the expression 3,
15 and thereby, the performance curve shown in FIG. 6 is
obtéined.
| -[2—1—3] Positién of memory area and performancé
accuracy ‘
If the data write start address of the RU 32 is
20 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
25 . 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



21 boundary of erase unit (block 33).. Specifying the
allocation unit results fromthe reason descri bed

WRF/00p694 2] Paraneter rel evant to file systemROIdBRR@S/013104
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5 during recording File systemupdate is inserted into
the wite sequence, and thereby, general (actually
obtai ned) wite performnce decreases. For this
reason, the host apparatus 20 reglires paraneters
relevant to file 10 system update when cal cul ating the
performance of the nenory card 19 as described |ater.
The hostnagparafusra2® vamtcdbdokat 83the ISpeudtfiydamaofthe
actual performance by the influence that the file
syst eﬁlﬁ%@%{@éoﬂSUDﬁEeF?ééltiSntféOﬂlhéh\ﬁr ired seq Werser: 1 begl
FIG 7 shows a typical sequence of file system update
duri n@PP¥&t time recording. In the fol | ow ng

descri ption T is used as typi.cal e | e of the

file systeﬁ?"gﬁéP5§SEF§e6fIFﬂSV%PFe%§y§$QE?C?¢ﬁSEm update
possi bl y. 2 rs:after any wite to RUs 32. FAT is '
periog?cé $y98§§5§ g .. The nunber of RUs 32 witten

bet ween cept abng ki %3@ YRdatgeAnd d NG eXnd i A te

system update i s~ speci by file system update

peri odedfibhcdheafumbak redly , Rgend2aw i (dcamhatpvesn 4iheq)
file systemupdates 25 is Nd. A FAT wite cycle

conprwseset pee€owmbhee aperabiserns. [FoFitGis/,rdAh,anthe host

FAT2 denote FAT WO 2006/ 006694 PCT/ JP2005/ 013104

' 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 reéording. In the following
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 Try. The number
of RUs 32 written between the file system updates
is Nd.

A FAT write cycle comprises three write

operations. In FIG. 7, FAT1l and FAT2 denote FAT



22 information wite to FAT1 and FAT2 using one mul ti -
bl ock wite command, respectively. File system (FAT) .

\XPi20¢6/00p8P4be started fromarbitrary byte addr esCT/BRGDS/013104

5

may be defined as wite ranging from16 kB to
arbitrary 5 length. In FIG 7, D R denotes Directory
Entry. The DIR is generated prior to recording, and
wite is made to only 512B porti2én havi ng change
directory entry. File systemwite tine TFWis defined
as the total.time 10 of file systemwite cycle, that
is, tHhafoomaltivn Welts e FAATheafA\THAT FATD mncbm® Riulti-
The file systemwite tinme TFWchanges dependi ng on
the spa@ch ¢atiténsoFmanke rREHeiconty ol |Brle@2system (FAT)
[2-2-1] Conditions of neasuring an average of file 15
syst eMtitiSt &3¢ g’t? PEAFHTE HYW SRy tey ¢ mddrsgs, and
is defi ne% asaeaf.valotj(g:El obtained fromthe ave

S

P
some MEXsE N5 ENELES “HId S At RtherarkBaro arbitrary

expressi@ryd is used for specifying average file "
systemwite time 20 TFWave.). As seen fromthe

fol | owi ng mat henat icalpr e essd Oy al u
of the average value of arbitrary lé\}lr% t-ﬂy\?r%ﬁ#ﬂ\/é fhe DIR

- syst eMswWyiene reftd e pdi®ruses rafo tdn AV esd98Ffit€ is made to
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systemwite time TFWave.) [Mathematical expression
4] 25 ohlgr SGeE ipoe tiyst eravard ecdmgs | TFN©EYEy )antry .
[max (TFWI) + TFW?2) + ... TFW7) + TFW8)) ] / 8
[ 2- 2- 2)i Lepsivmipent iWrg tey dtiamm by el | def MR R 006/ 110668dtal time
PCT/ JP2005/ 013104 :
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 systemlwrite'time Tpyy is defined as
a value obtained from the average 6f-some méasuring
values. The following mathematical expression 4 is
used for specifying average file system write time
Trpy(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 Tpy(ave.)
[Mathematical expfession 4]
Average file system write time: (Tpy (ave.))
= [max (Tpyp(l) + Tpy(2) + .. Tpy(7) + TEpr(8))1 / 8

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



23 As described | ater, the host apparatus 20

tenporarily holds data using the host buffer 27 during
W0I2806400669%¢m updat e. Thus, the maxi num file systrRIMJIP2005/013104
updat e peri od needs to be consi dered when determ ning

5 the mninmum size of the host buffer 27. The require-
ments on the size of the host buffer 27 will be

expl ained in the follow ng [4-5] 2Bhe fol | ow ng

mat hemat i cal expression 5 is used to specify the

worst value of the file system (FAT) wite 10 tine.

[ Mat hemat | ¢l deggrddsidon akle \oridte vadate apfpdridtaisydd em
(FAT) write tine: gTFVV(nax)).<_ 750 [ns] [2-2-3] _

| ndepERBeREE L YdaPA IR PRE 2am$ iffig &hey d1ash f&1 t%/ during
File systemwite y be inserted between any , Rus or

AUs dbftitfg SEEE™ ngaitscor diti§. the tfeimug file system
controller 22 needs to be _able to cantrol w.thou .
ot | UGREFS BRELRP PERSr £5r Menc@riad 5 bt g1t e yermining
520 Theyinfliuanes g]é'}\%:eh%ff ltlh% hete uV¥C#etre 2{70 thIene require-
Write perfornmnce may be elimhated inthe

fol | oy s BNReE sSREChE ¢ald moé_th%dfeﬁﬁgi glrhequ be

wite after interruption on witing by

Syst emxwliatieidds inCahel €810Wwifdmars physi cal area

following the one to 25 which data is witten |ast

bef ore i nt @treuficldowilng ataddreria: Yeal | pitdesicantF ols used to
a cache block for file systemwite may be provi ded

and t bpedeviivc & NAOW2066/ 00864 FICTYREP20I0 Ch3dtein (FAT) write

10 time.
.[Mathematical expression 5]
Worst value of file éystem (FAT) write time:
(Tpw (max)) < 750 [ms]
[2-2-3] Independence of data write and file system '

15 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.

20 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

25 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
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24 controller 22 may control as described bel ow. As

shown in FIG 8A the nenory area 21 includes a
Wer24ea/006¢¢ysi cal bl ock and a cache bl ock. When RCTHiPR@5/013104
system wite is requested during sequentially witing

5 continuous data to a normal physical block as shown

in FIG 8A file managenent information is

successively witten to a free2drea (page 34) of the
cache block as depicted in FIG 8B. Thereafter, as

seen fromFIG 8C, data wite is restarted from an

ar ea dorage 134r X2 ey ewintgraheonesorithed hbebhowa. | SAs shown
witten | ast before interruption. Wien wite of the

i nt ermugtlés dFfta birs teeniary raaaedf o @l eS| %allloéff‘%Ja

which is not. the next one of the physical area

ar ea Bhy s G b sk, anst @f?%ﬁki)@%oﬁ% MHW %nd%tgl%g Jsystem

witten, | ast before Qﬁ; tlon rior

dat & HOVE ot % et 1 B R e
wite p ff Rl cf &thoa %»?on{?yf Zé&%éfsai ﬂ)foéxsggnghown in

MWIte |ga I ng ess sequence

it %Ol@osga bl Aﬁ&&érﬁé’n@ &H%rr?é‘ﬁf‘oﬁngsféhéce531vely

managenent in ornat I on. assitication of nenory

card ||, ordertd oa r??é’é'é/ré@t tPagbe3 perbor fpaceabhet Beock as
menory card 19 and the perfornance required by the

host d&5i @pparat us1@0, 8B he TrRepeyfeard 49 ksen from FIG. 8C,
classified into several classes (performance cl asses)
in actatalamcete W $ hrédieacaed peohoanaacea Thegel 343
may be WO 2006/ 006694 PCT/ JP2005/ 013104
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,.daﬁa mer éccompanying write
occurs. As a result, the write performance Pw varies
due to the file system write.

Investigating add;ess, size and sequence makes it
possible to classify nérmal 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



25 classified in accordance with performance

‘garaneters such as the performance curve described

212000006694 file systemwite time TFW The deWCdgP2005/013104
controller holds the <class information as a

performance identification code 5 24 of the nenory

card 19. The nenory card 19 displays its own cl ass
according. In FIG 9, there is $own a | abe

di splaying the class identification. FIG 9 shows the

case where the storage device 19 is an SDTM nenory 10

car d.clAssssigeired riom & @ rdanchew Heropgr Eardangehparamgkers

71 and | abel 72 displaying its class on the case 71.

The casth S dthe et Qaranee | <yu166%e¢§8%:ﬁébﬁ’én€?§05?eand file
21 and device controller 22. .15 Noreover, E 1ds th
apparstiED 0V Hee ot Hresbiw- ¢ Be. d§heCe| 588 Fﬂl R holds the

host tus 20. that it f
mﬁZn‘?ﬁﬁﬁgg§y 'ﬂ%ﬂ%?@ggg?da? ert?fﬂaPﬁ eégﬁégh%égg on c?de

t he ratu st apparatus 20 can
reco?%f(ﬁ?o tTon mgen |$ gges a 20 | ower cl ass
menory Caf%é%ﬂéﬂey cg&a @9%95@@3&% Il%s Reh h8ss

best. FIG case 7 host
appargtis-Zohhas oyl @b@l 54 Qhé@baygnghbh& &l asHeqn
it. The host™ does not necessar|ly show its cl ass.

[ 3- 1laResiueping roneapphissal dent25iApplibeat i @IG.N 9t beows the
host apparatus 20 requests high performance to the

. menoryasarwhdsfeuskd byorhge dppliceations aypisedl! memory
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exanples wll be described below. W 2006/ 006694
PCT/ J&2605/ 013104

As seen from FIG. 9, the memory card 19 has case
71 and label 72 displaying its class on the cgse 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 it.
The host does not necessarily show its class.

[3-1] Request from application

Application in the host apparatus 20 requests
high performance to the memory card 19 used by the

application. Typical examples will be described below.



26 (1) Digital video recording In MPEG and Mdti on
JPEG direct recording to the nenory card 19 is

VO WE694A card performance of about 2 MB/ secPGBIP2005/013104
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required in order to obtain standard 5 tel evision

image quality and resolution. A card performance of
about 4 MB/sec is required to record high quality
image. (2) Digital still canera 2®@vi ng conti nuous
shooting function 10 Digital still camera makers
requires the menory card 19 having high performance

in order tolyeadlgzeah vidaoi nacosdshgoti ng function.
The digital still camera nmakers can use the card

per f or mancen AMEEGheardrMebionndPk6d 6fireré mesprding to the
apparatus to cal cul ate.an available .15 conti nuous
shootMeRPF Ut @ ¥d thelisEPIuirads) & s8&ff PeEEPERaPFE OFf

10 158 2L, SX0L2Tn e, Lel bl ISR SELVSED - tanara
th di vi ded : f g . 20
(1 o<, 8 c5en (LY e Dictye, o5 LaEraace e Xee,, 20,45

axi s ELEdofRGnL0%R0LbGON! B! MBYER ! 565 AiKiged kBl Gecora

three areas by perfornance curves o cl ass

4. The;yer&h it fxiRafér) represents performance and
the horizontal axis r, a used RU ratio. 25

Convent i onap) mpigL yatagds 1belcang a0 Have naf @@n tieaicasd
to the originin the three areas, that is, a class 0
( AreashbotingsfOn€atdnin FIG 10). In FIG 10, WO
2006/ 006694 PCT/ JP2005/ 013104

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 éontrol
method of the host apparatus to calculate an available
cphtinuous shboting,rate to the u;serT

[3-2] Classification

FIG. 10 is a graph to explain the relationship
between performance cur?e and class. In FIG. 10, there
are three areas dividea 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). 1In FIG. 10,



27 the area includes nenory cards having the | owest
performance. The performance curve of class 2 inplies

VR0 @Waedt per f ormance of class 2 cards. This PCT/JP2005/013104

performance 5 curve is specified by two paraneters
PM (the intersection of the performance. curve of
class 2 and the Y-axis) and Pnt. Likew se, the
performance curve of class 4 inpkies the | owest
performance of class 4 cards. This 10 perfornmance
curve is specified by two paraneters Pw2 (the

i nt erseet & oda ointhedpermenoapceacdsviaolingl ads dovasd

. the Y-axis) and PnR2. \When the application nakes a
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furt heerénhaaced. request, performance curves of class
8, class 10 having 15 hi gher | evel nust be specified.
However, tHBBeePREIABMARER GPraﬁaﬁélﬁéaﬁﬁeZCéﬁ@@&@S F@e
t he erfornance curve of cliss 8.is deflned

of c|£ggeetoesaﬁ%@a%e a?‘éac A8Fcat FAGORTghahis periormance
f th 6 d

over CBRES: HancPRe: £ ELeE UOB%%F%?‘%E%%% Elitvd Phn

ar ea of gl ass §09Cﬁf’pt1|‘? gag%%faa diGating Nicghek 2 ang

per f or mance t an t perfornmance curve.

11 i s¢get @abLgishoyhagpgharacteristics required for
each class. Paraneters required for class 25 2

(CLASS2), chaswide( CLASSHE rardneinss i riVeL ASSE) a6 IS implies
are as follows and as shown in FIG 11. CLASS2: Pw =

2[ VBl sre] loRest pEbBbsrahcePof=c2pdB/ 4dechr®S. This

2006/ 006694 PCT/ JP2005/ 013104
performance curve is specified by two parameters Pw2
(the intersection of the performance curve of class 4
and the Y-axis) and Pm2.

When the application makes a further enhanced
request, performance cﬁrves of class 8, class 10 having
higher level must be-spéqified. 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 perfbrmance‘than 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]
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28 CLASS4: Pw = 4[] MB/sec], Pm= 2[MB/sec], Pr =
NB/seg% CLASS6: Pw = 6] MB/sec], Pm = 3[MB/sec], Pr
BPNMre8t] The average file systemwite ti mPCT/JIP2005/013104
TFV(ave ), maximumfile systemwite tinme TFWnmax) and
file system 5 read tinme TFR(4kB) are the sane
paraneter in each class; for exanple, 100 [ns], 750
[me] and 4 [ns], respectively. 2&cording to
paraneters shown in FIG 11, the performance curve of
class 2 card intersects wth 10 the Y-axis at the
poi ntCIAIMB/ suc]= ghiMBY sde )t hePiX-ax@ BMBAseche Point4 [MB/sec]
and gets closer to the origin in the mddle. An area
of clHFSIB odMpT &MY 38T | Fitli Ta? [MB/ saFhhePr = 6[MB/sec]
performance than the cl ass erformance curve ?
| ower one THAMPYHEAIF assl2 %%$¥%?nﬂﬁ&5e LilgeTry ave.
(described b

he f d
P I ATHLLE Parell T foe suse
t Y- Lt '
RIS R ECAR e i A
I
or 9 Lien e %?ar*;@@ﬁzzf%cr*gygsz?gﬁ@%]?aé@ 621,

opposid &docfhe1prigin of the performance curve of
the class 4 car Li kewi se, the performance curve of

class 6, V\ﬂtﬁbrdhﬁtjetsepéﬁamiethrbhehhfwaXii& atct.hel, the

point 6 [MB/sec], 1s 25 defined. FIG 12 is a table

showi pigr feasamcagecoonei 6f onkass 2t berdaidteegeess with

characteristics of each class shown in WD 2006/ 006694

PCT/ JE200%6+ 9848404t 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 thé first'quadrant,

Likewise, the cla§s 4 card performance curve
intersects with the Y-axis at the boint 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 fhe 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



29 FIG- 11. As described above, front-end process tine

tWF and RU size SRU affects the wite performance Pw. -
WMQ208(066¥ck frequency fSD affects the front-enecT/Ir005/013104
process tinme tW-. The SD cl ock frequency fSD and the 5

RU size SRU are set to values shown in FIG 12 as a

condi tion of neasuring the request characteristics of

each class. The host apparatus 2@®9%9s desirable to

access the nenory card 19 using |arger RU size

in-order to enhance the performance. 10 [ 3-3]

Rel at ikitshilpl betAeetie capioed yalaode pakiont-&hd srzeedhetime
host apparatus 20 nakes a request of another

par ametur a7} Rtanti%® $he dfbektsithe wribgi seeformance Pw.

sending the AU size SAU is specified according the 15
physi ég]e s?t[brﬂL)ﬂaﬁ‘a]é bredvR ®enbsy @bfeEcts. Urﬁe%,r_otlheend
menory cardsﬁacn. show its tipum AU size SAU to the

host aPPsrtus JtF Wera Bl $D %%Cho§¥eag@?%t Gﬁnzend the
' . AU 31. A sj ir or t :
Post ol f SRy St ae Adhie L%ﬁ%‘%n?h% WE i 25 2
I fo j . _The Xi mu
AU o R I e e (e O O oG O g BT h L cs of

card 1S dmehesas fohd oNsst £2PRST hy/ [BX] '
oize 1610 Qa8 Wy 128 kB,SZE%B araed KB ﬁza%%%he to

kB, 2&pckdB/HINB mendB) 2cdM A9t Qs Brg CBAAGMB £3-4ze in- order
Read performance request Read performance of at |east
2 [ MB/tse@nhaie< 0fitd 0DE6drkiiT¢d P2005/ 013104
10 [3-3] Relationship between capaéity and maximum AU
size
The host apparatus 20 makes a request of another
parameter rélevant 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.SAU 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/IMB, 2 GB/2 MB, 4 to 32 GB/4 MB
[3-4] Read performance request

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



30 4 [MB/sec] and 6 [MB/sec] for the class 2, 4 and 6

cards are respectively specified when read i s executed .
WO UNPPW6 RU 32. However, this does not assurBCT/HBE2005/013104
read performance of the host apparatus 20. This is S
because the environnment of the host apparatus 20 is

not taken into consideration in the foregoing

~explanation. [3-5] Requirenents 3 specifying the

5
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physical standard of cards \Wen the performance is
specified using the 10 class and various paraneters

and stéand®/dierdd ancheé [pBfoeahnfersthadaldsseads 4 and 6

i nclude both current and next generation standards.

Ther ef’eéls Be pestecrieel Y stargaf defushennckade ishexecuted

next eneratlon menor card in addltlon to the
f or egdimd"ttEn@4r & Fnhus, FP¥eYRE. 150¢ar feRE BRFMVRSSure the

erf Pw,
gc‘é%&%%&ﬁ?ﬁﬁ"ﬁ%%ﬁ e 5P 5RrPREOS] AB TERALs Ls
d fo h h
ot anddrsoRsg) e P SONRLTE (Yol O LNBoPINSLERL 1 20 1o ot
def i ned, yieh %Qt%“&%%%ﬁd@?ggibﬁa{g %ge'§ogéé Pnggplanatlon.

cl ass nenory car I's not manufact ured

to a certaim-phy Rl rediandar dr( g 9c1f9§¥?r%ﬂE %cal

standard 1.01) because there eX|s s afes |ct|

t he cendinidad@ OF. ¢ardsSD cl ock frequency) reqU|red for

defining the class. This kind 25 of nenory card 19

must be nafilifeac tiree pearf cooméoeai Ly tpecafhiedh@sing the

phyS|caI standard. For exanple, class 6 cards can not

Obe mamifast @ned view iovist atianetera ahd physiaabli¥ed, the

2006/ 006694 PCT/ JP2005/ 013104
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 Tpp 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'l.Ol) 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



31 standard 1.01 because they are equi pped wth a high
speed node. Therefore, they need to conformto the
VWN9606694t andard 1. 10. [3-6] Hol di ng data of OIGEEP2005/013104
and paraneters 5 According to the novel standard, the
register may hold class, AU size SAU, nove
~performance Pmand coefficient CSD as status
informati on of the nmenory card. 3Wre specifically,
the class is stored in the performance identification
code register 24. The AU 10 size SAU, nove performance
Pm andteodffridcilefl bSPaamse tdtey edrd reduieonsst fvoirtrmrcehigh
paraneter register 25. As described above, the nenory
card $9ekdl 89dehe ThpasSoaed pdraahwtasd tormmmiqye to the
host apparatus 20 capable of identifying the class
can mBP¥sicedr stengats dall@u ate performance while

ffectivel [ h 19. FI 13

abl o Show 15 81 FUAr S Yo ot elass A s Bre Fae

the SDTM rd. lnt M card, AU, '
5size. SAU?ggg%édgiﬁfgfhgﬁgggﬁﬁggh 1%§H%%%?T?%?%n¥e%fﬁfer may

are desgl Radsisn hbe spskf @p{{}én%vé’%ﬁﬁﬁﬁar{&giﬁéeﬁnd

These data may be recorded sepa y prepare

r egi stc%-fmeehitebg% e sthases Aty dl gk Ochd Remory

menory card whi ch does not support the perfornmance
st andakagd.Sustidra spRRLY icAIId y,S tHD degnigesk@Sed in the

class 0 card. The class information may be set in the
. i el d pewlficaimahnaled s dielmé iffi et val ude. tpgider 24 he E AU
2006/ 006694 PCT/ JP2005/ 013104
10 size Spy, move performance Pm and coefficient Cgp are
stored in the perfdrmance parameter register 25.
As described above, the memory card 19 holds the
class and parameters. Then, the host appafatus 20
capable of identifying the class can more accurately
15 _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. 1In the spT™
memory card, AU size Spy, move performance Pm aﬁd
20 coefficient Cgp are described inlthe performahce
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
25 recognized as class O card.

The class information may be set in the field

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



32 conventional storage device. Thus, conventiona

devi ces, which does not support the present

WRItG/6¢4  nay be identified as being out of RA®IP2005/013104
object of the performance classification. 5 Note that

the wite performance Pwis unique in each class

(wite performance required by each class is

deternmi ned). Thus, the host appaBatus 20 reads the

cl ass, thereby knowing the wite performance Pw.

‘Information in the performance identification code 10
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perfornmance co

added; 0qatkem@hve)ar eanlk,a t i QY RAMBIY L 184 StElreads the
The host apparatus detects the performance code to

know thasper taerense kpbwihg &aedwrd® elhriefdtanddiepw.

current SDTM nenory card is usable w thout changing

t he curr entl nfarthatdrir dinl éhe [pHr fopaiat ¢ n dagueniceatofon code
host apparatus when WO 2006/ 006694 PCT/ JP2005/ 013104

regi stenv@dtandatlthetperer nendeepar dimtser auegyiestiaon2d
may be output to the host apparatus 20 when the nenory
card devieesivedighpdeget api sapposhmiie Premertie epppdiment,

apparatus 20. The value set in the performance
i dentPeychei dAer51Ea88 Reghsiag oatand tthe wdrstmadcdhe

net er. register y be witten as a previously

r 25,
cal cuP§EEQTPENGE FﬁasﬁéEgFééﬂﬁPe or may be determ ned

aon. The .current

by th d.,1 [ i.ni tiali ti . .

SHTM memor YO8 & ks TS MBS 55 (ded et T gt Spague in

for dggeha¥1gg tn%r %Ef%rQ%%%ﬁadﬁﬂ' @&ednﬁiie ch class
d peFm‘ y%e

e an mance paraneters

register 24 and the performance parameter register 25

E may be output to the host apparatus 20 when the memory

card 19 recelves a predetermined command from the host
apparatus 20.

The value set in the performance identification
code register 24 and tﬁe 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 addéd 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 SDT™™ memory card is usable
without changing the current card controller.

[4] Operation sequence of host apparatus when



33 executing real-time recording and requirenents

‘&4-1] Oper ati on sequence of host apparatus when
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Q2 0peP4r eal -ti me recordi ng When executing r eadwIr2005/013104
recordi ng, the host 5 apparatus 20 carries out a
wite operation while executing calculations
according to the follow ng sequence using the
performance curve, class and paBaneters. Preferably,
the host apparatus 20 carries out the follow ng
sequence when executing real-tinme 10 recording. (1)
Det er gkreupéngomemicd iftee reiqrafdierg aref eraad rdnterass
appl i cation perfornmance) Pa requested from
appl i cat i ol 41dl @R&ratiarheamsneppaf drest 2ppd2dtus when
Sel ect a proper nunber,  Nd of wite RUs between 15
file syecEmMaPdIEss.tiPe pOCOGAiNY a card performance
Pc required for realizin thﬁ appl i cation, perfornance
Pa, consi défisy e%%%tbtlggﬂsgf&ﬁ P, TRA9T Bt Pr bR Rert
maxi mumused RU_ratiao r.(Pc). . 20 (5), Cassify AU 31
o ABPHLE i ZROIohA ) ot el o s v e e
time - ' t - Us it .
pet vesr b et R e TE s ' hgving

RUs Webh,@hcdhetwern id %e%ﬁdﬁﬂ&@ac%@ﬁvé,s dRLHETang

performance 25 inproves. (8) Wen sufficient
per f opaBAGR tad SUffidieain] Bvalal & ¢ egsdr 44 08 26 €carries

not obtained after these WO 2006/ 006694
PCT/ JB2@0%h@1F)4 owing sequence when executing real-time
recording.

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

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

| (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 AUg]oyw-

(6) Estimate available record time Trec.

(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



34 cal culations, card erase is required. The specific

nmet hod of carrying out the operations (1) to (8) and
WR2WWetHemrent s of the host apparatus 20 wi | [PATAIP2005/013104
descri bed below. 5 [4-2] Performance cal cul ation

method with file systemupdate A typical file system

(FAT) update cycle sequence in real time recording is

as shown in FIG 7. It is prefeBable that the host
apparatus 20 carries out the 10 sequence in the file
system update. [4-2-1] Card performance conditions

consi delLtcayatiohe, sgatrdmenpdat @ sThegodskedappar at us 20
deternines the card perfornmance Pc required for
. sati sfyi ngTRe, speomftiite methoapplii catrinyn ngercfudr nereeoRarations
and average file systemwite time TFW_ As descri bed

above (1t heofi(Be 3pdt e weidud regguércefi Fhiendesttedpparatus
and thereb the total wite performance worsens.
Thus,29hEli%sPeaﬁﬁéF5ﬂ9§d2@elF@huires a card giving a

card perfor e _Pc higher 20 than the application L
S per f or rrancéqggﬁi ﬁe§§ﬁ’§?rﬁ’ln.ce W”&fﬁtﬁ&é’t “%ﬁﬁ’é’r‘%t"ﬂste% file

20 naé sggﬁortdg?ne different kinds of bit rate nopdes
in actdr cePWth the kind of application. In this

case, the %oggpfi%%@_arﬂtllééas%%éé@r‘ e(?’ﬂﬂeglg&ete iGycle sequence

applicatio or mance 25 1n accordance wt
mode sgl eehed thinelsedrdiing S des Il tikatridie hostrt is

apparatus 20 should not refuse the nenory card 19,
whi chpdegsrast emahelt WRe? BRG10CGHRRARGE D2/ 13 it the
10 .sequence in the file system update.

[4-2-1] Card performance conditions considering
filelsystem gpdate

The host apparatus 20 determines the card
performance Pc required for satisfying Pa from the

15 application performahce Pa and avérage file system
write time Tpy. As described above, the file system
Qrite sequence 1is inserted, and thereby, the total
write.performance worsens. Thus, the host apparatus 20
requires a card giving a card performance Pc higher

20 than the application performance Pa in general.

Some of host appafatuses 20 may support some
different kinds of bit rate modes in accordance with
the kind of applicafion. In this case, the host
apparatus 20 determinés the application performance Pa

25 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
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35 with the application performance Pa, but adjust the
erformance of the host apparatus 20 in accordance
(1 3906/§44694c| ass of the menory card 19. For exanmiEIP2005/013104
when the card performance of a nenory 5 card 19 is
inferior to the application performance Pa, it is
desirable that the host apparatus 20 change a node to
| ower one requesting a | ower appBbcation performance
Pa. For exanple, the data conpression ratio may be
i ncreased, :. imge resolution may be reduced 10 or the
framewtahethayapeliedtited perdblraanicke Phgsbutappiiattuthe
20 to conforma | ower application performance Pa. In
or der peofpembinge ohRethet hodt ebpalrestusagfarat wsc@lance with
preferably has sonme kinds of wite nodes to use nenory -
cardsthe Ra#FRgof o BePEBPHEINE8Xrd18 9FThe host appar at us

20 has several nndei havhg%» di fferent recording
per f or manc&CTafid2PREFebY Pl EaF R&¢h RAGTQIRANES | Vet memory

t d n if_fail . FEailur, .
when SEfadd 0°chPECriOheta bieaneR bR s EerLotance P,
2 t B Ei t in-
coriarh peaacharartt FAT e PoeF A ARG ‘Pidoe

appl i gaian esrﬁe{qgﬁneﬁepéeaﬁ@s%%% aPard G tion
required for satisfying Pa (hereinafter, car

per f oparficenante XPressedeunphe,f @hle0\Wath compression
mat hemat i cal expressions 6 and 7, respectively. 25

[ Mat hemaitibcabyekpr easirea sel ; Panfgemaree leaguastnedy e reduced

application: Pa (Sc x Nd) / (Sc x Nd/Pc + TFW WO

2006/ 006694 PCINGP2608/ 023104 reduced to allow the host
apparatus 20 to conformla lower application performance
Pé. In order to realize the method, the host apparatus
20 preferably has some kinds of write modes to use
memory cards 19 having lowuperformance.

The host apparatus 20'has Se&eral 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 actuaily tries the mode.

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

[Mathematical expreésion 6]

Performance requested by application: Pa

= (Sc x Nd) / (Sc x Nd/Pc + Tgy)
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36 [ Mat hemati cal expression 7] Card performance Pc
r%%ﬁired for satisfying Pc: (Sc x Nd x Pa) / (Sc x Nd
WOPQU0¢ENY The card performance Pc varies depemdi/sr005/013104
on-the 5 nunber Nd of wite RUs between file system
updates. As seen fromFIG 7, the nunber Nd of wite

RUs between file systemupdates varies depending on a
frequency of file system update36Thus, the frequency

of file system update affects the card performance

Pc. The met hod of 10 determ ning the frequency of file
syst em upddaMethemathealdesprriesed om tlhe fol | owi ng

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

peri od Fi Farsy®eekerpaTreyfdatreayimed ffomgdtisfying Pc:
system wupdate to next file system updat

I e) Is
det er mi ned by S£5 % Ndert FAY Viﬂ@cs%sﬁénrwﬁ%tg detilence
in data t fer. ., Th fore, the file system update
bor | ot dep s Y REECESpoke Mo o] HRb AT hGp the

.3 TohPHEE b 5T, TR 2T U5 gces.

so that" ost "apparat us calc

fil 0 i ) il (
ile ¥_SES€hUE@%¥neFI%._9‘?r;tﬁg n}g]%eff & %yfsaﬁfﬂeéo% between

period is expressed using ' owi ng mat hemati ca

expr essi ens§stbMalparRELC#h ra%Rr EHN 1§ cﬁilaef%gﬁfén £
updat e per?gd: TPFB 25 = Sc x hﬂ%%ika = c x Nd / Pc +-Cy ©

TFW ayely Shetkasupapparat rsud() e adidififerddie JUMEe system
of RUs WD 2006/ 006694 PCT/ JP2005/ 013104
: 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
gpdate to next file system update) is determined by
inserting fiie system write sequence in data transfer.
Therefore, the file system update period depends on
write speed; however time acéuracy 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



37 witten between file system updates considering a
eduction of card performance resulting fromfile

r
WOPM0% te. In this case, the file system updTarP2005/013104

per i oBeFEELipRgR

period TpF is preferably one second or nore. 5 Wen a

| arger nunber of RUs is selected, the card

performance Pc approaches the apglication per f or mance

Pa. By doing so, -the nmenory card319 having | ow

performance i s capable of satisfying the application

performance Pa. 10 The follow ng nethod is given as

anot herifeenodesiecteféd i AYRGerhaptalte ssponsmhagsdatde a

peri od. Accordin% to the nethod, file system update
v&PEAt PESEPPPRNCS deserltilmed fusmhd e

timer inpcluded in the hpst apparatuys 2Q.. In this

case, SYEEFI5YEd t€ons HanlﬁiF§§§ysﬁgﬁléﬁ&§i§ﬂ%§em update

[ d.b . RU [ aal , f RUs
oSSR B g TS S B
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we updat es vari es dependi ng

on the, fil %h%ylstaepafg,@qamn&%@ o Hyld 14 gﬁlse&@é&; the card
ate perio

the data anmount of the file system 20 up d

TFU i segxprRased wei Agprbachels @ g ppBlhet®] ¢Alrformance
expressi on 9. [Nhthenaflcal expression 9] Data anount

of TFRati nBy BaixgTkd, Wathewkiorgalcaexpries iy ilow
transfornmed, and 25 thereby, the card perfornmance Pc

i s expeessegiansiend s ttheabdkl ofi g tiatfiyemat itded application
expression 10. WO 2006/ 006694 PCT/ JP2005/ 013104

' performance Pa.

The following method is given as another method of
determining the file system update period. According
to the method, file system update period Tgy
(equivalent to Tpp) is determined using a timer
included in the host apparatus 20. In this case, Tpy
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 éystem
update period Tpy is expressed using the following
mathematical expressidn 9.

[Mathematical expression 9]

Data amount of Tpy time: Pa x Tpy

Mathematical expréssion 9 is transformed, and

thereby, the card performance Pc is expressed using

the following mathematical expression 10.
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38 [Mat hematical expression 10] Card performance for
satisfying Pa: Pc (Pa X TFU) / (TFU - TFWave.)).
ﬁ’%ﬂ”‘f@ﬁ%& fication of allocation unit (AU) 5 PLIP2005/013104
host apparatus 20 determ nes which AU 31 is available
for real time recording. In other words, host
appar atus 20 determ nes whether or not each AU 31
satisfies the requested card per3®rmance Pc. The
performance of each AU 31 changes depending on the 10
used RU ratio as seen fromFI G 6. Therefore, each AU
31 i s dete(maneemasioglt hepusediBD dafi o as a
threshold wvalue. [4-3-1] Maxi numused RU ratio As
shown in RE&d4perforhanaei ferssattspydngi da:APcl5 and
the wite end position B are at the boundary of the
AU 31, the*pé??o¥dﬁﬁﬁé of (Tre AUTBE (R¥ecal cul at ed
usi ng nathe ressi,on 3. Thuys i S paoss

to | ead thé4n§i ﬁ?ﬁ% aCRBlOPaPﬁoaﬂ#@&ftﬂFBhﬂFﬁélc%¥ﬁ

f P th f t, f
ot homt | RS cRBs EsSPBAZS EURU2S 1 RS ST N A GRUAY 31 i
t | h t P
oy 480 D) TRAEILUSEA B, (00 L) ks,
Snﬁ"ﬁ?sysg g@%ﬁ@&'QOrdEE@rméHeélwh@§heEh%r”% % each AU
sui tabl e to eal time recording. 25 The AU 31 iIs

cl assgii gdti B0 AUEREL réadeéUéHOWab‘al pa r foleaidd mem

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

bel owrh¥»2066+08Hh6840PCEAER20053013hG4ges 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
and the write end position B are at tﬁe bouﬁdary‘of the
AU 31, the perforﬁance of the AU 31 is calculated using
mathematical expression 3. |

Thus, it is possible to lead the maximum used RU
ratio r{(Pc) fromuthe card performance Pc.as the inverse
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.
The AU 31 is classified into AUfgzgt and AUg)ow using

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

described below.



39 The maxi mumused RU ratio r(Pc) is expressed using

the foll owi ng mat hemati cal expression 11.

VORA0REMet4cal expression 11]  Maxi mum used RU redi/22005/013104
r(Pc) 5= (Pw- Pc) XPmM / [(Pw- Pm) X Pc + P_wX

Pm [4-3-2] Cassification of AU into two categories

The host apparatus 20 classifies the AU 31 into two,
categories. One is AUfast (adapt3ge nanagenent unit

area). This AU 31 has a rate sufficient to 10

executing real-time recording with the card

per f or manc&@hePmaxAmothersads RAUstan  nofPaldaid i dspressed using
managenent unit area). This AU 31 is not suitable to

r eal - thee foléowidongabbemasd dalie exppramsjicar €dl i s t 00
fragmented. The host apparatus 20 counts the nunber Nu

of used 13MRUSeMSticach eAprEssiand klhlereafter,

calculates a ysed RU ratjio r. fromthe nunber Nu of

used RUs. MpxtdumgusschiRledafict:ner(BHe AU is AUF ast

.1s AUsl ' t fal [.ow th tical :
52>r(p:r2$si ong\ivé.tﬁl[”rl\]/%t A& et>°| ?g}].ogxgg ysi—omﬁxcazb(? ' By Pml
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Nt < r(PC){AAg-bﬁ §Q%§§%ﬁﬁg {ib%mﬁﬁ) U—fégﬁgiﬁéﬁéééégories

AUs| ow Specificall use

(total nuirber hMNs+0fh RS 4t AP icslzisessisfj!%?{‘ceﬂ(ij@:zxsu 31 into

maxi mumused RU ratio r(Pc), AU Is class

AUfaSEwthbBég@@i@%herO%@ﬂQSiﬂbéf%%}*édaﬂ@i0é5ﬂﬁﬁgq?ment
to or nore than the maxi mum used ratio r(Pc), A
is cl asditf bedads AUdlsORMWB RO GO6GEI4E sufficient to
PCT/ JP2005/ 013104
executing real-time recording with the card performance
Pc. Another is AUg1oy (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 AUfsgt or.is AUgjoy using
the following mathematical expression 12.

[Mathematical expression 12]

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

If Nu / Nt =2 r(Pc), AU is AUg]ow

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 AUfagt. 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

AUg)ow-



40 FIG 14 shows allocation of the AU 31 in the

menory area 21, and shows distribution in the two
Wpﬁﬁ‘é“y%“‘)ﬁermry area 21 of the AU 31. The upperR@I&IP2005/013104
AU 31 includes file system for this reason, it is 5
an area, which is not suitable to real tine recording.
Therefore, the uppernost AU 31 is classified as

AUsl ow Moreover, directory entr40shoul d not be
created in the AU 31 recording data.. AUL and AN do
not include file system however, 10 it is determ ned
that they 8I6.tdé Hhagsealidcbtdansef tthe AuBBernnNghe
of used RUs) / (total number Nt of RUs in AU) is nore
t han MeRORKXAREM AsedaRY shewe Eiptyibution] ipyaheabie

record tinme The host apparatus 20 can cal cul ate
avai | abnds 25 PPRBTY oRreRat 1t PRethEcHFdPhg udPRgUPRETMOSE

fol | oy t ti ' 13..1n th o

cxpr o1 oh, TRPLSHER: EELAr AP RER huger N Sof 40P abte S

RUs 32 I 31.d ]. G A I £, .
5suffi%?g%fgéVaﬁﬁgﬁPe%srgégﬁghpﬁggﬁﬁstgg?%%%e%épngeFﬁgdlng'

host 2 0,49i e kRSt LUChI -
trans?ggéégégéaeghga?gb¥gﬁog%o?ﬁeﬁapﬁgcg}agggfgggrﬁgtéUSlow'

the_”EBPéMVé@(ddigect5P$tQﬁﬁB I gAbug¥Phessbencltdhted in the
Avai |l abl e record tine: REC c X Nr / Pa 25 The host

apparatus12Peagadhngatisghates the available record
time when it sets the nunber Nd of wite RUs between
file systeaUldpdatiedl4t Hat nog, ihidledAD fA0G6/s33Ge2% however,
PCT/ JP2005/ 013104
10 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
15 - time for real time recording using the following
mathematical expression 13. 1In the expression, Nr
represents the number Nr of available RUs 32 of all AUs
31 determined as AUfzgt. If sufficient available
record time is not prepared, the host apparatus 20
20 gives users instructions to transfer recorded data to
another place, or reformats the memory card 19.
[Mathematical expression 13]'
Available record time: Tgrpc
= Sc x Nr / Pa
25 The host apparatué 20 again calculates the

available record time when it sets the number Nd of

write RUs between file system updates, that is, file



41 systemupdate period TPF larger. This is because
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er nunber Nd of RUs between file system updates
VRAPWEBhe performance. In other words, the nRGH/IREN0S/013104
used RU ratio r(Pc)'value is increased and t he nunber.
5 of AUfast increases; therefore, available record
time increases. [4-5] Requirenents for host buffer
The host buffer 27 nust have a cépacity enough to
tenporarily store data. The host buffer 27 nust -neet
10 the followi ng requirenments. [4-5-1] Size
r equi seﬁ’éﬁmsu@ﬁaﬁ@speﬁapﬁeﬂpﬂﬁ@m b hfigy iz7 heqaisse
to have a capacity _satisf the foll owi ng requests.
() RiquasE PROREF N S FUm GEATEIpdHS T awrdn tites
host ap aratusé g%tesflle syste t he C%
buf f er *7°V§Su Por P&H’ﬁ‘é‘f:&ru | Y PstBg HPRE Vit ¢ raximum

i s S“ﬁBgéeQUt %akﬁg""f gt;:"tczn Fl n%sf I1|necrseya ! ec{nan\r’éﬂég'fheerhnumber

For this reason er size 1s reqw

bUfferShéE F%e§ﬂ%%bf%%g a%ﬂé?%fg}én”gJBﬂTéﬁiéE}e?ord time

TFW nmax) e systemwite ti'me. For exanple

the maxicprdakwal.ue TFWmax) of the file systemwite
time is 750 [nms] as seen fromthe mathemati cal

expr essi on [&.-3]n Rgepdramentte ful fresstSimerfés

represented as record tine data in which the buffer

25 can stoiTae (WstRepidstr fATomust drawora ecdpari Theenough to
host buffer 27 is used to conpl enent a delay WO
2006/@g@gg¢ap@iﬁgp@@g@/@@3@04 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 fhe 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 Tgp(max) of the file
sYstem write time is 750 [ms] as seen from the
mathematical expressidﬁ 5. 1In 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



42 when correcting a wite data error. If a wite
error occurs, the nenory card 19 does not return the
- Y¥RA00E%46%%s or stop nulti-block wite and di spl BgT/a®2005/013104
error occurrence. The host buffer 27 needs to store
‘data 5 until wite is conpleted to allowrewite to be
executed if an error occurs. The host buffer 27 nust
have a proper size, for exanple450 [ns], so that the
host apparatus 20 continues real-tinme recording even
if an error occurs. 10 This is because the val ue 250
[ 8] iwhespasidhiesy 14 téhevr exi dala témeot 0 cDfipheweite error
wite. Therefore, the size is required in conbination
Wit h OREYFexi R VERRETRRF&x) 9 d9es heot i fetuyst the CRC
wite tine. If the maximumvalue TFWmax) of the file
syst em W54% A r?gql%.“}%ibl"[%‘??k 1% 5t P 3 rerdéaphpyeanf error
storing, data equival.ent to [ total is
r equi ro%&ur(rf)nc%équzlls}}e IS kﬂ)[”g\%% &ﬁé?%?/d%oﬁ‘ﬂeﬁ’é%? ofata
[f wri .exi i i nel uding, th '
5case v\\ﬁ]tetﬁg ll?'lsljséL Rﬁseg(Sczélté%{%%&i n t%lei%péej?wﬁgwigﬂ B¢

20 thesldudbd dat acan- Aot beyedtten unless data
stored in used RU 32 is noved to another RU 32.

Therefore,ThMWHdSKkﬁ&Ef%@t2bem§§@fﬁgvénaL$§0B8§tsize, for
buffer 27 while witten RU 32 is noved. G 15 shows

the ceneeptleof2Sthelnwist dufflest 2he REstASaSHnatis 20
FIG 15, it is assunmed that data is continuously
i nput acn tiffeiesoste dduftfiane 27edootinidieshast i f appasatds occurs.
20 at a fixed rate Pa and the host apparatus WO
102006/ G664 SPORCPRETOS/ T 30@UWIe 250 [ms] is specified as the

maximum time to complete write. Therefore, the size is
required in combination with the maximum value Tpgy(max)
of the file system write time. If the maximum value
Tpy(max) of the file system write time is 750 [ms],
15 a buffer capable of storing data equivalént 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
20 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 stofed in the host buffer 27 while
written RU 32 is movedl
FIG. 15 shows thé concept of the host buffer 27.
25 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



43 20 reads data stored in the host buffer 27 to wite

the data to AU 31. On the other hand, the rate of the
W206W6¢%t  from the host buffer 27 depends OrPGr/Jp2005/013104
fragmented state 5 of the AU 31. Specifically, if

witten RU 32 exists in the AU 31 as described above,
wite data is held by the host buffer; therefore, it

is not output. If no witten RUA32 exists in the AU

31, or when the nove of RU 32 is conpleted, the host
buffer 27 outputs data at 10 a rate Pw. As seen from

the de8crepdis olaté hetsred hLequheetdostobutffierh@st to write the
buffer 27 is determined fromhow long it takes to

move ddéfausedrRUS132 in the AU 31. If the size of the

host buffer 27 becones 15 i nsufficient, overflow
(buffer shB8Pt&Qe)obprernhbapdst thsurrde 2L e sted@ output

For ¢t ERe oROS CoREFAey ar) oroct es'@”fah ?ﬁéﬁented state

d d
LS EBAL SERICEELDLS <1 gL (1 Fdsg esisce 1o
AUfaSEhé4AuF@fpgga&éeeriegdwgbb%eqahélk% akes 4 e1d by the

host apparatus 20 certain tine prepare mwlte

and thys: bher¥fitendataocks @hsﬁ%eh%EYO%%%%&ate%fldB
this case, the dat a may be 25 once stored in the

buf f exr2¥t8ndroBy2bexMekt en Biiet B8 39Sk CUMIOIHHRY move of
26. By doing so, transfer can be carried out

cont i RUOBBI ¥s tbepikéoed, ehkebbisteburfdrst @7 WAtputs data at
2006/ 006694 PCT/ JP2005/ 013104
10 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
15 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
20 AUfagt -
(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
25 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
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44 can be achieved. Particularly, in real-tine

recording, real tinme data is once stored in the host

B #W0p/096p9¢ unctioning as FIFO, and thereafter, pcrup2005/013104
witten to the nenory card 19. 5 By doing so, it is :
possi ble to hinder tine spent for preparing

(calculating) the real tine data. In other words,

data is effectively recorded to t4w nenory card 19.

If data is directly witten to the nenory card 19 10

after being calculated on the system nenory, the

pr ocedsire es &agieardd.al . For this reason, data

calculation and wite nmust be alternately carried out.

If the alte&amtimelopleratimnreésl exendt edcon@iflg) areéad time
be witten to the nmenory card 19 during the 15

cal culd&tizon,s @Tge Hdretpd itrhethmenibogt confifd® perfenaesioning
worse than the class it presents. The required buffer

si ze i2® fdgisafied heread famctwoht teh ngo t iee memory card 19.
application performance Pa, npve performance Pw, :
maxi My FOFREYatlito 1Y BOS il al-° 2oirior Sme spent for
the fallow.ng mat henatical expression, 14, the

r oqui FEETBUTTS S06 SRR D SHERrESTh RS dxpressi B other
14, t iJ sty .t em(Pa) the right side corresponds

to thgv% d:féisgdridpa{t%aonmsf)fe%t%gtclo\feﬁln%s ?i‘fr%%cg %) therHeemery
secongddempf the right side corresponds to the
description of the colum (3). The description of the

- colum (4) 15 dda 1ineldded-+ mﬁ£fgﬂ@ﬁi@@ltﬁégﬁgﬁékgncard 19

10

15

20

25
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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 Spy.

In the following mathematical expression 14, the
requiréd buffer size Sgyp is shown. 1In 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



45 14. Moreover, an additional buffer may be'required

gﬁﬁh@in? on the standards of the host apparatus 20.
: AUHEPYc al expression 14] Required buffer siREH/JR005/013104

SBUF > Pa + [r(Pc) x SAU x Pa] / PmIf the application
performance Pa is smaller than the nove performance

Pm and the host buffer 27 has a | arge size exceeding

(Pa + SAU), mathematical expresdidn 14 is al ways
satisfied. 10 [4-5-2] Handling when host buffer size

Is small Independently fromthe foregoing discussion,
the fidl1 oWMIRFIETan Bk %hekiom hbout Lehanaet hedrefuired

findin AUf ast havi.n snmal | fragnented degree if

t he sio%é’ed’f%[”t%eorh&gtegb%ﬁ arﬁSi%gim%fl?%ﬁ empraratug 20.
ref erabl e h t he host_buffer 2 as a sufficient

: It e L o et s Fin

si ze rat her aki ng cribed herein
FIG 16 sh re.all used RUs 32 gathers
in the uppg$§g%gsrgn o;ﬁgﬁé§%£%31. The maxi num used
sRU ratio r(deg).reps£sent s s pou Y, sy ch 4s 20
di vi ded by J%Qa.RU 32c gng ffee . ééd&ybwgné he host

appar at us 20f Whd espstet ead Dok h@ef:féﬁﬁarﬁ&;eePBU.i.gz%ﬁgim@r than

menory card 19 outputs long busy until all used

32¢c arte mdtey pen@skmdrate th Sagiraid oo st r&at 871 §as
stored in the host. buffer 27. In this case tine 25

r equi rred arg ez cal dxassatl riRUS (B2t i S he miti3dmasical
expressed as follows. (r(Pc) x SAU / Pm WO

- 2006/ GOGETE FON JF2005/201800% satisfied.

10 [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
AUfast having a small fragmented degree if the size of
the host buffer 27 is insufficient. It is preferable

15 that the host buffer 27 has a sufficient size rather
thén 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 |

20 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

25 required to move all used RUs 32c in the AU 31 is

expressed as follows.

(r(Pc) x Say) / Pm



46 Therefore, the size of the host buffer 27 required

in this case is expressed by the follow ng -
N PHORHG624]  expression 15. [ Mat hematical expr eesiur®05/013104
15] 5 Host buffer size: SBUF > Pa x [(r(Pc) x SAU) /

Pnj The follow ng mathemati cal expression 16 is

obt ai ned from mat hemati cal expression 15.

[ Mat hermat i cal expression 16] UsedeRU ratio limted by

host buffer size 10 =r(Pc) < [(Pmx SBUF) / (Pa X

SAU)] As seen from mat hemati cal expression 16, if the

si ze Gherdeddrsst the feirz71 stisneidst tihef fexi runregedred in
RUratio r(Pc) is limted by the size of the host

buf f erthd®, caset Hiss o@resIek I Bie nistldelny asstheratical
15 using the maximumused RUratio r(Pc) limted by

the $PPESEEIRe ost buffer 27 as r(Pc) inh f

mat hemat i c X eS.SI 12. Moreover, if the size o

the host b #’faetﬁ‘%“ﬁ ?’fpr?%%l%nzjeSbf data stored

in the host, &l . dur re

> ecor di ng |stéo serve% F e nczﬂ)%fh Jﬁﬁ%bs’ér%@dj / Bm]

result, Cor’ltl'{eo'f_ omg%{ﬁ%qa@yéaf §$§é 9?{3161‘ Q‘St is

rate is t enmpor ar
updat @H3enined rf&)bnbenmrﬁa)&i@éil é@ﬁé@éﬁ&%iy prevent
buffer overflow. There is a 25 problemthat the host
buffer 27 owertflesti@sl exeseddiondasp is | ost. For
this reason, data | oss nust be prevented even if data
qual ity detlsrddrRil esat WD ROOBY &0 G656 4h H6T/ 32605/ §13404

10 = r(Pc) < [(Pm x Sgyp) / (Pa x Sap) ]

As seen from mathematical expression 16, if the
size of the host buffer 27_is small, the maximum used
RU ratio r(Pc) i1s limited by the size of the host
buffer 27. 1In this case, the AU 31 must be classified
15 using the maximum used RU ratio r(Pc) limited by the
size Qf 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

20 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

25 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.



47 If recording is made using wite perfornmance

redi cted based on perfornmance information

R0HPYeaHce paraneter) of the storage device BOT/sEH65013104
host apparatus 20 makes a node change. Specifically,
when buffer 5 overflow occurs or an error frequently
occurs during access of the storage device 19, the

host apparatus 20 makes a changg7to a | ower speed

node than the speed based on the perfornance

informati on of the storage device 19. 10 [4-6] Ohers
The host apparatusd2fgrmay hade asteanNwrHfidle ROMAMdIGe
performance information (e.g., class, performance
par aneredicingd hbassdpenf permincaanckeo imgtiroa t isanpeasormance
above). 15 The host apparatus 20 nmay be provided with
a coPpBrMebAr heahsther s€erpaei Agvaeef dPmakde host apparatus
information read fromthe nenory card 19. with its
own pef iBrkefice MPAEOFRANPEn. PRESIifd Cidded oherhdutfer
foIIowingJF eason. For exa even if %ne of the

e, o
menor §¥8 °ﬂ9°8ﬁ8r?h8r26ngg§?°§p55F§Pﬁ§ Has O£ Gpgsy during
O PELIBLTRECE, D oLl ORI L D s o

per f or rANCe equrval en

sl owapgéfgreﬁggse'nggi hsl%fe@ sb%%%S@%?&bgh@ngﬁh%peed
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host appar at us a e nenory- car

25 Pep}ocaBHEerhBabeysBhfhaB¥REG fRaRAbPS ORGR MR rage
when a |l ower class nenory card 19 is used. In order to

avoi ddétecdi sadvant age, the host apparatus 20 may WO
2006/ 006694 -PCT/ JP2005/ 013104

[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 cémparing performance informétion
read from the memory card 19 with ité own performance
information. This i1s based on the following reason.
For example, even 1f 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



48 conpare performance information read fromthe
: r card 19 with its performance infornmation and

992%rs of the result via di spl ay. For exaowlie2005/013104

the menory card 19 is inserted into 5 the host

appar
di spl
is, "

atus 20, and thereafter, the host apparatus 20
ays the follow ng nessage on the screen. That
Thi s apparatus belongs to cldéss M  however,

operation based on class N(N < M is executed
because inserted menory card class is N'. By doing so,
10 us@ospeare greadie reyCan lexipraoteth operadd ofir apeelde i Bemory

not

obtai ned even if class N nenory card is used. The

screefadis g%y ity 3¢ Rsrdmunante yimbolenatfien 4mé inform

nmenor

-0or us

i nserted into the host apparatus 20

card 19 is
i‘rs?rr?affmﬂ’@ Z S5 detVerani et bb¥r ati on to nake

the 15 nes e appear on.the screen. The performnce )
infornatioﬁﬂ%bﬁﬁggﬁgﬁh pﬂﬁ%tm%wprﬂe§%¥?b%§ LHovRspgted into
not e ntj f 0 apparatus 20 to use the
5 $IE Hépéfg agpay?ﬂecu% o arRal athelf%?’gt'r%i e bpst

menor

first

y car oring pérformance

Secougyanmied e A S RS £508hd ol 05 B <o

bel owsdrleen.17 Thsta ischemaii £ My showing §

confi

_ s to class M;
gura- tion of an SDTM nenory card accofgﬁng to a

seconta®e verodipeanit ioh Hesdd esentlswant ipne M SDTMecuted

nmenor
menor

appar
10 pp

15

20

25

y card (hereinafter, referred sinply to as

pecande 14k emtehangen infarmhté s th Nhe hBgtdoing so,
atus 20 via WO 2006/ 006694

users can grasp why an expected operation speed is not
obtained even if class N memory card is used. The
screen display may be éutomatically made after the
memory card 19 is inserted into the host apparatus 20
Oor 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 embodimént)

An SD™ memory card to which the first embodiment
is applicable will be explained below.

FIG. 17 is a schgﬁatic view showing the configura-
tion of an SDTM memory card according to a second
embodiment of the present invention. An SDTM memory

card (hereinafter, referred simply to as memory card)

41 exchanges information with the host apparatus 20 via



PCT/ JP2005/ 013104 49 a bus interface 45. The nenory
card 41 includes NAND flashTM nenory (hereinafter,
VO 9P/ U6% nply to as flash nenory) chip 42, CECTIIP2005/013104
controller 43 controlling the flash nenory chip 42,
and several signal pins 5 (first to ninth pins) 44. A
reference nuneral 45 denotes a bus interface. The
card controller 43 is equival ent 490 t he device
~controller 22 of the first enbodiment (see FIG 2).
“The flash menory 42 is equivalent to the nenory area
21 1@ dlusFliGte2fatlee 4$i.gndlhepinesncddy arar el Ectinacialdes NAND
connected to the card controller 43. Signal
al | oc&tliash to memgnmal (heined 't ethatre ferfad syinmwl it Mes
pins are as shown in FIG_18. 15 Data O to data 3 are
al | ocatedht ge8eFent K18 Jrivrh cand mantared ¥ s¢3 grgrtrolling

respectively. The first pinis also allocated to a .

card &i}@eglia&ﬁl EGRAY. PHe fecofdd Ve bl st e P

a co nd. .The third and sixth ins are allocated to
59r oun 6c§tsécnttloaltn stg] PAR %t )r%le4 '2oe’fdifr H BIF i%umerai 45

aIIocgE%ﬁt%% ROVEY g%Q@ﬁ$ Qg;ential Vdd. The fifth
. I .

pin is allocated to a clock signal. The nenory card 41
can be insaredhHey &ctiQlol fOF g 10 dhes hoslne + %l?e device

apparatus 20. The host 'controller 26  (not shown

the hesihtapparat B2 oFMMY GEles 2msdius: Sighal sT@nd) |
data with the card controller 43 of the nenory card

41 vi ahehef ffaghsmemoryi Azh ipi regui vedrerex anpl €he Wh@iory area 21
data is witten to the nenory card

10 of FIG. 2.

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

15 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 groﬁnd potential Vss, and the

20 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

25 various signals and data with the_card controller 43

of the memofy card 41 via the first to ninth pins.

For example, when data is written to the memory card
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controller 26 sends a wite command to the card

WENOOEPQ66M4 43 as a serial signal via the secondpChiFe0s013104
In this case, the card controller 43 fetches the

wite conmand given to the second pin in response to 5

a clock signal supplied to the fifth pin. As described
above, the wite command is seriagbly input to the

card controller 43 using the second pin only. The

second pin allocated to command input is interposed

bet ween, t haef hostt piontirer 1éat @63 sandid ke whdi i ddhidd to the
for ground potential Vss. The bus interface 45

corr espaddicogtiro ldererdd asi gnalerpials sddyries]l usied flog second
communi cations of the host controller 26 of the host

appar 8tos 20nwithH st va seendihe cardl £bnt@pliler othefetches the

hand, communi cations of the flash 15 nmenory 42 with
the cHFdtEoROFBIANS: Aoty & OekdeutSEFaIch Pl NANDFesponse to

f| h f Th f h t
5 hown “hETE K KA Srdsls WRBHFY £ B THer oty /no

[ it ut .
Ezlo/ng; oI e A%’?’(ﬁl‘%l—sor exanpl e boqre%gr%%\?wl lhc 1]%{&21 Cg %eserlally
flashj H?G‘Ef Y_o 4:%@ the LI Gt 18r Uﬁs%.r?qjqﬁ}]esséevc%r}/d pin

i nputs | 'owi ng | nformation to t

42 vi anthe hﬂ@'@&>£’ l%ﬂﬂ@%émﬂ&%%ﬁﬁhﬁ% t
i nput gognand 88H é%lgﬁ# address, page address i is

and piegeapodzdc eEmrdnlAie "tHrsaf dihe commnd 89"énd the
represents a hexadeci mal nuneral, and actually, an

108-bit tsiigdabin’ FeA0QA@ANd $o§:@mﬂ]ﬂaﬂd Vigs pargid a@lud dinterface
the Saglgozégsponding 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 hahd, communications of the flash
15 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/outbut
(I/d)'line.
20 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
25 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/0
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WD 2006/ 006694 PCT/ JP2005/ 013104 51 line. Nanely,

several -bit command is supplied in parallel via the
RYRRIOUSPM menory interface. In the NAND fl aseE¥yr2005/013104
menory interface, conmand and data to the flash

menory 42 are communi cated on 5 the sanme I/O Iline.

Thus, the interface used for comuni cations of the

host controller 26 of the host @&paratus 20 with the
menory card 41 differs fromthat used' for

conmuni cations of the flash nmenory 42 wth the card
cont r dlilrer. 4Nankl ¥l Gevkdrdls-oi bl ockmahdgt amssheviag in
the hardware configuration of the nenory card

accor diarglilelt hda MNANN LD stef . mdherhostterface.
apparatus 20 includes hard\l\ahz and software for
accessi ng tHe HhsoANR af s C opereer Bdintarfaset heobumsnd
interface 45. The no ard 41 operates when being
conne ¥ 4ad-a He ﬁggﬁ} %pé?d?%oéh&%e%’é?v?‘h@“u%b%?ed on

suppl y,, and th t.akes prcedures in accordance wth
: g[nfo Ipparatiy 267€ THRLGERATS B8fd 4ar

i ncl 42 20 and th
ol Uit Lo TOET 82020 SRR ERTT,
42, anfA% J oaK 8ide e %em&é??&a?&fﬁ% o&‘%f@eygl From that

of erase) in. the erase operatiomis se

predet gyl Rt Yol hticibd &B)ehdDFEO¥RTmedELR 42 with the
wite and read are carried out at a unit called page

25 (e.aprd 2dB)rolllexr og3.d control |l er 43 nmanages a

physical state in the flash nenory 42 (for exanple,

10whi ch | ogi dAlGselct okrs a block diagram showing the hardware

configuration of the mémory card'according to the
second embodiment.
The host apparatus 20 includes hardware and

software for accessing the memory card 41 connected via

15 .the bus interface 45. The memory card 41 operates when

20

25

being connected to the host apparatus and receiving
power supply, and then, takes procedures in accordance
with access from the hosf 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 erasé block size (i.e., block size
at a unit of erase) infthe erase dperation is set to
a predetermined size (e.g., 256 kB). Mored&er, 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



WD 2006/ 006694 PCT/ JP2005/ 013104 52 address data is
i.ncluded in which physical block address, or which
BYR2406{006684 ased) . The card controller 43 has aPawgP2005/013104
interface nodule 53, micro processing unit (MPU) 54,
flash controller 55, read 5 only nenory (ROM 56,
random access nenory (RAM 57 and buffer 58. The host
interface nodule 53 interfaces bebieen the card
controller 43 and the host apparatus 20, and includes
a register 59. FIG 20 is a block 10 di agram show ng
t he corddgesatdate ofs theclededt én §8ichThbységhdt lob®
has card status register, and registers such as Cl D
RCA, DOSteressp, TRy dorockhésr egased) s afbedetirded
status register is used in a

as follows. The c

nornaJc?ﬁﬁk%& ?ﬁnjgéhF?cﬁ hegteknhpréacst Bpdyler s micro
i nf or ' escr | bed .. Regi_sters CID, RCA DSR

cop, T e R PR UL 5 e R b cORERLLBEy Soay gead

§s i niéﬁ?;'zir%&ﬁ’orﬁffi«%r%é deP%&E&a%E{‘Bg%Q“w@”bﬁﬁ{>§§'gé%r4) 57 and

stores the Tdentification nunbér o

41. The,Pfered@tive card address (RCA) stores with
relative card address (dynam cally determ ned by the

host appar aties hodt i mtéafaeat n8AhieTBE Jht¥eE 86398t ween
register (DSR) stores a bus drive force of the nenory

card. the cardl specidiledadd 468DLhet BHEE apparatus 20,
characteristic 25 paraneter values of the nenory card

41, THeCSckugesher dedidsteerSPon FnGorpatisna block

10
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performance identification code and perfornmance
paramﬁ%ﬁgﬂ%gdﬂKmeg 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
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witing data sent fromt

WD 2006/ 006694 PCT/ JP2005/ 013104 53 in the first

enbodi nent. The SD configuration data register (SCR)
W030840066Me data array of the menory card 41. TREr/JIP2005013104
operation condition register (OCR) stores an

operating voltage of 5 the menory card 41 having a

limted operating range voltage. The MPU 54 controls

the entire operation of the nmenpgy card 41. Wen the
menory card 41 receives power supply, the MPU 54

reads firmmvare (control program 10 stored in the ROM

56 onin the RAMsB7embo@xmente predeterni ned

processes. By doing so, the MPU 54 prepares various

t abl es on The BBMcBRfiGheaWRUnS54adlas aacdetiares-S@R) estores
read and erase conmands to execute predeterm ned
procetbBesdabat psrays5of| hbh memory 42rdod lconthhe s pdatedaion
transfer via the buffer 58. The ROM 56 stores contro

progr 8ABAEbAPROFFEHSEGT {RERVPELOLesTRE RRMIBLing yeddage of

as a rk area of the U 54, and , stores contral -
progrgﬁﬁ Qﬁﬂ°§¥rFﬁﬁg ?5&F§¥?n§OaTﬂémﬂF§§hqaﬁﬁﬁﬁﬂQQHrange
55 in%giﬁgcgs between the card controller 43 and the
flash neno?y'42. The buffer 58 tenporarily stores a

predeterm pad yagDYRt cgkt%g)tl% $e9-entQNe %%%?att\éﬂ?ﬂeof the

host "apparatu
fl ashpnaRBRYY c424204 . 25WheRP@HAT koS OIeS A 41 receﬁyes power

predet erm ned anmount of data when sénding data rea

from shpplhasbheenpuy 542 rkadshe ikask reaARIMAIS. #ogram)
stored in the ROM 56 onto the RAM 57 to execute
predetermined processesl By doing so, the MPU 54
prepares various tableé 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.
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data array of the flash nenory 42 in the nenory card
ﬂﬁ?ﬂﬁﬁwﬁaéage of the flash memory 42 has 2112 Byt/@®005/013104
(512-byte data nmenory area x4 + 10-byte redundancy

area x 4 + 24-byte managenent data 5 nenory area). 128
pages are one erase unit (256 kB + 8 kB (k is 1024).

In the foll owi ng description, the4 erase unit of the

flash menory 42 is set to 256 kB for conveni ence of

expl anation. The flash nenory 42 includes a page

buf f er  42AFfi6r. 210 shiopst ttheg dandg erqut tohgtdat#Bl 4<h memory
the flash nmenory 42. The nenory capacity of the page

buf f eA242A the2meporiyyrcasd( 2048 BaehopaR)e dm tdet £1lash

e eI e AR % S T egorparea e
Pede SO ERL LR TR R Y bl e

> SRPRALICER L0 IS 13T RSl 1+
¢ BECKEOR! gyolben ve oL L 20l AR e

dat a gegpeyudiedot t6eBYtiash medrdansy i edk &5} kB for
pages are one erase unit (16 kB + 0.5 kB). The area

(dat acomtrenyeaceapft expeebtdang of the 25 flash
menory 42 is witten is divided into several areas in
accor danceThet i lsistr e¢mdatya 4@s iskwdwddn Flgagel buffter 42A for
flash memory 42 has the follow ng data
10 inputting and outputting data to the flash memory 42.
The memory capacity of the page buffer 423 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
15 capacity. | .
If the flash memory has memory capacity of 1 Gb,
the number of 256-kB blocks (erase unit) ié 512.
FIG. 21 shows the case where the erase unit is
256 kB; however, it is practically effective to build
20 up an erase unit of 16 kB. In 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 meﬁory area) to which data of the
25 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
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that i s, managenent data area 61, confidential data
3V%ﬂmggkﬁﬁkotection data area 63 and user dat aPEr/@e005/013104
64. The managenent data area 61 mainly stores 5

managenment information relevant to nmenory card, that

is, security information of the nenory card 41 and

card information such as nedia | B5 The confidentia

data area 62 stores key information used for

encryption and confidential data 10 .used for

aut hememeati ereasnd tihgtan sar esgnagemdnti sdaiot area 61,
accessible fromthe host apparatus 20. The protection

dat a &r8&i6grdficdesadigmiraacfm, rimtectimh idaten arem, 63 and
whi ch is accessi ble only when the host apparatus 20

i s valS@&t €3tenhGd§R tHe” mutual 15 aut hentication with

t he host apparatus 20 c nqgfted to %Pe nenpry card
41. The user AP LB 't 7R eV dR L umf¢%es an

nser sTARCRTEREry e R T el G, tha
ety “cdrd -4t t
peratton eae ot (he RaEar G U AR {F ana

node. cihe RhESeHtatiHENION 45 maPR| igable to the case
where the operation node of the nenory card 41 is SD

1-bit node Taved cORIf insten i Al GatR 255 hensssdgndl ke
al l ocation corresponding to signal pins in the Sdl
4- bi t imfdemaSDoh- bisedofber anchry@RIiowdend Teh Oipesrad i 0N data
node of the nmenory card 41 is
10 ~ used for authentication, and is an area, which is not
accessible from the hoét apparatus 20.
The protection data area 63 stores significant
data, and is an area, which is accessible only when
the host apparatus 20 ;s validated though the mutual
15 authentication with thé host apparatus 20 connected to
the memory card 41.
The usef data area 64 stores user data, and is
an area, which is freely accessible and available to
users of the memory card 41.
20 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 1-bit mode and SPI mode. FIG. 22
25 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
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classified into SD node and SPI node. In the SD node,

WP card 41 is set to SD 4-bit-node or BOI/IP2005/013104

1-bit node according to a bus w dth change command
fromthe host apparatus 20. 5 Four pins, dataO pin
(DATO) to data3 pin (DAT3) all are used for data
transfer in the SD 4-bit node, W& ch transfers data
inunits of 4-bit wdth. In the SD 1-bit node, which
transfers data transfer in units of 1-bit width, the

dat a0 1EDAEDy gilassidied yinto Bednddr atat SRY ansde€r, In the

and datal (DATI) and data2 pin (DAT2) are not used at _
al'l. e mestea3 tfien meppaR3)cad (ledis fart exanh e4 - ot ‘mode or
non-synchronous jinterrupt, to the host apparatus 20
from tHe L7é r?wdEaP&QBgé%EQI?Pt%é“gmw ,Chaypge command
dat a0 pi n ATQ) i.s _used as ata signal |ine (DATA

st (e e goears e 28

Qum) nenor 0" t he host apparatus

20. A i i dat i E .
SoaTA TN s e Siode S, B4, (5 18 Bat dlRsg' MBara)

card 191 The datdl i PATL dptae. M Q@T )
are not used. In the SPI npdéf t é%gdggs pl%h?D giQOde’
used #Waridh aRsmsireirag g tehiih §elestoSigna« %V@‘mrn

the host apparatus 20 to the nenory card 19. en the
flash menmormn 4heC@IPi-SLS OIS vhidher r A9 FEPD Yata

card 19 is used for not-so-high-speed operation, and

- Cl assitiiaad fas dnassiMs( Mf sl #eiro wirdflositlievedatad (DATO) pin
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integer).
only is used for data transfer, and datal (DAT1) and

data2 pin (DAT2) are not used at all. The data3 pin
(DAT3) is used, for exémple, for non-synchronous
interrupt to the host apparatus 20 from the memory
card 19.

In the SPI mode, the datal0 pin (DATO0) 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) aré 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).
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menory 42 has a class N (Nis a positive

Wﬂ’é’&@f‘”f‘”ﬁr ger than M higher speed than one- cPCTIIP2005/013104
menory card 19, sone flash nenory chips 42 may

conpri se sone chips in the nenory card 19. By doing 5
the card controller wites data to one flash chip
menory while transferring data té&7anot her flash nenory
chip. Thus, superficial data transfer rate between the

card controller 43 and the flash menory 42 i nproves.

Mor eover, &henadhenddenh avinphavi hghas pagelzspyN (MOis

(or copy back) function may be enpl oyed, and thereby,
dat a §t@PéétPHeal6§&@eéfhﬂﬁQqqz%hﬁQnﬂﬁNHAQhﬁx)$Eﬁed than
copled not her page of g&hasane flash nmenory chip

By doi H& ~§6,Pt REMfrove Opé &

present | tion is,descr.ib n the baS|s o)
Pl ot RS Rt SsERerire Ehe et

&SPk § 4t dfeﬁé%oryrrféllps 42 may
<% entBY é%lng

si nventi, O”t'h% @?trdl Tt ed10Q 4 ‘%%&Stcosoe % digita ejl»?]f ssh chip

caner a,

a hosteap raew:i t @ YWhisGR e, P, t
aDD|IC§b|Q§ 20 in addition to tﬁgﬁ%gﬁgf\ﬁiﬁéég]ff%Sh emory

AND fkash. nemosy, sNEB-fifiashiMdmrysardd@r iSate between the
menories having a floating gate as a charge nenory

| ayer comry bentisedlas 48 seri dordfliash My USEi@Sroves.
the storage device of the first and second

enbodi ment lordovesvers, nterady inesm@sy hatvi mchav MONGS page copy
insulating |ayer as a charge nenory |ayer may be

eo canera, are

10ysed. (MBr €6Par bagkn- @MWQﬂMQ@:ﬂﬂﬁ(hﬂwGMHEQXﬂdJmﬁmﬁlthﬁreby,
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such as a magneti¢ random access nenor

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 flashTM memory, AND flash
memory, NOR flashTM mémory, that is, memories having
a floating gate as a éharge memory layer may be used as
a semiconductor memory ﬁsed as the storage device of
the first and second embodiments. Moreover, memories
having a MONOS insulating layer as a charge memory

layer may be used. Moreover, non-volatile semicon-

‘ductor memories such as a magnetic random access memory
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ferromagneti c random access nenory (FeRAM nay be :

%"6’%%694“ onal advantages and nodi ficati ons Wed1/JP2005/013104

readily occur to those skilled in the art. Therefore,

5 the invention in its broader aspects is not limted

to the specific details and representative enbodi nents

shown and descri bed herein. Accor88ngly, various

nodi fi cati ons may be nade w t hout departing fromthe

spirit or scope of the general inventive concept as 10

def i netMBAM} hendppendenaghet s aaddbhebtcegsi Maherys.(FeRAM)

LLOYDWSE 59 CL Al MS 1. A storage device

conprlf%ﬁlﬁhd@ea‘l%%% conductor nenory storing data; and a
uctir g to wite data to the 5

controller %ﬁqéﬁé

sem conduct ?TBP?/ | ﬁdEQEBF’aSﬁcénﬂl ﬂlﬁdafﬁéq@egtﬂSt Well
contro}é & f SLyes: . ra(:tert3 fﬂ furt her

conprising. 2 Teg |§t e? %?%%"Fd% ' e?hé“cBH?réFFer aRgrefore,
shol di LaRtion_show ng e_of . :
10 pe?fg%er ﬁn\z%cl asses %sﬂleEJ %rbf}SB%ngr ﬁﬁnE@g {ppited to

one afhdes @&@f@ed@tk@fﬁ@s d h
storage deéu ce guarant ees ﬁﬁl%ﬁ%i.%g? EQ@RVL gmbOdlmentS

speci fdtasvibyaidiede omei 9éd Q@éf@hﬁfﬁncﬁc%i‘é%él V"h%ﬂgus

the storage device configured to output %

per f ommethictel cd tassn s Ny red i madé nwi@ﬁ@@ﬂséebé’rﬁﬂng from the
spirit or scope of the general inventive concept .as

10 defined by the appended claims and their equivalents.
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instruction froman outside of the storage device. 2.

The device according to claim1, characterized in

that the register further h?Ids perfo;n?ﬂgezoparanﬁter

[ rmati on relevant to performance o .
ggasconductor menory and the controller. 3. The devFeQYD WISE
according to claim2, characteriz®2d in that the
performance paraneter information includes at |east

one of a nove speed required for noving data in the

sem conductor nmenory and a EléeAOf a managenent 25

unit area of a nenory area used b§ ¥ Rost appar at us

whi ch usesjtheps dgyi¢ce, 4. The device according
to clain11}'chgrgg?%??%eggtﬁgﬁTFQW@£?S%Bgrn that the

it b @Oﬁémgééﬁguégoﬂaﬁgﬁgg?ogtggn ga&%t%? fife

performance for witing data re a

informati on apadadbleb. idberdevics AGCRE D950 cl@im
1, characterized 5 by further conprising: a cover

COV ers ey ¢dred e 1 oneisit Pr i e ¥r ik d hﬁitﬁ%gf&ﬁ&eegﬁ the
and a di splay portion provided on the cover an

di spleBAtP Y pesdoimence class. 10 6. A host
appg;EyLs characterized by supporting a _p]urallty of
dat a trans?}é%r%%ﬁ%fmﬁian@ntrffﬂfusfmpmgmlm@i awth a
e device which stores performance class .
ftn?éf?mt i ¢h,=Sthetieéth Rmv%ﬁﬁﬁfdlat dhe amferorlde amileholding

[ ' formance class i nformati on
}?oﬂgﬁ%g%%ﬂ%$§%¥fyﬁgg}Q%fg¥ﬁation showing one of

performance classesvclassified by performance, the one
of performance classes indicating that the storage
device guarantees minimum performance specified by the
one of performance classes,

wherein the storage device configured to output
the performance cléss information in- response to an
instruction from an outside of the storage device.

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

3. The device according to claim 2, characterized
in that the performance parameter information includes
at least one of a move speed required 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, characterized
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data transfer rate nodes, at |east one of data

transfer node can be selected fromthe maxi num data
transfer rate node and data transfer ratg nndesTIomer
than the maxi num data 20 transfer rate node. 7.

apparatus according to claim®6, characterized byr’]"’::‘OYDW'SE
readi ng a perfornmance paraneter 6¢el evant to
performance of the storage device fromthe storage
devi ce, and executing a calculation using the 25

. 8, Th t ording to
Pl Ry R T 60 by HeRELTAESd RedBiynases of same
h Y] ' duct by _nmanagenent
unit T ate BebrofaRel £OEEL Pl TIREY pYed o R R hter

cIassf{yéngnfggmg@p@gegggé?ygit areas into an suitable

managenent unit area capable of storing 5 data with a

requested Eﬁrf@héaﬂéﬁiégdaéEoH@§H't@@!@%afﬁnﬁgegﬁg£acterized
unit area incapable of storing data with the

r equesy efupetid or sdfsLi $ tn@ccordance with a condition
of the managenent unit areas using the perfornmance

par amet er . a 1@o%er Thevappag athis SemdEShAGet Or Ché@hdt $: and the
characterized by using the suitable managenent unit

area Jortyehbleri mnadwite. 10. The apparatus according

to claim9, characterized by calcul ating available

recordi ng i FeSP1ay fRerwidrPHeredéd o ithenceweh ame

te .
requ%ﬁséﬁaylng the performance class.

6. A host apparatus characterized by supporting a
plurality of data transfer rate modes and transferring
data with a storage device which stores performance
class information, wherein

maximum data transfer rate mode is determined by
the performance class information from the plurality of
data transfer rate modes,

at least one of data transfer mode can be selected
from the maximum data transfer rate mode and data
transfer rate modes lower than the maximum data
transfer rate mode.

7. The apparatus according to claim 6,
characterized by 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,

characterized by managing a memory area of the



performance using an average data transfer rate wth

whi ch the apparatus transfers wite data to the

storage device and how many the suitabl e managenent

unit areas remain unused. 20 11. The apparatus LLOYD WiISE
according to claim®6, characterized by determ ning

that the performance class is rot defined in the

storage device when the performance class informtion

of the storage device is 25 12. The apparatus

' Laim 6 h terized by witing data
fo tnetferdadc el Bamo b TS FhEbedteBhr Fbi rmbess ovaeh
t han éorﬁﬁf%ix#&tqggi%’}% S 3 62, peL{ or rmpce when

performance o or age devitce S not satisfy

the first peafofrRigs £RGULLRLy %ﬁﬁf%gfétarQQQaEQEgs'

13. The apparatus acctording to c

char agt esuzesb by B404baeat énf eMes] et 0, Pe YE | ééc{?%ing

in a buffer of the host apparatus while data wite

Sthe slaragel tdeva ceedise s 1D SSe Bt ®rmarfce TR apPa@d WSt able

10

15

20

25

according to claim®6, characterized by further
conpri&iagenditt auciov erreanch@aphlsid ayf pordd oy pOvA detkh the
on.the cover and displaying the performance cl ass set

to tHEditedprrtaumance in accordance with a condition of

the management unit areas using the performance
parameter.

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

10. The apparatus according to claim 9,
characterized by calculating available recording time
for which data is written with the requested
performance using an average data transfer rate with
which the apparatus transfers write data to the storage
device and how many the suitable management unit areas
remain unused.

11. The apparatus according to claim 6,
characterized by 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,
characterized by writing data to the storage device

with a second performance lower than a first
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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,
characterized by storing data requested to be written
in a buffer of the host apparatus while data write to
the storage device is impossible.

14. The apparatus according to claim 6,
characterized by further comprising:

a cover; and

a display portion provided on the cover and
displaying tﬁe performance class set to the host

apparatus.



