(19) United States

12y Reissued Patent
Fujimoto et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOOREA47542E

US RE47,542 E
Jul. 30, 2019

(54) MEMORY SYSTEM IN WHICH EXTENDED
FUNCTION CAN EASILY BE SE'T

(71) Applicant: TOSHIBA MEMORY
CORPORATION, Minato-ku (JP)

(72) Inventors: AKkihisa Fujimoto, Yamato (JP);
Hiroyuki Sakamoto, Ome (JP)

(73) Assignee: TOSHIBA MEMORY
CORPORATION, Minato-ku (JP)

(21)  Appl. No.: 15/463,765

(22) Filed: Mar. 20, 2017
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 9,335,953
Issued: May 10, 2016
Appl. No.: 14/797,867
Filed: Jul. 13, 2015

U.S. Applications:
(63) Continuation of application No. 13/956,823, filed on
Aug. 1, 2013, now Pat. No. 9,104,539, which 1s a

(Continued)
(30) Foreign Application Priority Data
Feb. 4, 2011 (IP) eoeeeeiiiiie, 2011-023217
May 17, 2011 (IP) i 2011-110242
(51) Imnt. CL
GO6F 13/00 (2006.01)
GO6l’ 13/28 (2006.01)
(Continued)
(52) U.S. CL
CPC .......... GO6F 3/0659 (2013.01); GO6Ll’ 3/0604
(2013.01); GO6F 3/0679 (2013.01);
(Continued)
(58) Field of Classification Search
CPC ............... GO6F 13/1689; GO6F 13/385; GO6F
13/4239; GO6F 12/0653; GO6F 3/0607;
(Continued)

Command processing section 142

vkl ok "

—

Flash memory controller

14b

Extension register processing

section

Function processing program [~ 14d

(56) References Cited
U.S. PATENT DOCUMENTS

5,280,599 A 1/1994 Arai
5,999.441 A 12/1999 Runaldue et al.
(Continued)

FOREIGN PATENT DOCUMENTS

CN 101689246 A 3/2010
JP 2001-356885 12/2001
(Continued)

OTHER PUBLICATTONS

Leonard Ott, “Designing for SDIO,” Jul. 15, 2004, https://www.
wirelessdesignmag.com/product-release/2004/07/designing-sdio. ™

(Continued)

Primary Examiner — Christopher E. Lee

(74) Attorney, Agent, or Firm — Oblon, McClelland,
Maier & Neustadt, L.L.P.

(57) ABSTRACT

According to one embodiment, a memory system, such as a
SDIO card, includes a nonvolatile semiconductor memory
device, a control section, a memory, an extended function
section, and an extension register. The extended function
section 1s controlled by the control section. A first command
reads data from the extension register 1n units of given data
lengths. A second command writes data to the extension
register 1n units of given data lengths. A extension register
includes a first area, and second area different from the first

area, 1nformation configured to specily a type of the
extended function and controllable driver, and address infor-
mation indicating a place to which the extended function 1s
assigned, the place being on the extension register, are
recorded 1n the first area, and the second area includes the
extended function.

25 Claims, 32 Drawing Sheets

{3/1
,1“#
Extension Eg? !
register
512-bytes
8 pages

k Page 0



US RE47,542 E
Page 2

Related U.S. Application Data

continuation of application No. PCT/JP2011/071776,
filed on Sep. 16, 2011.

(51) Int. CL
GO6F 12/00 (2006.01)
GO6F 12/02 (2006.01)
GOGF 3/06 (2006.01)
GO6F 9/30 (2018.01)
G11C 5/00 (2006.01)
(52) U.S. CL
CPC ... GO6F 9/30134 (2013.01); GO6F 12/00

(2013.01); GOGF 12/0238 (2013.01); G1IC
5/00 (2013.01)

(58) Field of Classification Search
CPC ....... GO6F 9/321; GO6F 21/77; GO6K 7/0008;
GO6K 18/072; GO6K 18/0723

USPC ... 710/10, 11, 13, 65, 104, 301; 711/103,
711/154; 235/380, 492; 370/463

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,880,083 B2* 4/2005 Murakami .............. GO6F 21/77
235/380
7,024,225 B2*  4/2006 Ito .......coovvvevinnnn.n, GO6K 7/0008
370/463
7,296,097 B2* 11/2007 Kanamori ........... GO6F 13/4239
710/10

7,484,020 B2 1/2009 Takinosawa et al.
7,669,773 B2* 3/2010 Nishizawa ........... GO6K 19/072
235/380
8,015,340 B2* 9/2011 Cedar ................. GO6F 12/0653
710/104
8,370,535 B2* 2/2013 Hahn .................... GO6F 3/0607
710/11
8,495,268 B2* 7/2013 Hirano .................. GO6F 13/385
710/13

2002/0004864 A 1/2002 Kubota
2002/0065044 A 5/2002 TIto et al.
2004/0205268 A 10/2004 Takinosawa et al.

2005/0224589 A1* 10/2005 Park ....ccoooo...... GO6K 19/0723

235/492
2006/0218324 Al* 9/2006 Zayas .................. GO6F 13/385
710/65

2007/0011394 Al1* 1/2007 Hsu .....ccooevvnivvnnnnnnnn, GOO6F 9/321
711/103
2007/0094504 Al* 4/2007 Takinosawa et al. ......... 713/172

2009/0164815 Al 6/2009 Ohyama

2010/0268897 Al* 10/2010 Okamoto ............ GO6F 13/1689
711/154
2010/0281200 Al* 11/2010 Okamoto .............. GO6F 13/385
710/301

2012/0210046 Al* 82012 Ttoetal .......ooocoeeeeen, 711/103

FOREIGN PATENT DOCUMENTS

JP 2002-171303 A 6/2002
JP 2003-115890 A 4/2003
JP 2004-046498 2/2004
JP 2006-018610 1/2006
JP 2006-236200 9/2006
JP 2008-269380 11/2008
JP 2009-157493 A 7/2009
WO WO020041077306 Al 9/2004

OTHER PUBLICATTIONS

Toshiba, ““Toshiba SD Card Specification,” Dec. 29, 2006.*
Oflice Action dated Jan. 28, 2015 1n Chines Patent Application No.
201180068856.7 (with English translation).

International Preliminary Report on Patentability and Written Opin-
ion dated Aug. 15, 2013 n Application No. PCT/JP2011/071776.
International Search Report dated Jan. 30, 2012 for PCT/JP2011/
071776 filed Sep. 16, 2011 1n English.

International Written Opinion dated Jan. 30, 2012 for PCT/JP2011/
071776 filed on Sep. 16, 2011 1n English.

Oflice Action dated Oct. 12, 2015 in Chinese Patent Application No.
201180068856.7 (with English language translation).

Extended European Search Report dated Nov. 16, 2015 in Patent
Application No. 15176252.3.

Japanese Oflice Action dated Aug. 26, 2014 in Patent Application
No. 2011-110242 (w/English translation).

Combined Tarwanese Office Action and Search Report dated May

13, 2014 1n Patent Application No. 100133693 (w/English transla-
tion).

“SD Specifications Part E1 SDIO Simplified Specification”, Version
3.00; Technical Committee SD Card Association; Feb. 25, 2011.
“SD Specifications Part 1 Physical Layer Simplified Specification”;
Version 3.01; Technical Committee SD Card Association; May 18,
2010.

“SDIO Simple Specification Version 1.0” Secure Digital Input/
Output (SDIO) Card Specification, SD Association, Version 1.0,
XP002493459, Oct. 1, 2001, pp. 1-17.

* cited by examiner



U.S. Patent Jul. 30, 2019 Sheet 1 of 32 US RE47,542 E

19
18

SDIO

11

© N~
=\, 7 Host controller
interface

{(®

g | e
i
00

«—
o .
= O
QL —

I
- LL.

O

N _ -

~— 7] Host interface <

i
N Host controller O
g €I

24

0
I

o |
N
i
N\ i
N -
Al
QO

25




US RE47,542 K

Sheet 2 of 32

Jul. 30, 2019

U.S. Patent

0 8bed
SAG-Z1 G

1918168
UOISUS]XT

AN

Pyl

vl

apl

eyl

weiboid buissesoid uonoun

UoI}o9s
Duisss00.d Jg)sibal uoISUa)x3

Iajj0Auod Alowsiu yse)q

uoyoas bujssanoid puewiwion



US RE47,542 K

Sheet 3 of 32

Jul. 30, 2019

5
=
0

U.S. Patent

10-£0

SalAd 716 Y34l

SalAq € :Uz0o
salAq Z UL00
(pejqeua ysew} 81AQ | :UpDO

(Syq 6) ybus
jgé
[O40 | Al | NIT

¢ Old

s9)s1631 uoIsUB)Xa Ue Ui UOReIO]
1LB)S SAI08Y 0 Sejeubisap Ssalppe S)gR

(s1q 6) 18SUO

(oyoads Jopuah) J abed QL
(o1j10ads Jopuaa) g sbied :q01}

PaAISSSy 41014100

0 8bed :q000
108188 Jaisifioy

0000LL

X L10
sl ]S40 [ SY | xepu 1S
BOGF 9w Gid  8e9e  [E6E 9% Lp

OF-Gb



US RE47,542 K

Sheet 4 of 32

(paioubl aq o)) ejep enjasyau; NI

A

-

Jul. 30, 2019

4D +SUKAZLS [

v Ol4

i
7777
\\\\\\\\\

b
7

I >S40
I

18)siba1 uoisuaxy

8PQWO UINTT 'S40 'SY

U.S. Patent

|

[0:eliva
AND



U.S. Patent Jul. 30, 2019 Sheet 5 of 32 US RE47.,542 E

512 bytes + CRC

FIG. S

I

RS, OFS, LEN

CMD
DAT(3:0]



9 Ol 4

US RE47,542 K

pabueyoun Aejs suq Jaysibsy 0
uajium ale sjiq ejeq .|

o uofjesado ajlim S|oAuod lig yoey
i (suq Q) XSe Ja)sibaj uoisusixa ue Ui UoKedo|
2 LB]S DAlJOa)9 sajeubisap wwA@%me-@
- 14 6) 19SU0
.m Se)Aq Z1G ‘U4
79
SSJAG € "4Z00 (ou108ds Jopuan) / abed Qi
S8Aq Z 4100 (ou10ads Jopusa) g abed :qpLL
- (pejqeus ysew) 81Aq | 4000 DOAISAY (10L-GL00
= (Shq 6) yibus 0 abed 9000
o 29|88 Jaisiba
m.,. JO9) }SIDBY
=
B 100000000 XX T 00000 | 000 | 30000000 [ XX T 00004, [ 1 [ 0
l%é%% S40 | SH | Xepul }1}S

,0-20 80-G} 0] Ay 4 GCLC 8¢9t [E6E OvSr OF L¥

U.S. Patent



US RE47,542 K

Sheet 7 of 32

Jul. 30, 2019

U.S. Patent

— $o
/22724 ¢ N3
I S0
-
J8)s1b8l uoIsusIX
poioudloq o) Epep AUl N1 GYOHO UINT1'$:40 'S
— [0:€llva

—— W} {ww} @

xofsixfxixjajx| OLOI4
fojofi]ifrfofi] 92914
ujbfsfefriofale] V.OI



US RE47,542 K

o
S
v o
5
p10d B)Ep 0] UsuMm S Bjep salkq ZLe  FZHodBled #uzm.d
= \ ~S40 , ...
= Nd1 S40 S¥
“ Asng E SeMq Z).G — l0:€1iva
—
-

— [W}{ewm}

U.S. Patent



US RE47,542 K

Sheet 9 of 32

Jul. 30, 2019

U.S. Patent

B8.B Pasnu

UMOYS St N 801A8p Jo Uoljeuriojul Yibuaj Ssalppe Jo pu3

s8)Aq y| 7 ybuay 7 ssauppe Lejs N somaq

W O R W oy W W o vk R W W o

N 801AS(]

| BJIABD O} [EANUapI aJe SJUBIUOY) "N 8JIASP JO BaIE LIONBLLIC)U|

o

SeIAq | 9poo UONRILIIUAP! LONOUN) N A9IAR(]

~ UMOUS S] 7 80IAP JO LOfIBuLIOjut yiBUa) SSaIppe Jo pu3

3
¥
i
!
3

2 901A8Q

| 80IABD O} [BONUSDI SIE SJUSJLOT "7 80IABP JO BBIE UOIBLLIOJU

L 80iA8p Aq pasn Jajsibal uoisusiXa Jo BalR PUOODS

yoee selAq zf g yibuaj 'z ssaippe Hels | eoine(] |
4. et

UMOYS 88 pasn aq 0} eale Jo}sibal uoISusjXa J0 8zis
pue ‘, o} | sabied jo aoeds Jajsibal uoisusa Ul ssalppe
Buruuibag | soinep Aq pasn Je)sibal uoisugxa Jo BaJe isild

Yoeo so)Aq zi | Yibus; ‘| ssauppe UE)S | 80iIA8(]

MOJeq Jes spiay UiBus} SSaIPpE JO JOqUINN

eyl e e Nablalebddbdlablehls

selAq z|(X=) Jequinu yiBus) SSaIppE |, B0IASQ

Z S0IASP JO BupOayd 0} JIUS ‘Pasn Jou St | 80IASP UBUM

Lalanie L b o

30IA3p
S8jAq z| Jxau jo (g abed) ssaippe Buiuuibag

DULIS JBJOBIBYD Ul 8)Yl} 8} pUB ‘UOISIAS] 1equuiny
|9POLL 8qUISS(] "UOHOUNS papUs)Xs 10 Pa|jeIsul SI JBALD
__Psjedipsp jou Jo Jaljjsym ULLUGD 0} pasn UORBLLIOJU] 8PIACI

" LIOHBLLLIOJLI
SO1Aq 9} uogeayuapl uogouny | mo_pwm St

QULIS JB1DRIBYI U JOPUSA JO JAINOBJNUBLI JO SWEBU PIOOBY |

LONOUN; PIEPUBJSUOU O} () 18S "9P0D UOBILIUSPI S0IASD PIBPUE]S
JO UO[JoUN} PAPUSIXS JO} JOALID 3JIASD PSZIDIEPUE]S 88

(saifq En.&:c USA® Jo SN Ul painbijuod plelj exew o} 1snipy)
~ 80IAap AQ papoddns suoIouUny PapUaIXs JO JOqUINN

0 8Bed Ui papiooas yibuaj ejep aAloay 3

LIOJJBULIOJUL
$ajAq g1 Liojedyjuap| JaInjoenuBLY |, 80IASQ

WPt I Trivhptebivt

S8JAq p| 8peD UOHBILIUBP] LOJIUN) | B0IABQ
8IAT | | aledq

s

1ewnio)  ebey buiuysp uoisinay

31Aq | (N=) Suofjouny papuaixa jo JaquinN _
SOAq g _ pbusjeEeg
S9JAQ 7 LOISIAR) 8IMONIS

0l O14



U.S. Patent Jul. 30, 2019 Sheet 10 of 32 US RE47,542 E

Start CMD48

ST
RS,0FS=Data port? Yes
(Data port read)

(Extension register read) |NO ST12 o ST14
o ' Get 512-byte data from specific
Get data of position OFS and function
length LEN from extension register
S8 8T
Se;f data of length of LEN 1o the Set 512-byte data {o the buffer
buffer

'

“End CMD48

FI1G. 11
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Function identification code

0: CMD48/49 not supported
1. CMD48/49 supported

0: CMD52/53 not supported
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MEMORY SYSTEM IN WHICH EXTENDED
FUNCTION CAN EASILY BE SET

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Reissue of U.S. Pat. No. 9,335,953,
issued May 10, 2016, which is a Continuation [application]
Application of U.S. Ser. No. 13/956,825 filed Aug. 1, 2013
(row U.S. Pat. No. 9,104,539 issued Aug. 11, 2015) which
is a Continuation [application] Application of PCT Appli-
cation No. PCT/IP2011/071776, filed Sep. 16, 2011 and

based upon and claiming the benefit of priority from prior
Japanese Patent Applications No. 2011-023217, filed Feb. 4,

2011; and No. 2011-110242, filed May 17, 2011, the entire
contents of all of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory system using, for example, a semiconductor non-
volatile memory.

BACKGROUND

Recently, 1t 1s desired that a memory card be not only a
mere memory device, but also be a memory device to which
various functions can be added in order to impart added
value to the memory card. Further, in order to make it
possible to use the additional functions on a plug-and-play
basis, a general-purpose 1nitialization means 1s desired.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically showing a
memory system applied to an embodiment.

FIG. 2 1s a block diagram showing an example of firm-
ware of the memory system shown in FIG. 1.

FIG. 3 1s a block diagram showing an example of a read
command ol an extension register.

FIG. 4 1s a timing chart showing a read operation of an
extension register to be carried out by a read command.

FIG. 5 1s a timing chart showing a read operation of a data
port to be carried out by a read command.

FIG. 6 1s a block diagram showing an example of a write
command of an extension register.

FIGS. 7A, 7B, and 7C are views each showing an
operation of a mask register.

FIG. 8 1s a timing chart showing a write operation of an
extension register to be carried out by a write command.

FIG. 9 1s a timing chart showing a write operation of a
data port to be carried out by a write command.

FIG. 10 1s a view showing an example of a general
information field to be set to a first page of an extension
register.

FI1G. 11 1s a flowchart showing an example of an operation
of a memory system conforming to a read command.

FIG. 12 1s a flowchart showing an example of an opera-
tion of a memory system conforming to a write command.
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FIG. 13 1s a flowchart showing an example of an opera-
tion of a host driver.

FIG. 14 1s a flowchart showing another example of an
operation of a host driver.

FIG. 15 1s a view schematically showing an access
operation of an extension register in the SDIO.

FIG. 16 1s a view showing an example of revision
management.

FIG. 17 1s a view showing an example of a read command
ol an extension register according to a second embodiment.

FIG. 18 1s a view showing an example of a write com-
mand of an extension register according to the second
embodiment.

FIG. 19 1s a timing chart showing a read operation of an
extension register to be carried out by a read command.

FIG. 20 1s a timing chart showing a read operation of a
data port to be carried out by a read command.

FIG. 21 1s a timing chart showing a write operation of an
extension register to be carried out by a write command.

FIG. 22 1s a timing chart showing a write operation of a
data port to be carried out by a write command.

FIG. 23 1s a view showing an example of a general
information field to be set at a first page of an extension
register.

FIG. 24 1s a flowchart showing an example of an opera-
tion of a memory system conforming to a read command
according to the second embodiment.

FIG. 25 1s a flowchart showing an example of an opera-
tion of a memory system conforming to a write command
according to the second embodiment.

FIG. 26 1s a view showing an example ol a multi-block
read command of an extension register according to the
second embodiment.

FIG. 27 1s a view showing an example of a multi-block
write command of an extension register according to the
second embodiment.

FIGS. 28A and 28B are views showing an example of a
display position of general information according to the
second embodiment.

FIG. 29 15 a view showing an example of a relationship
between the memory space and SDIO space according to the
second embodiment.

FIG. 30 1s a flowchart shown to explain simplification of
initialization of the SDIO according to the second embodi-
ment.

FIG. 31 1s a view schematically showing a relationship
between a memory device and functional interface of a host
according to the second embodiment.

FIG. 32 1s a schematic block diagram shown to explain
control of a bufler according to the second embodiment.

FIG. 33 1s a view showing an example of a function
identification code.

DETAILED DESCRIPTION

In general, according to one embodiment, a memory
system 1ncludes a nonvolatile semiconductor memory
device, a control section, a memory, an extended function
section, and an extension register. The control section con-
trols the non-volatile semiconductor memory device. The
memory 1s a work area connected to the control section. The
extended function section 1s controlled by the control sec-
tion. The extension register 1s provided on the memory, and
has a given block length which can define the extended
function of the extended function section. The control sec-
tion processes a first command to read data from the
extension register i units of given data lengths, and a
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second command to write data to the extension register in
units of given data lengths, extension register includes a first
area, and second area different from the first area, informa-
tion configured to specily a type of the extended function
and controllable driver, and address information indicating a
place to which the extended function 1s assigned, the place
being on the extension register, are recorded 1n the first area,
and the second area includes the extended function.

In a memory device such as an SD card, when the function
1S to be extended, a new standard 1s set, and the function 1s
extended in accordance with the standard. Accordingly,
without defining the standard, 1t has been dithcult to extend
the function.

For example, in a memory device such as an SD card and
host apparatus, an extension method of standard functions
has not been defined. Accordingly, 1t has not been possible
to make a function added to the memory device easily
usable, except 1n a particular host device. This has been an
obstacle to addition of new functions to the memory device.

Further, as a host controller 1s limited 1n 1ts functions,
there have been cases where functions added to the memory
device cannot be used. More specifically, 1n many cases, a
host controller for a memory does not support an interrupt or
1s not compatible with read/write of data smaller than 512
bytes. Particularly in the SDIO standard, although multi-
block transfer of a vanable-length block 1s defined, a
memory-dedicated host cannot carry out such data transier
in many cases. Accordingly, 1in a peripheral such as a digital
camera and PHS, when a function of an SDIO card having
a Tunction of an interface or a combo-card obtained by
incorporating an SDIO card 1nto an SD card 1s extended, 1t
has been necessary to install a function driver corresponding
to the extended function in the host system, and 1t has not
been possible to recogmize the function drniver without
changing the host driver.

Further, the host uses a card address (RCA), and device 1D
configured to specily a card/device. Although a function can
be specified by using these information 1tems 1n the case of
a single-function card/device, there 1s the problem that 1t 1s
not possible to specily one of functions of a multi-function
device by using only the card address. Accordingly, it has
not been possible to use a multi-function device unless the
soltware configured to manage the host system 1s changed so
that the software can be compatible with the multi-function
card/device.

Further, a controller in the memory generally accesses the
memory 1n units of 512 bytes. Accordingly, when part of
data of the 512-byte unit data 1s to be rewritten, a read-
modity-write operation has been required. That 1s, for
example, when 1 byte-data in the 512-byte data 1s to be
rewritten, an operation of reading the 512-byte data into a
butler, updating the 1-byte data on the bufler, and writing the
updated 512-byte data 1s required. Accordingly, the control
elliciency has been poor.

Further, 1n general, when a function of a card 1s to be
extended by using a register, a control register has been
assigned to a specific address. Accordingly, 1t has not been
possible for a card vendor to freely determine an address
position used for function extension. When the extended
function 1s to be standardized, 1t has been necessary to assign
a plurality of functions to register addresses 1 such a
manner that the functions are not assigned 1n a duplicated
manner, and there has been the problem that address spaces
become desultorily discontinuous depending on the sup-
ported state of the function. Further, when a vendor’s
original function 1s to be implemented too, there has been
the problem that the function cannot be freely added.
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Thus, this embodiment provides a function extension
means which enables function extension by using a virtual
extension register, and which i1s flexible by standardizing
information by which a corresponding function driver can be
found.

A schematic explanation of this embodiment is as follows.
(Function Extension Method)

When a host driver looks for a function driver configured
to control the additional function, and a corresponding
function driver 1s installed 1n the host, 1t becomes possible
to easily carry out function extension by adopting a mecha-
nism configured to transier control to the function driver.
Control peculiar to a function i1s hidden in the function
driver, and hence it becomes possible for the host driver to
implement an additional function by using only the mini-
mum 1information. For example, firmware includes an exten-
sion register of a plurality of pages managed by the firm-
ware, and provides a standard general information field
configured to recognize a specific driver i page 0 of the
extension register. Thereby, it becomes possible for the host
system to implement the plug-and-play function. Further, by
the management carried out by the host system so that each
of the functions can be pointed out in order to support the
multi-function card/device, 1t 1s made possible to use the
multi-function card/device without changing the host soft
ware.

(Compatibility of SD Memory or SDIO Host Controller)

In the SD memory host controller too, a dedicated com-
mand configured to access an extension register by which
control of an additional function can be ethciently carried
out 1s defined. By transfer of a fixed-length block of 512
bytes, 1t 1s possible to 1ssue the dedicated command from a
conventional SD memory host controller. Furthermore, by
having information about an eflective data length or a
masking function at the time of write as an argument of the
command, 1t becomes possible to make the read-modify-
write operation unnecessary.

In a host controller compatible with the SDIO card, by
making 1t possible to access the extension register from the
SDIO access command, 1t becomes possible to be compat-
ible with short-length-block transfer and multi-block trans-
fer, and hence 1t becomes possible to make a further opti-
mized driver.

By supporting a data port serving as a data transier port,
it becomes possible to realize implementation requiring a
smaller amount of the extension register space. Further, by
using a data port, it becomes possible to efliciently carry out
data transfer to a device other than the extension register. It
1s possible to support a burst transfer command by using a
plurality of blocks. Regarding the data port, 1t 1s possible to
define an arbitrary address of the extension register as a data
port when the function 1s implemented. The card deciphers
the address to determine whether the address 1s associated
with a data port or an extension register.

(Definition of Extension Register by Relocatable Address)

By making 1t possible for the card vendor to assign a
register configured to control an additional function to an
arbitrary position on the extension register, and by providing
address information about the implemented register from the
general information field, 1t 1s made possible to make the
register arrangement relocatable. Accordingly, address
arrangement conventionally requiring standardization 1is
made unnecessary, and it becomes easy to manufacture a
memory device. Relocation 1s enabled, and hence 1t 15 easily
possible, even when a register 1s extended, to cope with the
extension.
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Hereinafter, an embodiment will be described with refer-
ence to the drawings.

FIG. 1 schematically shows a memory system according
to this embodiment.

The memory system 1s constituted of a memory device 11
such as an SD card, and host 20.

When the memory device 11 1s connected to the host 20,
the memory device 11 receives power supply to operate, and
carries out processing corresponding to access from the host
20. The memory device 11 includes a controller 11a.

The controller 11a 1s constituted of, for example, a host
interface 12, CPU 13, read only memory (ROM) 14, random
access memory (RAM) 15, bufler 16, and memory interface
17. These are connected to each other by a bus. For example,
a NAND flash memory 18, and SDIO 19 serving as an
extended function section are connected to the memory
interface 17. As the extended function section, for example,
a wireless LAN device or the like can be adopted.

The host interface 12 carries out interface processing
between the controller 11a and host 20.

The memory interface 17 carries out interface processing,
between the controller 11a and NAND flash memory 18 or
the SDIO 19.

The CPU 13 1s a unit configured to manage operations of
the overall memory device 11. A program configured to
control the CPU 13 executes predetermined processing by
using firmware (control program and the like) stored in the
ROM 14 or by loading the firmware into the RAM 15. That
1s, the CPU 13 creates various tables and an extension
register, to be described later, on the RAM 18, receives a
write command, read command or erase command from the
host 20 to access an area on the NAND flash memory 18,
and controls data transfer processing through the builer 16.

The ROM 14 stores therein firmware such as a control
program to be used by the CPU 13. The RAM 15 15 used as
a work area of the CPU 13, and stores therein a control
program, various tables, and extension register to be
described later.

When data sent from the host 20 1s to be written to, for
example, the NAND flash memory 18, the bufler 16 tem-
porarily stores therein data of a given amount (for example,
data of one page) and, when data read from the NAND flash
memory 18 1s to be sent to the host 20, the bufler 16
temporarily stores therein data of a given amount. Further,
the bufler 16 can control the SD bus interface and back-end
asynchronously by carrying out the control through the
builer.

The NAND flash memory 18 i1s constituted of, for
example, memory cells of a stacked gate structure or
memory cells of a MONOS structure.

The SDIO 19 has a function of a peripheral such as a
digital camera and PHS, and function of an interface. By
adopting a wireless LAN device as the SDIO 19, 1t becomes
possible for even a digital camera having no wireless
communication function to carry out data communication by
wireless between itself and an external server, external PC,
and the like.

As the host 20, for example, a digital camera, PHS, and
the like can be adopted. The host 20 1s constituted of a host
controller 21, CPU 22, ROM 23, RAM 24 and, for example,
hard disk 25 (including an SSD). These are connected to
cach other by a bus.

The CPU 22 controls the overall host. The ROM 23 stores
therein firmware necessary for the operation of the CPU 22.
Although the RAM 24 1s used as, for example, a work area
of the CPU 22, a program which can be executed by the CPU
22 15 also loaded here to be executed. The hard disk 235 holds
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various data items. In the state where the memory device 11
1s connected to the host controller 21, the host controller 21
carries out interface processing between itsell and the
memory device 11. Furthermore, the host controller 21
1ssues various commands, to be described later, in accor-
dance with istructions from the CPU 22.

(Configuration of Firmware)

FIG. 2 shows an example of the functional configuration
of the firmware stored in the ROM 14 of the memory device
11. These functions are realized by the combination of the
hardware 1tems such as the CPU 13 and the like constituting
the controller 11a. The firmware 1s constituted of, for
example, a command processing section 14a, tlash memory
controller 14b, extension register processing section 14c,
and function processing program 14d. When the memory
device 11 1s activated, the extension register processing
section 14c¢ creates an extension register 31 1n the RAM 15.
The extension register 31 1s a virtual register, and 1s enabled
to define an extended function. In the embodiment, the
extension register 1s not limited to the virtual register. It 1s
possible to provide the extension register as hardware 1n the
CPU 13, for example.

(Configuration of Extension Register)

As shown 1n FIG. 2, the extension register 31 1s consti-
tuted of, for example, eight pages. One page 1s constituted
of 512 bytes. In order to access the 512-byte extension
register in units of one byte, addresses of at least 9 bits are
required and, 1n order to access the eight pages, addresses of
at least 3 bits are required. By the addresses of a total of 12
bits, all the spaces of the extension register are made
accessible. Although 512 bytes 1s an access unit which can
be supported by almost all hosts, the access unit 1s not
limited to 512 bytes, and may be made larger than 512 bytes.
When the extension register 31 1s constituted of an address
field of a long bit length, some lower bits are used as an
access unit, and remaiming upper bits are used to select one
of a plurality of pages.

The reason for making the 3512 bytes a unit 1s that the
configuration 1s made 1n such a manner that a large number
of memory card host controllers carry out read/write transier
by using one block (=512 bytes) as a unit. Although a host
controller compatible with the SDIO can carry out read/
write 1n units of one byte, not all the host controllers support
the above read/write. In order to enable the great majority of
the host controllers to control the extended function, it 1s
convenient 1f access can be carried out in units of 512 bytes.

Of the eight pages (page 0 to page 7), page 0 1s an area
configured to record a general information field 1n order to
carry out the plug-and-play operation of the extended func-
tion. Details of the general mformation field will be
described later. In pages 1 to 7, registers configured to
control the extended functions are defined. A position can
casily be specified 1n page 0, and hence page 0 1s a suitable
place to record the general information field, but the page in
which the general information field 1s to be recorded 1s not
necessarily limited to page 0, and a position 1 a specific
page can be defined as a place configured to describe the
general mnformation field.

For read/write of the extension register, dedicated read/
write commands to be defined as follows are used. These
commands each have a first operation mode 1 which
read/write of the extension register 1s carried out, and second
operation mode 1n which a data port 1s configured.

(Read Command (CMD 48) of Extension Register)

FIG. 3 shows an example of the field configuration of a
read command (CMD 48) of the extension register. “S”
indicates a start bit of the command, ““I1” 1s a bit indicating
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the transfer direction, and “index” indicates the command
number. “RS” (register select) indicates a page in the exten-
sion register 31, and “OFS” indicates a position (oflset from
a head of the page) of data in the selected page. By using
“RS” of 3 bits, and “OFS” of 9 bits, a space corresponding
to the 8 pages of the 512-byte extension register can be
specified 1n units of one byte. More specifically, a read start
position 1n the selected extension register 1s designated by
“RS” and “OFS”.

“LEN” indicates the data length. An eflective data length
necessary for read in the 512-byte extension register 1s
designated by the 9-bit LEN field.

“CRC7” indicates a cyclic redundancy check code, and
“E” indicates an end bit of the command. Further, “rsv”
indicates a spare bit.

(Read Command of Extension Register, First Operation
Mode)

FIG. 4 shows an example of a read operation of an
extension register to be carried out in the first operation
mode.

As shown 1n FIG. 4, upon receipt of a command (CMD
48) from the host 20, the memory device 11 returns a
response (R1) to the host 20 and, thereafter reads a 512-byte
data block from the extension register 31.

More specifically, by the arguments of the command
(CMD 48), 1.e., by “RS” and “OFS”, a page 1n the extension
register, and position of data to be read in the page are
designated, and data length 1s designated by “LEN”. In the
manner described above, the data in the designated exten-
s1on register 1s set to the head of the 512-byte data block, and
1s read. Among data i1tems 1n the 3512-byte data block, data
items having data lengths exceeding a data length specified
by “LEN” become inetlective data items. A CRC code 1s
added to the last part of the data block to make 1t possible
to check whether or not the data has been properly recerved
(checking of data i1s carried out by including ineffective
data). Effective data items are arranged from the head, and
hence 1t 1s not necessary for the host 20 to carry out an
operation such as data shift or the like 1n order to look for
cllective data.

(Read Command of Extension Register, Second Operation
Mode)

FIG. 5 shows an example of an operation of data port read
to be carried out 1n the second operation mode.

Upon receipt of the command (CMD 48), the memory
device 11 returns a response (R1) and, thereafter returns the
512-byte data block.

By arguments “RS” and “OFS” of the command, a
position 1 a selected page of the extension register i1s
designated. In FIG. 5, a data port example of a case where
the length 1s “1” 1s shown. That 1s, it 1s suflicient 11 the data
port occupies only an address of one byte on the extension
register map. Further, it 1s suflicient 1f 1t 1s possible to
distinguish whether or not an address i1s a data port by
decoding of the address, and 1t 1s not necessary for the data
to be actually transmitted through the 1-byte width port, and
hence the data transmission performance 1s not adversely
aflected. It 1s possible to read data of one block (512-byte
unit) from the device assigned to this data port. That 1s, 1t 1s
possible to read data of one block (512-byte unit) at one
time. The read data 1s held 1n, for example, the bufler 16, and
1s then read by the host 20.

When the same data port 1s subsequently read, the sub-
sequent 512-byte data can be read. The place from which
data to be read from the data port 1s taken can be freely
defined by the specification of the extended function.
Regarding data port control, the control can be carried out by
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defining a control register on, for example, the extension
register. A CRC code 1s added to the last part of the 512-byte
data block to make it possible to check whether or not the
data has been properly received.

(Write Command (CMD 49) of Extension Register)

FIG. 6 shows an example of a write command of the
extension register. In the write command (CMD 49), parts
identical to the read command (CMD 48) are denoted by
identical reference symbols. The write command and read
command are distinguished from each other by “index”. By
using “RS” of 3 bits, and “OFS” of 9 bits, a page 1n the
extension register, and position of data 1n the selected page
are designated. A length of data to be written to the 512-byte
extension register 1s designated by a “LEN” field of 9 bats.
Accordingly, it 1s possible to write data of an arbitrary data
length (byte umit) within 512 bytes to an arbitrary page and
place of the extension register.

The write command (CMD 49) 1s provided with a mask
register in the argument of the command. That 1s, “Mask”™
indicates an 8-bit length mask register. By the mask register,
it becomes possible to carry out an operation 1n units of one
bit 1n data write of one byte, and write data to only a specific
bit. Accordingly, 1n a bit operation within one byte, 1t 1s not
necessary to carry out the read-modify-write operation.

When the data length 1s one byte, 1.e., 1n the case of
“LEN=0" (length 1), the mask register becomes ellective.
Regarding a bit of the mask register “Mask™ having data of
“1”, data 1s written to the bit, and regarding a bit of the mask
register “Mask’ having data of “0”, the value already set 1s
retained.

That 1s, when an extension register holding data shown 1n
FIG. 7A 1s assumed, if data of the mask register 1s as shown
in FIG. 7B, by executing a write command, data 1s written
to a bit of the mask register having data of “1” as shown in
FIG. 7C, and 1n a bit having data of “0”, the original data 1s
retained. Accordingly, it becomes possible to rewrite only
the desired bits without carrying out the read-modify-write
operation. The parts each indicated by “x” show the bits to
which new data 1s written.

Further, when longer mask data can be supplied by a
separate means, even in the case of LEN larger than 1
(LEN>1), although mask write 1s enabled, in the example
shown 1n FIGS. 7A, 7B, and 7C, mask data 1s assigned to the
command arguments, and hence the 8-bit mask 1s used.
(Write Command of Extension Register, First Operation
Mode)

FIG. 8 shows an example of a write operation of the
extension register to be carried out in the first operation
mode.

Upon receipt of the command (CMD 49), the memory
device 11 returns a response (R1) and, thereafter receives a
512-byte data block.

The memory device 11 returns a CRC code indicating,
whether or not the data block has properly been received to
the host 20. Thereafter, the memory device 11 returns
information indicating the busy state until the processing of
the command 1s completed, and notifies the host 20 of the
timing at which the host 20 can 1ssue the next command. The
data block 1s held in the bufler 16.

In the command processing, a page and position in the
extension register are designated by the arguments “RS” and
“OFS” of the command, and data length 1s designated by
“LEN”. Among the data blocks held in the bufler 16, data
items each having a length designated by “LEN" are written
to the extension register from the head thereof. Data in the
data blocks having a length exceeding the data length
designated by “LEN" 1s discarded as mneflective data.
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By arranging eflective data items from the head of the
data block, 1t becomes unnecessary for the host system to
carry out an operation of arranging the eflective data items

in the middle of the data block.
(Write Command of Extension Register, Second Operation

Mode)

FIG. 9 shows an example of an operation of a write data
port to be carried out in the second operation mode.

Upon receipt of the command (CMD 49), the memory
device 11 returns a response (R1) and, thereafter receives a
512-byte data block.

The memory device 11 returns a CRC code indicating
whether or not the data block has properly been received to
the host 20. Thereafter, the memory device 11 returns
information indicating the busy state until the processing of
the command 1s completed, and notifies the host 20 of the
timing at which the host 20 can 1ssue the next command. The

data block 1s held in the bufter 16.

In the command processing, a page and position 1n the
extension register are designated, and a data port 1s desig-
nated by the arguments “RS” and “OFS” of the command.
It 1s suflicient 11 the data port occupies only an address of one
byte on the extension register map. It 1s possible to write data
of one block (512-byte unit) held 1n the bufler 16 to a certain
device assigned to this data port. That 1s, 1t 1s possible to
write data of one block at one time.

When the same data port 1s subsequently written, the
subsequent 512-byte data can be written to the device to
which the data 1s assigned. The place to which the data of the
data port 1s delivered can be freely defined by the specifi-
cation of the extended function. Regarding data port control,
the control can be carried out by defining a control register
on, for example, the extension register.

(Usage Example of General Information Field)

FI1G. 10 shows an example of the general information field
shown 1n page 0 of the extension register 31. By making it
possible for the host 20 to specily a driver configured to
control the extended function by using the general informa-
tion field, 1t 1s possible for the host system, when an
extended function 1s added, to easily use the extended
function, and realize plug-and-play.

A sequence example to be processed by a standard host
driver will be described below with reference to FIG. 10.
(Structure Revision)

A structure revision 1s a revision configured to define the
format of page 0 of the extension register 31. When new
information 1s added to the general information field, which
version of the general information field 1s held 1s indicated
by updating the structure revision. The function host driver
of the previous version ignores the new field.

(Data Length)

As a data length, the effective data length recorded in page
0 1s shown.

(Number of Extended Functions (=N))

The number of extended functions indicates the number
of extended functions supported by the device. At the time
of start-up, the host driver repetitively checks whether or not
drivers for extended functions are installed the number of
times corresponding to the number of supported functions.
(Device 1 Function Identification Code)

When a code 1s set to the device 1 function identification
code, 1t 1s 1indicated that the standard driver can be used.
When the OS supports the standard driver, the device can be
used without installing a dedicated driver. When a dedicated
driver 1s 1nstalled, the dedicated driver 1s preferentially used.
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In the case of a nonstandard function, “0” 1s set to this field.
In this case, this function 1s controlled by only a dedicated
driver.

(Device 1 Manutacturer Identification Information, Device 1
Function Identification Information)

Each of the device 1 manufacturer identification informa-
tion, and device 1 function identification information 1s
information configured to specity a dedicated driver and, 1n
these fields, a name of the manufacturer, and name of the
distributor or 1dentification information of the extended
function are described by using, for example, an ASCII
character string. On the basis of these information 1tems, the
host driver checks whether or not a dedicated driver of the
device 1 1s nstalled.

As the function 1dentification information, a model num-
ber of the device, revision, and the like are described by
using, for example, an ASCII character string.

(Beginning Address of Next Device)

The beginning address of the next device indicates an
address 1n page 0 in which device information of the next
device 1s described. When the host system does not support
this device, this device cannot be used, and hence the next
device 1s checked. The fields after this are of a variable
length, and hence defimition 1s set to this position.

(Device 1 Address Pointers 1 to X, Length Fields 1 to X)

The device 1 address pointers 1 to X, and length fields 1
to X 1ndicate that a plurality of extension register areas can
be defined for one function. The addresses and lengths are
enumerated below. The length field may not necessarily be
required mnformation and this field can be omatted.
(Device 1 Address Pointer 1 (Start Address), Length 1)

The first area of the extension register used by the device
1, beginning address in the space of pages 1 to 7 of the
extension register, and size of the used extension register
area are indicated.

That 1s, one or a plurality of extension register areas can
be assigned to one device, and the address pointer indicates
a place (start address) of an arbitrary extension area other
than page 0. The length indicates a size for occupying the
extension register having the pointer at the beginning
address.

(Device 1 Address Pointer 2 (Start Address), Length 2)

A position and area size ol the second area i1n the
extension register assigned to the device 1 are indicated.
Thereby, an application 1n which, for example, the standard
driver carries out control 1 only the first area, and a
dedicated driver 1s enabled to efliciently carry out control by
using the first area and second area 1s enabled.

(Device 1 Address Pointer X (Start Address), Length X)

A position and area size of the Xth area assigned to the
device 1 are indicated.

As described above, a plurality of areas can be defined 1n
the extension register. The areas are arranged in such a
manner that they do not overlap each other. It 1s possible to
check whether or not there 1s overlap between the areas by
using the length mformation.

When an additional field becomes necessary, the addi-
tional field 1s additionally defined after this. A host which
cannot recognize a new lield reads the recognizable fields,
and 1gnores the additional field. A skip can be carried out by

using the above-mentioned (beginning address of the next
device) field.

(Operation of Read Command (CMD 48))

FIG. 11 shows an operation of the controller 11a 1n the
memory device 11 compatible with the read command

(CMD 48).
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When the read command 1s received, the arguments “RS™
and “OFS” of the command are analyzed by the CPU 13, and
it 1s determined whether or not the read command 1s read
from the data port (ST11). That 1s, a page “RS” in the
extension register, and position of data in the page are
determined. As a result, when it 1s determined that the read
command 1s read from the extension register, data having a
data length “LEN"" 1s acquired from a position indicated by
“OFS” 1 the selected page of the extension register 31
(ST12). The acquired data 1s set to the buifer 16 (ST13).

On the other hand, when it 1s determined 1n step ST11 that
the read command 1s read from the data port, data of 512
bytes 1s acquired, in the second operation mode, from a
specific function of, for example, the SDIO 19 through a
data port of a position indicated by “OFS” of the selected
page of the extension register 31 (ST14). The acquired data
1s set to the bufler 16 (ST15).

(Operation of Write Command (CMD 49))

FIG. 12 shows an operation of the controller in the
memory device 11 compatible with the write command
(CMD 49).

When the write command 1s recerved, the arguments “RS™
and “OFS” of the command are analyzed by the CPU 13
(command processing section 14a), and 1t 1s determined
whether or not the write command 1s write to a data port
(ST21). That 1s, a page “RS” in the extension register, and
position of data in the page are determined. When 1t 1s
determined, as a result, that the write command 1s write to
a part other than the data port, it 1s determined whether or not
the argument “LEN” of the command 1s 0 (“LEN”=0)
(length 1), 1.¢., whether or not the mask 1s effective (ST22).
When 1t 1s determined, as a result of the determination, that
“LEN” 1s not O (length 1s greater than 1), write processing
of the extension register i1s carried out by the extension
register processing section 14c. That 1s, data of a length
designated by “LEN” 1s acquired from the bufler 16 (S123).
The acquired data 1s set to a position designated by “OFS”
in the page of the extension register selected by “RS”.

On the other hand, when 1t 1s determined 1n step ST22 that
“LEN” 1s 0 (“LEN=0") (length 1s 1), and the mask 1s
cllective, data of 1 byte, and a mask of 1 byte are acquired
from the bufler 16 by the extension register processing
section 14¢ (ST25). By using the 1-byte data, and 1-byte
mask, a mask operation shown 1n FIGS. 7A, 7B, and 7C 1s
executed, and part of the data of the position designated by
“OFS” 1n the page of the extension register selected by “RS”
1s rewritten (ST26).

Further, when 1t 1s determined in step ST21 that the write
command 1s write to the data port, data of 512 bytes is
acquired from the bufler 16 (ST27). The acquired data is
transierred to a specific function of, for example, the SDIO
19 through a data port of the position indicated by “OFS” 1n
the selected page of the extension register 31 (ST28).
(Host Driver Processing)

FIG. 13 shows processing of the host 20. When the
memory device 11 1s connected to the host 20, the memory
device 11 1s activated, and extension register 31 1s spread on
the RAM 15 of the memory device 11. The host device 11
first 1ssues a read command (CMD 48) by using the host
driver, and acquires data of page 0 of the extension register
31 (ST31). Then, the structure revision of the acquired page
0 1s confirmed, and it 1s further confirmed which version of
the general mformation field 1s held (8132). After this, the
number of supported functions N, and beginning address of
the device information are acquired (ST33, ST34).

Subsequently, 1t 1s checked, by a search, whether or not a
dedicated function driver corresponding to the acquired
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extended function 1s installed in the host 20 (ST35, ST36).
When there 1s no dedicated function driver as a result of the
checking, 1t 1s further determined whether or not the function
identification code described 1n page 0 of the extension
register 1s “0” (ST37). As a result, when the function
identification code 1s “0”, the extended function 1s not
supported, and hence 1t 1s recognized that this device cannot
be used, whereby the processing 1s shifted to a search for a
driver for the next device (58134).

Further, as a result of the determination of step ST37,
when the function identification code is not “0”’, the standard
function driver installed 1n the host 20 1s searched for (ST38,
ST39). As a result, when there 1s no standard tunction driver,
this extended function 1s not supported, and hence it 1s
recognized that the device cannot be used, whereby the
processing 1s shifted to a search for a driver for the next
device (ST34).

Further, as a result of the search of steps ST35, and ST36,
when there 1s a standard function driver, and as a result of
the search of steps ST35, and ST36, when there 1s a
dedicated function driver, an address of the device, and
length number described in page 0 are acquired (ST1T40). This
operation 1s executed the number of times corresponding to
the number of the addresses and lengths (8T41).

After this, the retrieved dedicated function driver or the
standard function driver 1s loaded from, for example, the
hard disk 25 of the host 20 into the RAM 24, an address
pointer (start address) of one or a plurality of extension areas
described 1n page 0 1s delivered to the function driver, and
an extended function 1s mitialized (8142). The address and
length information 1s delivered when the function driver
loaded 1nto the RAM 24 1s executed. Although there 1s the
possibility of the standard function driver, and dedicated
function driver differing from each other in the number of
deliverable address and length information 1tems, the infor-
mation 1tems are delivered by the number of the deliverable
items 1n the order registered in page 0. Accordingly, the
firstly registered address and length area serves as a common
function register, and address and length area registered later
can fill a role of an option.

Initialization 1s carried out by the function driver. That 1s,
on the basis of the start address delivered from the host
driver, the function drniver accesses the extension register to
which the function 1s assigned to initialize the device. In the
initialization operation, 1t 1s necessary to consider the power
consumption of the device. This 1s because the device must
be used within the range of power which can be supplied by
the host. When the device has a plurality of power modes,
it 1s necessary to select a power mode lower than the device
power which can be supplied by the host. The host system
transmits the power which can be supplied by the host
system to the function driver by a separate means, whereby
selection of the power mode 1s enabled.

The operation of above steps ST34 to ST43 1s repeated
until the number of supported functions N 1s reached (ST43).

It should be noted that when, for example, a new field 1s
added to page 0, processing of the new field 1s added to a part
between step ST40 and step ST41. A host driver which
cannot recognize the new field 1s configured to skip the field.

As described above, the host 20 acquires the information
of page 0 of the extension register 31 and, on the basis of the
information, retrieves the driver, whereby plug-and-play can
be realized. Further, unlike 1n the conventional case, the
device vendor can define a function at an arbitrary position
in the extension register without the need for determining
the fixing position of the extension register, and hence
function extension can easily be implemented.
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FIG. 14 shows a modification example of FIG. 13, parts
identical to FIG. 13 are denoted by identical reference

symbols, and only different parts will be described below.

In FIG. 14, the dedicated function driver, and standard
function driver are different from each other in the search
processing. That 1s, 1n step ST34, after the beginming address
of the device information 1s acquired, first, 1t 1s determined
whether or not the function identification code 1s “0” (ST51).
As a result of the determination, when the function identi-
fication code 1s not “0”, 1.e., when the function i1s the
standard function, 1t 1s further determined whether or not a
dedicated driver 1s to be used (ST53). As a result of the
determination, when the dedicated driver 1s not used, a
standard function driver 1s searched for (ST34, ST55). When

there 1s no standard function driver as a result of the search

or when 1t 1s determined 1n step ST53 that the dedicated
function driver 1s used, the dedicated function driver is

searched for (ST352, ST56). When there 1s the dedicated

function driver as a result of the search or when there 1s the
standard function driver in step STSS, the address and length
number 1s acquired as described previously (ST40).

By the above operation too, it i1s possible to realize
plug-and-play as in the case of FIG. 13.

It should be noted that 1n the above description, 1t has been
described that the extended function driver 1s 1nstalled 1n the
host 20, and searches the inside of the host 20. However, the
configuration 1s not limited to this, and the extended function
driver may also be stored 1in the memory card 11. In this case,
the memory card 11 1s also made the search object of the
extended function driver.

FI1G. 33 shows information for specitying function drivers
when a card has options and the function drivers differ
according to the options. As shown i FIG. 33, a function
identification code indicates two kinds of information, an
option code and a function code. The function code indicates
a standardized specific functional specification, and the kind
of option 1s also defined by the functional specification. The
option code 1s information which indicates whether an
option 1mplemented 1n the card afiects the function driver.
This example shows the information on whether CMD48/49
are supported and the information on whether CMD52/53
are supported. When the option code 1s 1 byte, the dniver
using CMD48/49 1s denoted by “O1h™ (*h” indicates a
hexadecimal number), and the driver using CMID52/53 1s
denoted by “02h”. When 1nstalling the function driver in a
host system, these codes are registered as a functional driver

implementing code. The host system with which two drivers
are installed has the both option codes “O1h™ and “02h”.

In a card designed 1n order to use CMD48/49, “01h” 1s
indicated 1n the option code. The host system selects a driver
tor CMD48/49 based on the option code. Moreover, In a
card designed 1n order to use CMD52/53, “02h” 1s indicated
in the option code. The host system selects a driver for
CMDS52/53 based on the option code.

It 1s important that the host driver does not need to have
the information about the options, and a general-purpose
host driver can be made. The information about the options
1s given to the host system when a function driver is
installed. Since a host driver does not need for the informa-
tion about the options, the host driver does not need to
update a host driver when a new card 1s installed. The
function specification can decide contents of the options
freely, and by installing two or more function drivers cor-
responding to the combination of the options in the host
system, the optimal function driver can be selected accord-
ing to the support state of the card.
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(Access to Extension Register in SDIO)
FIG. 15 shows access to the extension register in the

SDIO.

A host controller compatible with the SD memory card
can access the extension register by using commands CMD

48 and CMD 49, and control the extended ftunction. That 1s,

the host controller supports the fixed-length block transier
and single-block transier.
On the other hand, a host controller compatible with the

SDIO card 1s enabled to access the extension register by
using the commands CMD 48 and CMD 49, and the

extension register 1s mapped onto each function area of the
SDIO, whereby i1t becomes possible for the host controller to
access the extension register also from the SDIO commands

CMD 52 (write command), and CMD 53 (data transfer

command). By using the SDIO commands, 1t 1s possible to
support the variable block length transfer, and multi-block

transier, and optimize the driver. When access 1s made by
using the commands CMD 48 and CMD 49, 1t 1s possible to

access the extension register without regard to the spatial
mapping of the SDIO.

More specifically, when the extension register 1s used 1n
the SDIO, each page of the extension register 1s mapped
onto each function area. In the case of the example shown
in FIG. 15, page 0 of the extension register 1s mapped onto
the Tunction 0 of the function area 61, page 1 and page 2 are
mapped onto the function 1, and page 3 1s mapped onto the
function 2. The function 0 holds address information 1ndi-
cating positions on the SDIO map at which function regis-
ters of the pages are arranged. Accordingly, by using the
address information, 1t 1s possible to access each page of the
extension register by means of not only the driver using the
commands CMD 48 and CMD 49, but also the driver using
the commands CMD 52 and CMD 53.

It should be noted that the host 20 delivers position
information about the extension register assigned to the
extended function to the driver from the general information
field described 1n the first page of the extension register.
Thereby, 1t becomes possible to control the extended tunc-
tion even when the extended function i1s arranged at an
arbitrary position.

Further, 1n the state where data transfer i1s enabled
between the host 20 and memory device 11 by the plug-
and-play, 1t becomes possible to carry out data transfer

between the host 20 and SDIO serving as an extended
function section by using the commands CMD 48, CMD 49,

CMD 52, and CMD 53.

According to the above embodiment, the extension reg-
ister including a plurality of pages 1s provided in the RAM
15 of the memory device 11, and the standard general
information field configured to recognize a specific driver 1s
set 1n page 0 of the extension register 31. Accordingly, the
host 20 sets a driver by referring to the general information
field 1n page 0 of the extension register 31, whereby plug-
and-play can be realized.

Further, by defining the commands CMD 48 and CMD 49
exclusively used to access the extension register, the host
controller for the memory can also efliciently control the
added function.

Moreover, the data transfer 1s made transter of the 512-
byte fixed block length, and hence the dedicated command
configured to access the extension register can be 1ssued
from the conventional host controller for the memory.

Furthermore, information about the effective data length
or a masking function at the time of write 1s set as an
argument of the command, and hence when part of the data
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1s to be rewritten, the read-modity-write operation 1s not
necessary, and part of the data can easily be rewritten.

Further, the host controller compatible with the SDIO
card supports the data port, and hence 1t becomes possible to
carry out data transfer to a certain specific device, and
realize implementation that enables reduction in the amount
of the extension register space consumed.

Further, by using the data port, 1t 1s possible to support a
burst transfer command based on a plurality of blocks 1n the
SDIO, and efliciently carry out data transfer of a device other
than the memory. (Although not described in this embodi-
ment, in the memory too, when a burst transier command
based on a plurality of blocks 1s defined, transier of a
plurality of blocks 1s enabled.)

Furthermore, 1t becomes possible for the host controller
compatible with the SDIO card to be compatible with
short-length-block transfer, and multi-block transier by
accessing the extension register by using an access com-
mand of the SDIO. Accordingly, 1t becomes possible to
create a further optimized driver.

Further, it 1s made possible for the card vendor to assign
a register configured to control an additional function to an
arbitrary position on the extension register, and thus the card
vendor provides address information about the implemented
register from the general information field in page 0.
Accordingly, it 1s possible to arrange the defined function
registers 1n a relocatable manner. Accordingly, the work of
determining address assignment conventionally requiring
standardization 1s made unnecessary, and it 1s possible to
tacilitate manufacture of the device.

It should be noted that the configuration of the extension
register 1s not limited to a plurality of pages, and it 1s also
possible to make the extension register constituted of one
page, and set areas corresponding to page 0, and pages 1 to
7 within the one page.

(Determination of Usable Functions by Revision Confirma-
tion)

Each of the functions described above 1s provided with a
register configured to indicate revision on the extension
register set defined by the function. Further, the function
driver knows the corresponding revision by itself. When a
certain function 1s to be extended by revision improvement,
it 1s possible to maintain the compatibility by extending the
function while maintaiming compatibility with the conven-
tional function. When a removable card 1s used, usable
functions are determined by the combination of the function
revision of the card, and revision of the function driver
installed 1n the host system.

FIG. 16 shows an example of revision management. FIG.
16 shows examples of the function available 1n accordance
with the revision of each of the card and function driver. For
example, the case where there are three revisions (A<B<C)
will be described. In this case, extension 1n which C includes
the function of B, and B includes the function of A 1s carried
out. Revision management 1s carried out by the function
driver. The function driver itself knows 1ts own revision.
Available functions are determined on the basis of the
combinations shown in FIG. 16. In all the function driver
revisions, the function of the revision A can be used and, in
order to use the function of the revision B, 1t 1s necessary for
the function driver revision to be higher than or equal to B.
(Second Embodiment)

FIG. 17 and FIG. 18 each show an example of the field
configuration of a read command CMD 48, and write
command CMD 49 according to a second embodiment. It

should be noted that in FIG. 17, and FIG. 18, parts identical
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to FIG. 3, and FIG. 6 are denoted by identical reference
symbols, and a description of them 1s omitted.

The commands CMD 48 and CMD 49 shown 1n FIG. 17
and FI1G. 18 are the commands CMD 48 and CMD 49 shown
in FIG. 3 and FIG. 6 in each of which the address field
constituted of 12 bits of “RS” and “OFS” 1s extended to 20
bits constituted of “FNO” and “Addr” to thereby consider
the athnity/compatibility to/with the SDIO.

The “MIO” field 1s a b1t separating the memory space and
SDIO space from each other, thereby enabling both the
spaces to define an extension register independently of each
other. Accordingly, when the extension register 1s defined, 1t

1s possible to prevent both the spaces from interfering with
cach other. When “MIO” 1s 0 (“MIO”=0), the extension

register for the memory can be accessed and, when “MIO”
1s 1 (“MIO”=1), extension register for the SDIO can be
accessed.

The “FNO/FID” field 1s set to one of “FNO” and “FID”
according to the value of the “MIO” field. When “MIO” 1s
1 (*MIO”=1), “FNO” 1s a 3-bit field indicating a function
number and, when “MIO” 1s 0 (“MIO”=0), “FID” 1s a 4-bit
field indicating function identification mnformation. Due to
the different bit numbers, different symbols are used for
expression. When the aforementioned general information
field 1s to be read, “FNO/FID” 1s set to 0 (“FNO/FID”=0).
It 1s sutlicient 1f the host driver sets this field to 0. Although
“FID” 1s not used 1n the memory space, “FNO” 1s used 1in the

SDIO space to distinguish the eight function spaces.
That 1s, regarding “FNO/FID” (4 bits), when “MIO” 1s 1

(“MIO”=1), the bits 38 to 36 indicate “FNO”, and bit 35 1s
always made “0”.

Further, regarding “FNO/FID”, when “MIO” 1s O
(“MIO”=0), the bits 38 to 36 indicate “FID”. “FID” 15 used
to distinguish the functions without increasing the memory
space.

(The Memory Space May be Increased by Using “FID”,
this being not Limited.)

When a function 1s to be implemented 1n a card, a unique
value 1s assigned to “FID/FNO”, and 1s indicated 1n the field
definition of general information as will be described later.
Accordingly, when a command 1s 1ssued to the data port, the
function driver sets “FID/FNO” as an argument, whereby 1t
1s possible for the card to confirm that the command 1s a
command corresponding to the designated function. Accord-
ingly, 1t 1s possible to prevent data corruption and malfunc-
tion due to designation of a wrong data port, and erroneous
write from occurring, thereby assuring safety.

Although when the host attempts to specily a function
from address information, the host must decode the address
information, function distinction i1s enabled by using only
“FID/FNO”, and control of the host driver can be simplified.
That 1s, the same command i1s used by a plurality of
functions 1n a mixing manner, and hence in the host and
card, “FID/FNO” 1s set so that the functions can be distin-
guished.

The “Addr” field (17 bits) 1s an address, and can access a
space of 128 KB. The upper 8 bits of “Addr” are used as a
page number. One of pages 0 to 7 1s selected by the 8 bits.
A 312-byte block in the selected page 1s accessed by the
lower 9 bits. That 1s, by using “MIO”, “FNO” (*MIO”=1),

and “Addr”, a position of the extension register 1s desig-
nated.

The “Len” field (8 bits) shown in FIG. 17 indicates an
cllective data length.

Further, in the write command (CMD 49) shown 1n FIG.
18, “MW” 15 a bit used to designate the mask write mode.
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When “MW” 1s 0 (“MW”=0), the mask 1s disabled and,
when “MW” 1s 1 (*MW”=1), the mask 1s enabled.

Further, 1n the “Len/Mask” field, when the mask 1s
disabled (*“MW”=0), the data length 1s set to 9 bits (16 to
08). Further, when the mask 1s enabled (“MW”=1), the data
length 1s set to 1, and the write operation 1s controlled as
described above by the lower 8 bits of the 9 bits (16 to 08).
That 1s, when each bit 1n the 8 bits 1s *“17, data of the register
1s written and, when each bit 1s “0”, the bit 1n the register 1s
not changed, and the value set already 1s maintained.

In the second embodiment, 1t 1s possible to make the space
which can be accessed by the SDIO commands CMD 52 and

CMD 53, and SDIO space which can be accessed by the
commands CMD 48 and CMD 49 coincide with each other.
That 1s, 1t becomes possible to access the same extension
register set by using either commands.

(Read Command of Extension Register, First Operation
Mode)

FIG. 19 shows an example of a read operation of the
extension register to be carried out 1n a first operation mode
of a read command (CMD 48) of the extension register.

As shown 1n FIG. 19, upon receipt of a command (CMD
48) from the host 20, the memory device 11 returns a
response (R1) to the host 20 and, thereafter reads a 512-byte
data block from the extension register 31.

More specifically, a position of data in the page to be read
1s designated by “FNO” (MIO=1) and “Addr”, and effective
data length to be read 1s designated by “Len”. In this way,
the data in the designated extension register 1s set to the head
of the 512-byte data block, and 1s then read. Of the 512-byte
data block, data exceeding the data length designated by
“Len” becomes ineflective data. A CRC code 1s added to the
end of the data block, thereby making it possible to check
whether or not the data has been properly received (checking
of data 1s carried out by including 1nefiective data).

FIG. 20 shows an example of a read operation of a data
port to be carried out 1n the second operation mode.

Upon receipt of the command (CMD 48), the memory
device 11 returns a response (R1) and, thereatfter returns the
512-byte data block.

The memory device 11 verifies whether or not the argu-
ment “FID/FNO” of the command coincides with the
assigned extension register set. The extension register set 1s
specified by “FNO” (“MIO”=1) and “Addr”. When “FID/
FNO” and the extension register set coincide with each
other, a position 1n the selected page of the extension register
1s designated by the argument “Addr” of the command. It 1s
suflicient if the data port occupies only an address of one
byte on the extension register map. It 1s suflicient 1f 1t 1s
distinguished whether or not an address 1s a data port by
decoding of the address, and 1t 1s not necessary for the data
to be actually transmaitted through the 1-byte width port, and
hence the data transmission performance 1s not adversely
aflected. It 1s possible to read data of one block (512-byte
unit) from the device assigned to this data port. That 1s, 1t 1s
possible to read data of one block (512-byte unit) at one
time. The read data 1s held 1n, for example, the buller 16, and
1s then read by the host 20.

When the same data port 1s subsequently read, the sub-
sequent 512-byte data can be read. The place from which
data to be read from the data port 1s taken can be freely
defined by the specification of the extended function.
Regarding data port control, the control can be carried out by
defining a control register on, for example, the extension
register. A CRC code 1s added to the last part of the 512-byte
data block to make it possible to check whether or not the
data has been properly received.
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Further, as a result of the above verification, when “FID/
FNO” 1s not coincident with the value assigned to the
function, the data transfer operation 1s not executed, and the
data block 1s not transferred.

(Write Command of Extension Register, First Operation
Mode)

FIG. 21 shows an example of a write command of the
extension register.

Upon receipt of the command (CMD 49), the memory
device 11 returns a response (R1) and, thereafter receives a
512-byte data block.

The memory device 11 returns a CRC code indicating,
whether or not the data block has properly been received to
the host 20. Thereafter, the memory device 11 returns
information indicating the busy state until the processing of
the command 1s completed, and notifies the host 20 of the
timing at which the host 20 can 1ssue the next command. The
data block 1s held in the bufler 16.

In the write command (CMD 49), parts 1dentical to the
read command (CMD 48) are denoted by 1dentical reference
symbols. The write command, and read command are dis-
tinguished from each other by “Index”. A page in the
extension register, and a position of data 1n the selected page
are designated by “FNO” (*MIO”=1), and “Addr” of 17 bats.
Furthermore, a data length to be written to the 512-byte
extension register 1s designated by the 9-bit “Len” field.
Accordingly, it 1s possible to write data having an arbitrary
data length (byte unit) within 512 bytes to an arbitrary page
and position 1n the extension register.

As described above, 1n the write command (CMD 49), a
mask register 1s provided in the argument of the command.
That 1s, “Mask”™ 1indicates an 8-bit length mask register. By
the mask register, it becomes possible to carry out an
operation 1n units of one bit 1n data write of one byte, and
write data to only a specific bit. Accordingly, in a bit
operation within one byte, it 1s not necessary to carry out the
read-modify-write operation. When the data length 1s one
byte, 1.e., when the upper 1 bit of “Mask™ 1s “1”, the mask
register becomes eflective.

(Write Command of Extension Register, Second Operation
Mode)

FIG. 22 shows an example of an operation of a write data
port to be carried out in the second operation mode. Upon
receipt of the command (CMD 49), the memory device 11
returns a response (R1). Thereaiter, the memory device 11
verifies whether or not the argument “FID/FNO” of the
command coincides with the extension register set. The
extension register set 1s specified by “FNO” (*MIO”=1) and
“Addr”. When “FID/FNO” and the extension register set
coincide with each other, a position 1n the selected page of
the extension register 1s designated by the argument “Addr”
of the command, and the 512-byte data block 1s received.

Subsequently, the memory device 11 returns a CRC code
indicating whether or not the data block has properly been
received to the host. Thereafter, the memory device 11
returns information indicating the busy state until the pro-
cessing of the command 1s completed, and notifies the host
20 of the timing at which the host 20 can 1ssue the next
command. The data block 1s held in the butler 16.

In the command processing, a page and position in the
extension register are designated, and a data port 1s desig-
nated by the argument “Addr” of the command. It 1s
suflicient if the data port occupies only an address of one
byte on the extension register map. It 1s possible to write data
of one block (512-byte unit) held 1n the bufler 16 to a certain
device assigned to this data port. That 1s, 1t 1s possible to
write data of one block at one time.
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When the same data port 1s subsequently written, the
subsequent 512-byte data can be written to the device to
which the data 1s assigned. The place to which the data of the
data port 1s delivered can be freely defined by the specifi-
cation of the extended function. Regarding data port control,
the control can be carried out by defining a control register
on, for example, the extension register.

Further, as a result of the above verification, when “FIDY/
FNO” 1s not coincident with the value assigned to the
function, the data transier operation 1s not executed, and the

data block 1s discarded.

(Usage Example of General Information Field)
FIG. 23 1s a view showing an example associated with
designation of FID according to the second embodiment.

The meaning of the general information field 1s 1dentical to

FIG. 10. The point different from FIG. 10 1s that a 4-bat field
1s secured 1n order to set the value of “FID/FNO” 1n the
format of the extension address, and length field. Unique
“FID/FNO” 1s set for each function. Fach function imple-
mented 1n the card knows 1ts own “FID/FNO”.

(Operation of Read Command (CMD 48))

FIG. 24 shows an operation of a controller 11a 1n the
memory device 11 corresponding to the read command
(CMD 48) shown i FIG. 19 and FIG. 20.

When the read command 1s received, 1t 1s verified by the
CPU 13 whether or not the argument “FID/FNO” of the
command coincides with the assigned extension register set
(ST51). The extension register set 1s specified by “FNO”
(“MIO”=1) and “Addr”. As a result of the verification, when
both of them coincide with each other, the argument “Addr”
of the command 1s analyzed, and it 1s determined whether or
not the read command 1s read from the data port (8152).
That 1s, i1t 1s determined whether or not the address 1s an
address defined by “FNO” (*MIO”=1) and “Addr” as the
data port.

As a result, when it 1s determined that the address 1s not
the address of the data port, and the command 1s read of the
extension register, data of the data length “Len” 1s acquired
from the selected page of the extension register 31 on the

basis of the position “Addr” in the first operation mode
(ST353). The acquired data of the data length “Len™ 1s set to
the S12-byte data block of the bufler 16 (ST54).

On the other hand, when 1t 1s determined 1n step ST52 that
the read command 1s read from the data port, data of 512
bytes 1s acquired from, for example, a specific function of
the SDIO 19 through a data port of a position set in advance
in the selected page of the extension register 1n the second
operation mode (ST535). The acquired data 1s set to the
512-byte data block of the bufler 16 (5156).

As a result of the determination of step ST31 described
above, when the command 1s not a command associated with
the data port, the processing i1s terminated.

(Operation of Write Command (CMD 49))

FIG. 25 shows an operation of a controller in the memory
device 11 corresponding to the write command (CMD 49).

When the write command 1s received, it 1s verified by the
CPU 13 (command processing section 14a) whether or not
the argument “FID/FNO” of the command coincides with
the asmgned extension register set (ST61). The extension
register set 1s specified by “FNO” (“MIO”=1) and “Addr”.
As a result of the verification, when both of them coincide
with each other, the argument “Addr” of the command 1s
analyzed, and 1t 1s determined whether or not the write
command 1s write to the data port (8162). That 1s, 1t 1s
determined whether or not the position 1s a position of the

data port set in advance by “FNO” (“MI0O”=1) and “Addr”.
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As a result of the above determination, when it 1s deter-
mined that the write command 1s write to a part other than
the data port, 1t 1s determined whether or not the argument

“MW?” of the command 1s “17, 1.e., whether or not the write
1s mask write (ST63).
As a result of the determination, when 1t 1s determined

that the write 1s not mask write, write processing of the
extension register 1s carried out by the extension register
processing section 14¢. That 1s, data of a length designated
by “Len” 1s acquired from the data block of the bufler 16
(ST64). The acquired data 1s set to a designated position 1n

the selected page of the extension register on the basis of

“Addr” (ST6S).

On the other hand, when it 1s determined 1n step ST63 that
“MW?” 15 “17 (*"MW”=*1"), and the write 1s mask write,
1-byte data 1s acquired from the data block of the bufler 16
by the extension register processing section 14c, and 1-byte
mask 1s acquired from the argument (5166).

Subsequently, a mask operation shown 1 FIGS. 7A, 7B,
and 7C 1s executed by using the 1-byte data, and 1-byte
mask, and data obtained when the mask operation of the 1
byte 1s executed 1s set to a predetermined position 1n a
predetermined page of the extension register designated by
“Addr” (ST67).

Further, when 1t 1s determined 1n step ST62 that the write
command 1s write to the data port, 512-byte data 1s acquired
from the data block of the bufler 16 (ST68). The acquired
data 1s sent to, for example, a specific function of the SDIO
19 through a data port of a position in a designated page of
the extension register (5169).

As a result of the determination of step ST61 described
above, when the write command 1s not a command associ-

ated with the data port, the processing 1s terminated.
(CMD 58, CMD 59)

FIG. 26 and FIG. 27 each show a multi-block transfer
command configured to improve transier efliciency of data,
FIG. 26 shows multi-block read (CMD 38), and FIG. 27
shows multi-block write (CMD 59).

Although the arguments of the commands CMD 358 and
CMD 39 are similar to those of the commands CMD 48 and
CMD 49, they partly differ from each other in the definition.
Further, the command CMD 58 has no argument “Len” of
the command CMD 48, and command CMD 59 has no
arguments “MW” and “Len/Mask™ of the command CMD
49. This 1s because transier to a data port 1s assumed 1n the
multi-block transfer. The commands CMD 58 and CMD 39
are optional commands, and a data port 1s configured in such
a manner that a plurality of single-block transfer commands

CMD 48 or CMD 49 can be substituted for the command
CMD 358 or CMD 59.

Data transfer through a data port 1s assumed in the
multi-block transier. Accordingly, this command becomes
cllective only when an address of this command coincides
with an address defined as a data port i the extension
register space. Accordingly, when this command 1s executed
with respect to a normal extension register, an error occurs,
and data transfer 1s not executed.

A code configured to recognize a function for which an
issued command 1s used 1s set to the “FID/FNO” field (4
bits). Accordingly, by using the “FID” field, the function can
be recognized by means of the value, and implementation 1s
facilitated. The function can also be recognized by using the
“Addr” (address) field. However, an address to be assigned
differs depending on the card, and hence there 1s the problem
that 1t 1s diflicult for the host driver to manage recognition
of a function from an address.
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It 1s possible for the host driver to use a data bufler or the
like 1implemented in the host system for each function for
switching control.

The arguments of the command CMD 58/59 do not
include the “Len” field configured to designate the data
length. This 1s because for data transfer of long data, 1t 1s
necessary to designate a long block count, and this infor-
mation 1s too much for the argument of the read/write
command to designate. Accordingly, 1t 1s necessary to des-
ignate the block count necessary for data transfer before
issuing the command CMD 58/59. Accordingly, {for
example, a method of defining a register configured to set a
block count to the extension register, and setting the register
by using the command CMD 49, a method of issuing a

command configured to set a block count immediately
betore the command CMD 38/359 1s 1ssued or the like 1s used.

When setting the number of blocks to the extension
register, “FID/FNO” of CMD 49 which sets it up, and
“FID/FNO” of CMD 58/59 which executes data transfer
need to be 1n coincidence. The data transier 1s not performed
when both of these are not 1n coincidence.

When data 1s set to the extension register, the data can
independently be set for each function, and each function 1s
not affected by other functions. When a common block
count command 1s used, setting of a block count to the
memory multi-block command, and distinction thereof are
required. Accordingly, 1t 1s necessary to 1ssue the command
immediately before 1ssuing each command CMD 58/59, and
it 15 necessary for the host driver to massage the i1ssuing
order 1n such a manner that other commands are not 1ssued
immediately after 1ssuance of the command.

In order that the host may specily a function of a multi-
tfunction card/device, a relative card address (RCA) obtained
by imitialization, device ID, aforementioned “MIO” 1nfor-
mation, and “FNO/FID” information are needed.

Each of FIGS. 28A and 28B shows example of a display
position of a general information field according to the
second embodiment. In the memory space shown i FIG.
28 A, the general information field 1s arranged in page 0 of
the extension register and, in the SDIO space shown 1n FIG.
28B, the general information field 1s arranged at a specific
position at which the field does not conflict with the con-
ventional register. In FIG. 28B, for example, the general
information for SDIO 1s arranged at “O08FFh”-“00800h™
(512 bytes) (“h” indicates a hexadecimal number).

FIG. 29 shows an example of the correspondence between
the memory space and SDIO space according to the second
embodiment. In FIG. 29, parts identical to FIG. 15 are
denoted by identical reference symbols.

The memory extension register can be accessed by using,
the command CMD 48/49. More specifically, single-block
transier 1s carried out by using a fixed-block length of 512
bytes. Furthermore, 1n the case of the data port, 1t 1s possible

to carry out multi-block transfer by using the command
CMD 58/59. The SDIO extension register can be accessed

not only by the command CMD 48/49 but also by the
command CMD 52/53. The command CMD 53 i1s a variable-
length command, and hence can be used for access to the
SDIO extension register irrespective of the data port.
(Installation of Function Driver)

Whether or not the SDIO function (CMD 52/53) can be
used 1s determined by the function supported by the host
system. A host that does not support the SDIO installs a
function driver using the commands CMD 48/49 and CMD
58/59. A host system that supports the SDIO can further
install a function driver using the command CMD 352/53.
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It should be noted that the command CMD 53 1s a
command which supports, for example, variable-length
block transter and multi-block transter, and can be read or
written, and command CMD 52 1s a command which has, for
example, no data, and enables read or write of 1-byte data by
argument and response.

The SDIO extension register space of the command CMD
48/49 1s equivalent to the space of the command CMD
52/53. The command CMD 53 supports Vanable-length
block transter and multi-block transfer, and hence by using
an optimized SDIO drniver, data transfer 1s executed more
ciliciently.

Like a host supporting the command CMD 48/49 refers to
the imformation without referring to the card information
structure (CIS), the general information of the SDIO can be
seen from a specific position of the function 0.

(Selection of Function Driver)

Regarding an SDIO-compatible card, when a function
driver using the command CMD 352/53 1s installed, the
function driver 1s used and, when the function driver 1s not
installed, a function driver using the commands CMD 48/49,
and CMD 58/59 1s used.

Regarding an SDIO-incompatible card, a function driver
using the commands CMD 48/49, and CMD 38/39 1s used.
(Intialization Operation of SDIO)

FIG. 30 schematically shows a second initialization
operation of the SDIO 1n a combo card.

Heretofore, the definition of the imitialization sequence (a
first imtialization operation) of the SDIO 1s given 1n such a
manner that the SDIO function 1s not enabled unless an
SDIO mmtialization command (CMD 5) 1s firstly executed.
Accordingly, even when a memory 1s used in the combo
card, re-initialization 1s required when the SDIO 1s to be
used, thereby making it hard for the host to use the speci-
fication.

Normally, 1t 1s desirable that an I/O function be mnitialized
immediately before the function 1s used 1n order not to waste
the system resources or not to waste the power. Regarding
the timing for initialization of the function, 1t 1s recommend-
able to carry out the 1nitialization at a point of time at which
the application using the function 1s activated.

Further, 1n the re-imtialization, changes in the relative
card address (RCA) are made, and hence the accessing
method of the memory 1s aflected. In order to enable the
SDIO function without aflecting memory control, 1t 1s
desirable that the memory 1nitialization sequence be made
the fundamental, and the SDIO function be made addable
later.

Thus, as shown 1n FIG. 30, when the memory device 11

1s activated and mnitialized (8171), a command (CMD 3) 1s
issued, and relative card address (RCA) 1s acquired (ST72).
After this, a command (CMD 7) 1s 1ssued (S173), and the
memory device 11 1s set to a transter state, 1.e., a state where
the memory can be used (ST74). Then, a common resource
of cards, such as a pass mode and a power consumption
setup, 1s set up (ST75). In this state, an 1nitialization com-
mand (CMD 3) of the SDIO 1s 1ssued (ST76). Thereby, the
SDIO 1s immitialized, and reception of the commands CMD 52
and CMD 53 1s enabled (ST77).

In step ST76, 1t 1s also possible to set up a common
resource ol the SDIO automatically. Conventionally, a
memory and I/O had the independent setting method in
order to control a common resource. For this reason, drivers
contained mm a memory and I/O needed to be adjusted
similarly. In the second 1nitialization operation, a card which
received CMDS3 copies the common resource of the memory
set up 1 ST73 to I/O. Therefore, it 1s not necessary to adjust
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cach dniver. The common resource contains a bus speed
mode, RCA, current limit/power Limit, and a setup of drive
capability, etc., for example.

This 1s an addition to the nitialization method, and
iitialization can also be carried out by the conventional
SDIO mitialization sequence, and the conventional sequence
has compatibility.

According to the above-mentioned configuration, the
function 1s mitialized at the timing at which the application
using the function 1s activated, and hence it 1s possible to
initialize each function without aflecting the memory con-
trol.

(Function Driver Interface)

Heretofore, the SDIO has been controlled by assigning
necessary control bits to the common register. In order for a
card to control by setting a value to a register, the card needs
to 1mplement a processing function. When carrying out
specific processing, by calling a functional driver, it
becomes possible to process by a function driver instead of
processing inside a card. More specifically, the process 1s
performed by a host.

When the control which has conventionally been carried
out by the card through the common register 1s defined as an
application program interface (API) of the function driver, 1t
1s possible to form the control mto software. By standard-
izing the API level, implementation of the card can be
tacilitated.

Examples of the API are shown below.

(1) Initialize Function

Calling a function from the host driver to initial the
function

(2) Abort/Reset Function

Abort or reset of a function

(3) Get Function Information

Read of function revision

Read of function information (support information or the
like)

Read of interrupt information (polling)

(4) Power Consumption Control

Power mode information implemented 1n the function

(5) Power Off Notification

Notifying the timing at which power shutdown 1s allowed

(6) Application Interface

Control interface with the application

Particularly, 1n a card in which a plurality of functions are
implemented, when the power of the card 1s turned off, 1t 1s
necessary for the host to turn ofl the power after each
function 1s brought 1nto a state where each function allows
power shutdown. Power Off Notification 1s an API used for
this control.

FIG. 31 schematically shows a relationship between an
SD card serving as the memory device 11, and function
interface of the host 20.

The host 20 1s constituted of a host controller 21, host
driver 71, file system 72, memory application 73, function
driver 74, and function application 75. Further, the SD card
serving as the memory device 11 includes an extension
register 31, and function hardware 19 constituted of, for
example, the SDIO.

In the host 20, the host driver 71 supports a function of
detecting and loading the function driver 74. That 1s, the host
driver 71 refers to the general information field of the
extension register to detect the function dniver 74, and
executes the function driver, whereby the host driver 71 can
use the extended function. Further, the function driver 74
configured to control the extension register 31, and function
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application 75 communicate with each other by means of an
API defined by the functional specification.

The SD card includes the atorementioned general infor-
mation field for the purpose of standardization so that the
extension register 31 defined by the functional specification,
and host driver 71 can find and load the function driver 74.

The host controller 21, and memory device 11 commu-
nicate with each other by using the aforementioned com-
mand CMD 48/49 or the like.

According to the configuration described above, by defin-
ing the control which has conventionally been carried out 1n
the card as the API of the function driver, 1t 1s possible to
form the control into software. Further, by standardizing the
API level, implementation of the card can be facilitated.

Further, the host driver 71 refers to the general informa-
tion field of the extension register to detect the function
driver 74, and execute the function driver, whereby the host
driver 71 can use the extended function. Accordingly, the
host 20 can easily use the extended function.

(Control of Data Bufler by “FID”)

It 1s possible for the memory device 11 to determine for
which function a command 1s intended by recogmizing
address information. However, the address range diflers
depending on the function, and hence it 1s diflicult for the
host 20 to recognize a function from the address.

Accordingly, as described above, it 1s possible for the host
20 to easily recognize the function by using “FID/FNO”.

Further, 1t 1s possible to control, for example, a plurality
of builers of the host 20 by using “FID/FNO”.

As shown 1n FIG. 32, the host 20 includes buffers 81 and
82 to be used when the host 20 carries out data transfer with
respect to a plurality of functions of an SD card serving as
the memory device 11, the buflers independently corre-
sponding to the functions. These buflers 81 and 82 are
connected to the host controller 21 through a multiplexer
(MUX) 83. The buflers 81 and 82 and the multiplexer 83 are
constituted by virtual components, and the builers 81 and 82
are configured on the system memory, and a function of the
multiplexer 83 1s realized by a soiftware by a drniver. An
address of bullers selected by the multiplexer 83 1s supplied
to the host controller. By controlling the multiplexer 83 by
means of “FID/FNQO”, 1t 1s possible to select a bufler 81 or
82 corresponding to each function.

That 1s, the host 20 can select a corresponding buffer 81
or 82 1n accordance with “FID/FNO” set to the command
CMD 58/59 by using the multiplexer 83.

When, for example, a read command CMD 38 has been
1ssued from the host controller 21, data read from an
extension register ol the corresponding function of the
memory device 11 is supplied to the multiplexer 83 through
the host controller 21. The multiplexer 83 supplies the
received data to one of the buflers 81 and 82 on the basis of
“FID/FNO”.

Further, when, for example, a write command CMD 59 1s
issued from the host controller 21, the multiplexer 83
supplies data selected from one of the buflers 81 and 82 to
the host controller 21 on the basis of “FID/FNO”, and host
controller 21 transters the data to the memory device 11. The
memory device 11 supplies the data to an extension register
of the corresponding function on the basis of “FID/FNO”.

As described above, “FID/FNO” 1s used to control the
multiplexer 83, whereby 1t 1s possible to surely select the
bufler 82 or 83 corresponding to each function.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
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embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A memory device comprising:

a nonvolatile semiconductor memory device; and

a control section configured to control the nonvolatile
semiconductor memory device and an extension regis-
ter space, the extension register space being capable of
defining an interface controlling [an] extended [func-
tion] functions through an extended function section,

wherein the extension register space stores information,
the information is configured to specify [a type] one of
the extended [function] functions and a controllable
driver, and to mnclude address information indicating a
place where [a] ar extension register for controlling the
one of the extended [function] functions is stored,

the control section 1s arranged to process a first command
to read data from the extension register space 1 accor-
dance with designations of the address information and
data length, and a second command to write data to the
extension register space in accordance with designa-
tions of the address information and data length.

2. The device according to claim 1, wherein

cach of the first and second commands comprises an
address field and a length field 1n an argument of either
of the first and second commands used to access data 1n
one page of the extension register space constituted of
a plurality of pages,

a value of a mode field in the argument of each of the first
and second commands selects a first operation mode,

the first operation mode of the first command corresponds
to a read operation of reading data including an eflec-
tive data indicated by the length field from a position of
the extension register indicated by the address field, and

the first operation mode of the second command corre-
sponds to a write operation of writing data including an

cllective data indicated by the length field to a position

f the extension register indicated by the address field.

3. The device according to claim 2, wherein

in the first operation mode of the first command, data
items placed a location in a designated page of the
extension register, a top of the data items location 1s
designated by the address field, are arranged to transfer
the data items from a head of a read data block, the
length field indicating an eflective data length from
head of read data block, and

in the first operation mode of the second command, data
items transierred from the head of a write data block are
written to a page of the extension register, the top of
write position 1n a designated page of the extemnsiorn
register 1s specified by the address field and data length
to be written 1s specified by the length filed.

4. The device according to claim 2, wherein

the argument of the second command includes a bit used
to select whether or not mask write 1s to be carried out,
when mask write 1s not carried out, the length field
indicates an effective write data length, and when mask
write 1s carried out, the length field becomes a fixed
value, the length field indicates mask information used
to select whether write 1s to be carried out in units of
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one bit or original data 1s to be held, and the mask
information and write data length are the same length

as the fixed value.
5. The device according to claim 2, further comprising a
function which 1s controlled by multiple methods using an
extension register set configured by multiple Jof] extension

registers, multiple of functions are controlled by singly
extension register set, wherein

function identification information in the extension reg-
ister space includes common information for all func-
tions and multiple of information to 1dentily a location
ol each extension register set 1n the extension register
space.

6. The device according to claim 2, further comprising a
third command used as a read command supporting fixed-
length block transfer and multi-block transter, and a fourth
command used as a write command supporting fixed-length
block transter and multi-block transfer, wherein

cach of the third and fourth commands includes an
address field as an argument thereof, data transter 1s
executed when the address field designates a data port
of the extension register, and data length transfer is
specified by a block count.

7. The device according to claim 2, further comprising:

a fifth command which enables read/write supporting
variable-length block transter, and multi-block transter;

a s1xth command which enables read/write of 1-byte data
by the argument and the response; and

a Tunction register set which can be accessed by the fifth
and sixth commands, wherein

the function register set which can be accessed by the fifth
and sixth commands can also be accessed by the first
and second commands.

8. The device according to claim 2, wherein

cach of the first and second commands comprises an
address field and a length field 1n the argument of the
first and second commands used to access data 1n one
page of the extension register space constituted of a
plurality of pages,

a value of the [a] mode field in the argument of each of
the first and second commands selects a second opera-
tion mode,

in the second operation mode of each the first and second
commands, a specific address indicated by the address
ficld 1s interpreted as a data port of the extemnsion
register,

the first command reads data from the extended function
section through the data port which 1s associated with
the one of the extended [function,] functions and

the second command writes data to the extended function
section through the data port which 1s associated with
the one of the extended [function] functions.

9. The device according to claim 1, wherein the informa-
tion which 1s placed 1n the extension register space mcludes
any one of [a] function identification codes configured to
recognize a standard extended function, manufacturer 1den-
tification information configured to recognize a manufac-
turer, and a function i1dentification information for identify-
ing classification for the standard extended Ifunction,
wherein the information 1s used as an information for
selecting a general-purpose driver or a dedicated driver.

10. A host system to use a memory device, the memory
device including a nonvolatile semiconductor memory
device, the host system 1s accessible to a memory space and
an extension register space of the nonvolatile semiconductor
memory device, and the host system can control an extended




US RE47,542 E

27

function section through extension register set which 1s
placed 1n the extension register space,

wherein an mformation register 1 the extension register

space 1ndicates information which 1s configured to
specify [a type of the] ore extended function included
to the extended function section and a controllable
driver, and address information indicating a place
where [a] an extension register for controlling the one
extended function 1s stored,

the control section 1s arranged to process a first command

to read data from the extension register space i accor-
dance with designations of the address information and
data length, and a second command to write data to the
extension register space in accordance with designa-
tions of the address information and data length,

the host system comprising a host driver and a system

memory,

wherein the host driver uses the first command to read a

function 1dentification code, a manufacturer 1dentifica-
tion information, and a function i1dentification informa-
tion from the information which 1s described in the
information register 1in the extension register space, and
specily a usable general-purpose function driver or a
dedicated function driver and, when a driver exists, the
host driver loads the driver into the system memory,
and execution of the function driver 1mtializes the one
extended function 1n the memory device.

11. The host system according to claim 10, wherein the
host driver delivers position information about the extension
register assigned to the ore of the extended [function]
functions to the loaded function driver from the information,
thereby making the one of the extended [function] functions
controllable even when the extension register 1s arranged at
an arbitrary position.

12. The host system according to claim 10, wherein

cach of the first and second commands comprises an

address field and a length field in an argument of either
of the first and second commands used to access data 1n
any one page of the extension register space constituted
of a plurality of pages.,

a first operation mode of the first command corresponds

to a read operation of reading data including an eflec-

tive data indicated by the length field from a position of

the extension register indicated by the address field, and
the first operation mode of the second command corre-

sponds to a write operation of writing data including an
cllective data indicated by the length field to a position

{ the extension register indicated by the address field.

13. The host system according to claim 12, further com-
prising a third command used as a read command supporting,
multi-block transfer, and a fourth command used as a write
command supporting multi-block transfer, wherein

cach of the third and fourth commands includes an

address field as an argument thereof, multi-block data
transier 1s executed when the address field designates a
data port of at least one byte register in a second
operation mode, 1n the second operation mode of each
the first, second, third and fourth commands, a specific
address indicated by the address field 1s interpreted as
a data port of the extension register.

14. The host system according to claim 13, wherein the
host driver accesses the extension register of the memory
device by the first and second commands or by the third and
fourth commands 1n the first operation mode, and carries out
data transfer between the host system and the extended
function section of the memory device 1n the second opera-
tion mode.
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15. The host system according to claim 10, wherein the
host driver recognizes [a certain] the one extended function
from a plurality of multi-function devices by the information
including function identification code, manufacturer 1denti-
fication information, and a function identification informa-
tion which are singly assigned to each function, and location
ol the extension register 1s determined by address field of the
information which is corresponded with the [specified] ore
extended function, and length of the extension register is
specified 1n the extemsion register ol the one extended
function.

16. A method for processing data by a processor which
controls a nonvolatile memory device and an extension
register space capable of defining an interface controlling
an extended function through an extended function circuit,
the method comprising

receiving a first command,

reading data from the extension register space in accor-

dance with designations of addvess information and
data length;

receiving a second command; and

writing data to the extension register space in accorvdance

with designations of the address information and data
length,

wherein the address information is included in informa-

tion stored in the extension register space.
17. The method accovding to claim 16, wherein the
information is configured to specify an extended function
and a controllable driver.
18. The method according to claim 16, wherein
each of the first and second commands comprises an
address field and a length field in an argument of either
of the first and second commands used to access data
in one page of the extension register space constituted
of a plurality of pages,
a value of a mode field in the argument of each of the first
and second commands selects a first operation mode,

the first operation mode of the first command corresponds
to a read operation of reading data including an
effective data indicated by the length field from a
position of an extension register indicated by the
address field, and

the first operation mode of the second command corre-

sponds to a write operation of writing data including
an effective data indicated by the length field to a
position of the extension register indicated by the
address field.

19. The method according to claim 18, wherein in the first
operation mode of the first command, data items placed a
location in a designated page of the extension rvegister are
arranged to transfer the data items from a head of a read
data block, a top of the data items location is designated by

the address field, and the length field indicated an effective
data length from head of read data block, and
in the first operation mode of the second command, data
items transferred from the head of a write data block
are written to a page of the extension register, and the
top of write position in a designated page of the
extension rvegister is specified by the addvess field and
data length to be written is specified by the length filed.
20. The method according to claim 18, wherein the
argument of the second command includes a bit used to
select whether or not mask write is to be carried out,
when the mask write is not carried out, the length field
indicates an effective write data length, and
when the mask write is carried out, the length field
becomes a fixed value, the length field indicates mask
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information used to select whether write is to be
carried out in units of one bit or original data is to be
held, and the mask information and write data length
are the same length as the fixed value.

21. The method accovding to claim 18, wherein a function
is preparved, which is controlled by multiple methods using
an extension register set configured by multiple extension
registers, multiple of functions are controlled by singly

extension register set,
wherein function identification information in the exten-
sion register space includes common information for
all functions and multiple of information to identify a
location of each extension vegister set in the extension
register space.

22. The method accovding to claim 18, wherein a third
command is further used as a rvead command supporting
fixed-length block transfer and multi-block transfer, and a
Jourth command is further used as a write command sup-
porting fixed-length block transfer and multi-block transfer,
wherein

each of the third and fourth commands includes an

address field as an argument thereof, data transfer is
executed when the address field designates a data port
of the extension register, and data length transfer is
specified by a block count.

23. The method accovding to claim 18, wherein

a fifth command is used to enable read/write supporting

variable-length block transfer, and multi-block trans-
fer;

a sixth command is used to enable read/write of I-byte

data by the argument and the response; and
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the first, second, fifth, and sixth commands are capable of
accessing to a function register set.

24. The method according to claim 18, wherein

each of the first and second commands comprises an
address field and a length field in the argument of the
first and second commands used to access data in one
page of the extension register space constituted of a
plurality of pages,

a value of the mode field in the argument of each of the
first and second commands selects a second operation
mode,

in the second operation mode of each the first and second
commands, a specific address indicated by the address
field is interpreted as a data port of the extension
register,

the first command reads data from the extended function
section through the data port which is associated with
the extended function, and

the second command writes data to the extended function
section through the data port which is associated with
the extended function.

25. The method according to claim 16, wherein the
information which is placed in the extension rvegister space
includes any one of function identification codes configured
to recognize a standard extended function, manufacturver
identification information configured to vecognize a manu-

Jacturer, and a function identification information for iden-

tifving classification for the standavd extended function,
wherein the information is used as an information for

30 selecting a general-purpose driver orv a dedicated driver.
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