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renmovabl e nmenory nodul es contai ning nenory devices
and, nore specifically, relate to interfaces to
r enoIEL THMEDIA €ARD ESTERFA GEEMETH O COMPUEER PROGRAM

one known as a Ml %@é‘?;&g( one known as
a Secure Digital ( ik EKGROUND:  I'n
renovabl e nenory nodul es, such as the MMC, busy
signaling is defined in relation to, for exanple,
datBC eIy, The busy signal is output fromthe
MMC to a host 15 device and is used to indicate, in

this case: "buffer ready for next data". An erase
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not flexible. 20 The current definition for the busy

si @AMIC) iand erecknomt afe Scimalligitel (SMENIMSystwin i s based

on the fact that the software |ayers of the host

device are typically inplenented in such a way that

daBACKSGROW@NBf erred in bl ocks, for exanple in | 6k
byte blocks. It is thus practical to use so-called
mul tiple block wite commands, as one bl ock of data
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the status of the buffers. However, as currently
s T gty ope BeatmRLlinsRIBHFHE Brosder i canserve Rinteopmy e usage of

| 3Bt bilyQEH0aN@ 0t flexible.

The current definition for the busy signal in the MMC Association (MMCA) System is
based on the fact that the software layers of the host device are typically implemented in
such a way that data is transferred in blocks, for example in 16k byte blocks. It is thus
practical to use so-called multiple block write commands, as one block of data transferred
over the MMC interface is only a fraction of the host device block size (typically the
MMC block is 512 bytes). As the meaning of the busy signal is currenily, for the data
transfer case, "buffer ready," the host may transfer multiple 512 byte blocks of data to the
MMC without polling the status of the buffers.

However, as currently specified a problem is encountered in that after the last block has
been transferred (e.g., the last 512 byte block of the total 16k byte block) the host must
begin polling a "programming ready" status signal, which becomes relevant at this point
since there are no new blocks to be transferred. Requiring the host to poll the program
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30 been transferred (e.g., the last 512 byte bl ock of
the total 16k byte bl ock) the host nust begin
polling a "programm ng ready" status signal, which
becomes relevant at this point since there are no

new bl ocks. to be _transferred Requiring the host to
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signal is an inefficient use of the host's processing

capacity. SUMVARY OF THE | NVENTI ON The foregoi ng and

ot her probl ens aré el THEINYEREIONdvant ages are

realized, in accordance with the exenplary

enbodi ments. In accordance with a first aspect of the
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the sigpal dipe 1Y aP Freand meapipgfiferea HEt @e3a@Eum and

conprised of program instructions for performng an
operation _of interfacing a first unit to a second
In pepardange ith 4 spepsdappeet rescakinyentipgyihgre jsipmevided a computer
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havbarfgst meaning and in response driving second information to the signal line from
the first unit; driving the signal line from the second unit to cause again the a change
of state; and interpreting at the first unit the change of state of the signal line occurring
after driving the second information to the signal line to have a second meaning

different from the first meaning.

In accordance with a third aspect of the present invention, there is provided apparatus to
interface a first unit to a second unit over a bus that comprises a signal line, comprising
a driver at the first unit coupled to the signal line and a receiver at said first unit coupled
to the signal line, the driver being operable to drive first information and then second
information from the first unit to the second unit over the signal line; the receiver being

operable fo receive a



of state; and interpreting at the first unit the
change of state of the signal line occurring after
driving the second information to the signal line to
have a second neaning different fromthe first
meani ng. In accordance with a third aspect of the
present invention, there is provided apparatus to
chaigeesf @ate of the kighaluilnd diienafreRaHE dedd;ﬁidturﬁtvlﬁfth aﬁ&uﬁzcelpt of the first

infe R 41 reBit ot e wsoREi ERghaD 3 P sofhad tinds controter a

the dest ivmirto aﬂteqﬁetd;hé ichageusf dtate @i pheesignaldirteh® tivgaalirst meaning afier
bei n

dfiV:lll?ggfrh i‘?rst 1 l?ﬂ élﬁd g% glg o g Q&lfcﬁp% ?gpgl%lin\éﬁ ? H{ Frﬂlél the first meaning
affer dsving se¢ontldnfonmatec froeh the\ ifirst omérto tmteseeomhaﬂm bvere;he s1gna1 line. In

exéxltillg%e;e nldiﬂ'ﬁéntg) %ﬁeﬂ%st 1?[3 £ Vé S raf%(r?%t % %Se esgcgo:]}l Hlt I{lay comprise a

m@n@ﬂfafder recei pt of the first information and

after receipt of the second information at the second

unit, and a controller at the first unit to
Injaseerdnastwith e fengh gepest of thetpsessnt irventiony there [is providsd apparatus to
1nfé?ﬁi@e & bt f@@@éd’éﬁd nft&ver 9"0u A cbi r1§clasl z?%lgnal line, comprising a

i nformati on and to have a second neani

driviepah the drst stttwﬁﬁlﬁﬁ it ghe signabhingjand/a rﬁgegféwrtbe first onit coupled to the
sigriaf Qi'rﬁatth@ ri‘e(féixﬁkm bdiRg fdpesdbled b treéé?vé ri:ﬁsts SAOMhSR! dnd then second

n line. I'n exanp nbodi nents, the
n%m%@%ﬁP tﬁﬁ odpmitseves throglsn%m&lee the didvs rhsmgn@nerable to drive a

chﬁﬁgé SIORE b ﬂle%lgﬂﬂ?[lﬁé 3 ®3kebont B GoeH Q@é?@@ce%ttoﬁfﬂﬁa first information
esent i nventi on,

h as t
AT B b etond SRR RERp: g L Comtraller e 5t amit to cause the
chaﬁgmasfdstma iof fl2\vignad line o hivata ﬁﬁﬂﬁfeaﬁﬁg afteSicgH fing lthd st information

I.sin driver It coupled.to the
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recel ving second
first unit may transfer the next data block; and for the »™ data block transferred from the first

unit to the second unit, controlling the status signal to be a programming busy/ready status

signal after the »™ data block to inform the first unit of a termination of internal

programming, if any, by the second unit.

In accordance with a sixth aspect of the present invention, there is provided a computer
program product contained in a computer-readable medium and comprised of program
instructions for performing an operation of communicating data from a first unit to a second
unit over a bus, the operations comprising initiating an n-block data transfer, where n>1; for a
first n-1 data blocks transferred from the first unit to the second unit, controlling a status
signal generated by the second unit to be a buffer busy/ready status signal after each of the »-
1



informati on fromthe second unit over the signa

line. In exanple enbodi nents, the first unit my
conprise a nmenory card and the second unit my
conprise a host. In accordance with a fifth aspect of
t he present invention there 'S provided a nmethod to

co nicat ta fron1a fj it to a second unit :
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busy/teadptstatisl Hgies aficatisf &t datd ‘tﬂwaknuotlhﬁmfn| thMt bf)a termination of
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in{5 AL PERBEIBNPE: Herielie SRt Wi be a buf f er
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data bl ocks, to i rmthe first uniit of when the
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catd\@niHsin@at s RhtOFHcctbRdbs I Pﬁﬁg’ 8% HokOMJubE ablu§ Blat éﬂihﬁnstesoa data signal
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first meaning after receiving second information from the host over the data signal line.

In example embodiments, there may be provided a method, a computer program product and
apparatus to communicate data from a first unit to a second unit over a bus. The method may
include initiating an n-block data transfer, where n>1; for a first n-/ data blocks transferred
from the first unit to the second unit, controlling a status signal generated by the second unit
to be a buffer busy/ready status signal after each of the n-7 data blocks to inform the first
unit of when the first unit may transfer the next data block; and after the »™ data block

transferred from the first unit to the second unit, sending a stop transmission command to the

4



the first unit to the second unit the second unit
controls a status signal to be a buffer busy/ready
status signal after each of the n-1 data bl ocks to
informthe first unit of when the first unit may
transfer the next data block; and for the nth data

bl ock transferred fromthe first wunit to the second
unit the second unit controls the status signal to be

r gﬂ{@ § -$ﬁp{ 'ggﬁl a .
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In accordance with an ei ghth aspect of the present
invention, there is provided a nenory card
conprising a ' \ i st
t hpgugh agbusgﬁ%fr%%%%rﬂﬁgy;@g @g?gespgﬁé&"e??ﬁe,
conprising a driver at the nenory card coupled to the
Tlttafore goirgnaid dthereaspacts af tieceiewglargtenibodimeraerof thic &fvention are made

coupl.ed to the data signal line, the receiver b%%g% )
meisesvadng 19 gher foklemiag Defailed Deseraption: when meashin peiuwsdien with  the

. ' i.ne; the driver being operable
at%gﬁgélr@%gq%ﬁéﬁgﬁégs’g&g%reinét ate of the data signal |ine
to the host; further conprising a controller coupled
to the driver and to the receiver and operable to
Figalideblogk diagingeskpwa gdirst enit eoupled te asiegend unitrever @ bus; and
have a first neaning after receiving the first
informati on and to have a second neani ng different
fromthe first nmeaning after receiving second
information fromthe host over the data signal |ine.
In exanpl e enbodi nents, there nmay be provided a
nmet hod, a conputer program product and apparatus to
communi cate data froma first unit to a second unit
over a bus. The nethod may include initiating an
n- bl ock data transfer, where n>1; for a first n-I
data bl ocks transferred fromthe first unit to the
second unit, controlling a status signal generated by
the second unit to be a buffer busy/ready status
signal after each of the n-1 data blocks to inform
the first wunit of when the first unit may transfer
the next data block; and after the nth data bl ock
transferred fromthe first unit to the second unit,
sending a stop transm ssion command to the 4 second
unit, and controlling the status signal to be a
progranmm ng busy/ready status signal to informthe
first unit of a termnation of internal progranm ng,
if any, by the second unit. BRI EF DESCRI PTI ON OF THE
DRAW NGS

da



The foregoi ng and ot her aspects of the exenplary
enbodi nents of this invention are nade nore evi dent
in the followi ng Detailed Description, when read in

wePhbddeidson wWith the attached Draw ng Fi gurgérganosion
wherein: Fig. 1 is block diagramshown a first un?t 527

coupled to a second unit over a bus; and 4a WO
2006/ 054136 PCT/ 1 B2005/ 003279 Fig. 2 is an exenplary
waveform diagramthat illustrates the operation of
t hi g-%§%?&%ﬂlmw¢fpﬂ£@amtﬁuw€maﬁm of this invention.
INVENTION 5 Fig. 1 shows a first unit, such as a host
1, connected to a second unit, such as a nmenory card
2 (e.g., a VWIPETAJLED DESCRIRTION ORAHREBSVENDIGY
ignal 4 associated with a data line 5. Al so shown
are a command (CVD) line 6 over which the host 1

| STURY ShOWNBES uhf), subls Okl JonBEd %o & 5R6Hd fuffk dch as a memory

line 7. In general, the bus 3 nmaybe conpati bl e w
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limted for use onl'y with MVC-conpati bl e cards,
| niRepkiete do evide e multiplerige erogmltimody Huey aignel #.ultashould be

tel Lal tal caner .a PC.. or _an
suia?]g!gﬁg gt%d’(}%\%‘feg%gpﬁg{h%g%n ac%m?g%éstlnggna? C%P heggustrued as
e ibeiny livdted 8 ustbalyheisi MM(-8ompaitieehrds) intdribd ki bases.
1gri ver 1A and a receiver 1B coupled to the data
ignal line 5 and control logic 1C coupled to the

dr iThe hodtA ARG bk RElIERE teYPhoteB oD %@ﬁ? E@J%!r& & PC, or any snitable

accordance with the 20 teachings o I'nvention.
Thécviesihet capacdorpmiodate e df the niemiryderd®. dhe hest 13fassumed to -

S S5 £8P SO 90 8 LI 024 S b St ogic
t héCroeopled é¢ tH2Birbieel 1 A whd Berre@iper aBl diopedBleah deddeBnce with the
.?,OWi ttegcigilnqgs gfetﬁg Iglgvrégtsloﬁ fI‘hte PO!GI?‘&OI’Y card 2 is assumed to include z driver 2A and a
receiver 2B coupled to the data signal line 5, and control logic 2C coupled to the driver

2A and the receiver 2B and further operable in accordance with the teachings of this

mvention,

25  The exemplary embodiments of this invention provide for changing the meaning of the
busy signal 4 during command execution. For the case of the MMC data transfer
operation this implies that for the first data blocks sent the busy signal 4 is used and
interpreted by the host 1 as defined currently (i.e., "buffer busy/ready™), but for the last
data block the busy signal 4 is interpreted as "programming busy/ready”. It should be

30 noted that during the data transfer there may be data programming ongoing within the
MMC 2. Thus, the "programming busy/ready” status signal is used to inform the host 1
when the internal programming of the memory card 2 is completed.



i nvention. 25 The exenpl ary enbodi nents of this
i nvention provide for changing the neaning of the
busy signal 4 during command execution. For the case

Wil 200816540¥C dat a transfer operation this inmbreselhddeszro
for the first data bl ocks sent the busy signal 42:03

used and interpreted by the host 1 as defined

currently (i.e., "buffer busy/ready"), but for the

laﬁ%’ dat a.pl ock the buysy signal 4 is interpreted as
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4 DS I sl ey o 6 oo B B Mg SR . transfer. Tn
PCEA#BAA M 136 328 elBodifvents SLthf in¥dABo@METRE faY fower software timers
enmbodi nents of this invention there is 'no need for
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i gnal - based .i nt.errupt.-dri.ven. gde of . operatjon for

167 e pRRETE ] i Bk imiplehestsion tohi i gepdg possible in an

t heffestRedianeat s ofthis invention inplies that fewer

software tinmers are required (such as those used to

time a polling operation), thereby sinplifying the
[ Qﬁl%%c ) EP@@ ' t f this
[ nvenﬁ% onﬁa SO dlerg;gﬁjles i"ﬂgﬁe%g"er or %‘@ﬁs@o@ﬁﬁg@m?@hﬂthm
canrebmorechin pwdthetehto hedésnal cpoatidnfthat\ses @nabled by the use of the
0 ti.bility are 10. made possible; and that parall el
1520%?@8?%%(@%% °Bn usage is nade possible in an
effective manner. Two exenpl arynodes of operation are

now described. It should be appreciated that there

ar & fimsteodanf epgrakien is rgwed taes amaliivloblodper it FarMMGatompatible

ar g el fd 5 enbodi nents of this

i nvention.. ?A |%1{sl{eseyr‘t§)%§ggsfatsc|%§éorvg\sfi onis referred to

as CMImf (SepBéock] bergthly i t e. For MMC-conpati bl e

20° p&f\f’ﬁﬁo&e%_%‘foc?{f%'%ﬁ ﬁ%?nq H]?Sn 1%1 orlmsétigr? tlIeoI\llﬂl\doéA% ‘can determine which

block of data is the last block; and
CMD24 (Write_Block); write multiple blocks of data.

This command sequence is then followed by sending the data blocks on the data line 5 to
25 the MMC 2. Between every data block there is busy signaling on the data line 5. The
meaning of busy in this case is "buffer busy/ready". As soon as the busy signal is
deasserted (goes high) the host I can send the next data block to the MMC 2. As was
noted above, during the data transfer there may be data programming ongoing within the
MMC 2. In accordance with an aspect of this invention after the MMC 2 receives the last
3¢ datablock it changes the meaning of the busy signal 4 to "programming busy/ready". This
means that the host 1 does not need to begin polling the programming status of the MMC

2, but can instead continue to wait for a busy interrupt in this phase of the access as well.



CWVD16 (Set Bl ock_Length); 20 CvD23 (Set_ Bl ock Count);
fromthis informati on the MMC 2 can determ ne which
bl ock of data is the |ast block; and CvD24
wobd/@aBBsock) ; write multiple blocks of datapciifigesees2re
command sequence is then followed by sending the data
bl ocks on the data line 5 to 25 the MMC 2. Between
ev éfopetten, dhdloocierenbe of thes bimysintaipnad intgrperfed be tiahest 1 as an
line 5. The nean Qf bu ,ln thls case is "buffer
bS5 Fisag) S AL O Le ni s
deassert ed (goes hi gh) the host I can send t he next
data block to the MMC 2. As was noted above, during
t heés ehgprd modn of @eraﬁwriemfﬂy@etoaataa operogadadmuliiple block write. For
2. accordance ith an
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of CMIR12 (Riep STraismissidn); fr&n\Mis 20060854 1R6 MMC 2 knows that the last

I 3279. However, the occurrence of the
1%%(5’ Eﬁ?g??‘?gfﬁﬁﬁegdxlﬁ?eﬁrg eted by the host 1 as an
occurrence of the "programm ng ready" status

i ndication. A second node of operation is referred to
as BﬁWﬁ'@g@N@%&éﬂj blegk thase és busyaikenaling eccuping o the data line 5. The

%g;g%;guggﬁ @%Fgg k-infg@ng Q%N%%useo%ﬁeasltﬁe Blsy signal is

( V\ﬂe&ssarﬂdﬂ Ithahmktel @heeld)the nﬁedaiahbc]ofo thiskOL Mgt data transfer

da&gﬁ%ége 1 and CVD12 §Stog raqﬁg&ﬁiggénw%%agg%%£|%naqwd

of oﬂlﬁsélnMﬁoﬁ bfi@ ABMBACS D r&Bives thBSloPeSAmMBNES M@%ﬂt aaga.m sets the

bl ock there is busy signaling occurring on the
| i Hesyssigoph dut frethig ¢age Bt meaning of thébusycanel # 4 4gairf fpeogramming

bug&@hgagy" As soon as the busy signal is

20 It can be noted that there are several possible timeslots during which the CMD12 can be
sent to the MMC 2, and that these can affect the meaning and interpretation of the busy

signal 4.

Fig. 2 is a waveform diagram that illustrates a mode of operation wherein the CMD23

25 (Set_Block Count} and CMD25 (Write_Multiple Block) are sent on the CMD signal
line 6, and shows the data line 5 conveying the first and last blocks of data, and the use of
the dual-mode Busy signal 4 that is driven by the card 2 to indicate one of "buffer
busy/ready” and "programming busy/ready".

30 As an alternative embodiment separate busy lines could be used for different types of
- status indications (¢.g. in this case for buffer status and programming status). However,

this approach would require more physical pins, and is not backwards compatible.



deasserted the host 1 can send the next datablock to

the MMC 2. During the data transfer 15 there maybe

data progranmm ng ongoing within the MMC 2. In
wochai@anee W th an aspect of this inventi onp@fis8hosons2ro

the MMC 2 receives the stop command (CVD12) it again

sets the busy signal, but in th| s case the neaning

of the busy signal 4 is again programTi ng

/rea 20 It can be noted that there are

pontragistiugtiondo prewiour pies forihs %E‘Pf’éﬁ InRecarfimee with gspects of
be MV ﬂy}q@, ﬁaI%@ “qﬁﬁl,
negﬁﬁﬁgegﬁgl%ﬁ?%rp gghlon of th e busy g ign r&%SEHQGGmMEnd

Fi ge-g-2thesnuitinle visfolmrite) mgroameemmnsﬁrredwmma mode
§ﬁ operation wherein the CvD23 25 (Set-Bl ock Count)
and CVD25 (Wite_Miltiple Block) are sent on the CVD

Si gyiawithinl e s€opedTtheShi@iBlak@nitidiberis HEthis iERAVBY fdtdhe host 1 to
the first and | ast blocks of data, and the use of

t heregzan theddMGRR tyselertfhamode ofipperation @Ethv@wmw:ﬂm For example,
ca 'é e On! L&l@i\ﬁd@%ﬂx&t deg%ﬁ‘lf ¢ 8e coﬁ?@ﬁﬁoﬁaﬂ tﬁ]@lgmy signaling,

ranmm ng busy/ready". an a ternatlve
e nbudnmse(hen lmpagraimeﬁﬂngjhel hiostd S0 oprdte wiid thesmatifnosde use of the busy
i ndi cati,ons .0,.0in Ih

hve A the power-

165 SEHEE (o ) D Byt P Ratan

Fb\t»ﬁﬁﬁ;ﬁe of dpetatio M@Bﬁﬂ&ﬂ%ﬁ%tﬁ@ﬂlﬁlﬁﬁo@ﬁs@ opmgh@ﬁskgnalmg, and
pins, and i's not backwards conpatible. 7

20tte7 bost {3mapdnn PrecH! Ge3MMC 2t @nploadh% cpeientionsl thysy/ready

pr uses for the busy signal 4, in accordance
% as%écts of this invention the neaning of the

busy signal 4 is changed within the same command

the Iti l e bIo k write) and between
155 &ﬂ%ﬁfe °§“—f}€? i iﬂw ippFOHop pEovidedhmemory card 2

th ﬁaa@&ﬁﬂiﬁ'iséé yb@]ﬁﬁﬁh&%ﬁ Soudli gtb it Ho&\aetﬂfdugﬂ ﬂfe%s ﬁ ﬂﬁt comprises
host rogramthe to select the

op &ealatm%? linerie Thebys @teg’ﬁ@l inglydes ﬂmdr@m r:@lpledeto the data signal
P O\ﬂﬁé ‘ier oﬁj%ﬂ&]ﬁm ftﬁ%&zl fif: 4. l}%? recmvertZIli’; é%operable

conven ona use usy sSignari ng,
be tqan'eogvaﬁnfeﬂlfdlmdhbﬂ filoosthe host ® cogahadas wighdl 1ibB 6. The driver 2A is
ZOrm operab goedryvsé% c%zmg %si%yes(Xs a transition of the busy signal 4) of the data signal
line 5 to the host 1. The memory card 2 further includes the control logic or controller 2C
that coﬁpled to the driver 2A and to the receiver 2B and that is operable to cause the
change of state of the data signal line 5 to have a first meaning (e.g., "buffer busy/ready™)
after receiving the first information and to have a second meaning (e.g., "programmming
25  busy/ready") afier receiving second information from the host 1 over the data signal line

5.

The bus 3 further includes the command signal line 6, and the controller 2C is responsive

to at least one command received through the command signal line 6 from the host 1 for

30 causing the change of state of the data signal line 5 to have the first meaning after

‘receiving the first information and to have the second meaning after receiving second
information from the host 1 over the data signal line 5.



10

si-gnal i ng(e.g., bufferbusy/readdyandpr ogranmm ngbusy/re
ady): Altemati vel y, t hepower- on node of operation
wihaobgodeski ned to be the nmulti-node use of thﬁ?ﬁ&ﬁﬂhﬂoszm
signaling, and the host 1 may then programt 3
to enploy the conventional busy/ready signaling. 15

In one aspect t hereof fhen the embodi nents of this

i nvention_provide the nenory card 2 _that conprises

bu%‘hﬁ“» rertrllst 8Croay bo E??PPWE’H@ RIAEAEYERS TeceiNed figm th#énost 1 for

?e%?ggg'lnc ¥ e?%? gﬁngﬂfﬁgibggﬁhﬁkggﬁﬂ%?%gﬂﬁuggﬁneoﬂhe

S i ﬁﬂ;ainea.ﬂungl eftdieteivigg the €iest wefornifion laﬁcbtod:mwﬂ:e d:ectcmdhi@mng after

dat a si i ne The ece ver 2B i.s r.ab
¢ ebgpiyEd %ec?rrﬁle§ hosLovRE e @Paowah f’ﬂ% or to have the

dafiast flefiiat aftdr Pe%eéangm&ﬁﬁf mﬁema% dnd s PRQE Bl ﬁ‘sttnﬂbamng after
drive a change of state (as a transition of the busy

si tpeeiving)thefecordbinfemation walﬂle hashboger e dafteesigiad ting 5.
- The nmenory card 2 further includes the control |ogic
or controller 2C that coupled to the driver 2A and

t OThéfordp@fRidesiipabh BusthréHedd Hysvaypesiiptary andxtunsieniiRg examples

Lh

change of_ state of the dat a SI naI I|n to have a

10 i # shullangh infgrpagivg . desorigiopept *31 ang maratus presently
I eCSdhRGked R fl:ler Eltveﬁt&fsof‘ gaaﬁ ﬁ:@ ﬁ@éﬁ%oﬂ %1%%9& various
nmeani ng (e.g.”, "progranm ng 2 usy/ ready") af
reuedﬁkmgmsembnhpwnbnﬂnmﬁb%wnwaummwmheﬁhssiﬂmdumbcnﬂéwnmmﬂun

dat I 5 _.The 3 furth |
co e 07 orstetig ARCrHRR, R doad PR PP e abompanying
I e gRGMSswed tHeQppdnde@amim®Hne conmmand recei ved through

the conmmand signal line 6 fromthe host 1 for 30
5causing t he change of state of the data signal line5
fAQ BifSobd %x ﬁlﬁé&%ﬁ% eﬂ%ﬁﬁn&n&cﬁb Yd W o mf:mﬁl'é?&r equivalent
ormation a ave the second neaning a

r es:tgnahnggprsteoﬂm dnd imefdotentgpésomay bo miterhgied bstthd»se csk:é]ed in the art.

PRGOS0 S CTH B IR P BRBF T2 Ry pmcanings duriga ingl

I egR8 BShafer dothoiindy A8 Ak cAgmple Cehatehadsfopting thfeeE bldcks the busy
for, determ ning the neaning of the change of state

200f sigpal 4repmid Bavgrfafisst mranise alienihy s datadrledkds tipylenred, a second
Meai0g, ﬁiefr fe sEEnE i 'Bﬂ)ckfs%afnhfeﬁéd, b DRl Qin SRy 10 third data

have the second neaning a
block is transferred. Purther in this regard, the busy signal can be used to indicate a

plurality of different states during execution of a multi-phase command. For example,
assume the use of a multi-phase erase command where address(es) to be erased are sent

25 ofthe command line, and where the busy signal 4 indicates after the first address(es) are
received that further address(es) can be sent, and after the last address(es) to be erased are
sent the busy signal 4 indicates the erase status.

However, all such and similar modifications of the teachings of this invention will still
30 fall within the scope of the embodiments of this invention.

Furthermore, some of the features of the exemplary embodiments of this invention may



5 receiving the second information fromthe host over
the data signal line, or to have the first neaning
after receiving the first information and to al so

wWoR6s/iskBef | rst meaning after receiving the g @ﬁﬁﬁ
|nfo(na??on fromthe host 1 over the data signa ﬁwmmuﬂ;
5. The foregoing description has provided by way of
exbamksal Jo advinags withtud the GoR¥PORdiIRS use Bf athbfdatudRd As such, the
informative description of the best nmethod and
ap S‘EF%&IE& Hon |s§ou1% Satcenpiaedas pierely dlystrodye of the principles,

: _
ot Cat] ongﬂié@%%a%‘?ﬂ? Phefon SRR im0t

those skilled in the relevant arts in view of the
foregoi ng description, when read in conjunction with
t he acconpanyi ng draw ngs and the appended cl ai ns.
15 As but sonme exanples of alternative enbodi nments,
the use of other simlar or equivalent signaling
protocol s and nodul e types may be attenpted by those
skilled in the art. Further, the busy signal 4 can
be made to assunme nore than two meani ngs during a
single data transfer command. As an exanpl e, when
transferring three data bl ocks the busy 20 signal 4
could have a first neaning after the first data bl ock
is transferred, a second neaning after the second
data block is transferred, and a third neaning after
the third data block is transferred. Further in this
regard, the busy signal can be used to indicate a
plurality of different states during execution of a
mul ti - phase conmand. For exanple, assune the use of
a multi-phase erase command where address(es) to be
erased are sent 25 of the command |ine, and where the
busy signal 4 indicates after the first address(es)
are received that further address(es) can be sent,
and after the |ast address(es) to be erased are sent
the busy signal 4 indicates the erase status.

However, all such and simlar nodifications of the
teachings of this invention will still 30 fall

wi thin the scope of the enbodi nents of this

i nvention. Furthernore, sone of the features of the
exenpl ary enbodi nents of this invention may 9

10



WD 2006/ 054136 PCT/1B2005/ 003279 be used to advant age
W t hout the correspondi ng use of other features. As
such, the foregoing description should be considered
as nmerely illustrative of the principles, teachings
and enbodi nents of this invention, and not in
[imtation thereof. 10 CLAIMS Wat is clainmed is: 1.
A nmethod to interface a first unit to a second unit
over a bus that conprises a signal line, conprising:
driving first informationciapusthe first unit to the
second unit over the signal line; driving the signa
VW*%%8Q$W%ﬁ$the second unit to cause a change of state
interpreting the change of state of the signal |ine
at the first unit to_have a first nmeaning and in
1.4 g@ﬁ'@ﬁ S igrfage Adirg e 2isaand Ritiover & bystthat coingrisss a signal line,
comprdBgf rom the first unit; driving the signal line
fromthe second unit to cause again the change of
state; and interpreting at the first unit the change
: : [ eV ' fter.driving
e A o R 6 RS ot M it
second neaning different fromthe first neaning. 2.

mh@g%%gpg&ﬁygggggﬁgy%%é@ﬁ%ﬁéﬁ%%%%%bﬂggshpggﬁ;program

instructions for perform ng an operation of

.. interfaci.ng a first.uni.t a second uyni over a bus )
et e B e S e s St e st moaning and i
respoasgdrividggeondrinformgrioni to $e sighblOmFonDMe Fe@onkne first ‘
unit to the second unit over the signal |ine;
driving the signal line fromthe second unit to cause
drivéngothesigeal Ghe SbinttBe sdcBACETN 181chide abdhEine RABYE oPliarsl Abie
of the signal line at the first unit to have a first
- nmeaning and in response driving second information
intebyetiddeut SRt uhit B hhY Ilieied bef i si*%ﬂz!] Yine %E&&Hiﬂ% aﬁ% Qriving the
signal line fromthe second unit to cause agalinh the
alfamations oy the: sighp ling o have a second meaning different from the first

meaning.

SEC

2. A_computer program product contained in a computer-readable medium and comprised of
program instructions for performing an operation of interfacing a first unit to a second unit
over a bus that comprises a signal line, the operations comprising:

driving first information from the first unit to the second unit over the signal Iine;

driving the signal line from the second unit to cause a change of state;

interpreting the change of state of the signal line at the first unit to have a first meaning and in

response driving second information to the signal line from the first unit;

driving the signal line from the second unit to cause again the change of state; and

11
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AVENDED SHEET interpreting at the first unit the
change of state of the signal line occurring after
driving the second information to the signal line to
have a second neaning different fromthe first
~nmeaning. 3. Apparatus to interface a first unit to a
" second unit over a bus that conprises a signal |ine,
conprising a driver at said first unit coupled to
mtelﬁameg 8 thg Miadt uhit Me claiﬁﬁei @fl sta@CoF itheai gnallling abcﬁirrfnlgraﬁér dbmmg the second
to the signa i ne, sai [
inforg GG SEEITE FEPE ¢ SEOT SRl BT L DR
infornat|on fromthe first unit to the second unlt
over. the_ si naI line; said receiver bei oper.abl e
3 APECR TR g P AeEt B ‘E"ﬁre"‘g COPIPFiRes & signal line,
com;d‘fsimgendrfvbom shif @rstemm rouplal to sbﬂtslgnﬂfltre fand € @&kiPtr Mkaid ARt unit

con 8 B N St 8 e B bSR3 g s
inforsratwh from e figsh iugit tochd satcmdmnmbvdr Iﬂa sagnalrlgxe; saill rat@ércbedE operable

to ré%{i]l\ge a?(%hgl%%lolf !.htﬂl‘ﬁg &1? mgﬁa\f ﬁng vlen h%tgmgﬁeg Qelé:cg Rt ngtoce)tlh a.gfgrlr%cexpgof the
first ghffrinetierand hfteymeceipeofithe stondemﬁonm@omﬁtttm sechnﬂmnm@nd a controller at
f [

sid QL LR 1ec o Al L o Leh Lind o bl At aciving
- the 1gst infaraionatiddo hivegt sepanid tmeswing diffseest o Getfira mstamtlearfer driving
secof PinfbrRfo Mmi frst GAMIE SESudiERBH e §Hafline

Apparatus to Interface a first unit to second uni t

over a bus that conprises a signal Ilne conpri si ng
4. APplchsV 7 in ¥air$ 8] Shdr bSl A ivhit COMPEL, 105t SAL %&h gﬁ&'semnd unit
, ine and a receiver at said first unit coupled to
compriggs %mwcqfﬁine, sai d receiver being operable to

receive first information and then second

" information fromthe second unit over the signa

5. Appargus 1 pteriage i [t Wl tA G BERAAIOVED? B W cQmPrssa agignal line,

comlﬁ‘fsm%taadrﬁfelozf’c shib GirfivgR @bupiddNS shid sichS 15:8GANS rééalvér 20 Oid first unit
fter rece it of the first information and _after

coupfed 18 i S‘E‘f‘a A% saidosrrlver RFisE PRERln o Herva ieb Fﬂf‘?fB’Ia'F‘é‘r and then
secofd infodhaliohi |ﬁr{)ﬁ’ltﬂ1¢l§3=b(5ndtlﬁlt Gt SiR: signel lﬁﬁ%ﬂ&]ﬂ@& bef apePab®fto drive a

‘ ve a.fir
chang G0 Rt Sl e Srirosratl B Bl Negohanes Bt ifbppian and
aftermeeipt bthel bdcht i@ftrmébtionmddnecdnirolid aﬂﬁ&fﬂiﬁgmﬂftt} €duse the change of
MBE(E %%VI g;.Sec nd information fromt e nd unit

i g Ve g mepingsiibr récpiioe e 7 IR EpAiPE and to have o
seconm”mumdlﬁ‘crbmtrm thei firstCinegpirigsafier aeceieing sycondi irdormaton from the
se gpd unit conprises a host. 7. A nethod

gata froma first unit to a second

uni t over a bus conpri si ng:

V secor\tllg]um OVBI%SdSI

6. Apparatus as in claim 5, where said first unit comprises a memory card and where said second

unit comprises a host.
7. A method to communicate data from a first unit to a second unit over a bus, comprising:

initiating an n-block data transfer, where n > 1;

12
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initiating an n-block data transfer, where n > 1; 12
MEWED 3HCET for a first n-1 data bl ocks transferred
fromthe first unit to the second unit, controlling a
status signal generated by the second unit to be a
buf fer busy/ready status signal after each of the

ot a B2k A IARCKS ckOrhAl Bk B8 the fisst ubifid thekedohie dnit " @ntrolling a
first unit may transfer the next data bl ock; and for

tstasusnsipnal geuerbied dy the sneiermitiiof beonbedia Wisy/siadyisfatustsegnal after
AR IR O RN K KT

ekt Gl 80Pk to informthe first unit of a
termnation of internal progranmng, if any, by the

second unit. 8. .- A nethod as in claim7, where the
first ynit js conprjsed of host, .and, where.the . .
ok " ukia Pipek Bahpered dopt e sk to e Tiand gutt gontrolling said

%3&%}3 t{)) ?egal @Hg{?{%}]{g}fﬁ%‘efgﬁs&’%@g& dhoh sféﬂ;ﬂt afted t"l:tle n™ data block to

conpr i phorie, and ™ where the
sefoomdha st utisoniephigsidn of internEppogramarnsi, iflay, by the second unit.
method as in claim7, where said first unit receives

said status signal after each of the n data bl ocks

kA }@H}eﬂﬁh%rs ol Q;ia'iqu ¢ A ﬂer@c%ﬂ@ e .UBRE:E QSﬂlgHsed]c;f ‘a lﬁbst, and where the
conputer program prioduct contained In ‘
Gesmidhieit-is eadphitel dRdnsmoaynshodanpri sed of program
instructions for perform ng an operation of

communi cating data froma first unit to a second

A . - ) . ,
NP 15 SRS £ U PR RER olur e,
awhdré Bl sBednddaiiteis bbagkied bfdaieaiorgertly om t he first
unit to the second unit, controlling a status signal

generated by the second unit to be a buffer

lr _ [ I .of t- .
AR Al o 08b s MAEARS Spl il e cachor
Uhe # daRbIdIkS As i intbhepi-dievdn redeofbpeiivnand for the
nth data block transferred fromthe first unit to the

second unit, controlling said status signal to be a

r.00{ anm ng bu r a S I e
Slgf g&b&:logpkl%r opr%&éan? ai%}éd&étéolﬁ%alﬁé@@t? a %&ﬁte}-ﬁgdﬁé medium and
~ comprised of program instructions for performing an operation of communicating data

from a first unit to a second unit over a bus, the operations comprising:
initiating an n-block data transfer, where n > 1;

for a first n-1 data blocks transferred from the first unit to the second unit, controlling a
status signal generated by the second unit to be a buffer busy/ready status signal after
each of the n-1 data blocks to inform the first unit of whén the first unit may transfer the
next data block; and

for the ™ data block transferred from the first unit to the second unit, controlling said

status signal to be a programming busy/ready status signal after the n™ data block to
inform the first unit of a termination of internal programming, if any, by the second unit.

13



informthe first unit of a termnation of interna
programm ng, if any, by the second unit. 13 12. A
comput er program product as in claim1l, where the
first unit is conprised of a host, and where the
second unit is conprised of a nenory nodule. 13. A
conmputer program product as in claim1l, where the
12. Al doatputeniptograin GRIMRE 886l cRfm 31 C@hérb’ Itl'@rﬁrstt HhER @&Hﬁlse@gga host,
dwhere the second unit is conprised a menor
and yhere the.SSRpRA Wit 1y FOgRTERT pf %@G@PTB’ﬁOdwﬁe claim 11 vvher e
said first unit receives said status signal after
ach of the n data blocks in an interrupt-driven node
EPO@B%TF%PYPSW-‘“ argduchpoin cloim d 11 wharo theufinstemtt és ahatpaisddratencellular
tcleﬁhoﬁé: fafill W%@l‘etthé QB RGN bntskd 8%% 1% '3’ a4, conmpr | si ng
controller to Initiate ‘an n i “transfer,
eren > 1, \Mmrefm'aflrm n-1 data bl ocks

14, Ir é‘!ﬁﬁzfu%t} y (f' H’x%&d&? ?J jé’lr glgimu | g'e tgzplg ﬁ%ectglgq?)%n;eta said status

sal d sec uni’t contr

signpl afieeach Qéghbmwblmm 1B1legnﬁd-drﬁfeﬁ &lodeatdpeption.he n-1
data blocks to informthe first unit of when the
first unit may transfer the next data bl ock; and for

15. Ap]:araﬂus to @tmmioateldatarfﬂmsﬁ 6fst eght td 4 @H@)ﬂdhﬁutfdvl%xsat bud ndoﬁnpmsmg a
ond econd unit controls sa

i said
con Ot(ﬂe{ us™S |agena§1 g E) %gatﬁ th?Sf?fg PARTTh lbl‘}@VFrf%ra%lﬁfs’St?dtd?@ blocks
transdergpdaftona fHealirsthung t6the sekadnd ulit 96K s&d%ndi DhPESRLLRG sﬁdtﬁsssﬁgnal to be
| f

m.nation of internal progranm ng,
a bul sl staBis Lt ST eachud thnpriadet lockedo Tufomt orirst unt of
whed fhe REet bA§ thahSfei theHeke dasa GRERS Angefg af. 2 &?asf,ind?{}%mfemd

& J? the second unit is conprise
"“\mﬁﬁ g ungty o e sepond mitaspid ﬁr«cembuumt Issntrmilh ezné statve signakto be a
progtirhing HuSWrRAY $Rfhs Qlanit HRE lﬂg A% ahurRian emfo% %e éihs? unit of a

the second unit is conprised of a nmenory
termjg et oft sl piograpinzingnitisBly, hibe eccond uhif. i r st unit
receives said status signal after each of the n data
bl ocks in an interrupt-driven node of operation. 14
16. ANENDEDASSI elmin 95, whore thor §irst anid i< coryprissd RE ashddtiSnd where the

secohdWufif i 8Gifipdh ?gﬂﬁlmlon t(?l a host through a bus that

conprises a a’si e, conprising a driver at
said nenory card coupled to said data

17. Apparatus as in claim 15, where the first unit is comprised of a cellular telephone, and

where the second unit is comprised of 2 memory card.

18. Apparatus as in claim 15, where said first unit receives said status signal after each of the

n data blocks in an interrupt-driven mode of operation.

14



signal line and a receiver at said nenory card

coupled to the data signal line, said receiver being
operable to receive first information fromthe host
over the data signal line; said driver being
operable to drive a change of state of the data
signal line to the host; further conprising a

'199£q£&gglqéﬁ§ou | ed tobsaid river and to said

recerver Afu“IPErasl & toigirce fPheruphemipes best thoaghea bus that

coniristhe ddatsignal Bivgkothping @ dig¥CatBalyl héthorf R BOnAL ILid data
the first information and to ave a second

. Iecel Vi
sigfel z‘HF i @ Bt ePBE At sajd BRPPReCard cauplageia thendptasignat line, said receiver
beEORAING 18@eR kst ifoRh AT £8in ihd Y SNIPD IS SRk Gid driver

b .dat a sniégnal_ line. 20, A nenory card as I n clham
CithAezablSioqiriy & change of sisfe of et simell lik taithe bostafatther comprising

a cSit@Ned coubl vaern, - L0l i.S.responsjve
to_at | eg;?qg g%@ ggmmng tIr) gglgicr\%e &e? ﬁlr'%{’%eﬁﬁ)}%tg Cg&?ﬁh%ﬁ}&a“ge of
statg pfyHhg|dafa; sigmak lingrip hake Hfirst mparing altes raegiving ehecharigRmA4tion and to
havet f ' oy, L to . haye the first | .
peoerort b g R PR o ST ol i G bt i ormation
from hechoshever e datd signaldinng  af ter recei vi ng second
informati on fromthe host over the data signal |ine.
21. A nenory card as in claim19, where said
20. domemotyl aard assn claipdsiivee taid ProOR HathE: Enpris@L & /&fhmand signal
lhmfﬁﬁﬂh%g%tHQSttIﬂr determ.ni ng the nmeani ng of the
thange of state of “tRECBYAIErGlaY ong pofemend teesieedotheough the

comphiant]ségnbl list from s gt R Colsifese icHz!r!gg of Bste ok Rl data signal line to
to have the _second neaning after

infornmation a . (
have @}? e{l’.\g?waa%a b LAY InE RS Hiss tintormation gnd Frebave she ssoend meaning

aftet feecitlidz3ecdnd fFdrmalib fomhic hddt BAY GheldlS s@néﬁfhe.ﬁeam ng
after receiving the first information and to al so

have the first nmeaning after receiving the second
21. %%&Q&Hﬁgﬁmléi&elﬁ Qiter (& éogﬁolﬁ?tiére%f)c%ggrle b’ programming
recetved from the host for determining the meaning of the change of state of the data signal
line to have one of the first meaning after receiving the first information and to have the
second meaning after receiving the second information from the host over the data signal
line, or to have the first meaning after recetving the first information and to also have the first

meaning afier receiving the second information from the host over the data signal line.
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