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sem conduct or devi ces. Background Semn conductors
devi ces such as nenory devices reside in many conputer
and el ectronic products. Menory devices store data.
I nput data is 10 stored into a nenory device in a
wite operation. Qutput data is outputted from the
menory device in a read operation. Mdst nenory devices
have data (input/output) pins and data strobe pins.
The data pins carry the input and output data to and
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data strobe pins and read data strobes pins. The wite

data strobe pins carry b T inf.ormati on of the
5input data. The read dagéég%fggéﬂéﬁés carry timng

i nf or matrhe pre@énttiveneivh palitesigér@rallyrto Remiconasess ddvives.
wite data strobe pins are unused during the read 20
operation; and the read dBaek&PEB#e pins are unused

during §0e; Whih&o3REVRLd Qidh as HRAG] Eeﬁ%égereﬁhg th llfﬁgftﬁi : d

in sone operations wastes resources. ummary o
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met hods for perform.ng various f.unctions . using d
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for tr aln% er rlﬁsﬁé an | ngﬁ{ data and out output data. A
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information via the read strobe transceivers and the
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information of the output data.
In most cases, the write data strobe pins are unused during the read
20  operation; and the read data strobe pins are unused during the write operation.'
Leaving some pins unused in some operations wastes resources.
Summary of the Invention
The present invention provides circuits and methods for performing
various functions using data strobe pins of a memory device.

25 One aspect includes a memory device having a number of data
transceivers for transferring an input data and out output data. A number of
write strobe transceivers transfers timing of the input data. A number of read
strobe transceivers trahsfers timing information of the output data. An auxiliary
circuit transfers auxiliary information via the read strobe transceivers and the

30  write strobe transceivers. The auxiliary information is a non-timing information



i nverting codes, parity codes, tenperature codes, and
timng calibrating codes. Another aspect includes a
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nmet hod transfers input and output data to and fromthe
menory 5 device via data transceivers. The nethod
transfers timng information of the input data via
wite strobe transceivers. The nethod transfers timng
i nformati on of the output data via read strobe
transcei vers. The nmethod uses the read strobe
transceivers to transfer auxiliary informtion durjng
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controller of FIG 3. 20 FIG 5 shows exenplary data
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3. tifeltime thabihe\Weadek BB hidhiceD@fsatrats e thtiting information of the
information. FIG 9 is an exenplary timng diagramfor

t heuipBhdaty device of FIG 7. 25 FIG 10 is a circuit
diagram of a tenp . L. 3. FIG 11
shows exenpl ary t?@%ﬁ%‘ﬁ‘@@%?ﬁ@ﬁ?{’{ﬂ‘&h G 12 is an
exenpl aFIG11 shows ainagoanddvive dcherdimenoray eddboidimeent bf HeG.
10, FIG 13 is a circuit diagramof a calibrator of

15 F @ventiosp F| G 14 shows exenplary calibrating tinng

i nf or M@ is o MEPROPiRIRP TR o BRAASMIRARIR e of FIG. 1.

FIG. 3 is a circuit diagram of an auxiliary circuit and transceiver circuits
of the memory device of FIG. 1
FIG. 4 is a circuit diagram of an inversion controller of FIG. 3.
20 FIG. 5 shows exemplary data with inversion information.
FIG. 6 is an exemplary timing diagram for the memory device of FIG. 4.
FIG. 7 is a circuit diagram of a parity controller of FIG. 3.
FIG. 8 shows exemplary data with parity information.
FIG. 9 is an exemplary timing diagram for the memory device of FIG. 7.
25 FIG. 10 is a circuit diagram of a temperature reporter of FIG. 3.
FIG. 11 shows exemplary temperature information.
FIG. 12 is an exemplary timing diagram for the memory device of FIG.
10.
FIG. 13 is a circuit diagram of a calibrator of FIG. 3.

30 FIG. 14 shows exemplary calibrating timing information.



FIG 15 is an exenplary timng diagramfor the nmenory
device of FI G 13. FIG 16 shows an alternative

weedsarivent of the auxiliary circuit and the PCT/US2005/000809

transceiver circuits of FIG 3. 5 FIG 17 shows a
system according to an enbodi nent of the invention.
Detai |l ed Description of the Enbodi nents The foll ow ng
description and the drawings illustrate specific
enbodi nents of the invention sufficiently to enable
those skilled in the art to practice the i nvention.
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Strobe signal S*, a Colum Access Strobe CAS*

si gharemogpcals\iop ta‘éraga%unéo‘é's githeolygns. and a Chip

Sel ect ﬁogp&lco%l 04 alﬁi column decode 106 access memory cells 103 in
response to address signals AQ through AX (A0-AX), provided on address lines
(address bus) 108.

A row address buffer 134 transfers row addresses on lines 108 to row
decoder 104 based on signal on line 144. A column address buffer 136 transfers
column addresses on lines 108 to column decoder 106 based on signal on line
146.

A control circuit 118 controls the operations of memory device 100 based
on control signals on control input lines 120. Examples of the operations of
memory device 100 include a read operation, a write operation, and a refresh
operation. Examples of the control signals on lines 120 include a Clock signal
CLK, a Row Access Strobe signal RAS*, a Column Access Strobe CAS* signal,
a Write Enable signal WE*, and a Chip Select signal CS*.
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145 controls the refresh operation of nmenory device
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wite operation wites data fromdata lines 194 to
menory cells 103. A read operation reads data from
menory cells 103 to data lines 194. The 5 address of a
row or a columm of menory cells 103 being read or
witten is provided by a conbination of the address
signals AO-AX. A refresh operation refreshes the

content of nor el 103. ntrol circuit 118 .
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t N&yrite strobe transceivers (WST TX) 172 (172-0 to 172-M), and read strobe unit
173 having read strobe transceivers (RST TX) 174 (174-0 to 174-M). Write
strobe unit 171 transfer timing information of the input data. The write strobe
signals WDQS (0-M) on lines 182 represent the timing information of the input
data. Read strobe unit 173 transfer timing information of output data. The read
strobe signals RDQS (0-M) signals on lines 184 represent the timing information
of the output data.

Data transceiver circuit 190 includes data transceivers (D TX) 192 (192-0

to 192-N). Data transceivers 192 are bi-directional circuits; they transfer data in

30  both directions. Data transceivers 192 transfer both of the input data and the
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data signals or data DQ (0-N) on lines 194 represent

whodok/orises i nput data and the output data. DQ POF/K§2005/000809
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represent the input data when nenory device 100
receives data during the wite operation. DQ (0-N)
represent the output data when nenory device 100
out puts data during the read operation. 5 Data path
111 transfers data between data transceiver circuit
190 and nenory array 102 during the wite operation.
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of nenor
of memo)ll'y device 100. The timing calibrating codes carry calibrating

information to calibrate a timing of output data outputted from memory device
100.

FIG. 1 includes a number of lines connected between the elements such
as lines 185, 187, 189, 191, 193, 196, and 198. Each of the lines 185, 187, 189,
191, 193, 196, and 198 includes multiple lines. For clarity, FIG. 1 shows each of
the lines 185, 187, 189, 191, 193, 196, and 198 as a single line.

Lines 182, 184, and 194 correspond to external terminals or connections
of memory device 100. In some embodiments, lines 182, 184, and 194

correspond to pins or solder balls on a packaged integrated circuit of memory
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ot her enbodi nents, |ines 182, 184, and 194 correspond
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devi ce 100 may be a dynam ¢ random access nenory
(DRAM) device. Exanples of DRAM devi ces incl ude
synchronous DRAM commonly 5 referred to as SDRAM

SDRAM | I, SGRAM ( Synchronous G aphi cs Random Access
Menory), DDR SDRAM (Doubl e Data Rate SDRAM), DDR ||
SDRAM DDR Il1 SDRAM GDDR Il SDRAM ( G aphi ¢ Doubl e

Data Rate), and Ranmbus DRAM devi ces. Sone el enents of
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menory device 100 at a particular time after the
V\Rkditirad sipmalsconilines 430 @I G. thsuchag drpRAS* FASE, Wedetnded

betd@%gi%nglls.nﬁgr &73}11}-,131, %‘ne combination of signal levels of the RAS*, CAS*,
WE*, and CS*signals issues the READ command; another combination of

20  signal levels of the RAS*, CAS*, WE*, and CS*signals issues the WRITE

command.

The RDQS signal represents one of the RDQS (0-M) of FIG 1. The
WDQS signal represents one of the WDQS (0-M) of FIG 1. DQ represents one
of the DQ (0-N) of FIG. 1. In FIG. 2, DQ signal represents data DO and data DI.

25 DO is the output data. DI is the input data. DO is outputted from memory

device 100 at a particular time after the READ command is issued. For
example, DO is outputted between times T2-T6. DI is received by memory
device 100 at a particular time after the WRITE command is issued. For

example, DI is received between times T7-T11.
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command is issued at tinme TO nenory device 100
wWoip0r®»74 he out put data DO between tines T2- TBCT/URE05/000809
RDQS signal, which carries timng information of
out put data DO, is activated between tinmes T2-T6.
FIG 2 shows that the RDQS signal swtches (toggles)
when it is activated 5 between tines T2-T6. Because
only the output data DO is outputted between tines
T2-T6, only the RDSQ signal is activated for carry
timng information of the output data between tines
T2- T6. BBerths RRATR compund @Faltssleﬁblat timerfdh memasy devce 100

unt i | o)

et HE ol Gy g et s S TP gt Fhich
Th@@neﬁﬁhﬁa@eﬂfohhm JﬁouT@JttdEﬁ DDGS astivginal bémyéletlmssaﬂz Té6.
10 or activated, to carry_ other |nforrrat|on In.th

exBigh Rahgws ihet the RIPQSrsignal %‘ﬁ‘t‘@@é kesglenyvhenat 15?""1}5‘%}?4 ng

5 Lo R BB CoUS, PPy L s e
| NfiRETELTENoNAShIRDSQ iguhl iisnackilved for eaxmrtimhiag imfrmateon of
i nformatj on in

B

& i fORA £
T S Al sy iyt e

150f ]Dhulmlsmma Tar Theg, betsh{een hiomes 26l Gsthe IBPQS vigrdl TREdS used,
alsog activ carry auxiliary information

ted . to
10 W&V?tﬁ i’ABY © rlfﬂgm}tWBut data DI is inputted.

For exafphe ex&fbMBLHm lﬂgmﬁgraiﬁ-r&'ﬂr&sentdm%ymzwﬂﬁlﬁé thewiyne
be actlvatedto carry aulear% |nfornat|on durin

t hthat outputtdata DOIis pgtnUﬁpdnth@Wnt signgl YdQs acityated to
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carry auxiliary informatj n suych, that the V\DO%
15 acealipsating qodes. Ihe a}lﬁ][lléf}(/la ormgtien %s&ﬁcqbrn?g . getaﬂs in the
[ nﬁggcﬁﬁp?xﬁfof{ﬁé %\%@ﬁ%ﬁﬁl(@flst he output data DO For
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por t i onTmw4 sittikr inetlexdy e rezltrbm(xbe mlgtlal‘&EQSZnaSSalm be acfovated

of the entlrel terva -T t h
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interv edqual to the entire interval of thetransfer
20 of awhhauyunﬁmuna@km dury@ thegimedhatl is inputted VBelw aga jintss T7
aCthl Y,atlmmg information of the input signal DI is carried by the WDQS signal.
In some embodiments, the WDQS signal is partially activated (partially
used) to carry auxiliary information such that the WDQS is activated for an
interval less than the entire interval of the transfer of the output data DO. For
25  example, the WDQS signal may be activated for only a portion of the interval
between times T2-T6 instead of the entire interval between times T2-T6.
In other embodiments, the WDQS signal is entirely activated (entirely
used) to carry auxiliary information for an interval equal to the entire interval of

the transfer of the output data DO. For example, the WDQS may be activated

30 for the entire interval between times T2-T6.
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w0 b@sRDQS: si gnal is partially activated to carPgI/US2005/000809
auxiliary information such that the RDQS signal is
activated for an interval less than the entire
interval of the transfer of the input data D . For
exanple, the RDQS signal may be activated for only
for a portion of the interval between 5 tinmes T7-T11
instead of the entire interval betvveen times T7-T1 1.
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I i ne G . nd. 39
ot ey FaBegtoration abtng vt B, aRff feifL foes
L' RER s¥rbbe ﬁﬁﬁsc@&@rsal"ﬂ o il sBrrih @ attiNQS id@ematich. 198 of

FIG 1, respectivel 3/
20 Auxiliary circuit 195 includes an inversion controller 304, a parity

controller 307, a temperature reporter 310, and a calibrator 313. Auxiliary
circuit 195 connects to data transceiver circuit 190 via lines 391 and lines 392, to
input nodes of data input path 111 via lines 311, and to output nodes of data
output path 122 via lines 322.

25 Some of the lines in FIG. 3 are similar to some of the lines in FIG. 1. In
FIG. 3, lines 391 and 392 are similar to lines 191 and 192 of FIG. 1,
respectively. Lines 311 and 322 are similar to lines 196 and 198 of FIG. 1,
respectively.

Augxiliary circuit 195 also connects to strobe transceiver circuit 170 for

30 transferring a number of codes including an input inverting code INVi, an output
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Auxiliary circuit 195 al so connects to strobe
transceiver circuit 170 for 30 transferring a nunber
wW@R0080d®34 | ncl udi ng an i nput inverting code 1NRET/USIV05/000809
out put 8 WD 2005/073974 PCT/ US2005/ 000809 inverting
code INVo, an input parity code Pi, an output parity
code Po, a tenperature code TMP, and a tim ng
calibrating code CAL. The codes INVi, |INvo, Pi, Po,
TMP, and CAL represent the auxiliary information.
I N\Vo, Po, and TMP forma first group of the auxiliary
information. INvi, Pi, and CAL 5 form a second group
of invemsingierile MAVY, amnpmtrmnnowde@a,cw ftputiparipygode Pet 3 obe

n %%g%lére &éflg %% %S(Ii g th o CE\d atgjégcoag g:éq EL\M ’hﬁ e en ag{lﬂ

SI gm% SPi, wmvﬁﬁh&m&memaﬂﬁ aaimm inforfriation.11N¥o, Po,
WBENO- WDENM At appropriate_tines, the WSENO- WSE

S| @m?aTMi’r formafirstarawp phihg ppwliardaiorpanien. 137 Bi.@g
511 RRR ElocBhd DR bPrtduRifiG IFdfBh, On () VIO o] the

|nu Hata ormation (e.g., |INVi,
PI andEadl f thEaaite slfo‘tiehmnsmscbrsl?bm atneemse;réﬂﬁemé al74
has a transmtter, 374 _and a

TR 5 Jseiiee oA rits SmtiolSEbY e spale signals
v\g@mwggﬁm witoh M RohSn FYd Chs Ws@mﬁwp]mmﬂl AG 1

ENM At appropriate 15 tines
RSﬁﬂﬂ@oﬁﬁﬁlﬁnmsghaN%Sﬁﬂ@VﬁS‘lﬁN% atgnal are a@th{at;\fs} to allow receivers

mitte o tran fer .ei
10 | oS8 Futeaesit e e Reiyth (IQOGR o ol onth
| NEQHARY iRforfabfbiDee. 2ANVANPL TMPLATH] G 3 shows four
wite robe transceivers 172 and four read strobe

tr ansceiBaeh of thg zeadstrahe wgusepivers 17 hay pdrapymigiar

I r
JET
19RSFAR-RSEBGEWhiRh afelshogmdn FIGY ansnsENerRsaaMm aentchppropnate
recei ver 314. Receivers 314 are nt r ol I ed g%l 3
74 to

15 wr Hipussdhie RSENBREERP @%P@ are /sives
sh 9r E\@ﬁéﬂﬁﬁé 1 ot tﬁ@&ftﬁﬁrda%i & thé ABSliary

t he asare actlvatedtoa
reﬁﬁbmtﬂ)nzmm@d and 8dF)ve the i nput data (DQ).

T 1t t | | ed by t dat
Ehabi 6 EGn AR RRC RSP SRR a2 oy oh obe
as u%%@er@am an%kalﬁﬁlér Qﬁ’%dnﬁ& embbd@fents! T nRRENLRMENENd

signals are activated
20 read strobe transceivers is dlfferent from four.

Each of the data transceivers 192 has a receiver 314 and a transmitter 324
and a receiver 314. Receivers 314 are controlled by the write data enable signals
WDENO-WDEN3, which are shown in FIG. 1 as WDENO-WDENn. At
appropriate times, the WDENO-WDEN3 signals are activated to allow receivers

25 314 to receive the input data (DQ). Transmitters 324 are controlled by the read
data enable signals RDENO-RDEN3, which are shown in FIG. 1 as RDENO-
RDENn. At appropriate times, the RDENO-RDENS3 signals are activated to
allow transmitters 324 to output the output data (DQ).

FIG. 3 shows that an equal number of elements exist among a transceiver

30 of the write strobe transceivers 172, a transceiver of the read strobe transceivers



allow transmtters 324 to output the output data (DQ .

FIG 3 shows that an equal nunber of elenents exist
w@emsg7®74 r anscei ver 30 of the wite strobe PCT/US2005/000809

transceivers 172, a transceiver of the read strobe

transceivers 9 WO 2005/073974 PCT/ US2005/ 000809 174,

and a transceiver of the data transceivers 192. For

exanpl e, each of the transceivers 172, 174, and 192

has two el enents including one receiver and one

transmtter. In sonme enbodi nent, receivers 372, 375,

and 314 are identical (natched) and transmtters 373,

37474 and amsgﬂi‘eerw 8ret dadriranseeivers 4 82 Fertrainie wach of the
RGeS Aha doe bl POt BROGRY Fed for H8%ne

r anscel ver

u n usﬁsimtté} t ]mléﬁiaa dﬁﬂib‘dﬁﬁent ﬂebavérs AMBIBT75] &ds3 Bilage aduitical
receivers 375 inprove the nce in | oading anong the
wr (matched) gpd Wﬁﬂ%@@ /i8¢ %74 @E‘é 424 preddenticelbinscei vers,

sand thedaf g, E&ﬁ@&ﬁﬁh&e&&s@e@ §'7$ef%té a?o%femﬁm 172

t he transcelvers | or mance o
e and yecdieeisGa5 d})aéeal stropel trasscgwaﬂssl 7@Iar@umdsedxugﬂth6)hgﬂ\mmsed
lines 391 repr sen the i

DI L Fanswtkes SCLV P 35? gapl‘ggg g‘§ lﬁ?é{nea I1rm;z)a ng aYnong the

Si Rty str(QJe trdn@c &S réad s%b@ GadcelveRy, S8EMHe dﬁ%tt?arfsaﬁvers A
i nput data andt e output data. In FIG 3, D (0-N)

r epeleserdtlosding ampug tikdtaas@iyetOinNyrowdst the p@@)r(mml&y ofihe
15 transferred fromlines 194 to lines 391. Thus, in a
vvrmeénoﬁgf“ﬂf:?on when data is inputted to nmenory

device I ﬁlF{l@ D%?a)ls DR tﬁ@u@ﬁ D&MNEoPhésBIre gﬂa@érﬁ\ the input

out put sig hrough DO-N on lines 3

r egples Ent SImﬂlcltwa tthrgnglaDI-ISbaIe sefaised o asyDI BN por simply

DODt PO £t FosSreiE e betn A ity plindthe ofteffPidfa. 1n
an@IGHE TUOA) repadsant theBptiddE BQ @-NDR¢BOY0-Mpresent

t he out put data after DO (0-N) are
i G o s Mo STnE s O30t B tion ppemdata i

GodRgiFiofbn B8 HPELS, o DRI PRI
dat a si @rutd sutput sigriatniDO-GlreughiDON dhlioegbdDieprdserdithe
11 paibebfata; BB g o0 aRieh B ars MPiref 80 20 or

r ef 115151? ‘ﬂ)@ OFRS. 10D (N)tepREseit BHRh }zheQuﬁ.’put [@afd dnd tﬁ@&ﬁb@tdlata

to Dependi ng on the condition of I NVi
20D dn Frﬁg‘r FH HR(-h8 reprpsanhithe optpat data DQ (O-N) after DO (O-N) are
transferred from lines 392 to lines 194. Thus, in a read operation when data is
outputted from memory device 100 (FIG. 1), DO (0-N) are DQ (0-N).

Inbound data signals or inbound data Din-0 through Din-N on lines 311

represent data inputted to input data path 111. For simplicity, Din-0 through
25  Din-N are referred to as Din (0-N) or simply Din. Din is related to DI
Depending on the condition of the INVi code, Din may be either an inverted
version or a true (non-inverted) version of DI.
Outbound data signals or outbound data Dout-0 through Dout-N on lines
322 represent data outputted by data path 122. For simplicity, Dout-0 through
30  Dout-N are referred to as Dout (0-N) or simply Dout. DO is related to Dout.
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version or a true (non-inverted) version of DI.
Qut bound data signals or outbound data Dout-0 through

wewsHRs9en | i nes 322 represent data out putt edPGHUSZNE000809
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path 122. For sinplicity, Dout-0 through 30 Dout-N
are referred to as Dout (0O-N) or sinply Dout. DO is
related to Dout. 10 WO 2005/ 073974 PCT/ US2005/ 000809
Dependi ng on the condition of the I NVo code, DO nay be
either an inverted version or a non-inverted version
of Dout. Inversion controller 304 controls the val ues
of data transferred to input data path 111 and the

vaPgpandiste afethe cenditien ef thedNVogefed? drayd dthghiminysged

In ion controller 304
nW%?Pﬁ%EF gHE%%@%@&% rané?erred to data input path
111 as InversidncontrbBér mm&tmhmhesvalﬁﬂfsw@rdatadmmmmdm input

i nyerts efore Dout ransferre 0.l
39éata§a 11 |aﬁ<?° %ﬂgsoé”giata.twt%ﬁe{rﬁi §OB) owput; ‘ﬁ\ﬁemﬂ? ?@f In

&f‘mé GibS D eh t?%@%ﬁrcoﬁfrolqjétﬁét St P1ivagre DI A e eed
Ines 194 of nenory device 100 (FIG 1). Reducing

t hm dammpmwpwn 10F asjEina Inwither Iepmbgdmtqntsouefemmontroller 304

ol Dodfberar® oty & 8RReed B0 NG B ave the.

sane NMeadoath caI&e ilvRftifE BI & Mﬁ&ﬁng Doef feﬁﬁé@&ﬁé)hl)!mber of data
Further, |ow si gnal | evel and | ogic zero have t

s anwitehiagorgealing ailines $94iof mewmp ired9OFIGH)g lliieducmg the

signal | ve n e meani ng and
g Jg%rooeffé 4 SW%P%‘I%%%% pO%}! §c\>/1]ies{ﬂﬁ1 ﬁgﬂg dat a neans

SWI t chi REthisdwpesifigitadn, er\/ten‘msoef sighe 1elat,a shet, Vxemhue and a logic

different signal |evels, For exanp

a lvelwe bavpihe smwea@pa 8@? terms é—?edlse& Hv%fﬁﬁﬂgga‘? He ?:ag ﬁ%r’ low
R e s
ex migli ﬁgneﬂ fhevel ande]bgmcbnééiaae thesame maghing0mdiagineded| evel
gﬁ which is an inverted version of the |ow
Y- anot her exanpl e, when the data has a

hl gh Si %ﬂf%hni @Ata nieﬁﬂseixh'tdﬁﬂlgtth@ si&ahl9e Ve 3 the G bethean
the high signal |evel he data to a | ow signa

| edifferentisignel, leveds t Eorsexampbnrmhen atdpta Hapudew signdbleselipgdogic

I whi ch f
E hash ey e e SeechingPe jo SRl BE el 6'a high
| N\BhAIYetdl oPRERSorR) THS, inMvis eg@tlplepthd inveyted data has a high

signal level or logic one, which is an inverted version of the low signal level. As

another example, when the data has a high signal level, inverting the data means
switching the high signal level of the data to a low signal level. Hence, in this
example, the inverted data has a low signal level, which is an inversion version
of the high signal level.

Inversion controller 304 inverts DI based on the INVi code and inverts
Dout based on the INVo code. Each of the INVi and INVo codes has a value.
In some embodiments, the value of each of the INVi and INVo codes is
represented by a signal level of a signal having a low signal level and a high
signal level.
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Dout based on the I NVo code. Each of the INVi and | NVo
codes has a val ue. In sone enbodi nents, the val ue of

weawbhonf74 he | NVi and | NVo codes is represent eBCHYSH05/000809
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signal level of a signal having a | ow signal |evel and
a high signal level. 11 W 2005/ 073974

PCT/ US2005/ 000809 The condition or value of the | NV
code indicates whether DI is to be inverted before D
is transferred to input data path 111. For exanple, a
first condition of the INVi code (e.g., |ow) may

indicate that the input data is not to i pv ,ed
and a s&bependiinmenvabie fthe BEV) Wl%%es(@hﬂﬂere[h i§ig be
con X {lgd Gabfe DI'5 stk FIQE%{oslpk@oﬁga O%A?l‘{ i1 eflor ki \{’/}16 a first

Ton or value o i ndi cat es whét her
Docdnditiemnof tHalMVpaide (.22 108) may helidate et the idpet date iDoettto

bt Senedin ¢ ssmErorieer ae DYfbcode (G- Higiyiaagacste

I NP & toldahvddedt is not to be inverted and a second
condition of the INVo code (e.g., 10 high)

| ndi cat &h¢ benditBouer vadue of the N Vo eodeiadicgies @éﬂeﬂmegt Bem

troI er..304 i nve on t

A g 122 B et R i g e e e,
i n‘m t Fo@!xamgoenh It |c¥ndifibA 6 Lthe TNWRY ¢oide (e. 8 QIHW)Qhﬁ}eindﬁﬁfb
i nverts the ut based on the condition of the | NVo

cothat Dontismet torbedayaricdiand a sgeepdcondition oh #ha BN aeedet(e-2-»
DoHlf%hgls I1€d1§é%gﬁla?ﬂ§8{jlsqgﬁ%§wegg&' ng the time that

rea Fanscel vers are used for
t r ansf eSirco dnvteksidmprittoller Baxd iinoertstI baved onttiptonditiom, of the

i nversion _controller_304 use e stro .. )
t r ENYEeqdreinyersion qogtrplerci0decong %Ge‘gf Silarlynsigce
18 %lvelﬂ?rpédﬁﬁrollmqh{’%%ttﬁe DUt Bz{égd %H Ehe doﬁﬁltfolﬂ%f Vi INBV o

robe transceivers are used for transferring
t i nbdey 1nwfsmm<amitroﬂe10304t doaditiopally nhatelas Dobutver si on 20

control er 304 s read strob ransc s. 174 to

out put @W?\WB @Qmiso ‘frf%ég fiy iﬁ‘a ﬁﬁﬁ %{V%E gﬁ{l§08}vegrl74
30 Zrél%@@ @ tiedsfelthOithMglinRAhblioh 60HE olMPuP@iLdneisibRut .
The Po code indicates the parity of the output data

DOCOIRarllet $04 ums verite etrrolsmanseﬁl@ers V&2 tof reegive the [N gpde from

fr i}ﬂ?swgfllp {nﬁagﬁi g?ﬁna rfrhgﬁ eotﬂg aglte Et?gb%' t}[a%gcelvers

172 are used for transferring t1m1ng information of the input data, inversion
controller 304 uses read strobe transceivers 174 to output the INVo code to lines
184.

Parity controller 307 generates the output parity code Po based on Dout.
The Po code indicates the parity of the output data DO. Parity controller 307
also verifies the input data DI based on the input parity code Pi received from
strobe transceiver circuit 170.

Each of the DI and DO has a number of bits. Each bits has a value of
either logic zero or logic one. The Po code indicates whether the number of bits
of DO having logic zero (or logic one) is an even number or an odd number.

Similarly, the Pi code indicates whether the number of bits of DI having logic

12



Each of the DI and DO has a nunber of bits. Each bits
has a value of <either logic zero or logic one. The Po

W@ o@s/ 073 cat es whet her the nunber of bits of PODUS2005/000809

- having logic zero (or logic one) is an even nunber or
an odd nunber. Simlarly, the Pi code indicates
whet her the nunber of bits of DI having logic 12 WO
2005/ 073974 PCT/ US2005/ 000809 zero (or logic one) is
an even nunber or an odd nunber. The Po and Pi codes
are transferred via strobe transceiver circuit 170. In
sone enbodi nents, an external device, external to_,
neR®P ordegiceae) HGo eeyf:n pyrgberpr ap oddnpabend gk Ngudicpodes
thgreepmgf%g%dvﬁx 1vteparc§fﬁt Onal 5 deVI ce I nCl Ude
menory contro ers a n1croprocessors The Po code
al | ows the&omexhbédimenidean exgerhal deerdej gxt@@al(tﬁm«ﬁm@‘&tdemce

0- are received by the_ exter devi ce
en‘béQjP -4, resgivenlQ (XY Fekibe Rgeco %a xapplgpel the SxiSfHar
[

5 L PERCEIKEIE rlffbry B RECarddhicHBONSERS! e b Bfihllows the
vvr exwmat dobe ﬂor\&nﬁcEQ/(@FN) 42 DO (0-2D @rexeceitied By th@(m@mal
frqm.lines 182. In other enbodinents, during the tine
t ha¢V'¥ri t e strobe transceivers 172 are used for

transf egy idige EmBbdifhehRf &{rﬁ@th@ﬁn@fthﬂreacpﬂfdbé Yransceivers 174
controller 307 uses read strobe transceivers 174 to

ouayeused For thfcuu@ tirgingjinfosmation offidQppariy geeirelles 307 uges

10 oy OO R b Bt S o RS Yoo 10

t enper ahua@eﬁaﬁsodiﬁ@ntsy@ﬁﬁg&ﬁ@tlﬁletthw wWtepRoRt i ceivers 172
information. In some enbodi nents, a refresh rate of

e Aisriped & teas poing tniag inforpatiopipt 12 @arityconolFr 30 gises read
TNEtr&%dt?aqsgéi{/erg)ﬁm t}gut"ﬁle Po B@({et tbqﬂilﬁéui g4 enperature or

range o enperature e refresh rate
nay be Menpeedirt seppatee3 Hbwwports @fhpernteremefominonti ofemesory

uring the tinme that wite sir nscei vers ,1
15 ar ée‘aﬁ 1 yiegtiphe Farasﬁglfverrcwmlﬁg Tﬁ?? B qofe éﬁﬂ’
[%)?58%1‘1'& the fe Huﬁ% I ENMERS Ink6@E efibo@R€ents, a refresh rate of

transceivers 1 to output the TMP code to |ines 184,
Calnienroary devigd 300 G46i. Vpis adjustet ibpsest e JOIR c@ie. Hos exgrople,

o e PG RC R Ay ahe 2 PG e of poprecf: b8 g rae
enpogivEaBlgoed doi5dv@GoaRr.i Ni tial i zation, an externa

devi Ce external to _
20 In some embodiments, during the time that write strobe transceivers 172

are activated to transfer timing information of DI, temperature reporter 310 uses
read strobe transceivers 174 to output the TMP code to lines 184.
Calibrator 313 receives a calibrating code CAL to from strobe transceiver

circuit 170 to adjust a timing of data transferred by data transceiver 190. In

25  some embodiments, during an initialization, an external device external to
memory device 100 obtains the characteristic of transmission lines or channels
between memory device 100 (FIG. 1) and the external device. Examples of the
external devices include memory controllers and microprocessors. In some
embodiments, the external device external calculates a time delay of the

30  transmission lines and sends the calibrating code CAL to memory device 100.
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menory device 100 obtains the characteristic of

transm ssion |lines or channels between nenory device
wae@spHEIE 1) and the external device. Exanpl eBCDUS100&000809

external devices include nenory controllers and

m croprocessors. In sone enbodi nents, the externa

devi ce external calculates a tine delay of the 30

transm ssion |ines and sends the calibrating code CAL

to menory device 100. 13 WD 2005/073974

PCT/ US2005/ 000809 Based on the CAL code, cali brator

313 ge(;&%tes an adjust signal ADJ to allow nenor

de s orie (oA lndpdss calibsniop Al § E70srales anradiust micag A fadlow

ou : t \Vi

cariior? BkAc0R B o RATARY Bt Blo drfe driRe b Mata DO 1o

t i comgershtetfhetheutnpeideldntaciPedhy dt exterhdleleCitk. Adfiating the

i mproves.the accyra f t he transfer of the output

da B%Oﬂ'ilﬁ&}@ug divp 530 Bessd OPEh%‘éﬁ_@ @5 JupiRRt the ageewp!
5t hend dediBrck BRthe! RASL Il EhHIHePIcq0s, 174 are

activated to transfer timng information of the input
data, céhsdnetwbodit®nts; dargigibe timeshgacadsnbeviansastversel 74

strobe,.transceivers. 1.72. lnversi controller..10 F

2 P& BT PRt neomi o of Sh BB e rerBer o
FI Geceides tHIWAL $o@8 viaGhite @by tradlddeilétslivgles a
calculating unit 410 and an inverting unit 430.

| ndstersiomycanirollen 30 j nverts the input data (D) based

the i . ' ' Lt, 430
07,7, A0 RS B g T
0 umﬁsi%mvmdllem @égiglelddbw@g@gﬂai@ wdt 40 zgiﬂll @uhaetlrgigggnit
41
e 89 niverg i v Gl e mpp e 03 ppsegion the fmpukgeing
of chienet hiiéting (ﬁ:ﬁt Q86 alsf Glvefle tm&flgﬁ‘aﬁia@ﬁegrb%sm

m Cr opr ocessors. culating unit 410 deter
wh gtehmrtput anventigg ¢coded iV ceger epted\biycatcui dtmg vinkvd Oc AN is0

' tl nit 430 an ad strobe . unit 173. .

15 caprndeditngremay ryge TobBT frertbeS it yinafR arobs pitdAL
41Zxa@dpkek OF BRQxROA1 deBicdbihclude MRMdrPOSittAMRA#d and a
deci sion portion 422. Conparing portion 412 has a

nuRBeopicessorspar at ors 414 (414-0 to 414- N) for
comr | 28ROy Bo M LGP R D i
DOpN U0 tcod EXapinibréin g uhi @30 whdtéad dable @it 1 7316Galculating unit 410
20  includes a comparing portion 412, a storage portion 461, a math portion 420, and
a decision portion 422.
Comparing portion 412 has a number of comparators 414 (414-0 to 414-
N) for comparing Dout-0 to Dout-N on lines 322 with the previous output data
DOp-0 to DOp-N on lines 415. DOp-0 to DOp-N are the output data on lines
25 392 from a previous output cycle. In some embodiments, each of the
comparators 414 includes an exclusive OR logic for comparing the values of two
corresponding output data.
Each of the comparators 412 compares a value of an outbound data with
a value of a corresponding previous output data. For example, comparator 414-0

30  compares the value of Dout-0 with the value of the DOp-0. As another example,
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25 392 froma previous output cycle. In sone
enbodi ments, each of the conparators 414 includes an
wex@snsivve OR | ogic for conparing the val ues oPCT/NWR2005/000809

- —correspondi ng output data. Each of the conparators 412

conpares a val ue of an outbound data with a val ue of

a correspondi ng previous output data. For exanple,

conparator 414-0 30 conpares the value of Dout-0 with

the value of the DOp-0. As another exanple, 14 WO

2005/ 073974 PCT/ US2005/ 000809 conparator 414 N

conpares the value of Dout-N with the v BgJIQl
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mf’%‘g qoglet pﬁ%%&exg?ut?dt Y8i% s" of Dout that have

adiffe [\/Pd’t‘ﬁ uMif4 VB p¥fdrkhsGOm AR DPpertvn on ithd Gni¥apisot-tesults
exanpl e, if the current Dout
20 prov1ded on lines 417. Math unit 418 outputs a math result on lines 419. The
combination of signals (or bits) on lines 419 represents a number, indicated by
X, where X is an integer. X is the number of the bits of Dout that have a
different value with corresponding bits DOp. For example, if the current Dout
has eight bits with bit values of 00011111 and if the previous DOp is 00011100,
25 X would be two (2) because the last two bits of Dout and the corresponding last
two bits of DO have different values. As another example, if the current Dout is
00011111 and the previous DOpis 11111111, X would be three (3) because the
first three bits of Dout and the first three bits of DOp have different values.
Decision portion 422 sets the value of the INVo code based on the

30 number X on lines 419. In some embodiments, decision portion 422 sets the
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corresponding last two bits of DO have different

val ues. As another exanple, if the current Dout is
00011111 and the previous DOp is 11111111, X would be
three (3) because the first three bits of Dout and
the first three bits of DOp have different val ues.
Deci sion portion 422 sets the value of the |INVo code
based on the 30 nunber X on lines

entdes w‘éth@ éN Vasedattonigbyalpeis-olowy é‘f@n%@e% ghapegr equal to
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. For exanpl e, he INVo code 5 is set to a
fi H\Wo vadeaie s¢tdo the, sebmd) vahfle (¢.g.chiple)si§ Xt in greatsr theguapr.t o

f our and t | NVo ,c S set

Vol { Lhie IOk ibviald so VAR Bahdtalet 100! Viich HERTErs

| SthMRWiod@Me tPliddsi 1182 151 &x@kfallusaNF6Let@ipld, 6de Or molé external
transfers the INVo code to |ines 184 for_ external

usdevigasconnestag) te mespary devige 1 @0 mey aise the INYe godg for mverting
¢ o 1 ed% X0 q{télﬁteﬁ'%%q{x%ngrg ad[ Uite :&88 véﬂ%g of e INWOCO‘?IQ A8 lines

a outpu y nmenory device
10@84 ihidecates hﬂlﬁt}@f Dighen 1idd4ol 9ddsl an atvettbdrearsioh ®4 the non-inverted
i ndi cat es. whet her D? on lines 194 f n i nverted
ol

veftsied ersiontoh ghayrpytepiar e ondliney somsFrgodipgnts, the
outf Hltna{jer fec %:‘euférb N8 Sortonally 1%%@5& 6??ﬂfeinalue of

t he evi ceS receive DQ and conditionally
[ ntherINV[BQddas Edr exantpi aftet weewfng DQeand AVY oddie megwry device

ol pbaha eftasl devis T B ALYpabhienohf fReVREN ¥nqprpged i
' Snl?ve bs RRE WaAMEMEEbHHRARASY, the INVYNRdE f dlsVproVited tan

nmenory device 100, thé INVo code is also provided to
| ninyettingginii30. 430. I nverting unit 430 |ncludes an

out put rti r.ti.on 432

por 1 on smsetft B bl ey R sVt i B A B
oujrveHg hafich 420 Mapit ikaatitly portiohe 30 divees thewabsundglata
code I NVo. Input inverting portion 434 inverts the

i nBouhbrsaden tr[q ouig davesting spdeilNYe: Inpridnyarigg pestign 434
ln glve\feﬁt%‘}eﬁgfr)odrng\édg{ Vﬂ)glgasgﬁ éﬁ B nfrdnd dGhyE5R Vil NPUt
Output inverting portion 432 includes an input node 433 for receiving the
INVo code, a number of data output nodes connected lines 392, and a number of
switching devices 442. Each of the switching devices 442 is located on a path
between one of the data transceivers 192 and output data path 122. Each
switching device 442 includes two series-connected inverters 452 and 462 and a
switch 472. Switch 472 connects around one of the inverters 452 and 462 to
bypass one of the inverters 452 and 462.
Switching devices 442 are controlled by the INVo code. Switch 472

turns on when INVo is at one value or state (e.g., high). When switch 472 turns

16



I N\Vo code, a nunber of data output nodes connected
lines 392, and a nunber of sw tching devices 442.
wEa@k/0td974 he switching devices 442 is | ocat ed PCT/ESas/HN0809
.29 et ween. ong .9 4she data transceivers 192 and out put
data path 122. Each sw tching device 442 includes two
series-connected inverters 452 and 462 and a swtch
472. Switch 472 connects around one of the inverters
452 and 462 to bypass one of the inverters 452 and
462. Switching devices 442 are controlled by the I NVo
code. Switch 472 30 turns on when INVo is at one val ue
orors initeter #6%is bynasged.. Dywerms fines 3224 passss fyertetaacsn
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i nverter 452 and switch 472 an COIEes at_lipes

560 &t anaihArrilic e oW WG A1 ESAE P Oeb FOER fet

Sy 7 i bakdtfes DO
5 Cobfl b I 9 gl e e ok

i satrimies 39hyhathsadse, DS ts & ramvdrsioe of BRRt. passes bot h

inverteys 452 and 462 becanes.DO .at |ine 2...1Rn.

this cabint BorROegoRrd Jdraren BropyRete TpHE receiving the
1 NiveV dJag, PREMD& b3t dulisilt HH&S RAnédIRLENndRBA e, Ak dudiiber of

receiving the INVi code, a nunber of data output

u
nosreischingdesicesd4tti Fesh afithe swiltehing deivipesr44dris logiied opiamgth

deyi 444, f th ' ] - i
1o SB4RER §or GREM TR Bl S G Ry £ 2
t r APSERhY 8 vicel 2 iaflddés it seed-cormatied vkrtefsalch and 464 and a

sw tching device 444 includes_two sgrles-coqggctgg
i nysitehed 4. SitehyATAzsnnegtyerqunds ope lhe rverteggidp gng 494 to
conne f inverters 454 and 464 to
by sagé g%%gﬁﬁgghvgﬂgrﬁggﬁ%gggbﬂm and 464. Switching
devi cesS#4téhiapdevioas 444 dre dotiyolleti dyIthe/IN ¥ockele. Swiitch K74

15 1y (S ONVHBR DV LSt eV e gREn) | Spen ppcisE s on
byﬂﬁ‘éﬁ&%ﬁ% biHRE. I 1ESod HhePIPRE RS ds MY RIfcLACABA tReks

passes throu only inverter 454 and switch 474 and
bettwowsh dily imvertei 4felsan@switchd 74 ind beeoazes Dimiahlines 3HA. In this

inverted version of DI. ,t ch .474 rn 1 NVi
| oo B anar st verion o D RiEA SRS ot et 0
t URRSth& valud @MW), Whdn bwitdol7 LAy FasSaedter Bb4 fsrmmm
i nes 391 passes both inverters 454 and 464 becones _,
20 Di hypassed. DI from lines 391 passes both inverters 454 and 464 becomes Din at
lines 311. In this case, Din is a true version of DI.
FIG. 5 shows exemplary data with inversion information. DOp is the
previous output data on lines 392 (FIG. 4). Dout in Row 1 through Row 16
represent 16 different exemplary current outbound data outputted on lines 392
25  from data path 122. As an example, DO and Dout have eight bits, BO through
B7. The "inverted Dout" in each row is the inverted version of Dout. In FIG. 4,
DO on lines 392 is not always an inverted version of Dout. The value of INVo

determines whether or not Dout is inverted such that DO is an inverted version

of Dout.
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l[ines 311. In this case, Dinis a true version of Dl.
FIG 5 shows exenplary data with inversion

WO pdosonamré on. DOp is the previous out put dat aPCIUB2008600809
r 1392 (LG .4) . wDout i @ Row 1 through Row 16 represent

10

20

25

16 different exen‘pl ary current outbound data outputted
on lines 392 25 fromdata path 122. As an exanple, DO
and Dout have eight bits, BO through B7. The
"inverted Dout” in each rowis the inverted version of
Dout. In FIG 4, DOon lines 392 is not always an
inverted version of Dout. The val ue of | NVo
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val ues. Thus, X equal s "ei in Row 1. As _anot her

exdiffsrences in tb@hﬁa'alung 1@Q§hrﬂi: bﬁs JB6,iand Rohhaye differend bit
are .t hr ffe bit values, i.e., three
bi f’%‘uﬁ%%ﬁ%%gﬁ? c#?‘?gr ent bit 10 val ues Thus,
X equal ¥ fepfesénts the ﬂuﬁlb‘Bmefﬂlfféfeﬂ@s IiIGBﬁ Rhlsies hetweeDEpsind

of differences in bit val ues_ betwee DOBPand t he
c oth%ﬁ@?ﬁﬁnﬁglglhl’t valggs i galy ofghe ho Weﬁﬁ‘é BLi nvert ed

Dout .

corrparl ng u%ﬁ.{bl QT‘ng?‘hié:bﬁ Iﬁ\}cu%t élsoyc&h?&jﬁ%g‘gg (c))nT%lee

?/a[NVo ﬁbdéﬁs sEtdisase(lk anmHeevaldeNX.i Borzexampley 8N VX i$ gero When X is
ess than or d 1 NV

st AN R G R B

tEng dits $DOI(BO #)5% r Dbif). TAIHIS: 5] N=&0Whds, id RV® 11, S

one( cause X i1s gre terthanfour (4). In Row 6,
| I\HNVDSS m(d) bbrauszss ¥reater thegdouHdh IndRew 6TBEV ¢ i a¢€0
IN\/o es vvhether the Dout is inverted. If

Doh?°a|u§e ess an four

The value of INVo indicates whether the Dout is inverted. If Dout is

inverted, DO is an inverted version of Dout. For example, in Row 1, since INVo
is one, Dout is inverted and the inverted version of Dout is transferred to lines
392. The inverted Dout of Row 1 is 00000111. Lines 392 have the previous
value DOp of 00000111, which is also equal to value of the inverted Dout
00000111. Thus, when the inverted Dout is transferred to lines 392, the value or
signals on lines 392 do not need to be switched or toggled because the inverted
Dout and the previous DOp have the same value. In this case, since no
switching is done at lines 392, the number of switches in bit values between
DOp and Dout is zero. In FIG. 5, in Row 1, Y is zero indicating the number of

switches is zero.
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20 inverted, DOis an inverted version of Dout. For
exanple, in Row 1, since INVo is one, Dout is
w0 poosntdad4 and the inverted version of Dout i s PCT/US2005/000809
we wl B an fﬁ; £l &d @l ines: 392. The i nverted Dout of Row 1
is 00000111. Lines 392 have the previous value DOp of
00000111, which is also equal to value of the inverted
Dout 00000111. Thus, when the inverted Dout is
transferred to lines 392, the value or 25 signals on
lines 392 do not need to be switched or toggled

because the inverted Dout and_ the pr_eﬁi ou? DC? ave
the sand Raut were nat invarted cthe aumberpiswighessailings %’%WPBM
q £ 1. ' : : ;
var fisBogh bl IR SR TR EOCBIATPER ( HRow 1. Thus
ROWebxaﬁdee&eg"&dliﬁ% ird;kﬂlilpﬁivbnijl/gt])mlt bafasbse/ trar[sferriagvillouf hiesliries
zero. 18 WD 2005/ 073974 PCT/ US2005/ 000809 | t .
WP 158 PoRHHRET OF REHFRBEHIGT 0 ATE R 1 26F nEvards

5 m&ﬁv@d%\éﬁiﬁ%ﬁﬁ?&;gﬂwﬁ&l&weﬁﬁe@d by the value of X

ight (8) In

equal to e Row 1. Thus, the exanple

regar di Ag anatherlgxamples it Roy Gsinte BEY o isezere,aiaeinwm el or true
Dout to lines. 392 reduces t unmber of

i Kersiones hOPBWfé‘%fﬁffe{‘j b Gk ao8 it popartls BEbAEOGROR00 of

t g ofHIEsw 8fwithitht 61E6000D11 EGPDERD, thdse @B biteNAlR €,

in Row 6, since INVo is zero, a non-inverted or true
vediffepent yhlupesiindicatadrban¥ feaval del three inj Ry 63 Jus, when the true

conparin he. hits. 0 0 ' '

10 ;i ¢ S’@&d’gé’tfﬁlsg?"ﬁé&gg?%g‘%% %?eth?g#gém% @V%in%éﬁd BR%f
di ot aBkwitdhede Iathd HAGH RYataihtoanslahe tumbdrodswitnhes in
Row 6. Thus, when the true 10 version of . Dout

s is
t r hifoples befween DOpenddamnt iy theeet dEPophyere ipyeried gad they
an )
g Rl LGRS, 142 08 apRie oo
DOgvoalithdve beer Bvd (3) ae indidatdichyt thewwalee iofi YeintRagv ndlenegs in this

15 P eRdhe b ereRgbr b S S abeH SRR e
s %C)%ﬂieﬁis%wmﬁaﬂ filvH €5)Qhwitbhéd bedRP¥erine HRRABA Dolt (RYwS6) and

15 case, transferring the true version of Dout keeps
t h®Owmnber of switches at three (3) which is | ower

than fi 5 w t.ches between the .i t .
6) and %%6%’.‘21‘?%85 R0y ﬁﬁ?‘%‘g&lg% 59/‘@% 8 ardi naéﬁ:rj%%v)&g}ealﬁgq 4.5
I 0\h&w B diftRdingInahé Daltib 6 the INVeydE, et indefdndisich ona true
the value of the INVo code, an inverted versjion or a
20t r yersion of Dout is transferred. Regardless of which version of Dout 1s
transferred, the number of switches between bit values of the data being
transferred is kept at the lowest value (between X and Y), thereby improving
power consumption.
FIG. 6 is an exemplary timing diagram for the memory device of FIG. 4.
25  CLK represents a clock signal such as the CLK signal on lines 110 (FIG. 1).
The RDQS and WDQS signals represent the RDQS-0 and WDQS-0 signals of
FIG. 4. DQ represents one of the DQ (0-N) of FIG. 4. In FIG. 6, DQ includes
DO and DI. DO is outputted at a particular after the READ command is issued.

For example, DO is outputted between times T2-T6. DI is inputted at a
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kKept -at:ihe .| owest.val ue (between X and Y), thereby

I mproving power consunption. FIG 6 is an exenplary
timng diagramfor the nenory device of FIG 4. 25

CLK represents a clock signal such as the CLK signal

on lines 110 (FIG 1). The RDQ and WDQS signal s
represent the RDQS-0 and WDQS-0 signals of FIG 4. DQ
represents one of the DQ (0-N) of FIG 4. In FIG 6
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For exanpl e, > 1S . .
activated during only a portion of the interval between times T2-T6 and not the

entire interval between times T2-T6. In other embodiments, the WDQS signal is
activated to carry the INVi code for an interval equal to the interval of the output
data DO being outputted. For example, the WDQS is activated during the entire
interval between times T2-T6.

In some embodiments, the RDQS signal is partially activated to carry the
INVo code such that the RDQS is activated for an interval less than the interval
of the input data DI being inputted. For example, the RDQS is activated during
only a portion of the interval between times T7-T11, not the entire interval
between times T7-T11. In some other embodiments, the RDQS signal is

activated to carry the INVo code for an interval equal to the interval of the input
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20 activated during only a portion of the interval
between tinmes T2-T6 and not the entire interval
Wheawsoeeze74 i nes T2-T6. I n ot her enbodi nents, thRCTADEH05/000809
v w8 b GNaY wsls§ - AGLVAL-€d~t 0 carry the INVi code for an
interval equal to the interval of the output data DO
bei ng outputted. For exanple, the WDQS is activated
during the entire interval between tines T2-T6. 25 In
some enbodi ments, the RDQS signal is partially
activated to carry the |1NVo code such that the RDQS
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7 1s acircuit di am of a parity controller, of .F

5. bpuf gty geressiof B 5o e fop el gty pfpy ool birbased
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710 generates the output parity code Po based on the

ouproneddelBi znd the iternglgpairity cegleddr at or 710 al so

1092012 8 O 30h  FS B 0 el 2930y

es the I nput
dapaithapad1an Gulbsut gﬁﬁtytunimai deyterated ®oRiasahch Dhet. Input parity
internal parity code PH.__ 10 Parjity generat ?r 719 .
i nanit d zeneraset Pikbassdionl. (Hinqe Feuis thieprity, of Repe Po is also the
Pahhy i b, X ity 8f Din,
DY S g b B b e s Py ot Din
bap#ds giso Ble.pafiyncD PoecassetDia ip gericrated froModi., Fdedhé description

alsg the parit f DO hecause DO.is generated fro
15 Dot pirly sedrler g o dite o ser IO g g L% ge
pardit ¥ t@Lind eraMae Din is generated fromD . For the

description 15 of parity controller 307, output data
ref ers Qutpitphegty ubittl 2oonmtatedines g2 faaeesiving Dot Ingome

! 5350 BB Bl i £ L R i
oUDIIYt IRk e emBbdiitherftd, 2 ugit PEEH NI 12iiREEd &R 1dabl dae 3)
20 fo rexcglgsci\% anI%gic for calculating the value of Po. Output parity unit 712
provides Po to read strobe unit 173, which transfers Po to one of the lines 184.
In some embodiments, read strobe transceivers 174-1 transfers Po one of the
lines 184 during the time that data transceivers 192 receive the input data DI
Input parity unit 714 connects to lines 311 for receiving Din. In some
25  embodiments, input parity unit 714 connects to lines 391 for receiving DL. In
some embodiments, input parity unit 714 includes at least one exclusive OR
logic for calculating the value of Pii. Input parity unit 714 provides Pii to
verifier 730.
Verifier 730 includes a comparator 732 for comparing Pii with Pi. As

30  described above, Pii is generated internally by input parity unit 714. Piis
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201 epr eserfhe partyhit Riis edther meo glogisirerq & opg (Ipgic OHCF:)- Tthe
exemplary data of FIG. 8, P is zero when bits BO to B7 has an even number of
zero bits (or ones bits); and P is one when bits BO to B7 has an odd number of
zero bits (or ones bits). For example, in row 1 and row 3, P is zero because each
of the data in row 1 and row 3 has an even number of zero (or one) bits. As

25  another example, in row 6 and row 14, P is one because each of the data in row 6
and row 14 has an odd number of zero (or one) bits.

In the above example, P is zero when bits BO to B7 has an even number
of zero bits (or ones bits); and P is one when bits B0 to B7 has an odd number of

zero bits (or ones bits). In some embodiments, P is zero when bits BO to B7 has
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ones bits); and P is one when bits BOto B7 has an odd

nunber of zero bits (or ones bits). For exanple, in

row 1l and row 3, P is zero because each of the data
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15 O RS T FREERG ATB Do QU S0SD oot AT b BE s T2-
betrgesuly ihd B S aiddal 1stcﬁ3vat9d forleams tikdiag nidelﬁlalﬁB@Sf the output
si gnal svmtches (t&gg es) when it is activated between

15daﬁarﬁ@ btweps tinge WO issint peivagrsk ta cpxy Sipdng
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or‘carry timng | nformation

OUWDQS sikaBmbXPbb a&t\t@&r‘d toicamrs tH'e&ﬂﬂFﬁ; pafitecd@®@s i s not
activated to carry tim %1
20 In a similar buf reverse situation, the RDQS signal may also be activated

to carry the output parity Po when the input data DI is inputted. For example,
between times T7-T11, the RDQS signal may be activated to carry the Po code
during the time that the input data DI is inputted. Between times T7-T11, the
timing information of the input data DI is carried by the WDQS signal.

25 In some embodiments, the WDQS signal is partially activated to carry
the Pi code such that the WDQS is activated for an interval less than the interval
of the output data DO being outputted. For example, the WDQS is activated
during only a portion of the interval between times T2-T6 and not the entire
interval between times T2-T6. In other embodiments, the WDQS signal is

30  activated to carry the Pi code for an interval equal to the interval of the output
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exanple, the RDQS is acti ated dur.i e entire 10
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of FIG Tenperature reporter 310 includes a

t e(Ri6: 4) andepxsém@e et @ufentatas elsiomy amhodirenip dpgiepypsrature
evi ce Fl G d a tenperature output circuit
10§%aflso?n Wﬁrﬁgr}?he tenperature data or
t enper at[‘éﬁl%eﬂaﬁfr@ bamhit @ftuit 1012 includes a signal converter 1020, and a
20 format converter 1030. Signal converter 1020 produces a digital temperature

data sensed by temperature sensor 1010. In some embodiments, signal converter
1020 includes an analog to digital converter for converting an analog
temperature data into a digital temperature data. In some embodiments, signal
converter 1020 produces the digital temperature data in a parallel format.

25 Format converter 1030 produces a digital temperature data in a serial
format. In some embodiments, format converter 1030 includes a parallel to
serial converter for converting a digital temperature data having a parallel format
into a digital temperature data having a serial format.

The temperature code TMP represents the digital temperature data having

30 aserial format. In some embodiments, the TMP code includes multiple
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20 N oy 5B ol bevins SR ETERT EPSREly GRE TN iigriapris, I
o0 hOLmbORnI Rl BRhuhfHef of ERpeLXATR & itk TIS 8FFhe TMP code
can be different from eight.
Each combination of TB0-TB7 represents a different temperature. FIG.
11 shows eight different combinations of TB0-TB7 (COL 1 to COL 8)

25  representing eight different temperatures (bottom row). For example, in COL 2,

)

TBO-TB has the combination 00000001, which represents 15 degree Celsius. As
another example, in COL 8, TB0-TB has the combination 01111111, which
represents 105 degree Celsius. Since the TMP code has eight bits TB0-1B7, 256
possible combinations of TBO-TB7 can be obtained. FIG. 11 shows eight

30 combinations of TBO-TB7 as an example, other combinations among the 256
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In 18 oRbKanprssmiehelock sigapl syeh anibe &Iéﬁa pigppliog linse. D).
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usﬂié WDSQ)J(COPMQ sighels TIR) cepoiesesty loab of the ¥ (Ud) of FiF. tthen
| e tenperature codﬁ bits TB. F

15 FI EIG 1113 DQingludes RO gDk Jde in a‘étpaﬁt“gfﬁ%t ama%é% af@ﬁe‘r%‘?
%@é&%&gjnﬁén@fs 1§§u@8 Kpaf &anid DO islfutiticd Wetwdt times T2-T6.

FI'G 12 I's an exenplary tim ng di agram
f omnmputmm;a paeticutze afier e GVRITIO corpmeng isipsusdnFer grample,

k S|g uch tas th .Igler signal on lines 110 (FIG
lsr‘ﬁ‘B ﬁ@& PEnEReY ‘E ents the RDQS-2. The WQS
S' gnal NSRF 8RS ADUdehrRdnd issued at time T0, memory device 100 outputs
20  the output data DO between times T2-T6. The RDQS signal, which carries

(D

timing information of output data DO, is activated between times T2-T6. FIG.
12 shows that the RDQS signal switches (toggles) when it is activated between
times T2-T6. Because only the output data DO are outputted between times T2-
T6, only the RDSQ signal is activated for carry timing information of the output
25  databetween times T2-T6. The WDQS is not activated to catry timing
information of the input data until time T7.
Between times T7-T11, the WDQS signal is activated to carry timing
information of the input signal DI. Because only the input data DI are outpuited
between times T7-T11, only the WDSQ signal is activated, the RDQS signal is
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(0O-N) of FIG 10. In 15 FIG 12, DQ i ncludes DO and

w®R0s0B976 out putted at a particul ar after thePCRESI05/000809

Hin

10

15

20

25

30

copmangd «.S: i ssued.-...For exanple, DO is outputted

between times T2-T6. DI is inputted at a particul ar
after the WRITE command is issued. For exanple, D is
i nputted between times T7-T1 1. After the READ conmand
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b1, AR S5 B e £ By,

tr ahae V0. CdnGtitdr 1370 recEies @Rblitetits code CAL from strobe
transceiver circuit 170. The CAL code includes multiple calibrating code bits.
A combination of the multiple calibrating code bits represents a time delay. In
some embodiments, converter 1310 converts the calibrating code bits of the
CAL code to a parallel format. Decoder 1320 decodes of the calibrating code
bits of the CAL code to provide calibrating data or calibrating information
representing the timing delay.

Storage unit 1330 stores the timing delay provided by decoder 1320.

Based on the timing delay, storage unit 1330 sends an adjust signal ADJ to
control circuit 118 (FIG. 1). In some embodiments, the ADJ signal has multiple
bits and the combination of the multiple bits corresponds to the timing delay

stored in storage unit 1330. Based on the ADJ signal, controller 118 controls the
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CAL code has eight calibrating code bits (CB0-CB7) as an example. In some
embodiments, the number of calibrating code bits of the CAL code can be
different from eight.
Each combination of CB0-CB7 represents a different timing delay. FIG.
25 13 shows eight different combinations of CB0-CB7 (COL 1 to COL 8)
representing eight different timing delays (bottom row). For example, in COL 2,
CBO-CB have the combination 00000001, which represents 150 picosecond
delay. As another example, in COL 8, CB0-CB have the combination
01111111, which represents 200 picosecond delay. In FIG. 13, the ADJ signal
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15313 ( FI BIG-113)i pa erpalary ‘iﬁlé“%ﬂl%grﬁflef%% F‘Bﬁ‘%‘?"?’rﬁ%‘”&% gLFIG.
bi 15 EBRre gi%zerag ak%k@%hal%dﬁ a$ fHRIOILK B@ﬁaﬂ&ﬁhﬂésalw(ﬂt(ﬁ 1).
strobe trahscel vers In sonme 10 enbodi nents, each
of ThBDQSsigndlirepreEBE @R D ithe REOS V) sigaals) TheVOQS signal

g%g‘?sﬁ%‘%g@e\mé uihé)}‘%:f lépgr Prgéeknl—% §I§q of the @;@-It\%of FIG. 1.

r egEFKe 1shpGAkledpCesidabs Dbes mtpbt&rd aifa paftécubarlaftepthe

20 ‘ alRIEtXStcér?ngnand is issued. For example, DO is outputted between times T2-T6.
DI is inputted at a particular after the WRITE command is issued. For example,
DI is inputted between times T7-T11.

After the READ command issued at time TO, memory device 100 outputs

the output data DO between times T2-T6. The RDQS signal, which carries

25  timing information of output data DO, is activated between times T2-T6. FIG.
15 shows that the RDQS signal switches (toggles) when it is activated between
times T2-T6. Because only the output data DO are outputted between times T2-
T6, only the RDSQ signal is activated for carry timing information of the output

data between times T2-T6. The WDQS is not activated to carry timing
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coded bits. For exanple, in FIG 13, since the CAL
code has eight bits, CBO CB7, eight cycles of clock

wae®s03wd t o recei ve the CBO-CB7 bits. 15 FI G PABUSHOHIN0S09
w.eXenpl.ary..t4 m-ng-di-agram for the nmenory device of FIG

10 ;

15

20

25

13. CLK represents a clock signal such as the CLK
signal on lines 110 (FIG 1). The RDQS signal
represents one of the RDQ@ (0-M signals. The WDQS
signal represents the WDSQ 2 signal. DQ represents
one of the DQ (0-N) of FIG 1. In FIG 15, DQ includes

DO and DI. DOis outputted at _a particul ar aft
2 GnfeEngsienooihe inpus dats spktime g7 é‘%& cEveepd Tezr 76 I

VB S B el iRl Ermihe AL b D ﬂteged For
exanpl €n sofde ehfbotinmetits, ¢k W@JQ& eignaliisrpartially FdtivhtedAp canry

ol GAd: cociangh e dDL o tRr f Hoe VA Seiin g’
%rfdl g?ﬂe’ Bgﬁ't Q2 G50 b oglﬁ)uhb&n P& dxafrpldTald WD is

ata IS activa ed bet ween ti mes T2-T6. FIG

1 Ea&hm dutiiag orlfe HRDEH of the iiteryeli lethess t(mQ;;gTEﬂ &6 pndpmetthe

t tivated bet T2- 76,
e BB TS b el PRGBS Wb
0 fl%natl Eb%cﬁ%@i & @A) the €AC tddsbEsh fr@érvﬂ&l‘qﬁa‘l tb rtlm llflgerval of

mat1 on of the output data between tings (?
Ththe\amsdata Ddbeiag ontpatted For example, thenVRRDY %Vate during

5/073974 PCT/ US20 9 ... .. of the
t8ﬁte térgtnét Wﬂ?ﬁvefﬂhgg{?g%ﬁ%us betvveen times T2-T6
t he VDR 9i6@Raks BRyenabld enatiodinern of deranxiliney Géuit and the
code. I n sone enbodi nents, the WDQS

pat:rmsaqnmr carstity af G- Bo FLGr 1§ omith éome%gﬂs&%%%wﬁ g 3 for

£ BR réad
P aEin R R, ol & dt e g (nSbaffie kP enly oA of IS rba
exambawem lafe MBS iransfadthe watibay duformafiarieyweemdrobeon
of the interval Bet en,.tines

e niragsseiyves @ycy |17 gﬁhﬂyrfggu% B;g ?{]aﬁscgeg\;%tl Ef?] 1epres ents

éjdr[ﬁ@ ite %&b%e\ﬁ%elv%rﬂm of I8! Myaisedvérol 20MEptesents
the or an 1 nterval l(1ual to the interval of

t hené ofthé raadtsaomram:agens Uffpof ¥ 3. Fdpxiligermicait 16A2

beRREFE ALY 257FB 190 & FRS Shows an &l ternat | ve

enbodi mnE1CRfi 6t NSel@dtss! 1622 Yectivies bisignalnsh litteel 614 provided by
transceiver 1610. The signal on line 1641 may be one of the WSDQS, INVj, Pi,
and CAL signals. In some embodiments, selector 1612 includes a decoder to
decode select signals S1 through SN. In some embodiments, the S1 through SN
signals are provided by controller 118 of FIG. 1. Each combination of the S1
through SN signals enables selector 1612 to activate one of the signals the
WSDQS, INVi, Pi, and CAL. WSDQS represents one of the WDQS-0 through
WDSQ-3 of FIG. 3. INVi, Pi, and CAL correspond to the first group of the
auxiliary information described in FIG. 3. Thus, based on the combination the
S1 through SN signals, selector 1612 appropriately activates one of the output
signals WSDQS, INVi, Pi, and CAL for further processing.
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transceiver circuits of FIG 3. FIG 16 omts sone of
the elements of FIG 3 for <clarity. In FIG 16, only

wor@®sof3orhe wite transceivers and only one of P€TYES2085000809
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transcei-vers are-used to transfer the auxiliary

i nformati on between strobe 15 transceiver circuit 170
and auxiliary circuit 1695. Transceiver 1610
represents one of the wite strobe transceivers 172
of FIG 3. Transceiver 1620 represents one of the
read strobe transceivers 174 of FIG 3. Auxiliary

lé'. T Fhoslegior [0 2esinases fmetakSOUs, INYR Ji g TEMP.
I
o'nxﬂﬁoﬁélemfﬁﬂéﬁ% de1B¥or g@ztlﬁaﬁa&%%rupl&w Rslmgs si | gna

one

CAlorsbsgrs $o oﬂenofstheTRDQﬁ}O dhnoegh RDSEeB of FKF: 31611123 INVo, Po,

i ncludes a decoder .to code sgl ect .si
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c cFBMPaaridqresses ghe sleptedisignalylo rend srhedianscedwyr 1612
ap p ropr F%&ﬁh&h@&f& a%%ttﬁl_lgpg ! §$Istérﬁq 760 RuUldes & :pﬂﬂ:%l;s%r 1710, a

urther process
20915{11@?}3@%%0%8@%11 0R6E0D730Aa gedphixt amtraznerzl 748) mdtm
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of MP correspond to
s emaﬁmld@nws pogethet hA deoki gelnanatorl lﬂ’r7 @ pmaflldasm oliecksigrigbte atdeast

in Fl The electl sel 1622 S

s eP‘é"c& the drupes EK%GIPH:}QB Jr? éns (‘):Ff%lpjéar?of% C%%n fiél'ator
th ?7’@%'111‘1uﬁ@§ ﬁy&l&ﬂﬁ%ﬂ}h alicHoat Boﬁﬂ @uc}pdsca&hdﬁiérﬂwrd Two or
controller 118 of FIG 1. Each conbination of the SELL

t hmougfevi@Bishpwn imsyistene HHM) may Be foseied in 4 sipglerdikel ect

one of e RS S t
sel ecte 5% £ J(\J\gg%l Cfs?];ar o%ggltof%—%s\/]geeﬁl\ryg r(?§(3°§§: F%gtﬁer’ e
Fl @astl&lesﬂrqy&d@@y sl ih?@@t,emsymemmmmnu angiliadesirauit such
processor 1710, a menory device 1740, a contr ol

ci axailiary socuis 19 66 el R0 £0) fpy t{ensf%{ﬁlag apxiliary

information via strobe transceiver circuit such as strobe transceiver circuit 170.

Bus 1760 may be interconnect traces on a circuit board or may be one or
more cables. Bus 1760 may also couple the devices of system 1700 by wireless
means such as by electromagnetic radiations, for example, radio waves.
Peripheral device 1758 may be a printer, an optical device such as CD-ROM and
DVD reader and writer, a magnetic device reader and writer such as a floppy
disk driver, or an audio device such as a microphone.

System 1700 represented by FIG. 17 includes computers (e.g., desktops,
laptops, hand-helds, servers, Web appliances, routers, etc.), wireless

communication devices (e.g., cellular phones, cordless phones, pagers, personal
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i nput and output (UO controller 1750, a display 1752,
a keyboard 1754, a pointing device 1756, and a

w@erosphral device 1758. A bus 1760 coupl es al PCD1S2005/000809

2 e

10

-t-hese .devi.ces-t-ogether. A clock generator 1770

provides a clock signal to at |east 15 one of the

devi ces of system 1700 via bus 1760. An exanpl e of

cl ock generator 1770 includes an oscillator in a

circuit board such as a notherboard. Two or nore

devi ces shown in system 1700 may be forned in a single

chip. Menmory device 1740 inc| ude n? ry de ice 100
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bqﬂt%egrﬁg@y ‘%héjl'ﬂ?e or nore cables. Bus 1760 may al so

couple evices of system 1700 by wirel ess neans
such as by eIectronagnetlﬁ_Lﬂﬂignlons for exanpl e,

radi o ves Per i devi ce

pri n or Vs PP R0 ek SR B g d o
Sﬁﬁi% a%{r.r; ﬁﬁmﬁ@m%ﬂi@&h@stﬂ)@& i@ asdebaeest eanelmmry dee’lce

S as a flop di sk driver, or an audlo E¥IC
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«):ﬂtlo% 1TRHE 0[15} H%ittﬁg 4 mlpé\%ﬂﬁﬁle QquivBlehfdt er s,
MHers,” oni t o et C. , entertal nment devices
(e.g : teIeV|S|ons radi os, stereos, tape and conpact

di sc pl ayers, video cassette recorders, canctorders,
digital caneras, MP3 (Modtion Picture Experts G oup
Audi o Layer 3) players, video ganes, 5 watches,

etc.), and the like. Conclusion Various enbodi nents
of the invention provide circuits and nethods for
perform ng various functions using data strobe
transcei vers of a nmenory device. Although specific
enbodi nents are described herein, those skilled in the
art 10 recogni ze that other enbodi nents nmay be
substituted for the specific
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enbodi nents shown to achi eve the same purpose. This
application covers any adaptations or variations of
o b@s5pr®I£Lnt i nvention. Therefore, the presentPCT/US2005/000809

-1 Avert+on-i-s +i-mted only by the clains and al

avai | abl e equi val ents. 32 WD 2005/ 073974

PCT/ US2005/ 000809 What is clained is: 1. A device
conprising: a plurality of data transceivers for
transferring i nput data and output data; 5 a
plurality of wite strobe transceivers for

tgﬁﬂsterrin timng information of the input data and
f OV IS NG ng a first group of auxiliary
information; a plurality of read strobe transceivers
for transferring timng information of the output
ddt a andldévee comapissiegri ng a second group of auxiliary

i nfor mat i.on;. 1 UXxicl i Lk Sibot: 8ARREELaHut data:
t he dafﬂﬂFV@ﬂégggW%ggﬁgﬁg&?ﬁéhﬁﬁ¥$%h%% read strobe
t r anscei plgfasity Of waReiodt iragsctilversffor s4nsferdug tiofing information
auxi liary information. 2. The devi cg of...cl ai

. 1.
wivdites ptstand for SRYSTening aifish OVR BEe TRy ppmation
control agﬁgraﬁi%aoﬂrgg§ Et‘l‘lcgﬂentgan@tfe?\?erré to¥ teadkerffe imeafopmbtion

' e c t he

data. 1 evice o aim1l, wherein the, '
aweithé eutputcdatcatid for rahifeeinga secandoun of axiligyy infermtsm;
generating tenperature information of the device. 4.
TH&ddevi ce of claim 1, wherein the auxiliary circuit

i ncl ud ﬁlx?l?elr% B-atiPEonnd8ed &Y the ahtaRFaabdenebr@aid e RGitond
a transfer o he output data. 5. The device of claim

1, rewdhstrabiertrankesiears fdrigansratgig thaifirstigneunuefesxdinry Hfemadtion.
controller for conditionally inverting the input and
output. 25 6. The device of claim5, wherein the

auxi | afye Gyt ftolditr £ Reierdineeui@Riagy cipaiii inyludes a parity
controller for generating a parity code of the output
datcaatrolter fohgemteatinge prrity Pederaiahe QEBRAaRt he auxiliary
circuit further includes a tenperature reporter for

generating tenperature information of the device. 30

33 WO 20054 Q1S90 1 BT, WEeab (HR0ARNRry circuit includes a

temperature reporter for generating temperature information of the device.

4, The device of claim 1, wherein the auxiliary circuit includes a calibrator

for calibrating a timing of a transfer of the output data.

5. The device of claim 1, wherein the auxiliary circuit includes an inversion

controller for conditionally inverting the input and output.

0. The device of claim 5, wherein the auxiliary circuit further includes a

parity controller for generating a parity code of the output data.

7. The device of claim 6, wherein the auxiliary circuit further includes a

temperature reporter for generating temperature information of the device.
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~. The device of claim7, wherein the auxiliary
circuit further includes a calibrator for calibrating
wa@2a05/073904 of a transfer of the output data. 9.PdNES2005/000809

- gevi ee-ef--cl at m-1,-wherein the wite strobe

transceivers include at 5 | east one wite strobe

recei ver connected to the auxiliary circuit for

transferring the second group of auxiliary

information to the auxiliary circuit. 10. The device

of claim9, wherein the read strobe transceivers

include at |east one read strobe transmtter

cdanec Tihe device hEclaim 7) Whergindhe awitiany sirepit fides nqlygs 2
he, f t th
gy 3R o i By B ter N ORpRERAL T TR Y

array for receiving inbound data and for outputting

out bound data; 15 an input ata or transfe d

CHo s nJdesteviga o8 clisn d nEREHGPS VaIE ByP0S SRS RR el 4
th for mfbflﬁ‘ansfemn

5 DLl DRI [ ABOETSE s RS RPNt GEM P Bpsting

t rta@sdcend prgp Iolﬁpwtlhd@tlﬂfdtmaﬁldtretm the euxibiaryieircai. t he

i nbound data and for transferring the outbound data

fron1the out put path 20 as output data; a plurality
gr i t é&&&'@%ﬂ:ﬁﬁﬁ@c SIh¥RISthE 96ad! strabs frahgdelgrst intludgat

|n orrra lon of the input data and for _transferring fa

f ilesst one mead stnébeamansmlmqnonmctﬁdﬁatthwlw ICHP%!F fqr&‘raa? erring

read _strobe transceiv f

10 rfgﬁﬁﬁsétgfq}‘ﬂ? of gpx lﬁlé”B {10%§P&%§8&1[15&9:r anst errl ng a
second group of auxiliary information; 25 and an

auxiliary circuit connected to the data transceivers

anﬁltheAWEvmeC@mﬁnﬂﬁéad strobe transceivers for
generating the fi ound
12. Thé? Hl%(ﬂ °0e o%y Fg%rr% 1<1)1&\2')1er el Arﬁét &éfogggfl%f{g{gly&%
Ciggalit includes a parity 30 controller for

enerating a parity code of th dat a,
15 8005/ 0763193@11 nﬁgé@w ié’ﬂ%o%ﬂé diaip E:hee ?mSWa"“}“my
11, wh e{r%lprpﬁtj'}ﬁtdaﬂg%ﬁ c%racfa)ﬁsﬁfﬁrfgl{hé olitBehitf@sa &om the memory
ure repor

t enper a or generating tenperature
| nfredyat i on of the menmory devi ce.

a plurality of data transceivers for transferring input data to the input path

as the inbound data and for transferring the outbound data from the output path

20  as output data;

a plurality of write strobe transceivers for transferring timing information
of the input data and for transferring a first group of auxiliary information;

a plurality of read strobe transceivers for transferring timing information
of the output data and for transferring a second group of auxiliary information;

25 and

an auxiliary circuit connected to the data transceivers and the write and

read strobe transceivers for generating the first group of auxiliary information.

12.  The device of claim 11, wherein the auxiliary circuit includes a parity

30  controller for generating a parity code of the output data.
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5 14. The device of claim1l, wherein the auxiliary
circuit includes a calibrator for calibrating a
o povsog9od a transfer of the output data. 15. HEBUS2005/000809

~devi-ce- of--€l ai-+n-11, -wherein the auxiliary circuit

includes an 10 inversion controller for conditionally
inverting the input and output data. 16. The device of
claim15, wherein the auxiliary circuit further
includes a parity controller for generating a parity
code of the output data. 15 17. The device of claim
16, wherein the auxiliary circuit further includes a
tenperature reporter for generating tenperature

i nf,or ian. .of . : ' i i i ecg of
el m 17 SGHEY of HERET el AGLF cir EinRi

| REhpei@Ererep@ferdal gdnksitinp téroperatatd infarmiation af thiememPryf

a transfer of the output data. 19. The device of claim
18evigherein the wite strobe transceivers include at

| east one wite strobe receiver connected to the

auxiliary circuit for transferring the second grougg
oflauxiTheakeyict of ciaimlil pwhereintthe awukauyicieyit sjchudgs ¢ calsbyator

20, The device of claim19 er el e read strobe
tﬁ%ﬁ%@gﬂV@g§tWW@BQS@%QPﬂ%T%g§?0 gpgégd st r obe
transmtter connected to the auxiliary circuit for
transferring the first group of auxiliary.i f&)rmati on
f rism t Heheadexickioficlaimild CW%PI.CHGQG W@W&?f@‘% Qﬁiciu cs an

PCT/ US2005/,0008Q9 21... : ; Sl g ata.
rBLESeB P 0% 5By R ETLE MRp R T ot o
processor, the nmenory device including: 5 a nenory

array for receiving inbound, data and for uttin
oLl uribhasiaviee ofsiamRy s DaaRChEY Sratdraly gt
| nbound, da FRIRbYity R6ASYS thd Buldht dAth. data path
f ol?ar#¥ VI oél%#o%g%{x‘xﬁg t%ouzg data fr o%ut he 10 nenory
array;
17.  The device of claim 16, wherein the auxiliary circuit further includes a
temperature reporter for generating temperature information of the memory

device.

18.  The device of claim 17, wherein the auxiliary circuit further includes a

calibrator for calibrating a timing of a transfer of the output data.

19.  The device of claim 11, wherein the write strobe transceivers include at
least one write strobe receiver connected to the auxiliary circuit for transferring

the second group of auxiliary information to the auxiliary circuit.

20.  The device of claim 19, wherein the read strobe transceivers include at
least one read strobe transmitter connected to the auxiliary circuit for transferring

the first group of auxiliary information from the auxiliary circuit.
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a plurality of data transceivers for transferring
i nput data to the input path as the inbound data and

wo orosoramsf erring the out bound data from out pupCPEE1D05/000809
as output data; a plurality of wite strobe
transceivers for transferring timng 15 information
of the input data and for transferring a first group
of auxiliary information; a plurality of read strobe
transceivers for transferring timng information of
the output data and for transferring a second group of
auxjliary information; and 20 an auxiliary circuit
conhect FVHEH LRSS  r anscei vers and the wite and
read styghRedshanagei vers for generating the first
group of "auxili'ary information. 22. The system of
cl ai m 2d mentvay device prnngcizd kd the predesseni the mesonydevige
parity,. 25 controller for generating a parity code of
t hE Ot ut data. 23. The system of claim 21, wherein

5 the auxi | iah¥mety fttiytfol RRbivERSnBountdelapemdtfor eutpetiagt er
for{generating tenperature information of the nenory
devitbeund3trt®6 WO 2005/ 073974 PCT/ US2005/ 000809  24.

The system q | a el n the: id o [ GAH
i ncl udes émééﬁﬁéggﬁ%@}?%wgggkl F&??H%UE&%?%?ﬁbﬁ%Fﬁﬁﬁ&y

tramgf,er of the output data. 25. The systemof claim
21, wherein the auxiliary circuit inclgdes (ﬁ?

i nver si on AP deRrPathyfor EaRHPINg g PYOOTRSS arﬁgmtth%

in tput data. 26. The system of claim 25,
lomg*r&el}ozygﬁgﬂauxi liary circuit further includes a

parity contplotaliey of data tyemseeizeis fior transariing inpytidatefo thnput
out put data. 10 . T st.em of, cl ai m 26 '
© hebts i Epgiet i o iR oA Ge B Hofbug pet

r epoblipht d48f; generating tenperature information of the
menory- device. 28. The system of claim 27, wherein
t he auxi | i aplypratity efiwritef syjobp &pngcgiveisdes trgnsfergng timing

15 PtRREl0h diofe fiBh Rl kdd br Raddiiilg aUrscprb P BPARGAD
information;

a plurality of read strobe transceivers for transferring timing
information of the output data and for transferring a second group of auxiliary
information; and

20 an auxiliary circuit connected to the data transceivers and the write
and read strobe transceivers for generating the first group of auxiliary

information.

22.  The system of claim 21, wherein the auxiliary circuit includes a parity

25  controller for generating a parity code of the output data.

23.  The system of claim 21, wherein the auxiliary circuit includes a
temperature reporter for generating temperature information of the memory
device.
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WO e@siovir4 connected to the auxiliary circuit fRPET/US2005/000809

29. The systemof claim 21, wherein the wite strobe
transceivers include at | east one wite strobe

transferring the second group of auxiliary
information to the auxiliary circuit. 20 30. The
system of claim?29, wherein the read strobe
transceivers include at |east one read strobe

transm tter connected to the auxiliary circuit for
transferring the first group of auxiliary information

fr th LLiary,eircuit. 25 31. A nmethod.of

tr 2%]'sf e?;n? ﬁgétéﬂg?) g%}a%hazq d‘gb?rglélﬁh‘f ﬁ‘é’“ﬁ%‘iyr%@ug SHvdesieng:
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set of transceivers; transferring the data via data

transceivers; and transferring auxiliary information
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2005/ 073974 PCT/ US2005/ 000809 32. The nethod of claim
31, wherein transferring auxiliary infornmation
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i nPaitywohiselleriforcgandrsing a pasfyerode of thearpmrtaatar e code.

34. The nethod of claim 31, wherein transferring
auxiliary information includes transferring

10 cap?.br aThegyst9a ef clhfin 36, widreinTRS ABGLIAY cibaik Mrdkr includes a

wherein transferring auxiliary information 1ncludes
t r EHYEEtYIeAgParies fer genciating iegnpstatere iBformaten ofithe owbnwiy
cl aémﬁ% wherein transferring auxiliary information
15 includes transferring input parity code. 37. The
nmet hod of claim 36, wherein transferring auxiliary

i nf or jon includes_transferring tenperature code.
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transferring timng information
29.  The system of claim 21, wherein the write strobe transceivers include at
least one write strobe receiver connected to the auxiliary circuit for transferring

the second group of auxiliary information to the auxiliary circuit.

30.  The system of claim 29, wherein the read strobe transceivers include at
least one read strobe transmitter connected to the auxiliary circuit for transferring

the first group of auxiliary information from the auxiliary circuit.

31. A method of transferring data in a device, the method comprising:
transferring timing information of data via a first set of transceivers;
transferring the data via data transceivers; and
transferring auxiliary information via a second set of strobe transceivers,

wherein transferring the auxiliary information occurs during transferring of the

timing information.
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including transferring timng information of data
inputted to the device. 25 40. The nethod of claim

W@ o0smherei n transferring timng i nformati on PETUSZN0FIP0809
transferring timng informati on of data outputted from

the device. 38

32. Themethod of claim 31, wherein transferring auxiliary information

includes transferring input parity code.

5 33.  Themethod of claim 31, wherein transferring auxiliary information

includes transferring temperature code.

34. The method of claim 31, wherein transferring auxiliary information
includes transferring calibrating code.

10
35.  The method of claim 31, wherein transferring auxiliary information

includes transferring input inverting code.

36.  The method of claim 35, wherein transferring auxiliary information

15 includes transferring input parity code.

37.  The method of claim 36, wherein transferring auxiliary information

includes transferring temperature code.

20 38.  The method of claim 37, wherein transferring auxiliary information

includes transferring calibrating code.

39. The method of claim 31, wherein transferring timing information

including transferring timing information of data inputted to the device.
25

40.  The method of claim 31, wherein transferring timing information

including transferring timing information of data outputted from the device.
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