MEMORY DEVI CE HAVI NG MULTI PLE- FUNCTI ON STROBE TERM NALS 5 Field of
—lnvention The present invention relates generally to sem conductor devices.
Backgrou Sem conductors devices such as nenory devices reside in many
; g Yheel ectroni ¢ product g% devi ces store data. | nputudat:a
HEpigfore P25 ER0P Y evi ce PHiFe¥%Ei on. out put dat a &8
_outputted from the nmenory device in_a read operation. Mst nmenory deV| ces
have data (i nput/out put) pins and data strobe pins.  The data pins carry th

i nput and output data to and fromthe menory device. The data strobe pins
carry timng information of the data. 15 Sone nenory devi ces have two.
separate sets of data strobe pins: wite data strobe pins and read data
strobes pins. The wite data strobe pins carry tim'ng i nformati on of the
input data. The read data s "S@ﬁ W i nformati on of the

out put data. US Pat ent Nunb{\mgeg?zﬁg teaches random access nenory device
20 havi ng bi -di rectldV[ﬂLIEE@EMTMS’EEDBErEEWMﬁ cases, the wite
data strobe pins are unused during the read operation; and the read data
strobe pins are unused during the wite operation. Leaving sonme pins unused
i'n sone operations wastes resoulfifé of Kuvemdony of the Invention 25 The present
I nvention provides circuits and net hods for e rm n vari ous functions
usi ng data st robellsipaeseRfingn VSE ﬁec""i udes a menory

devi ce having a nunber of data tig @hydars for transferrl ng an i nput data
and out output data A nunber of wite strobe transceivers transfers timng
of the input dat aSBnﬁcqndnﬁ@Bd@ﬂcﬁﬁmﬂsme@@ﬂmcf’%l&ﬁé%@m@h’s transfers tining
information o e{]igi n ers auxiliary

i nformation vcmaptug‘% ?%la%}on% robe rlg%lsﬁé %ﬁcﬁs%ﬁﬂgﬁt %E‘%@;strobe

transcei Y@r sstorbh énta n xishmioay device fnor waeioperaficst. Qmputﬁatamtgxtpun&daﬁmm i on

the memory device in a read operation.
Most memory devices bave data (input/output) pins and dats strobe pins,
The data pins carry the input and output data to and from the memory device.
The data strobe pins carry timing infonuﬂtiuﬁ of the data,
15 Some memory devices heve two separate sets of data strobe pins: wiite

data strobe pins and read data strobes pins. The write data strobe pins cany
 timing information of the input data. The read date strobe pins carry timing
information of the output daia,

'US Patent Number 5,822,334 teaches random access memory device

20  having bi-directionsl register-transcejvers.

In most cases, the writs data strobe pins are unused during the read
operation; and the read data strobe pins are wnused during the wiite opsration.

Leaving some pins unused in some operations wastes resources.

Summary of the Invention
25 | The present invention provides cirenits and methods for performing
various fupctions using dats strobe pins of 2 memory device,

One aspect includes a memory device having & number of data
tramsceivers for ransferring au iﬁput data and out output data. A number of
write strobe transeeivers fransfers timing of the input data. A number of read

30  steobe transcejvers transfers timing information of the output data, An mxjliary
circuit transfers auxiliary information via the read strobe transceivers and the
write strobe transceivers. The auxilisry information is a non-timing information
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AVENDED SHEET, P ntqY+ 11200 WO 2005/ 073974 PCTI US2005/ 000809 of the input
and output data. Exanples of the auxiliary information include 1inverting
codes, parity codes, tenperature codes, and timng calibrating codes.

Anot her aspect includes a nethod of transferring data in a nenory device.
The met hod WO &&PBPH | nput and out put data to and from PEEUSMAEINS095 devi ce
via data transceivers. The nethod transfers timng information of the input
data via wite strobe transceivers. The nethod transfers timng information
of the output data via read strobe transceivers. The nmethod uses the read
strobe transceivers to transfer auxiliary information during the tine that
the wite strobe transceivers transfer the timng information of the input
data. The 10 nethod uses the wite strobe transceivers to transfer auxiliary

i nfornmati on dugs.ng. ti t=ih e S ] nscej vers. transfer the
timng inform fltio}%mgﬁp@ﬁé)h{%m%%t Ewepgs Ogr |ee"§’§‘ﬁ§§¥:¢“¥°%?1?‘§% of uﬁ%e Dr awi ngs
FIG 1 shows ainvating yodis\tatity ades) tahipReitire cades canldathhing oilibedtingleedes1S

invention. FIG 2 i exenpl ary timnpg, diagramfor the nmenory device of
FIG 1. FIG 3is é“@‘?réﬁﬁetcnpw Zaail 0(5?#%%@%‘% {3 ACREMOTHNd t r anscei ver

circuits of tﬁkﬁrid@mﬁ&ﬁeﬁﬁ:‘ditﬁﬁs@si@u@ando@@daﬁt&%n@ﬁ&&@%&m&jgagr am of an
20 FI G

inversion controller of FIG 3. shows exenplary data with
i nver si on ihf odevideivimdatatr@sc@virs Bire esthodiransfers iminggnrmgcarnftier t he nenory

device of FIG.4., .FlG 7.i Lrcuit diagr a.parity controller of

A G 3 kG e o Thafis Siefe Bt Ene R RR R ekl R & 0°1 < an
exenpl ar;(; tim ﬂ@rfdjaﬁ@:[ afithé emtpﬁﬂtﬁtmm&stﬁﬂ)e}mm&{veﬁl @he?nethoﬂ&sﬁsltﬁe 10 i sI a
circuit diagram tenperature reporter of _[FIG 3, FlI 11 0 exenpl ary
tenperature i n?eéﬁ? ﬁt&%e&ﬁ‘gl)‘ﬁ‘@s tﬁ?@%‘gé’ﬁ”@%ﬂ%@?@t‘%qﬂrﬁé%ﬁ%éﬂﬁ for the
menory device Qhiifbdshe trdlceildrGrrarkfor ik t_ﬁnﬁb'irﬁ%lhﬁatﬂh%gﬁéﬁhﬁft d@aCqhd brator of
FIG 3. 30 FIG 14 shows exenplary calibrating timng information.

10 method uses the write strobe transceivers to transfer auxiliary information during
the time that the read strobe transceivers transfer the timing information of the
output data.

Brief Description of the Drawings
FIG. 1 shows a memory device according to an embodiment of the

15 invention.

FIG. 2 is an exemplary timing diagram for the memory device 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 infprmation.
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.



2 WD 2005/ 073974 PCT1US2005/000809 FIG 15 is an exenplary timng diagram
for the nenory device of FIG 13. FIG 16 shows an alternative enbodi nent
of the auxiliary circuit and the transceiver circuits of FIG 3. 5 FIG 17
shows a system according to an enbodi nrent of the invention. Detailed
Descri pti oWW®I0¥H&/Enbodi ments The fol | owi ng descri pt i OHCTARRI0ASHBO8ET awi ngs
illustrate specific enbodinents of the invention sufficiently to enable
those skilled in the art to practice the invention. O her enbodi nents nmay
i ncorporate structural, logical, 10 electrical, process, and other changes.
In the drawi ngs, |ike nunerals describe substantially simlar conponents

t hroughout the several views. Exanples nerely typify possible variations.
Portions and features of sone enbodi ments rmay be included in or substituted

for those of other The: I i full anbit
of the clains and :ITIIG' gs\ilasi%ﬁ%gﬁgﬂéﬂﬁp@gkgﬁgs. %gﬂfl% @?ﬁ%&g&nﬁg%ry devi ce
according to ald.enbodi nent of the invention. Menory device 100 includes a
menory array 102 hawvi.n |urality. of nor |1s.103 arr.anged in rows
and col utms. Row dgﬁgd&%gvsé‘ﬂ t@%ﬁ%‘fﬁ?“ﬁ’g’gﬁ'&%‘%ﬁ °aeg %‘"é’cﬁﬁ‘f’r{)‘?\g“g%l s 103 in
response to adg&resveschfdlsSfRQ;t3r ough AX (A0- AX), provided on address |ines

20 (address_bus) 108. A row address buffer 134 transfers row addresses on
lines 108 td row dE8olEshorg4s systsadeenrdias ¢man enghpdithens of the inveniest urm addr ess

buf fer 136 transfers col g _“ﬁg‘gbﬁ&g@%"?gfm“"ﬁb&?ﬁ'ﬂ col um decoder 106

based on signal on line circul controls the
oper ati ons of nenorfhedeldwiag fe@ribtseahd thndrawings dlussatg spdcificon control i nput

i nes 120. Exanpl of t operati ops. o me y, devi.ce 100 include a read
operation, a \/\?%035“:8?)‘55 %Wf‘)'_e%ﬁ? Sﬁé@h&%‘aﬂ%{?é}i‘%ﬁ ed ’%é‘?rf)rlté’s of the
control signal %ﬁ&éﬁbe lihgi8Gentidh). ORfel BAiBoBmEhS fildy ic@fkate §thifturd, IBoMal\CCESS
St robe signal *, .a Colum_ Access Strobe CAS* signal, 30 a W.ite Enable

si gnal W10 anglediricahinsoosss, ard otherghangessin the drawings, like numerals describe
substantially similar components throughout the several views. Examples

merely typify possible variations. Portions and features of some embodiments
may be inctuded in or substituted for those of others. The scope of the invention
encompasses the full ambit of the claims and all available equivalents.

15 FIG. 1 shows memory device according to an embodiment of the
invention. Memory device 100 includes a memory array 102 having a plurality
of memory cells 103 arranged in rows and columns.

Row decode 104 and column decode 106 access memory cells 103 in
response to address signals A0 through AX (A0-AX), provided on address lines

20  (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. .

25 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,

30  a Write Enable signal WE¥, and a Chip Select signal CS*.

3



3 WO 2005/ 073974 PCT/ US2005/ 000809 A refresh controller 145 controls the
refresh operation of nenory device 100 to refresh the content of nenory
cells 103. A wite operation wites data fromdata lines 194 to nmenory cells
103. A read operation reads data fromnenory cells 103 to data |ines 194.
The 5 addr 320850749 ow or a col um of nenory cells 103 PETHIPOIAWEBOHT written
is provided by a conbination of the address signals AO-AX. A refresh
operation refreshes the content of nenory cells 103. Control circuit 118
activates certain enable signals during various operations of nenory device
100. Exanpl e of the enables signals include wite 10 data enable signals
VDENO- WDENN, data read enabl e signals RDENO- RDENn, wite strobe enable
signals WBENO t o WBENm and read strobe enable signals RSENO to RSENm The
functions of these ' i j : ; Wy
subsequent fi gur es.R%ﬁ%@?{£4%81ﬁ?15?ﬁ%}?@@#g?ﬁ%@?@%ﬁ&ﬁ%ﬁéﬂ%ta pat h
111, an out put 1a®Gtodefresh pzet donteRPof raersdryoblds ¥03anscei ver circuit 170, and a
data transceiver cifgcuit 190, ta.transcejver circuit 190 trapnsfers data
to and from nenory eV tﬁgpef%&n“f]ﬁssdﬁ%ﬁ&“&ﬁtﬁ’ﬁ?ﬁ%%@&n?%n%ﬁﬁﬁsyﬁgevi ce 100 is
i nput data. The €&l épefitibh watedathFomBeBiry caifvizao 1@ lings B4t Ut data. Strobe
transceiver_circuit 170 transfers _timng information of the input data and
|

the output Yat address o5 royner & godyae ef pemory ey i Q3 beme teatorédends wri t e strobe
unit 171 havin | ; ' ; Ta 5O 172-M),
and read str obgmﬁirllé{elti Bﬁzli%ﬂl a(glti.l %@%ﬁﬂs@?é %ﬁéﬁfgs%gr@'e%égff%ﬁ(@zﬁuér@() 174
(174-0 to 174- rgfteshasitheecontstt aflveenunyiy cells7103t r ansfer timing i nformation of the

- input data. The wi e strobe i gnal. s -M. o ines 182 represent the
timng information @?H“E“EE‘T?%U? %@vaﬁtcﬁgé%l%'\gl%%eéwwa&% transfer

tim ng informbp@micas oDmtipty diedca 100.NExdngaé of thé epbes Siggsta iR dP@ité 0- M

signal s onééi nes 18 r'epra.%gent the timng informati.on_ of the output data.

Data transé®i vEpta gnabls ignaisgl DENO- YNy 48ta r¢af spable pigeals RPDBENG,BDHND, (192 0

to 192-N). Dat gitd #RBE SR SenhRAVEER0RS WHFNA [ nB RA sebbSdtlabR sidhd8Y transfer
data in 30 both directions. Data transceivers 192 transfer bdth of the

i nput data andRSEX0 to RSENm. The functions of these enable signals are described in

connection with subsequent figures.
Memory device 100 further includes an input data path 111, an output
15  data path 122, a strobe transceiver circuit 170, and a data transceiver circuit 190.
Data transceiver circuit 190 transfers data to and from memory device 100. The
data transferred to memory device 100 is input data, The data outputted by
memory device 100 is output data. Strobe transceiver circuit 170 transfers
timing information of the input data and the output data.
20 Strobe transceiver circuit 170 includes a write strobe unit 171 having
write 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
25  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



4 WD 2005/ 073974 PCTI US2005/ 000809 out put data. The data signals or data DQ
(0O-N) on lines 194 represent both the input data and the output data. DQ
(0-N) 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 put VYHOHEVELH ng the read operation. 5 Data pat hPAWUSH9§eMRr s dat a
bet ween data transceiver circuit 190 and nenory array 102 during the wite
operation. Data path 122 transfers data between data transceiver circuit
190 and nmenory array 102 during the read operation. Menory device 100
further includes an auxiliary circuit 195 for 10 perform ng vari ous
functions and for transferring auxiliary information to and from nenory
device 100. In sonme enbodinment, auxiliary circuit 195 uses strobe
transcei ver ci bgi % j Gl | ' ti,on. The
auxiliary inf orﬁr’rtg{uji;dg?\a &Heggﬁa%{g?%%fﬁgﬁétﬁpg)rfggﬁ on oéfS l?ﬁgepltérg\%gltw%at?g and the
out put data. Brahgataanddhe eniritidetar YQ (RN reptesen theiopuidetaiwhes meamegy codes,

parity codes, . r r es..and. timng calibrating codes. The

i nverting codeégvé%e%%?a%ﬁ%? rﬁ%ﬁ .8%‘?{‘%%’% f[%?peeﬁat M ﬁd(@éﬁhggxgﬁeg?%ﬁ of the

i nput and out puiitpiadat Whdnsdnory devitol Enaifutodaiadirpyhaeyd oferddd. The parity
codes carry_parity jnforpmation of the input and output data transferred to

and from nenory deWr@@atiod! trepders dfa bptitegn date Barssciverdispuit Ehadat ur e

i nformation 29&&0@@%0@%&%&3%w%@aﬁdnm% 129 @ink R dapdes carry
calibrating informatidn to calibrate a timng of output data outputted from
menory devi ce bat®een gutagransedivasiciradtl N and mmarory frriy k@sfuaﬁugﬂ‘@ot@h bet ween t he
el ements such Ofe%%tgjnnes 185, 187, 189, 191, 193, 196, and 198. Each of the
lines 185, 187, , 25 191, 193, 196, and 198 includes multiple lines. For
clarity, FIG 1 shovemeactevidk 100 figthet mekiddsim aukBibry dR9it 1994or 193, 196, and
198 as a si&gl e line. Lines, k182,184, and 194 corres OHd t o externnal

]
termnals & cBAfRImgYRiougfnchigns and fpz (rppsieriing auxi B #énts, 1ines

182, 184, and §3th m&Rbdy AN 00, OnBbME cfbodRbAChRR Sir@ 1B5R3&Kaged
integrated circuit of menory 5
strobe transceiver circuit 170 for transferring the auxiliary information. The

auxiliary information is not timing information of the input data and the cutput
data. Examples of auxiliary information include inverting codes, parity codes,
15  temperature codes, and fiming calibrating codes.

The inverting codes carry information associated with the inversion of
the input and output data transferred to and from memory device 100. The parity
codes carry parity information of the input and output data transferred to and
from memory device 100. The temperature codes carry temperature information

20  of memory 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,
25 191, 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



WD 2005/ 073974 PCTNS2005/ 000809 device 100. In other enbodi nents, |ines
182, 184, and 194 correspond to pads on a circuit die of nenory device 100.
Menory devi ce 100 may be a dynam ¢ random access nenory (DRAM device.
Exanpl es of DRAM devi ces include synchronous DRAM commonly 5 referred to as
SDRAM  SDRAX® PA0508e38AM ( Synchr onous Graphi cs Random AcREHESNes#ioespy, DDR
SDRAM ( Doubl e Data Rate SDRAM), DDR Il SDRAM DDR Il SDRAM GDDR Il SDRAM
(Graphic Double Data Rate), and Ranbus DRAM devi ces. Sone el enents of
menory device 100 are omtted for clarity. 10 FIG 2 is an exenplary timng
diagram for the nmenory device of FIG 1. In FIG 2, TO through T12
represent various tinmes. CLK represents the CLK signal on lines 110 (FIG
1). A READ and a WRITE command are issued at various tinmes. For exanple, at

time TO the RE&F% mf LS. | i p 440 devi ce 100.
As anot her exanp g,clﬁa't &%%éﬂ%ﬁjﬁ%t%@{?éfé%?gggb%@r% clggggpgg%@%ﬁ% awite
operation of nempeiycuitelis efmdbbry déhiec REFAD and WRI TE commands are i ssued
based on the conbingtion ‘%fl@%i 8%?@' s of the control mon l i nes
120 (FIG 1) such a$“PHE 1 D€ PEYRALR ANCPRASP R FICE0 nmpl e, one
conbi nation of d&k@N@xahBNebSDRAM B&/1RERicludeAmohrondE DRAM c&mehignal s i ssues
t he READ conmand; anot her conbinati on of 20 signal |evels of thé RAS*, CAS*,

WE*, and CS¥si tifrred to asSRB AN S DRAMIEL S6dd {ByncitraomrDG8phicyRandomepr esent s
one of the R - K ' i I I one of the WDQS
(0-M of FI GD%C‘%%%%%Q@%%]S%%%O@W%@%?@W@fg In FIG 2, DO

si gnal repr eseSDRANGTIDIOOI SDR AN GDDR IEZDIOM &Griftec Dutifle DathRage), DI is the

i nput data. DO is. outputt rom nenor device 100 at,  a particular tine
after the Rﬁﬁﬁﬁéﬁﬁﬁ%ﬁ@% Gie fguenpgsy devigs, | Are etsdt ween
times T2-T6. DfriRrifyecei ved by menory device 100 at a particular time after

the WRITE command is issued. For exanple, DI is received between tines
T7-T11. 6 VWD 2005/ 08024s PCORewskaoENOEsERm for the memory device of FIG. 1.

In FIG. 2, TO through T12 represent various times. CLK represents the CLK
signal on lines 110 (FIG, 1). A READ and a WRITE command are issued at

various times. For example, at time T0, the READ command is issued in read

operation of memory device 100, As another example, at time T3, the WRITE

15  command is issued in a write operation of memory device 100, The READ and
WRITE commands are issued based on the combination of signal ievels of the
control signals on lines 120 (FIG. 1) such as the RAS*, CAS*, WE?, and
CS*signals. For exampile, one 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  DOis the output data. DIis 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.



After the READ command is issued at tinme TO, nenory device 100 outputs the
out put data DO between tinmes T2-T6. The RDQS signal, which carries timng
information of output data DO, is activated between tinmes T2-T6. FIG 2
shows that the R signal switches (toggles) when it is activated 5 between
times T2- TOVORWSAIEE only the output data DO is outputt BOTHE0AEENN809t | NES
T2-T6, only the RDSQ signal is activated for carry timng information of

t he out put data between tines T2-T6. Because the input data DI is not
received wuntil tinme T7, the WDQS signal is not activated to carry the
timng information of DI until time T7. Thus, between tinmes T2-T6 the WDQS
signal maybe used, 10 or activated, to carry other information. In the
exenpl ary tinmng diagramrepresented by FIG 2, during the time that out put

data DO is outputte te str be S| | V\g&ﬁlsa i.va carry
auxi [ iary informat |‘gf%erhfs PIDEd lsnls‘?yte%aﬁ © x’ §¥'°% he aUXI liary
information i rmitptﬂsethew@atdamgboaﬂaﬁeenmmesm 'REOC![&}% RD®@%pign4l] whieh codes, and
timng 15 calibrating co The auxil i aml nformation i s described in nore

details in thecamrsdEpngt Whﬁtoﬁ?‘@u‘: atg Q) igydrtivpter basyeen fmes T-E0) ar et hod,
the read strobgcshanals RER: AP 1%%31 REtREL (4 gtﬁi&gwhérﬁtﬁaarcﬁyat@cyx' liary

i nformation durlngthetlrretha e 1 nput I's Inputted For
exanpl e, bet melmﬁwwlrtWSTZ-fﬂﬁlBrcaltSheanlﬂ@uQ@dﬁhD&¥Ob@ua@dbaltﬁ@d to carry 20

Son 1 st o A0 LA e A BT e T
?i gnal . ¥ In somoﬁpﬁnﬁtarmmr&nt?ﬁa mfsacgmltha 1&p1ﬁ&1ﬁfal[ﬂ]llbﬁotﬁeéd\1/%gis ed
partially us to car iary informatjon such that the is
activated for “Hﬁ‘ 1 tipngl gr@ﬁlﬁpé§§l n?ﬁ?ét‘@t?‘i?émﬁf}@rwg&fowo’é‘r ansfer of

the out put dat g HQntif@he T2 TR BBiwRen fifdes YIP6 usd Wi a1 By e Lbagat ed for

only a portion of the interval "between tinmes T2- T6 |n ead of the entire
i nterval b} V\e@rﬂcli‘i’aﬁ@lsto'@ﬂ?@thelmeMDnenbodl ments, the WDQS si gnal is

entirely activated t I [ nfor an
interval equal to t"&g%eén it %q\uma %g%n?%g’f%t %a(bajﬁi:?% #gltgne ou put dat a
DO For exanpl that dukyert ﬂtﬁi@omy)lu@uaed itheastrétel straie signal WBQ P istactiestedber val

between times c-:ralzry-lz_tgxﬂgryvﬁfo%ggt?c{no 7§;389d7escr1 CJ[ %OQSe/x%I%% eg %f the auxiliary

information include inverting codes, parity codes, temperature codes, and timing
15 cetlibrating codes. The auxiliary information is described in more details in the
descriptiohs of FIG. 3 through FIG. 15.

In a similar method, the read strobe signal RDQS may also be activated
to carry auxiliary information during the time that the input data DI is inputted.
For example, between times T7-T11, the RDQS signal may be activated to carry

20  auxiliary information during the time that DI is inputted. Between times T7-
T11, timing 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 activaied 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 fo 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.



In sone enbodi nents, the RDQS signal is partially activated to carry
auxiliary informati on such that the RDQS signal is activated for an interval
|l ess than the entire interval of the transfer of the input data DI. For
exanple, the RDQS signal may be activated for only for a portion of the
interval beYQRWA'BT mes T7-T11l instead of the entire i REEPRAD5/90800een tines
T7-T11. In other enbodiments, the RDQS signal is activated to carry
auxiliary information for an interval equal to the entire interval of the
transfer of the input data D . For exanple, the RDQS signal nay be
activated for the entire interval between tinmes T7-TI 1. 10 FIG 3 is a
circuit diagramof an auxiliary circuit and transceiver circuits of FIG I.
Auxiliary circuit 195 transfers auxiliary information to and from nenory

device 100 (FIG 1)qvi ' . ChECcUl -E@M'I' y circuit
195 al so operates oIrlllgtD g%@?@@e&n{gﬁ@?%ﬁ%&ﬁ&%ﬂésr%hiarlléég%\é a Prcan cei ver
circuit 190. | ausibare ifofoetivneuchshatde RIDQS tstwmaltis netiviied forrandntesial leke
transceivers 174 15 are use r transferring . tining information of the
pUt - dat . aukien PR iRETHE Of e st R ! e et ditp She ot SSelR U o 172 for
transferring agpdd agmhl il 86 AafvaRA for dhly RF BBbriBH RO MRBHEL heikédaNg the time
that- wite strobe transceivers 172 are used for transferring timng

i nf or mat i on3 of timse TEUH pinstegd ohthe gotielintarvyl ketwesnitimes§5-THes read strobe
transceivers 174 fo T DALY DGR i, liary
circuit 195 incl ude]r'sn %&{éﬁjﬁé@leﬁ%’ @gﬁﬁ%ﬁ%@ %@g{l a ptg%?égu@g%%r ol ler 307,
a tenperature ifpayation fodh intana cquaad thereatiriinid&al ofAbirkdsfr wf theiinmui t 195

connects to dat ranscei ve iccuit .19Q via line 91 and.lines 392, to
i nput nodes of d%ah;- P%ﬁ}@%&zﬁ@%ﬁ%&n e eg&ti‘cafeé aﬂﬂlse’a%fﬁﬁﬂ?r‘fﬂ'odes of
data output pattyededmdd B7-rines 322. 25 Sone of the lines in FIG 3 are

simlar to some of the lines in FIG 1. In_FIG 3, lLines 391 and 392 are
simlar tolPines 19HIGAds agipcuifdigaran of an ayxilinse eirquiteing trapscgizer drewitynd 322 are

simlar to |1 ngeeddh Andid%ali Hshanbers SRARBALEY b0 Bkl by Y ©f roui t 105

al so connects to strobe t nscelrver circuit trans erring a
nunber of codememuey daiced 08 KGFIGA phviaistroter transepiveo diecuitN\7I0, Aamiligt goduit 8 WO
2005/ 073974 PCE‘éJ igc()) gpSe/ra gsoo%otge data transferred to and from data transceiver circuit 190.
In some embodiments, during the time that read strobe transceivers 174
15  are used for transferring timing information of the input data, auxiliary circuit
195 uses write strobe transceivers 172 for transferring auxiliary information. In
other embodiments, during the time that write strobe transceivers 172 are used
for transferring timing information of the output data, auxiliary circuit 195 uses
read strobe transceivers 174 for transferring auxiliary information.
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 31 1,. 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,
tespectively. Lines 311 and 322 are similar to lines 196 and 198 of FIG. 1,
respectively.
Auxiliary circuit 195 also connects to strobe transceiver circuit 170 for

30 transferring a number of codes including an input inverting code INVi, an output

8



inverting code INVo, an input parity code Pi, an output parity code Po, a
tenperature code TMP, and a timng calibrating code CAL. The codes |INVi,

| N\Vo, Pi, Po, TMP, and CAL represent the auxiliary information. |NVo, Po,
and TMP forma first group of the auxiliary information. INVi, Pi, and CAL
5 forma se¥@AWSYTBi of the auxiliary information. EacRCBUSIMH0008IOt e St robe
transceivers 172 has a receiver 372 and a transmtter 373. Receivers 372
are controlled by the wite enable signals WENO WSEN3, which are shown in
FIG | as WSENO-WDENm At appropriate tinmes, the WSENO WSEN3 si gnal are
activated to allow receivers 10 372 to transfer either the timng
information (WDQS) of the input data or the auxiliary information (e.g.,
INVi, PI, and CAL). Each of the read strobe transceivers 174 has a

transmtter 374 and a .r iver 375.. Transmtters 374 are controlled by the
read strobe en%?rgng%%gﬁéﬁ” %@R@Hﬁg@f\%’%‘e iaﬂl’?u@f"%pa?l% _ ‘PrE G 1 as

RSENO- RSENM  Afenipfaf29 Rl IVE Ikl inifRsing EbriiaENedRSENS THé ssirb BNey, e acti vat ed
to allowtransmtters 374 to transfer either the timng information (RDQS)

of the output BEY® PérPo Abaand Cidergpresent be panilion idpraasion pBYVede, TMP) . FIG 3
shows four W“&ﬁﬁ@%&ﬁ&?%ﬁg%%&&ﬁaﬁ@%ﬁﬁ%ﬁ ﬁ?éi il arl ranscei vers
e. n sone e odl nents, the nunpber O

174 as an exanp Wri'te an 20 read
st r obe t r anscefonprasecanddirduperfelnt aukilany émmatidtach of t he data transceivers

192 has a receiver 314 d a.transmtter 3 and a receiver 314. Receivers
314 are control | ed %@Phtoﬁgw\wtﬁémg’rftrpﬁnﬁcr‘?ﬁ’ﬁfsgﬁgihﬁ?l?ifeé?ewﬁ%@@ﬁm, which are
shown in FI G gaéitpEhe WEkNrs B0 arefREeNEd B e WirilehableREmNPENC- VIDEN3
signals are activated to allow receivers 25 314 to receive the input data

(DQ . Transmi t WENGYHEN, whishtreshpwg ibFIG: Hes E3ENO-SdPENEn 4| e si gnal s
i mes,  t he ROEAG BRI A HE W a8 sl lon Rl 1% BRERE T "324 1o
out put t hel®ut pi2t todenefel @XQpr thé liGingSinimasor (VaDQ&hohe mpundatbarthof el enent s
eH S AT e e 30, S LA T o0 L anscelver 172, s
PCT/ 1JS2005/ 000809 Each of the read strobe transceivers 174 has a transmitter 374 and a
' receiver 375. Transmitters 374 are controlled by the read strobe enable signals

RSENO-RSEN3, which are shown in FIG. 1 as RSENO-RSENm. At appropriate

15  times, the RSENO-RSEN3 signals are activated to allow transmitters 374 to
transfer either the timing information (RDQS) of the output data or the auxiliary
information (INVo, Po, and TMP).

FIG. 3 shows four write strobe transceivers 172 and four read strobe

transceivers 174 as an example. In some embodiments, the number of write and
20  read strobe transceivers is different from four.

Each of the data transceivers 192 has a receiver 314 and a transmitter 324
and a receiver 314. Reccivers 314 are conirolled by the write data enable signals
WDENOQO-WDENS3, which are shown in FIG. 1 as WDENO-WDENnN. At
appropriate times, the WDENOQ-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 RDENQ-RDENS, which are shown in FIG. 1 as RDENO-
RDENn. At appropriate times, the RDENOQ-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
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174, and a transceiver of the data transceivers 192. For exanple, each of
the transceivers 172, 174, and 192 has two el enents including one receiver
and one transmitter. In sone enbodi nent, receivers 372, 375, and 314 are
identical (matched) and transmitters 373, 374, and 324 are identical. 5 In
sone enbodggg&}gh é ansnltters 373 of wite strobe transceivers 172 and
fecei vers 8P"P&4d strobe transceivers 174 are unuseBCVEFPRRMEH® unused,
the transmitters 373 and receivers 375 inprove the bal ance in | oading anong
the wite strobe transceivers, read strobe transceivers, and the data
transcei vers. A bal anced | oadi ng anong the transceivers inproves the
performance of the 10 nenory device. Data input signals DI -0 through DI-N on
lines 391 represent the input data. For sinplicity, DI-0 through DI-N are
referred to as DI (0-N) or sinply DI. In FIG 1, DQ (0-N) represent both

the input datajpdnd E&aﬂééﬂé&tof‘i‘l@é(ﬁtaﬂ‘eﬂmwﬁeﬁ 192, F@k e:(e@nﬂw h@dfgRent the input
data DQ (0-N) after are 15 transferred fromlines 194 to |ines 391.

Thus, in a wi trmsggé@raﬂé%dwmad 1&&11@ twg elamepistinaduding onereosiyerded poe 100 (FI G

1), D (0-N) a D%} uy S N on |ines
392 represent Frﬁré outp o l%d%gélﬁsr%?rpe?sgﬁzf%‘bgﬁﬁ%ugﬁgo N are
referred to as(rﬁ)ﬁbl(eﬁ)ﬁﬁdtmrmmﬁ:tdf@?.& £Q, a1El3’34ai:e1dB@1c(a[) N) represent both the
out put data_and the_out pu ta 20 In % represent the output

data DQ (0-N) af t er 25 n‘f]@)’ inpeats, Fongmiftesy 7éd:’ff"YrHﬁ§tF‘?br?é%an§§§’e’Esol Bi nes 194.

Thus, in a reagh®RE&Ars 975 ¥ dabairhticei Path m&@%ﬁsree.”hﬂ'fﬁﬂﬁ%nﬁm@i@d' ce 100
(FIG 1), DO (0-N) are ngO-N)' | nbound dat a S|glnals or inbound data Din-0

through Di n- N 8% tfansieifles 875 apdpsceyen 7 Hamovathubilanpetiv ldadisgrmeng thepat h 111,

For simplicity., E@MF &%&é géktg%ﬁﬂﬁéd s@gg% ﬁjglﬂgégvoﬁfaﬁgﬁ%ddaftagxﬁﬁcé%e? (£-N) or

sinply Din. Din'is rela con on of the INwv

code, Di n nay bbalenck radimg among thearhnsoepiemsi impraves thetpetfarn{anomefthwer t ed) version
of DI. Zﬁund dat a,si gnal s or outbound data Dout-0 through Dout-N on |ines
322 represéht BSMANHYIGtted by data path 122. For si nplicity, Dout-0

el ated to Dout. 10790 T000Pos307 Ly e00n, Doopog presn tidtbut 01 S
data. For simplicity, DI-0 through DI-N are referred to as DI (0-N) or simply
DI InFIG. 1, DQ (0-N) represent both the input data and the output data. In
FIG. 3, DI (0-N) represent the input data DQ (0-N) after DQ (0-N) are
15  transferred from lines 194 to lines 391. Thus, in a write operation when data is
inputted to memory device 100 (FIG. 1), DI (0-N) are DQ (0-N).

Data output signals DO-0 through DO-N on lines 392 represent the
output data. For simplicity, DO-0 through DO-N are referred to as DO (0-N) or
simply DO. FIG. 1, DQ (0-N) represent both the output data and the output data.

20 InFIG. 3, DO (0-N) represent the output data DQ (O-N) after DO (0-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 fo Dout.
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Dependi ng on the condition of the 1NVo code, DO may be either an inverted
version or a non-inverted version of Dout. Inversion controller 304 controls
the values of data transferred to input data path 111 and the val ues of
data transferred fromoutput data path 122. In 5 sonme enbodi nents,

i nversi on CYAEHHPTEH 304 inverts DI before DI is transfReFEsR0TGMPA | nput
path 111 as Din. In other enbodi nents, inversion controller 304 inverts
Dout before Dout is transferred to |ine 392 as DO In sone cases, inverting
DI or inverting Dout reduces the nunber of data swi tching or toggling at
lines 194 of nenory device 100 (FIG 1). Reducing the 10 nunber of data
swi tching inprove power consunption. In this specification, the terns a
signal level, a state, a value, and a logic value have the sane neani ng.

The terns are | abl y. t he w_sigpal_level .and | ogic
Jero have tne SarachBbeREIBRREEE e DL Bl PRl BLERE: o0 EVGHe g ) evel
and | ogi c one ‘asien drenohsinecrivd aeisig ofliduar e used 15 interchangeabl y.

I nverting a data neans ,switchjing the signal ]eve|l of the data between
different signal Fﬁf}‘éqr%l9n%%&°b§‘g}%I°€P“%_@ﬁ?Vél“8%? aFPa%ané]%Fr_S sigHal | evel or
logic zero, igyepdt no éﬂ%f‘@%ﬁes{@ﬂ&ﬁﬁ%ﬂﬂf&%&'ﬂtﬂnb uﬂd%‘f&ﬁdt]gﬂﬁ. thevel of the

data to a high signal level logic one. Thus, in this exanple, the
inverted dat a $eas embedigten)inyergivalcontenllst 304 inverty 1 efiere Dt wansfegredn i nvert ed

version of the, | .S1.gn vel., anotheyr e | e, when th ata has a
hi gh signal | et\(/)éj(l21 %,lgﬁpnlggg}llillrllga% ir?len’ %tog’ern%%%%c{lm?ﬁng’ﬁ‘ﬁefsﬁ%n %q%ro]flﬁr glqﬂsi gnal |evel
of the data t oinfertsdois beford Ddiet Velranstdaad & line 392k ®O.exanpl e, the inverted-:
data has a |l ow signal level, which is an inversion version B of the high

signal level. 25 I &8s GA%ERterBIE hor Stuerting e sedppesihewambsn of 42 | Vi code
and i nverts  DRuichREYe badlind Ainbd M GoRknorFaEHcO 00 RG]V Reditthd /O codes

has a value. In sonme enbodi ments, the value of eac I and 1NVo
codes is Hepreusher efidatysvatobingrimipravepewexfonsuetignal havi ng a | ow si gnal

candi t) on or  val ue B eetihon, Sg il edlto i i B T

value have the same meaning. The terms are used interchangeably. Further, low

signal level and logic zero have the same meaning and are used interchangeably.
High signal level and logic one have the same meaning and are used
15  interchangeably.
Inverting a data means switching the signal level of the data between
different signal levels. For example, when a data has a low signal level or logic
. Zero, inverting the data means switching the low signal level of the data to a high
signal level or logic one. Thus, in this example, the inverted data has a high
20 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.
25 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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inverted before DI is transferred to input data path 111. For exanple, a
first condition of the INVi code (e.g., low) may indicate that the input
data is not to be inverted and a second condition of the INVi code (e.g.,
high) may indicate 5 that DI is to be inverted. The condition or value of
the 1 NVo cSHR2003U3%%4t es whet her Dout from data path 12BCT/HS205/88809 nyert ed
before Dout is transferred to data transceivers 192. For exanple, a first
condition of the INVo code (e.g., low) may indicate that Dout is not to be
inverted and a second condition of the INVo code (e.g., 10 high) may
indicate that Dout is to be inverted. Since inversion controller 304 inverts
DI based on the condition of the |INVi code, inversion controller 304
conditionally inverts DI. Simlarly, since inversion controller 304 inverts

the Dout based on t”f]f‘ec%ﬁ’cﬁébﬁb%hﬁfofttﬁm\*}'\@deﬁ&féﬁtesivﬁé’tﬁéﬁl‘)l%‘t@%‘tro' ler 304
conditionally inverts Dout. 15 In sone enbodi nents, urln? the tinme that

read strobe t rlaﬂ@tﬁéb@@r%DlmAIan@fp@edjf@enplﬁ datapathridf eFer gxgmplegd At i nf or mat i on
of the output i I 4 e Q transceivers
172 to recei ve(’% E{Eopﬁ@ﬁ%gﬁgﬁ)queg O%I”} n?ayé%cat?&a@%{pﬂlﬁ%%%f n%g% s, duri ng

the time the visdiheerfdnade sécoadsaditionros thellRyiaode (¢36tidgh) malyridticfter ri ng tim ng

i nformati on of trh()a i nput. dat inversion 20 controller 304 uses read strobe
transcei vers 1that Hs ejgyerte e INVo code to |ines 184. Pari ty controller

307 generates the offfRdhdiReH bﬂ%&@%ﬁﬂ\%@@uﬂ%a@é%hetheﬂ'bﬁut%n?()de
i ndi cates the Ear tté of the output data DO Parity controller 307 also

verifies the i §3%is o biasertddefarnBoitrip rensfaradity defe tensopivescei ved from
25 strobe t nb f
5 strobe tranggeige Exa?ﬂ£1§ H'ﬁtrsft %3%41?&%%51\']\3@(?%&? de. g o ijqwg%%ﬁﬁd@atgu er o

bits. Each bitshas a v one.” The Po code
i ndi cat es whet thetrDduiés mrdiNmméﬂeﬂlahd;asea:bncD@ﬂdﬁmnmjtﬁajmw ade ¢e.g.0r | ogi c one)

el STty OF AR O DUIRSEL L SISV, e B code | cates
PCT/ US20051000809  gifieOn{dioh Q@11 BN ihvertd DI BYRA of {Rndion 30iRAd nunber .
The Po and Pi codes are transferred via strobe transceiver circuit 170.
INVi code, inversion controller 304 conditionally inverts DI. Similarly, since
mversion controller 304 inverts the Dout based on the condition of the INVo
code, inversion controller 304 conditionally inverts Dout.
15 In some embodiments, during the time that read strobe transceivers 174
are used for transferring timing information of the output data, inversion
controller 304 uses write strobe transceivers 172 to receive the INVi code from
lines 182, In other embodiments, during the time the write strobe transceivers
172 are used for transferring timing information of the input data, inversion
20  controller 304 uses read strobe transceivers 174 to output the INVo code to lines
184.
Parity coniroller 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
25  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
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I n sone enbodi nents, an external device, external to nenory device 100 of
FIG 1, receives DQ (0-N) and the Po code. Exanples of the external 5 device
i ncl ude nmenmory controllers and m croprocessors. The Po code allows the
external device to verify DQ (0O-N) after DO (0-N) are received by the
external JQ¥QPUWEOTPH sone enbodi ments, during the tine PERUSIHHYOr obe
transceivers 174 are used for transferring timng information of DO parity
controller 307 uses 10 wite strobe transceivers 172 to receive the Pi code
fromlines 182. In other enbodinents, during the time that wite strobe
transceivers 172 are used for transferring timng information of DI, parity
controller 307 uses read strobe transceivers 174 to output the Po code to

| ines 184. Tenperature reporter 310 reports tenperature information of
memory 18 deVige (dhG0:it b3 &Pl hiABSSF ki 8l fldhball nd BQandHikahGRer at ur e
code TMP represents e tenperature rnformation. 1n sonme enbodi nents, a
refresh rate ofretmesfersd devirabe thO@eivet &oult)i70s adj ust ed based on the TMP

code. For exanple, .at a rticular t rat.ure or particul ar range of
tenperature, the r efprsgwy G@Pé]meﬁjﬁy@e‘?ﬁ%gﬁ‘ﬂ%ﬁx toﬁB%?ryLAEﬁC? n sone
enbodi ments, dugl GFIGHE, reédies DTRL0-NY iddehePs ek, IHxaMPREbIBE Sxtdrhdl are
activated to transfer timng inforpmation of DI, tenperature reporter 310

uses read 3t répyacaripgpdempeysontyollersand FHETPPIQCRBOT Basodeqliopnds 184.

Cal i brator 313,508 MER. 1 ;}’Q‘Paffép% A J & Re; nscei ver
circuit 170 toea ] ust ae??{r;néir% 0 ata tran fer%rga b{;’@%g %gtraelfljisagei ver 190.
I n 25 sone enbddiigrents, during an initialization, an external device

external to nenory, device,100 obtains the characteri.stic of transm ssion
lines or channels Iélesf)mgﬁlbﬁg%f:‘é’“,vig&%e%ﬁﬁ? eésq‘)beé’f?ﬂscfwgrseﬁ#er nal
devi ce. Exanpl &% uedd fohBansgxtied fidingdefohifion oTO0,GarifRisRilles 907 ik | er s and

m croprocessors., | n sone enbodi nents, the external device external

cal cul at es1@ t Write frepafrarseeivers 1 Sdtorpeinethe Bl wde fiogénes d2-sends t he

cal i brating code =X uelh 7 ;

PeT! D52005) 000600 TJlr EEH ?’}#gﬂﬁm‘{&%gde, -%%ﬁ%ﬁ%%ﬁ@%@%ﬁ%% an adj ust
signal ADJ to afelused fontramsfsrringtining infoomatmnadsparitpeontialledA0d wegs rease ti mi ng

of the output g%;[b% tlpaxg)sctm%ers 174 to output the Po code to lines 184.

Temperature reporter 310 reports temperature information of memory
15 device 100 via strobe transceiver circuit 170. The temperature code TMP
represents the temperature information. In some embodiments, a refresh rate of
memory device 100 (FIG. 1) is adjusted based on the TMP code. For example,
at a particular temperature or a particular range of temperature, the refresh rate
may be reduced to save power.
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 chanﬁels
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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conpensate for the tine delay cal culated by the external device. Adjusting
the timng of the output data DO based on the CAL code inproves the
accuracy of 5 the transfer of the output data by nenory device 100. In sone
enbodi nents, during the tinme that read strobe transceivers 174 are
activated WO P¥3Fér tinming information of the input FATAS2UE0PPARL or 313
receives the CAL code via wite strobe transceivers 172. Inversion
controller 10 FIG 4 is a circuit diagramof inversion controller of the

FIG 3. Inversion controller 304 includes a calculating unit 410 and an
inverting unit 430. Inverting unit 430 inverts the input data (D) based on
the input inverting code INVi. Inverting unit 430 also inverts the outbound

data (bout) based on the output inverting code | NVo generated by

cal cul ating uny IQthel WM od : ieed,d &Fﬂﬁ | ext er nal
devi ces via wrn];gésgést rc?be urc\?(%%’ lf.%&g}a%gﬁ e@eo 1')eét %g%{%%%[ﬁggjé@i%(ces i ncl ude
menory cont r ol inemeryaledice ADe tooguljust s salibsate)Cht Guinmtdf iy amput d4td @ QI er mi nes

whet her to invert Dout.and . proyides,t | N\Vo cod o.inyerting, unit 430 and
read strobe un?c?npfl?%?e@ﬁ’wﬁ%eﬁyﬁiad’ ﬁ}}ﬁi{;%gfé{weﬁ&?rﬁ§|<{?&lgg églé‘%tiﬂg'gp? ng portion
412, a st or agetifmglof e ohht data M PasiDér 1he T AF2Ebde d@frovas e edotiep oPOr tion 422.
Conparing portion 412 has a nunber of conparators 414 (414-0 to 414- N) for

conparing Bout the tersfessd thegusnt data by meppryfievieet198. previ ous output data  DOp- 0
to DOp-N on lines 413, Qdiﬁ%nt@,%n"ﬁgﬁ{e%ng al édaé‘gobgﬁ%ﬁsfc&o%ljs heS 25 392
ycie. nent's, of t

froma previous output c n ‘sone”enbodi eac e conparators
414 incl udes awmeestiatedity Fa®Rritingihg infamatonpEthée ingut duda, valiwater D3 t wo

correspondi ng out.put. d ._Each of th onpar at 412 conpares a val ue of
an out bound daliegele'stﬂﬂe8‘§i\fggﬁ?a3@tﬁsﬁé"g’9%égn%gwa’isﬂzipr evi ous out put data. For
exanpl e, conpamatmeion4ddtrdller 30 conpares the value of Dout-0 with the val ue of

the DOp-0._ As anot her exanmple, .. 14 WD 2005/ 073974 PCTI US2005/ 000809
- conpar at or 1414- N cdfaft ésa eirritigeran of inygsipn rentjoller efithe Fi.de of DOp-N. In

some e mhodi MeNfrgersiol SoMPIE 364 inBiudAtaalchiabng whiP¥o hah ilfdifPuriS @ val ue of
430. Inverting unit 430 inverts the input data (DI) based on the input inverting
code INVi. Inverting unit 430 also inverts the outbound data (Dout) based on
the output inverting code INVo generated by calculating unit 410. INVi is

15 provided to memory device 100 by external devices via write strobe unit 171.
Examples of the external devices include memory controllers and
Microprocessors.

Calculating unit 410 determines whether to invert Dout and provides the
INVo code to inverting unit 430 and read strobe unit 173. Calculating 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 cotresponding 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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of data. The value of the bit of data may be a logic zero (low) or a logic
one (high) 5 After the conparison, each of the conparators 414 provides a
conparison result on one of the lines 417. The conparison result may be
either a logic zero or a logic one. In some enbodi nents, the |ogic zero of
t he conpafW86W5W§§u1t i ndi cates that the val ues of DoutPChiUSg0a0Wst9he val ues
of DOp -bi'ts are"the sane or matched; the |ogic one of conparison result

i ndicates that 10 the values of Dout bits and the values of DOp bits are
different or m smatched. For exanple, if Dout-0 and DOp-0 are the sane, the
conmparison result on line 417-0 would be the logic zero; if Dout-0 and
DOp-0 are different, the conparison result on line 417-0 would be the logic
one; Storage portion 416 includes a nunber of registers 418 (418-0 to 418-N)

15 to store the,yaligsghy é&ﬁ%ﬁ&ﬁé‘gﬂ%@& ?N&ﬁﬁﬂ}eﬁﬂ@%f%ﬁ e Dop-N

After each tine appear Stor age por Ion r eépl aces or
updates the canicmit®dofentse ieshbe st 4 #8a .5 hDBED-Mor DOPOFisIGAlueBiudit DO i n t he

current output cI will C i n_the next ycle. Math unit
418 perforns a° &hlg‘fj P]:Q’Fpgﬁ‘ gﬁ#ﬁ%%ﬁﬁ?%ﬁz?ggﬂwggragﬁl%vi ded on
lines 417. Mat{highyit 418 outputs a math result on lines 419. The

conbi nation_ of signals (or bits) on |ines 419 represents a nunber, indicated
by X, wher® Xis anAﬁﬁtﬂwéﬁnPaﬂﬁ@,ﬁmOiﬁ'ﬂwtféﬁlpwfatomﬁ‘imf%ld@ﬁﬂ Dout that have a

different valu i @1 fi Lcurrent

Dout . has ei gh?or#abpon %F%Pgt%@ ehgw%gl%ﬂ%% g fnﬁaé/ bgreéw ous DOp is
00011100, 25 Xalwgid=mrdos: atlogic 6R9. ]h&omasmbbdimmta,sthelogibhrdsﬁhé Dout and the
correspondi ng | ast its, of ave different vagl ues ot her

exanmpl e, if th@%ﬁ?‘é’rﬂes‘%dﬂ%"?tgs “Dgﬁgi@i 53?@“{%‘ é‘%%ﬁf’s@ s 11111111,
X woul d_be t hr g & ShobaaausRaibhe; it oﬂéUf%@mBhﬁs%n%su@%ﬁwa@é%%éthe first
three bits of DOp have different val ues. Decision portion 422 sets the val ue

of the | NV cothe viaeseef Rawt biteardohevakimsof ROprbilsiarpeditiareot ormiswaigkede mbodi nent s,
deci e\ DL ok iy ool aORRAISARETLBRASH A0S ve v o
N 2 and sets t#4E-0 Wooldbede lagicaeweifdiat-0 ahd BOped ge diffargly)thehen Xi s greater
than comparison result on line 417-0 would be the logic one;
Storage portion 416 includes a number of registers 418 (418-0 to 418-N)
15 to store the values of the output data represented by DOp-0 to DOp-N. After
each time DO appears to lines 392, storage portion 416 replaces or updates the
contents of registers 418 with DO on lines 392. Thus, DO in the current output
cycle will become DOp in the next output cycle.
Math unit 418 performs a math operation on the comparison resulis
20  provided 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 DOp is 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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N2 Nis the nunber of the bits of the outbound data (Dout) which is also
the nunber of the bits of the output data (DQ . For exanple, if N=8, the
INVo code 5 is set to a first value (e.g., low) if Xis less than or equal
to four (N2 = 4) and the INVo code is set to the second value (e.g., high)
if Xis grd¥eSABEH four. The INVo is provided to wit BCEUBMBHMDSIANSCE Ver
172-0, which transfers the INVo code to Iines 184 for external use. For
exanpl e, one or nore external devices connected to nenory device 100 rmay
use the INVo code for inverting 10 the data outputted by menory device 100.
The val ue of the INVo code on lines 184 indicates whether DQ on |ines 194
is an inverted version or the non-inverted (true) version of the output
data Dout on lines 322. In sone enbodi nents, the external devices receive

DQ and condi tigmal i th I e. For
exanpl e, after recAefix}\l/Ai%dghgfﬁﬁ@gmﬁ%ﬁ"ﬁ%mﬁ&gg%%%nﬁ?%g?ﬁ?(ﬂe ext er nal
devi ce i nvert sN2Q@nid etk M¢dNVe chilgit aaacbndeaine (€6, highrahgex id greatéftlm i S | ow.
Wthin nmenory device 100, .t he o code is also provided.,to  ipverting unit
430, Tnver C1 g Vani S4BT SR8 Dt it pebo B PR BGiiidps0BS and on

i nput i nvertingniRebF e Bit¢ithe SMpRWata (DGF! BorGkaRPld ifOR-s38 INWRLES the

out bound data 20 Dout based on the output inverting code |INVo. |nput

i nverting por tisael taadirst pelae (s t1nw) ifAbisuesd thiaton e@ial trafoetkNgA =tdh end fput
inverting cod d %’1 ty ' reion. i i nput node 433
for receivi ngelg\hgmoi oegfgc}]é%&\g&%& er(g%f’ﬂogg'?gﬂgﬁst%%&no ng'ﬁgonnect ed |ines
392, and a nunber Ofhe IBiMotispionided @viviRsirdddrankesiver 0 72-0hehishMriutdidrng devi ces

442 is located, o pat h ﬁS b\%t‘* en onag of the data transceivers 192 and
output data paffil¥9 codeip fnesshidonaxtena) ugs Jor sRampleang Qe mops gxternal

Seri es- connect &4ided ¥k &EPtotreindty detoe1 U HayPuse S 1NOVb ébA8 forPMéeredy 472

connects around one of the inverters 452 and 462 to bypass one of the

i nverters Y52 thadatagntpuitw tyonsmey device be). AU valug of SietINGlol code pylingse | NVo
o) . e sl CoRss PR DT B T 0T s B Ph BB %
inverter 462 i@rubyyaseed thmipuifdatarDdut oelin&?322b hpsesesnboditeentts the462 and
external devices receive DQ and conditionally invert DQ based on the value of
the INVo code. For example, after receiving DQ and INVo from memory device
15 100, the external device inverts DQ if INVo is high and leave DQ unchanged if
INVo is low. Within memory device 100, the INVo code is also provided to
inverting unit 430.
Inverting unit 430 includes an output inverting portion 432 and an input
inverting portion 434, Output inverting portion 432 inverts the outhound data
20  Dout based on the output inverting code INVo. Inpuf inverting portion 434
inverts the inbound data DI based on the input inverting code INVi.
Output inverting portion 432 includes an input node 433 for receiving the
INVo code, a number of data output nodes comnnected lines 392, and a number of
switching devices 442. Each of the switching devices 442 is located on a path
25  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
30  turns on when INVo is at one value or state (e.g., high). When switch 472 turns
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passes through only inverter 452 and switch 472 and becones DO at |ines 392.
In this case, DOis an inverted version of Dout. Switch 472 turns off when
INVo is at another value (e.g., low). Wien switch 472 turns off, inverter
462 is not 5 b(}/gassed Dout fromlines 322 passes both inverters 452 and 462
becones DOWQEMPPHEY 392. In this case, DOis a true vePSTEROBFOONMAL . | nput

i nverti ng*pbr t i"otf A3A=i“netudes” dn | nput node 434 for receiving the [NV
code, a nunber of data output nodes connected lines 311, and a nunber of
swi tching devices 444. Each of the switching devices 444 is |ocated on a
path 10 between one of the data transceivers 192 and input data path 111.
Each swi tching device 444 includes two series-connected inverters 454 and
464 and a smﬁtch 474. Switch 474 connects around one of the inverters 454

and 464 to o?x%ﬁﬁreﬁ&%@ﬁs Egﬁb@ssb&‘vﬁéﬁt%dﬁlﬂ% 3@@@3@%&5 £igonggdevi ces 444

are controlled by the I'NV Swtch 474 15 rns on en INVi is at one
val ue (e.g., Hiagie} thrngbrondyinyeter 472 and switsh g2 andbnpenmﬁD(M%Jhness?%ypassed DI

fromlines 39 ass i,nverter .464.an S erter 454
and swi ton 474008 CREaRUD Y Sle AT PRIE e o of Vi VR L0 *°

i nverted ver siigar @bihbh vahiiVetel oW Svhett setobfal72 whieaoff NierieS 468 is na ot her val ue
(e.g., low. \Wen switch 474 turns off, inverter 464 is not 20 gpassed. DI

from | ines 39 Pypased Do fFon fines Seepassesdwitpinyeriags 43oad 63 beromeaDO | i nes 311.
In this case, a@lﬁeéQ@Zalﬁ&ﬁ'seca!@'tﬁbﬁ%tﬂfev@fmon%f%ou@ shows exenplary data with

inversion information. DOp | previ ous output data on lines 392 (FIG
4). Dout in Row 1 tmmﬁmomﬁn%émmmﬂnmuﬂlddbéﬁféﬁ:trr@cmthey current

out bound dat a ted i rom an. exanpl e,
DO and Dout " haﬁ\}]ylg DBFL?SM%@SPH&’ deg %ﬁ%ﬁnl ?13{/12?3[1@&“@%? &; n each row
is the |nvertaﬂuwhihgldeﬂcésfMDDEhchdmhﬁvﬁtchﬂag detdcendl is hested82a psthnot  al ways

an inverted version of The val ue_of ] NVo. determ nes. whet her or not
Dout is in&ert BN%Eﬂ@ﬁePt?@lﬁ%l%magscaweﬁs&%ﬁ%@wwRﬂth 1ds gt . 17 wo

20057073974 P%&é&%@@l@%@@@&@jﬂm&é& t%b %ne’éacoBQatéd%n&é%R%& hnd Bl 5Rtd NG that

bits BO through B4 are all Zzeros and bits B5 through B7 are all ones. These
bit val ues ar @m@b&?’ﬁasSﬁﬁ@hﬁE qopnects around one of the inverters 454 and 464 to

bypass one of the inverters 454 and 464.
Switching devices 444 are controlled by the INVi code. Switch 474
15  turns on when INVi is at one value (e.g., high). When switch 474 turns on,
inverter 464 is bypassed. DI from lines 391 bypasses inverter 464 and passes
through only inverter 454 and switch 474 and becomes Din at lines 311. In this
case, Din is an inveried version of DI. Switch 474 turns off when INVi is at
another value (e.g., low). When switch 474 turns off, inverter 464 is not
20  bypassed. 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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conpare with each of the bit values of the 16 possible Dout. X represents
the nunbers of differences in bit values between DOp and 5 the

correspondi ng eight bit values of each of the 16 Dout. For exanple, in
conparing bit-to-bit anmong BO through B7 of DOp with Dout in Row 1, there
are eight AVPPUWPBREES in the bit values. Thus, X equal sPET/HRI0L@PSIN Row 1.
As anot her “exanpt e rn comparimng DOp with Dout in Row 6, there are three
differences in the bit values, i.e., three bits B5 B6, and B7 have
different bit 10 values Thus, X equals three (3) in Row 6. Y represents the
nunbers of differences in bit values between DOp and the corresponding bit
val ues of each of the 16 inverted Dout. As described in FIG 4, Xis

cal cul ated by conparing unit 410. The |INVo code is set based on the val ue

of X For exampl e, LG 3 DALLRMIRN Hecatihd PSR BOBRRE G L0 NV 2 and

INVo is one when X 1s gréat t han e nunber of bits of DO
(DOp or Dout) . zdres #dGits B) tideBgh Bhas, allionedRoNieds bit Al arsusedas 4 Bigselecause Xi s

greater than four (4)..I1n, R .. | NVO | ro .because Xis | ess than four.
The val ue of _|W%@%S@é’gmﬁ)ﬂ%ﬁéﬁHtaﬁ)igp"%@?‘?ﬁe&ted. If Dout is 20
inverted, DO is an Xmnyeéskrd theafusiver oPbifpitces ihdit vAKRE P& eed DORAMG 1, Since
INVo is one, Dout is inverted and the inverted version of Dout is

transf erred t otheicpragspomline cighidit valust peepcipeiitre 46 Drgly Foriesarapledn111. Lines 392
have the previ hpari [ -%mum% qu%ﬂﬁ } I: I val ue of
the inverted Dout méghggl . E%gg%\%ge t%é\ﬂ?ﬁ g}rnt%e %%lulg&?g’%l%%nsferred to
| i nes 392, t heareaighediffiereBsessi thedlitsvabies.| ThmsX 3@l gleigintdB) imékaa t.0Abe swi t ched
or toggl ed because the i.nverted . \%ﬁﬁ t he previoqus have the sane

Vet ue i mt hi sates EmE S hyPeineditn REf PotGaRenit ¥Fnae S, the nunber of
swi tches in bi diféehtRn BRbHIBSes, DO t1ReshildBE, B6Sa@B Phave@iffdéatbh, in Row 1, Y

is zero indicating the nunber of swi tches is zero. 18 WO 2005/ 073974
PCTI US20051900wlees Fiusgx eqpalg three AHmRow ¢. t6.1¢c :n}C ~,,.B rL..V

ot e et ISR R Bl gty 1 592
Row 1. Thus, the corresponding bit values of each of the 16 inverted Dout.
As described in FIG. 4, X is calculated by comparing unit 410. The
INVo code is set based on the value of X. For example, INVo is zero when X is
15  less than or equal to N/2 and INVo is one when X is greater than N/2 where N is
the number of bits of DO (DOp or Dout). In FIG. 5, N=8. Thus, in Row 1,
INVo is one (1) because X is greater than four (4). In Row 6, INVo is zero
because X is less than four.
The value of INVo indicates whether the Dout is inverted. If Dout is
20  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
25  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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t he exanple regarding row 1, inverting Dout before transferring Dout to
lines 392 reduces the nunber of switches at lines 392 fromeight to zero.
Power is 5 saved when the nunber of switches is reduced. As anot her exanple,
in Row 6, since INVo is zero, a non-inverted or true version of bout is
transferredQPOPPHEE 392. In conparing the bits 0000000PCHUS20GB19080) n Row 6
with the Bits"®60000TTE-of D& there are three bits having different val ue
as indicated by X equal to three in Row 6. Thus, when the true 10 version of
Dout is transferred to lines 392, the last three bits B6, B7, and B8 of

Dout are switched. In the exanple regarding row 6, the nunber of switches in
bit val ues between DOp and Dout is three. If Dout were inverted and the
inverted Dout in Row 6 is transferred to |lines 392, the nunber of sw tching
woul d have been fi L.ndi fo Y 4 6. Hence, in
this 15 case, trang?gé%h\%é?%ﬁe?%%%}%gsgﬁl&%a%1 gse?)gsht ednunber of

swi t ches at t Hrsebeqn3jghivhd inflicated by ttkervatubafi Xfdaque t¢ Sigh®) tiches Lbdbween t he

i nverted Dout (Row 6) and.. . . The exanpl es .above .r egardi row 1 and row 6
and the table ﬁe’f@fl@le ]ggarg]ﬂg\%‘?Ha?lvﬂgﬁ%ﬁg}l@f%ﬁ%f’?%e%@ @gutgtg ipf% 1 'NVo code,
an inverted veyRireducey théndihbte of 2RitohRE 5 10Rs 992 PonteighStol At Havk @d. Regardl ess
~of which version of Dout is transferred, the nunber of sw tches between bit

val ues of the W¥ebvim;thgnumehes aksvaichetisredugeht at the | owest val ue (between X

and ), thereby i "{Q¥iGr cRRPRY irCROS BB deqRVTS S0, & dod-iBPerRABRRL&T Y ti ni ng
f FIG 4. 25 CLK répresents a clock signal

diagram for the nmenory device o
such as the Clwrsigmpefddoudis tHansfeged 0ingFBL. It )compating B HHA00RE si gnal s

represent the @@ and éq%l i S Bl G . 4. represents one of the
BQ (0-N) of FI .ﬁ?‘ﬁ% ! ,R%@(ﬁﬁgluo sOp’I%r%ﬁﬁﬂB?&%%%‘l@goyt putted at a
particul ar af tdiffefehicralicAPirgiivarsd g X squsbiide in Row 6270 when BE thie out put t ed
between tines T2-T6._ DI (s inputted. at_a 19 WD 2005/ Q7 4 PCT/ US2005/ 000809
particul a_rwaf t@FSl?%%ﬂ\%?FiFﬁmE‘%é‘?ﬁﬁ‘L@qF@S P thedast gpe Qi %é; mﬁ%—gg i nputted
bet ween times pduyibte shitched. In the example regarding row 6, the number of switches in

bit values between DOp and Dout is three. If Dout were inverted and the

inverted Dout in Row 6 is transferred to lines 392, the number of switching
would have been five (5) as indicated by the value of Y in Row 6. Hence, in this
15  case, transferring the true version of Dout keeps the number of switches at three
(3) which is lower than five (5) switches between the inverted Dout (Row 6) and
DOp.
The examples above regarding row 1 and row 6 and the table in FIG. 5
show that depending on the value of the INVo code, an inverted version or a true
20  version of Dout is transferred. Regardless of which version of Dout is
transferred, the number of switches between bit values of the data being
transferred is kept at the lowest value (between X and Y), thereby imprdving :
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 outputied at a particular after the READ command is issued.
For example, DO is outputted between times T2-T6. DIis inputted ata
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After the READ command issued at tinme TO nenory device 100 outputs the

out put data DO between tinmes T2-T6. The RDQS signal, which carries 5 timng
information of output data DO, is activated between tinmes T2-T6. FIG 6
shows that the RDQS signal switches (toggles) when it is activated between
times T2-T6. Because only the output data DO are outputted between tinmes T2-
T6, only t HEORSY®T4gnal is activated for carry timng PET&BEINW090f t he
out put dat a-DBCO between tt#res=T2- T6. The WDQS is not activated to carry
timng 10 information of the input data DI until tinme T7. Thus, between
times T2-T6 the WDQS signal nmaybe activated to transfer the input inverting
code INVi. In a simlar but reverse situation, the RDQ signal may al so be
activated to carry the output inverting code |INVo when the input data DI is
inputted. For exanple, between tinmes T7-T11l, the RDQS signal may be

activated to cgptyathes I‘Wﬁ Il h ' I:he i nput data DI
IS i nputted. Bg%r[v%/eueln tle#glg' - E%&g@nﬂtdﬁéeﬁ??e% %8%@3’?%13%%5%46% he i nput
data DI is car betederotimedE7-WDIS si gnal. I n sone enbodi nents, the WDQS si gnal
is partially activated to ry the I.NVi code ch that, the i S

not | vated for an | nbEPvLP REACL PR RYed fiims Shimestort Hevigo 0 2 Do
bei ng out put t e¢he dnfist 83210 BotwéASIWRGE-T6 AR ROHE \hsldwHidhciigiepn! Yy a portion
of the interval between tinmes T2-T6 and not the entire interval between

times T2-T6 | Hmdngiaforaptimdiivepusdate RO, pckvaedprivesndimes - Tt H§- 60 carry
the I NVi code i | 2 : [ \4 ut data DO
bei ng out putte%jl%r gdr}atg%a%pg,agtﬁ%% (fo%ﬁ%abtllg%t@g a%‘?#%g)e%ﬂenti re

i nterval betwetmes I'P%. Beealse on?bthe ouipohdateDDcaé ompiitd betveeeRiXgss TRgnal i s
partially actiyate 0 . the |.NVo, code such that the i s activated
for an inter va?f 1@%%%@ %ﬁ?‘ﬁaéwaﬁdﬁ%fz% naaat{oaogﬁ%% i nput ted.
For exanpl e, t Qs RXSetiveeraGhdsVitBsl T WIERS RAbYackvited td Afy¥mikde i nterval

between tinmes T7-TlI t, not the entire interval between tines T7-T1 1. In

sonme ot her 1@nbédpmatios of thaénorbéats BY ywid timesT B oThust hepweeadimes T@akq thet he 1NVo
PCT/ US20051 000800 iaFa iy 5ol aied bRl lophl bRl bogetivln 7P 0797
activated during thhk esimilabut revemse siadatibe tieRD QS| sl thay dldd be activated
to carry the output inverting code INVo when the input data DI is inputted. For
example, between times T7-T11, the RDQS signal may be activated to carry the
15 INVo 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.

In some embodiments, the WDQS signal is partially activated to carry
the INVi 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

20 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.

25 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

30  activated to carry the INVo code for an interval equal to the interval of the input
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Parity controller FIG 7 is a circuit diagramof a parity controller of FIG
3. Parity 5 controller 307 includes a parity generator 710 and a verifier
730. Parity generator 710 generates the output parity code Po based on the
out bound data Dout. Parity generator 710 al so generates an internal input
parity codVPMOFIBEH on the input data DI. Verifier 73BCTES009/88800he input
dat a based on*the-nput ~partty+~code Pi and the internal parity code Pii. 10
Parity generator 710 includes an output parity unit 712 and an input parity
unit 714. CQutput parity unit 712 generates Po based on Dout. Input parity
unit 714 generates Pii based on DI. Since Po is the parity of Dout, Po is
also the parity of DO because DO is generated fromDout. Since PHis the
parity of Din, Pii is also the parity of DI because Din is generated from

DI. For th d f ; t f t
el iher out or LRy ek sREBtah R T8k sinfepP i By [ 0 1 D or Ty

unit 712 conneatesval betveeresm@2P7-Tor, recei ving Dout. In sone enbodi ments,
out put parity ﬁnjt 73@2”connects to lines 392 (FIG 3) for receiving DO In

sonme enbodi ne parity unit 712 includes at |east one 20 excl usive

CR I ogi ¢ for cal culiabi ng d dul Aanelt R UBUIRATIGY, Wiicky 712 pr ovi des

Po to read strobe unit 173, transfers Pa to one of the |ines 184. I n
sone errbod|5nerﬁ0§’ﬁ’0]|1@é87mchlﬁl@%aaPmimg@l@i"&t@ﬁéOﬁﬂdlalfeltlﬁ@:r?§f)ef’sf1’£?o one of the

| ines 184 duri } ?ha [ re i nput data
DI . I nput parlé}’g uni Fiéigéjm%:a?)%;t%% S t%aﬁt&%é&é%oﬁfs?&gnthcogllﬁa\ﬁﬂﬁ%&%f In sone
25 enbodi ment sDoutnBatﬁtypgamérhtyrm ﬂlso?g’bﬁerﬁfemmeﬁﬂte&nﬂ@nﬂut paity 38de Hidbaseccei vi ng

. . y
D. In some enb dl rre niit 714 j n ude E | east one

, ut. p t
exclusive OR ¢ at%la gﬁ?%ﬁqrﬁébff & Hhe iapdats; aS‘el nguh ity unit 714

provi des Pii t@ntygdbfpgg,gdtﬁggmﬁ{ﬁrﬁaﬁ ddBR. i ncl udes a conparator 732 for
conmparing PH w th descri bed above, Pii $generat ed internally by

i nput parity unit 7PE1|1W gqneqag)rﬂ() M@WMPMWWU eob40op809  provi ded
crt e nell s, o st R Ut S HLBCRhct % SRIBEY DY v 8, (F1 D)
unit 714 generates Pii based on DI. Since Po is the parity of Dout, Po is also the
parity of DO because DO is generated from Dout. Since Pii is the parity of Din,
Pii is also the parity of DI because Din is generated from DI. For the description
15  of parity controller 307, output data refers to either Dout or DO and input data
refers to either DI or Din.
Output parity unit 712 connects to lines 322 for receiving Dout. In some
embodiments, output parity unit 712 connects to lines 392 (FIG. 3) for receiving
DO. In some embodiments, output parity unit 712 includes at least one
20  exclusive OR logic 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 DI. 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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m croprocessors. Conparator 732 generates a verification code VER based on
the result of the conparison between NN and Pi. The VER code indicates the 5
validity of the input data. For exanple, in one state (e.g., low), the VER
code indicates that the input signal is invalid; and in another state
(e.g., higM?PRE™YER code indicates that the input si BEEDSIES/AMEND. The
VER code i% *prioVi-tiedtb’ =¢ontrel* circuit 118 (FIG 1). If the VER code
indicates that the input data is invalid, control circuit 10 118 notifies

i nput data path 111 to ignore the input data and control circuit 118
requests the input data to be transferred again to |ines 194 of nenory
device 100. If the VER code indicates that the input data is valid, input
data path 111 transfers the input data to nenory array 102 (FIG 1). FIG 8

shows _exenpl ar yofiabReWbehlb AR ek 18876 PR B Becnll 5B Sudifee 10 ePT esent the

bits of either the 1 nput ta or the output data. As scrlbe above in
FIG 7, the oufFGt1)d&xempigy ofie exttinel deDatinadudeD@naorg conimlierspud dat a may by

either DI or Din, The parity bit P represent the.val t he, out put
parity bit PO FHEH %Eﬁr pariEpaqr é?,ge‘g“'ﬁﬁ?%" Piqiods Xﬁﬁftbaﬁ@rg ty bit
Pii. FIG 8 shewheedsghbf thicbpBRoBhetdedPii 8XEPD 18 VHRecdld iltBéatafthdi t S can be

varied. 20 The p; I’It%{ bit P.is either zero (logic zerq) or one (Ioglc one) .
In the exe?‘rpl‘éﬂl@ltﬂa the gpujlatp. For ePamBleszléroée\?\Wé\'@r(eBpi%N)B@WRB?’ Ras an even

nunber of Zerﬁdﬁhﬂe§th€%e9ﬁ5‘ﬁ§s1%&aﬁ§s)1lnv Bdaﬂalh%&ﬂ&sW@gb'hﬁ Bk to B7 has an

odd nunber of zero bits (or o ts). For exanp mr wl and row 3, P
is zero becaus¥EBzofle mdfcamhéladi&t:mpuhSIglmhﬂSWahddTh@WEB. dodsisgmovadedrto nunber of

zero (or one) b'f@ﬁ%“ﬂ?ﬁ{’fiﬁﬁﬂ%v% exanple, inrow 6 and row 14, P is one

because each of and row 14 has an odd nunber of zero (or

one) bits. In the albmeafmafmbh@dm&edtﬁat&l@émpmf@talbidvahcﬁ@oﬁmllaﬂmhas an even
nunber of zero b|t (or (ges bits) IS one when bits BO to B7 has an

odd nunber 1&f 11286'%06‘ B9 pBut Pﬁﬁbkllﬂptlg)oreqhﬁl@ﬁﬁéﬁt%mﬁﬁlrﬁl@m pl§ s zero when
bits BO to B7 RaSestsdRe t@%%%ﬁ‘e@@dg&zﬁ@gﬁﬁgg 1@%@%&;{1@% nunber  of

zero bits (or ones bhits is one wien bits BOto B7 has an even
nunber of zerol®l tléﬂlééifh"lbmgn@@a:t@sthailﬂtamgltldgtaamvmdempu%d‘ﬂ;ﬂmthﬂﬂg di agr am

for the memory, deyi C&e of uf & o' themory array 102 (FIG. 1).

FIG. 8 shows exemplary data with parity information. Bits B0 to B7

15  represent the bits of either the input data or the output data. As described above
in FIG. 7, the output data may by either Dout or DO and the input data may by
either DI or Din. The parity bit P may represent the value of the output parity bit
Po, the input parity bit Pi, or the internal input parity bit Pii. FIG. 8 shows eight
bits B0-B7 as an exanmiple. The number of bits can be varied.

20 The parity bit P is either zero {logic zero) or one (logic one). In the
exemplary data of FIG. 8, P is zero when bits B0 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 bifs (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 B0 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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CLK represents a clock signal such as the CLK signal on lines 110 (FIG 1).
5 The RDQS and WDQS signals represent the RDQS-1 and the WDQS-1 signal of
FIG 7. DQrepresents one of the DQ (0-N) of FIG 7. In FIG 9, DQincludes
DO and DI . DO|s outputted at a particular after the READ command i s issued.
For exanpl VOB But putt ed between times T2-T6. DI i SPCHPBIWEWOYO a
particul ar” af t'er "t We™WRlI TE"cdrtfreind i s i ssued. For exanple, DI is inputted 10
between times T7-Tl1. After the READ command issued at time TO, nenory
device 100 outputs the output data DO between tines T2-T6. The RDQS signal,
which carries timng information of output data DO is activated between
times T2-T6. FIG 9 shows that the RDQS signal swtches (toggles) when it
is activated between 15 tinmes T2-T6. Because only the output data DO are

out putted betwaesidruier JiZeroits (B dnés bitd; MAFQs SheRaln bis BElIALAGnf Or carry
timng information of the output dat a between tinmes T2-T6. The WDQS is
not activated ?‘Eﬁ’nél!ﬂﬂb?fq ZRRORgfS qu’?ﬁ@?%ﬁl on of the input data DI until tinme
T7. Thus, between t BN o carry the
i nput parity code P]%‘Iiﬁg %n&@mgﬂgﬁtll re\i;dér se ?51? 31?%1'8%6{’191% 1ETRD@ si gnal
may al so be acClLKatpesentsa chmkﬁggnaﬂsacbwtmeLﬁalgrmyomemw(Elﬁielj nput data DI

activated th ol SORRE B RS EHE rRGeR i RPRS  withe MONT sboaleta b1 1 s

i nputted. Betwewn 7t mfepﬂézenﬂ otle, o tIEDQLO-IN) RY FIG 70 AT E.9)) DI inkhided nput data
DI is carried b t he V\% nal, 25 In sone enbodi nents, the signal is
partially acti ]? and [ isopipuiierbatpipagisylar affeihe READyEARGES Sgiedct i vat ed

for an interv Foxje‘iﬁaﬁ?lfe@@ﬁ R@%Qtfséﬁ%%f(@éenn&fes 060 Wik %ﬁdaatﬁ)o bei ng

out putted. For exanpte is activated during portion of the
i nterval bet weparhculmﬁermemﬂiobonmanﬂmsmdl Fer exampbmhis iptteden times

T2-T6. In éhe ot‘%rrlr@}gt,fltheV\DQSmgnal is 30 activated to carry the Pi
code for {'7 %f [ {0 the interval of the output 23 WO 2005/073974

PCT/ U82005I 000809 Aflative READIoAGn DA iBUed £ GimeF 0, nRIBEPARicet 100 O MRS | S

activated duri the entir interval_ _between _tines T2-T6.
31% output (?ata DO%etween times T2-T6. \ﬁe RDQS s1gna1 which carries

timing information of output data DO, is activated between times T2-T6. FIG. 9
shows that the RDQS signal switches (toggles) when it is activated between

15 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 DO between times T2-T6. The WDQS is not activated o carry timing
information of the input data DI until time T7. Thus, between times T2-T6 the
WDQS signal may be activated to carry the input parity code Pi.

20 In a similar but 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 ouiput 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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In sonme enbodi nents, the RDQS signal is partially activated to carry the Po
code such that the RDQS is activated for an interval |ess than the interval
of 5 the input data D being inputted. For exanple, the RDQS is activated
during only _a portion of the interval between tinmes T7-T1 1, not the entire
i nterval QEEHT??MES T7-T11. In sone other enbodi menPET/USIHES/FIWES si gnal
i's activéteﬁ“to carry - the”Po~code for an interval equal to the interval of
the input data DI being inputted. For exanple, the RDQS is activated during
the entire 10 interval between tines T7-T1 1. Tenperature reporter FIG 10
is acircuit diagramof a tenperature reporter of FIG 3. Tenperature
reporter 310 includes a tenperature sensor 1010 for sensing the tenperature
of device 100 (FIG 1) and a tenperature output circuit 1012 for 15
outputting th ature
sensor 1010 sgﬁ%€QBng&E%§%g§g?E?e ﬁ§%§?§j 5?%26%%%&9%§I 1§ and

pr oduces tenpen@ﬁ&f§WanmHMWT&B@E enbodlnents the tenperature data is an
anal og tenperature dat a.

converter 1020, and® 50111%6111? g%?%@ﬁggrgtni%é%g#’%%ﬁ J"’g'i?@n‘{c/‘l‘eﬁzﬁ iogiognal

produces a di g[i'd@detwmtammqsdﬁo@vaemmdnlﬁyteﬁr@m@rtmnuh@mw@f 1010. In
sone enbodi rre nal._converter 1020 includes an analog.to digital

converter for %%H\PB? WBIW%WB‘P‘F& Fopeisemig, GieRIaQe & sctivgeddying t al
tenperature dajgy, g&néﬂﬂPﬂl@ﬁR&%%&e%?nﬁieB'T@'TuCR&‘ﬂ’?één‘ﬁEe&% produces the

digital tenperature data in a paral format. 25 Format converter 1030
produces a di dret\ad:enttmapé“ﬂaﬂlréndamaoﬂwr entodmaits, tHedtP@S sighal isone

enbodi nent s, conver.t i.ne¢l ud ar.al.l e serial converter
for converting [é'n% g‘iot é’Trytthe@% g?gorrgn&%?rggﬁeﬂ}alﬁﬁ%’ ar': gt?fqlelf“g? into a
digital terrperc&&aJIDBbesi@gmphﬁdl For exagpld, e RIDOB® aciivated deigahadntire code TVP
represents_the di terrper]a} L](Sa data having 30 a serial format. In sone
enbodi ment¥ tlﬁﬁf‘%{/{?ﬁ‘%%mrl abts nultiple 24 WO 2005/ 073974

PCTI US2005/ 00089$herati8iRfiat ure code bits. The conbination of the nmultiple

tenperature code bits
FIG. 10 is a circuit diagram of a temperature reporter of FIG, 3.

-

Temperature reporter 310 includes a temperature sensor 1010 for sensing the
temperature of device 100 (FIG.1) and a temperature output circuit 1012 for

15  outputting the temperature data or temperature information.

Temperature sensor 1010 senses the temperature of memory device 100
(FIG. 1) and produces temperature data. In some embodiments, the temperature
data is an analog temperature data.

Temperature output circuit 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 temaperature data having a parallel format
info 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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represents the tenperature of nenory device 100 (FIG 1). For exanple, if
the nunber of the nmultiple code bits is eight (8) each of the 256 (28)
conbi nati ons represents one tenperature of nenory device 100 (FIG 1). 5
Format conyerter 1030 provides the TMP code to read strobe transceiver
174-2. Reall BIPYV&Hranscei ver 374-2 transfers the TMP REIMS005/0D08aLSs 184. |n
sone enbodieht s ™ali "ext'&rnal~devi ce external to nmenory device 100 (FIG 1)
receives the TMP code to control a refresh rate of nenory device 100. The
refresh rate is the rate or frequency at which refresh controller 145 (FI G
1) 10 refreshes nenory cells 103. Exanples of the external device include
menory controllers and m croprocessors. In sonme enbodi nents, the external
device may provide refresh control signals on lines 182 to nenory device
100 via a Wi i@l R6ad Hid1 ahe Y Bhindit LI kbR ShpORGd doopse! ver 172-S.
Menory device 100 wuses the refresh control signals to control the refresh
rate. For exafgiresentsthegemperaipre ofmroraay devdcessWOHFES 1. Ferppempleuiféhd ower than a

nor mal operati e r f . 1§ i rafresh controller 145
may reduce thé&g% iva |1%Erlllﬁé%Cgﬂ%blg%g%ﬁ%fﬁcgﬁgﬁ%%gﬁggﬁo sb'{l%eon%efresh rate
to save power reprdséits die ehpasitiex efmbmaony deeiop0R@EIGE1) nf ormation. TBO to TB7
r epr esent g_he rrult'bgl e tenperature code bits of the TMP code. FIG 11 shows
20 the TMP’code ha TRt eonyitien |OG0 eroyides thed AR cofle te reafsyohemnseaivein exanyl e.
In some enbodiifRH! Read bR WARREIVE! 3 USIRREAIIIE THAIS dR}S findkGsgf the TMP code
can be different fromeight. Each conbination of TBO TB7 represents a

di fferent tenper at byswmefntodiments hoertctaplgisvicd eXttxaktomeranp derdes Bi¥s of

TBO TB7 (COL . sent | eji gh i fferent te rat ures
(bott om row) . Gror © &a?%g%set,ggﬁﬁp 6%‘2"“%1&’!?%‘“‘%%2‘{%‘1@“’ o%ﬁ%fler?’én:io‘ﬁelé’ * 00000001,
whi ch r epr esenmhs réifzsiiiety B ¢heGatesir fiequedsy alandtlinefredxaipbler 146 (AQ. 18, TBO TB
has the c ination 011111171, ich re sents 105 degree Cel sius. Since
the TP cdle Reteshr gy el Pammoloshl (e Glemi vics FAREBHEY of T8O T87
can be obt ai n@ghirdtikfs and kislopNReRbi@Nin BtheGRPRIRRIEODR cRfernbPRvIBinas an

exanpl e, other combinations anmong the 256 25 WO 2005/ 073974
PCT/ US2005/ 00®@80%le refresh control signals on lines 182 to memory device 100 via a write

strobe transceiver such as write strobe transceiver 172-3. Memory device 100
uses the refresh control signals to control the refresh rate. For example, at some

15  temperature such as a temperature lower than a normal operating temperature of
memory device 100, refresh controller 145 may reduce the activation of the
REFRESH signal to reduce the refresh rate to save power.

FIG. 11 shows exemplary temperature information, TBO to TB7
represent the multiple temperature code bits of the TMP code. FIG. 11 shows

20  the TMP code having eight temperature code bits (TB0-TB7) as an example. In
some embodiments, the number of temperature code bits TB of the TMP code
can be different from eight.

Each combination of TBO-TB7 represents a different temperature. FIG.
11 shows eight different combinations of TBO-TB7 (COL 1 to COL &)

25  representing eight different temperatures (bottom row). For example, in COL 2,
TB0-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-TB7, 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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conbi nati ons of TBO TB7 can be used to represent other tenperatures
different fromthe tenperatures shown in FIG 11. Tenperature reporter 310
(FIG 10) provides the multiple tenperature code bits TBO TB7 of the TMP
code to read strobe transceivers 174 for 5 outputting to lines 184. In sone
enbodi nment swog‘%g%a 3§}<4the eight bits TBOTB7 is outputted to lines 184 in
one cycle of 'a e signal . Thus, in some enbodi ment sPCTNE208NMEN of cl ock
cycl es used " ¢ “olit"gut ~t'h&* TWP“tdde equal s the nunber of the nultiple
tenperature code bits TB. For exanple, in FIG 11, since the TMP code has
eight bits, TBO TB7, eight cycles of clock are used to 10 out put the TBO TB7
bits. FIG 12 is an exenplary timng diagramfor the nenory device of FIG
10. CLK represents a clock signal such as the CLK signal on lines 110 (FI G
1). The RDQS signal represents the RDQS-2. The WDQS signal represents one
of the WDSQ (Qmi¥inatib6¥180- PRy LAPEEREM SreRRenP bthtNBmPRabPeshr@EniF G 10, In
15 FIG 12, DQincludes DO and DI. DO is outputted at a particular after the
READ command i &ot éhajerpersigres ehemmpindlIGDO.i s out putt ed between tines T2-T6.

D is inputted at riilcul ar aff.er VWRI TE conmand i ssued. For
exanple, DI is in?u%e&hggf%gﬁr%lﬁr%isé]‘%)-HIIOXEGSA@Fg%mH]i%%ﬁ?ﬁB ®mmand i ssued
at tinme TO, nesade BitdeBO-TB7TCheOINIPWbée to2éhdihebotipRudivaal 74 0 bet ween ti nes
T2-T6. The RDQS signal, which carries timn inf%mtion of out?p_ut data DO,

is activated bHHEERE tPiliﬁé%l%heom?P@od@gﬁ%%a%oﬁ gihtihits RBOCIRT §nal

swi tches (togg) emgst184§1&ﬁtcg¥1@b?gclla@ﬁ%§ﬂ. Thid BSsofes 16. Because only
t he output data are outputted s T2- 16, only the RDSQ signal

etween ti

is activated fenbodimengs, thernumbper off dodkecytlonused ta @lép@@hm’tﬂt@%ddm@l%et ween
times T2-T6. T, rS._NOt... i vat to Iy, i n inf ion of the
i nput data unt%ﬁ?nﬁﬁ ‘“Fﬁ’.e %Fﬁl\géer?l}felr%grg c?d/ec@%lrlsb 't%ogl %&Eeﬁlﬁ‘gﬁ%’s activated

to carry tim ngnceithd DMabi©has@ight bits, TROUIB % iefphdycldks of Hoclamsasaitby t he input

data DI are outputted_  between tinmes T7-T11l, only the WDSQ signal is
activated, 14 heO%ééﬂesT%%EP%gS- 26 WD 2005/ 073974 PCT/ US2005/ 000809 not

activated for carryggl B 39neREBFIAR NG HABMBYRF theRednRF Qetibd®FIG/ - T! |,
10. CLK represents a clock signal such as the CLK signal on lines 110 (FIG. 1).
The RDQS signal represents the RDQS-2. The WDQS signal represents one of
the WDSQ (0-M) signals. DQ represents one of the DQ (0-N) of FIG. 10, In
15 FIG. 12, 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.

Dl 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 T0, memory device 100 outputs
20  the output data DO between times T2-T6. The RDQS signal, which carries
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  data between times T2-T6. The WDQS is not activated to carry timing
information of the input data until time T7.
Between fimes T7-T11, the WDQS signal is activated to carry timing
information of the input signal DI. Because only the input data DI are outputied
between times T7-T11, only the WDSQ signal is activated, the RDQS signal is
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t he RDQS maybe activated to carry the tenperature code TMP code. In sone
enbodi nents, the RDQS signal is partially activated to carry the TM code
such that the RDQS is activated for an interval less than the interval 5 of
the input data DI _being inputted. For exanple, the RDQS is activated during
only a por MOMO¥3 ¥ he interval between tines T7-T 11, RSIVENIGISHMEIY €

i nterval " Bé&t'weén~ti'mes “Tr“Fl** ¥ |n sone ot her enbodi nents, the RDQS signal
is activated to carry the TMP code for an interval equal to the interval of
the input data DI being inputted. For exanple, the RDQS is activated during
the entire 10 interval between tines T7-T11l. Calibrator FIG 13 is a
circuit diagramof a calibrator of FIG 3. Calibrator 313 receives a
calibrating code CAL fromtransceiver circuit 170. The CAL code represents

a timng del ayot obflva300T6; SERARLIE HirSmdiBE Sk bR FREI Y 15 an
ext ernal devi coe aeit er naT to ne ry&géa@?fge 1 (§gadl’:'§%twrr%? es oij;te e ’ext er nal
devi ce i ncl udte®dHRS may betetivhied tecaarydheateompennue esiedMP c@ll | br at or 313
includes a calibrating code.receiye 2 and a st.orage nit 1330.

Cal i brating code ?%‘@819’\78?1%3 Mh%?&@i%oség%gﬁ\?@ia@yaa@ﬂfdz%ﬁa@ 8ecoder
1320. Conver t eMPLH0 suchekeit UMRSRIDQS & ddakabd 9 af alevAIMss BlaaMsibicpe 20
transceiver cifcuit 170._ The CAL code includes nultiple calibrating code

bits. A combPhaeinpHt ‘_éﬂta Pheeing npyitade Foreiampi feRidgd s whvaed dpigsents a tine
delay. In SO%K%?Bﬁﬁh%?ﬂkﬁmeﬁ@{\?/e%&?{ﬁn}é%-’Fﬂ”ﬁ&%éer% Linféidd br ating code
CAL co al I'el

bits of the e to a par ormat. Deéoder 1320 decodes of the
cal i brating cbeaweerndimes 1+T1hdnGhine othdeembodiments, dies RBOBIsigatliing dat a or

CPoront 1) RRBERL Gt PRLGREDS HaBubiR oSl BeiuTi o BEHESE y 13%
del ay, st or aggatwDi beibd3Ppused dor exendidly, disd RDQSNACtANE] BRingcladbdtRe Ccircuit 118
(FIG 1). _In sonme enbodinents, the ADJ signal has multiple bits and the

conbi nat i &h o’f‘ltqrﬁaébﬁ'i?‘leﬁlilﬁ%srﬁ?‘frél-corresponds to the timng delay 30 stored
in storage unglvkxeP- Based on the ADJ signal, controller 118 controls the
27 WD 2005/ 073974 PCT/ US2005/ 000809 data read enable signal RDEN (FIG 1
and FIG 3) to adjbit 1ﬁhsgaqircnitd@gmmoﬁvecalibratorofFIG. 3. Calibrator 313

receives a calibrating code CAL from transceiver circuit 170. The CAL code
represents a timing delay. In some embbdiments, the CAL code is provided by
15  anextemnal device external to memory device 100. Examples of the external
device include memory controllers and microprocessors.
Calibrator 313 includes a calibrating code receiver 1302 and a storage
unit 1330. Calibrating code receiver 1302 includes a converter 1310 and a
decoder 1320. Converter 1310 receives a calibrating code CAL from strobe
20  transceiver circnit 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 paralle! format. Decoder 1320 decodes of the calibrating code
bits of the CAL code to provide calibrating data or calibrating information
25  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
30  stored in storage unit 1330. Based on the ADJ signal, controller 118 controls the
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transfer of data fromdata transceiver circuit 190. In sone enbodi nents, the
external device (e.g., nenory controller or processor) sends the CAL code
to menory device during a calibrating process or 5 an initialization
process. In the calibrating process, the external device may send different
CAL codes t®¥OA874¥ devi ce 100. In response to the diff ecems20@xoosmodes,
menory devite' 100 iyt ransfer mul ti ple output data in nmultiple data
transfers to the external device at different tines. Each tinme, each of the
mul ti ple output data has different timng delay corresponding one of the
different 10 CAL codes. The external device may detect the nobst accurate
data transfer anong the nmultiple data transfers by nmenory device 100. In
some enbodi nents, after the nost accurate data transfer is detected, the

external  devige spndsuEEmmERSIaN el 100 fid M Gk cRogfpr sPRESCN 1 19 o

timng delay correspon st accur age unit 1300 of
cal i brat or 313rafifersifalamdrdnndath irmmsceiGalcircnit €20.Based on the final CAL code,

controller 118 adjusts the tim'tnggt)fttr ﬁscei vers 190 such. that after the
calibrating process? SEHHIR Yomae e§ef1?‘az ees (o8 MERERGIRTUE Mce 100 to the

external devi gRodaasr)isBRIsTRSCAL 26303 EnF 5 Uavits AtEiQ aBbratifig fPocekd oS hows
exenplary calibrating timng information. CBOto 7 20 represent the

nul tiple cdliFpatiligizateoneropss.singhe eqhibrating prosess, thepdernadeyitgumaytsaed CAL code
embodi ront 5. (REAa ChI; s B hipb A HAHERTdo, 30 BRI R TR can be

di f f erent frorpéisghtmotyaisice dobinag trimmferafivlGROcwBYt datpmasetipls datadi f f er ent

| L e bR P SRR, o ot
150 Bi coseoone G oy A R o R B havethe

conbi nati df ¥l gades. Thaexiemeldpyieamay detoridhones seaemedaferagsfer n FIG 13,
e e
200 pi cosecondnbetliayenty aftan themaesh ecanvate dataimplsés isdetacted, the external
device sends memory device 100 a final CAL code representing a timing delay
corresponding to the most accurate data. Storage umit 1300 of calibrator 313
15  stores the final CAL code. Based on the final CAL codse, controlier 118 adjusts
the timing of transceivers 190 such that after the calibrating process, subsequent
data fransfer from memory device 100 to the exiernal device has the most
accurate data transferred.
FIG. 14 shows exemplary calibrating timing information. CB0 to CB7
20  represent the multiple calibrating code bits of the CAL code. FIG. 13 shows the
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 CBO-CB7 represents a different timing delay. FIG.
25 13 shows eight different combinations of CBO-CB7 (COL 1 to COL )
represeriting eight different timing delays (bottom row). For example, in COL 2,
CBO0-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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In FIG 14, since the CAL code has eight bits CBO CB7, 256 possible

conbi nati ons of CBO CB7 can be obtained, FIG 14 shows eight conbinations 5
of CBO CB7 as an exanpl e, other conbinations anong the 256 conbi nati ons of
CBO CB7 can_be used to represent other timng delays different fromthe
tining del926AGR in FIG 13. Calibrator 313 (FIG 1BLTAS050@809t he

mul tiple cal'f brating code bits CBO CB7 of the CAL code fromlines 182 via
wite strobe transceivers 172. In some 10 enbodi nents, each of the eight
bits CBO-CB7 is received fromlines 182 in one cycle of a clock signal.
Thus, in sonme enbodi nents, the nunber of clock cycles - used to receive the
CAL code equal s the nunber of the nultiple calibrating coded bits. For
exanple, in FIG 13, since the CAL code has eight bits, CBO CB7, eight

cycles of clo 01 F i g%i i Rl 15 is an
exenplary ti mﬁ%ﬁg&?ﬁ%ﬁz@%ﬁ?ﬁﬁd% rr?%érh?th evi é}gﬁ%@, I%%&a}ﬁ'fg.S@G_K represents a
cl ock signal spictseamdidalay Gt Hei0f pitioseonnd delgsgitdin({hd o ekpmpled lieovRDQS si gnal
V0BG 2 81 gnal . Do rBFTSeEheESs i GO ERe bissten N Cop R aYs RbIE 6. 15, D

i ncl udes DO anghniinatiohd éSCIROLUBI A He btaided TG, ¢4 kidfwsHi$if botbiBatidhs READ
command is issued. For exanple, DO is outputted between tines T2-T6. DI is

i nputted atd a YABG-EB a8 amerample pdeppamtEngionneameng e 286 cerabingtions ekanpl e, DI
I npt yo ! - _ . _ ! 1
ooy devi co T8 Ca A pE ulef ] Hpreshnoler i T GRMBR P RNBIE T 0° o

menory device 1 outputs the t put The RDQS
si gnal , whi ch ddaysisesv2H RlGnihg i nformati on of output data DO, is activated

between tinmes T2-T6 I t hat 1 he jgpal switc (toggl es)
when it is activat e%@ﬁ%é%%ﬁ]mmﬁmf 1e B@gﬁgsscgﬁ_ ‘3;%?9‘&‘8%8%?%3{ data DO
are outputted OBYvE®B CAINESle Fidm ks 18D virie stiBe@aab@Rats 172, &cédnveart ed for

carry timng informtion of the output data between times T2-T6. The WDQS

i s not act 1Wat gaPadiments. egehiaf thegiettoitneBISPE] 15 repsived from Hps38b1y ¥50509
VDG 51 gnal. e et e keE Y otis sl Bl e B e et s, the
WDQS si gnal i susedta ieedive/tha €iAlvendedqeads thanwyber of the multiple calibrating

coded bits. For example, in FIG. 13, since the CAL code has eight bits, CBO-

CB7, eight cycles of clock are used to receive the CB0-CB7 bits.

15 FIG. 15 is an exemplary timing diagram for the memory device of FIG.

13. CLK represents a clock signal such as the CLK signal on lines 110 (FIG. 1).

The RDQS signal represents one of the RDQS (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 DL DO is outputied at a particular after the

20 READ command 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 T0, 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 swiiches (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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the CAL code such that the WDQS is activated for an interval less than the 5
interval of the output data DO being outputted. For exanple, the WDQS is
activated during only a portion of the interval between tines T2-T6 and not
the entire interval between times T2-T6. In some other enbodi nents, the
WDQS  si gnal Vi2l05%&¥vated to carry the CAL code for an iParaisvmbomeual to the
i nterval of ™ the™i'riptit*"data DO bei ng out putted. For exanple, the WDQS is
activated during 10 the entire interval between tinmes T2-T6. FIG 16 shows
an alternative enbodi nent of the auxiliary circuit and the transceiver
circuits of FIG 3. FIG 16 omts sone of the elements of FIG 3 for
clarity. In FIG 16, only one of the wite transceivers and only one of the
read transceivers are used to transfer the auxiliary information between
strobe 15 tra ' Lt C:UI . i L CLl] s dranscei ver
1610 repr esenpéfD %g%tggno&%ehﬁe{b%d%%gmgpg%gy t I}’?ﬁ%ég@g&r&ﬂfnﬁé@?ﬁ G 3.

Transcei ver 16RD(JSeyigmbany be avivatedfio tdrey the@dlsdodebe transceivers 174 of FIG

3. Auxiliary circuit 1695  represents auxiliary circuit 195 of FIG 3. In
FiG 16, a sel ect o sHBY SupeEbpyie.die WERYSsiensdis narialy PevatssHg ik by 20
transceiver 1640CATh®RdShiAThat He WOUR it @éivafEBCARRa] 1eb 8BRS, | NI, Pi,

and CAL signals. In sone enbodi ments, selector 1612 includes a decoder to
decode sel ect siegmhpihsoytputideinfdR bsig optputiehdcs siwaplehe WDQHE Si t hr ough SN
signals are pro¥i . . . K ' ion of the S
| through SN %}ang(?%&%lﬁg) ea{sgds{{é e%%%?mg%i@b%veé%%@gg %%‘é%ﬂ%@t@ge signal s
the 25 WSDQS, dnlivé inteRral batweerGhhes VIBDEST opteasien embodiments, theVIVORS- 0 t hr ough
WSQ 3 of FIG ,3..JNVi, PRi, and correspond to.the first group of the
auxi |1 ary i nf ouiiel SRV th PRERSC Ay eadedor = aiervalsatio b IRV Bl nat i on
the Si throughe ANubdBODeinzIuBRtel. G tadPIR] AOWPOS ivackbitbd @iy One of the
out put signals %BQS I NVi, "Pi %and CAL foﬂéfurther processi ng. 30 WO

2005/ 073974 pcire ez o%srvd bgogen Kmselddibor 1622 sel ects one of the signals

RSDQS, [ NVo, Po, anfaTHEMiows! oloy ¥ Fﬁgg 0 . imncl udes a
mul ti pl exer. RSDQnggiresggﬁggiﬁo or@@gﬁg e R@&é@ﬁﬁﬁgﬁgg‘% of FIG
3. The | NVo, Rognsceqved cifévits obFICGeSpdiid. 1®orhitesoneaxd et dernents of FIGh2 fauxi | i ary
i nformation decﬁ:(frgt

iy.bﬁxdFIG. 16, only one of the write transceivers and only one of the read
transceivers are used to transfer the auxiliary information between strobe

15  transceiver circuit 170 and auxiliary circuit 1695. Transceiver 1610 represents
one of the write strobe transceivers 172 of FIG. 3. Transceiver 1620 represents
one of the read strobe transceivers 174 of FIG. 3. Auxiliary circuit 1695
represents auxiliary circuit 195 of FIG. 3.

In FIG, 16, a selectors 1612 receives a signal on line 1614 provided by

20  transceiver 1610. The signal on line 1641 may be one of the WSDQS, INVi, Pi,
and CAL signals. In some embodiments, selector 1612 includes a decoder to
decode sclect 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

25  WSDQS, INVi, Pi, and CAL. WSDQS represents one of the WDQS-0 through
WDSQ-3 of FIG. 3. INVIi, Pi, and CAL cotrespond 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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5in FIG 3. The selection by selector 1622 is based on select signals SELL
t hrough SELN. In sonme enbodi nents, the SELL through SELN signals are

provi ded by controller 118 of FIG 1. Each conbination of the SELL through
SELN si gnal bles sel ector 1622 to select one of the RSDQS, |NVo, Po, and
TEMP and pé@% ?ﬁ%" sel ected signal to read strobe trandEkVszers/oa@e. 10 FI G
17 shows a System™1700. System™1700 includes a processor 1710, a nenory
device 1740, a control circuit 1730, a graphic controller 1740, and an

i nput and output (I/0O controller 1750, a display 1752, a keyboard 1754, a
poi nting device 1756, and a peripheral device 1758. A bus 1760 coupl es al

of these devices together. A clock generator 1770 provides a clock signal
to at | east 15 one of the devices of system 1700 via bus 1760. An exanpl e of

clock generator 12@1&@@&@%1@@oﬁésfﬂaéﬁtgﬁmsksn SCINVdliPo, ApEFEMBUCh as a
not herboard. Two or nore devices shown in system 1700 ‘maybe formed in a

singl e chip. Kessrsemhodinents) sedertomidl d inshderapnitiptaer. 88 (FIG 1).
Furth t d
o Ty ¢ RRbo Rt Bl . BSAFRGARDA SIS, OB Rged an

such 0 "as au
for transferr mmgThm@okmwoyd tontho sevahd gmup! bAths bugihaytnfamsdienviescribed cui t such

as strobe fran circ 17 1760 i.nter nect traces on a
circuit bo(g;\rd"bﬁ yTE‘ES?l OBPYS%B‘F Fseléase‘gi}gseg Bﬂgrﬁ’m o couple the
devi ces of sy geiBnISHIN b sﬂn@%ﬁﬁ%&meﬁﬁaﬂﬂé SEHE MrasshBEIN Qehdomagnetic

radi ati ons, for exanple, radio waves. Peri pheral device 1758 maybe a

printer, an optavidsd bd@witféleé Ut GCh- Emcaﬁ@mamfrtbaﬂﬁm E’m@ilghrl ter a
nagnetlc devi an audio
devi ce such agﬁa %{S %ﬁ%ﬂegﬁ1%@6@%@8%@@%3%%@5; | ncI udes
conputers (e gEMIdaﬂiqimsthesblaabd)mgnailﬁamddbmdhésmnmmerﬁzo Wb appl i ances,
routers, s, 30 co ni t cel | r phones,
cordl ess ones pgg‘éﬁ shoyis a5 @% {?\l‘fq%géb@ %lﬁg”r%&?? dgg¢@00809
digital aSSI S nidoty dide 1740 cepdmﬁbﬁﬁmﬁi@hm(ﬁd gﬁ@mcn;hﬁ&@lmm Gad aiPrinters,
scanners nonitors etcﬂI)/O entertainment dev (e.g t el evi si ons,

radi 0s, ster edPut angyenipys b@ﬁﬁa@flaﬁ%@dmpéﬁ}’elr@z E\/lieﬂb%’if@é'é%"eﬁte fecor ders,

d d ofAUdi 0 L
g;‘”gf;yg:; V?g%gﬂ%g&ﬁgﬁ&?ﬂﬁ@, - anlYBPohiffld ABviEL P14 & FRA96H SoffiQuR orAUdI O Layer

these devices together. A clock generator 1770 provides a clock signal to at least

15  one of the devices of system 1700 via bus 1760. An example of clock generator
1770 includes an oscillator in a circuit board such as a motherboard. Two or
more devices shown in system 1700 may be formed in a single chip.

Memory device 1740 includes memory device 100 (FIG. 1). Further, at
least one of the devices shown in system 1700 includes an auxiliary circuit such

20  as auxiliary circuit 195 (FIG.1 through FIG. 16) for transferring auxiliary
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.

25  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., deskiops,
laptops, hand-helds, servers, Web appliances, routers, etc.), wireless

30  communication devices (e.g., cellular phones, cordless phones, pagers, personal

31



5 watches, etc.), and the like. Conclusion Various enbodi nents of the

i nvention provide circuits and nethods for performng various functions
usi ng data strobe transceivers of a nenory device. Although specific
enbodi ”e”tﬂtﬁ,rgﬁsgﬂg?sﬁi” bed herein, those skilled in the art 10 recogni ze that
ot her enbodi y be substituted for the specific PEHIGANTEMBE shown to
achi eve tth& samg "Blf pos&” “Thi's appl i cati on covers any adaptations or
variations of the present invention. Therefore, the present invention is
limted only by the clainms and all avail abl e equivalents. 32 Wat is
clainmed is: 1. A device conprising a plurality of transceivers,
characterized by: a plurality of data transceivers (192-0 through 192-N) to
transfer input 5 data and output data; a plurality ofwite strobe
transceivers {idif-?adistddi:OuaY, chiguid-rdifed pPhbals (g—:.%!, WiB@rs fhAke@t i on of the

i nput data and to transf er a first group of auxiliary information; a
plurality of mmemErs eicobrnteriainisabieviqes (g2 7ilegisions.gadips, stereosjtaneandr ansfer 10
timng infor i (o] [ t . d group of
i | Cary 1 BRI s R Rt CorbdONSS Bl BRRERY 8 P0P e data
t ranscei ver s M8l (MotomPictuge Exprects Gea, Atdio Bayén3) phyeisyddsn gdndes, auxi | i ary
circuit (1595) belige{s]g conf&%lérﬁgd to control the wite strobe transceivers to
generate the WHHES b Brxiliary. 15 informati on when the read strobe
transceivers transfer the timng i nEghdiRdiden of the output data, and to
control the read strobe transceivers 10 generate the second group of

auxi | i ary i nf or matVasieusksbodinentypf the inventsiserevidneioaity sadsmethedishber t he

0 AR 8 S R, Yo

gener ati ng a Alhduil speife anfbotlineentuireddscritsedhertin, Thvse didiledim thd art| ai m 1,
wherein the auxiliary cjrcuit (19 i ncl udes t eprperature reporter (3) 0)
for gener Lk i HEcieBiEd StiPEetindhsal mononfoopaled op Hespecsc

embodiments shown to achieve the same purpose. This application covers any

adaptations or variations of the present invention. Therefore, the present

invention is limited only by the claims and all available equivalents.
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25 4.' The device of claim1, wherein the auxiliary circuit (195) i ncl udes a
cad’l‘fi brat or (313) for cali bratl ng atim ng of a transfer of the output data.
| vvherel, e i circuit (195) incldesal:
2 e ﬁ; "5} 1(‘:!o:ﬁ'};er }1(3 54 g 01313 é‘gﬁ nvert| ng the in

output data F}~Rn :

incl'udes. a parity controller (307) for generatlng a parlty code of the
output data. 7. The device of claim®6, wherein the auxiliary circuit (195)
further includes 5 a tenperature reporter (310) for generating tenperature
I nformation of the device. 8. The device of claim7, wherein the auxiliary
circuit (195) further includes , a calibrator (313) for calibrating a
timng of a transfer of the output data. 10 9. The device of claim1,
wherein the wite strobe transceivers (172-0 through 172-M include at

| east one wi Mhssisrcidr@ed8rei ver (372) connected to the auxiliary circuit
(195) to transfer the second group of auxiliary information to the
auxiliary circuit (195). 15 10. The device of claim9, wherein The read
strobe transgei veAsaeha@bdiﬂimsmgaptxﬁﬂayobmwmﬁh shambeizeéd psni tter (374)

connected to the auxiliary circuit er th |st group of
auxiliary infor WFPW@#‘?W@%WFI %gg%pé’ﬂ”@% @nﬁi H‘i The device of
claiml fgrthgk £OPRMIAY a MeENDry array to store the |nput data and

out put data. 12. The device,of claiml is cat ed ste wherein the
system i ncl udes E@ﬁﬁ&'&’ﬂ*‘éﬁv‘?ﬁﬂt% %@Zm met hod of

transferring uﬁﬁﬁg’%nfo%mﬁadﬁeo\ftlﬁ%ﬁh@ﬂtﬂ BncPto RiaHéRY d firkt godup of muxiliary
mformatmn,
a plurality of read strobe transceivers (174-0 through 174-M) o tramsfer

10  timing infonmation of the ouiput data and to transfer 2 second group of awxiliary
information; and

an suxiliary circuit (195) connecteq to the data transceivers and the write
and read strobe transceivers, the auxiliary circuit (195) being configured to
contro] the write strobe transceivers to generste the first group of auxiliary.

15  infommation when the read strobe transceivers transfer the timing information of
the output data, and o control the read strobe transceivers to generate the second
grotzp of auxiliary information when the write sirobe transceivers transfer the
timing information of the input data.

20 2, The device of claim 1, wherein the auxiliary circuit (195) includes g
parity controller (307) for generating a parity code of the output data.

3. The device of claim 1, wherein the auxiliary cirenit (195) includes a
temperature reporter (310) for generating tempsrature information of the device.

25 | |
4. The device uf claim 1, wherein the suxiliaty circuit (195) includes a
calibrator (313) for calibrating a timing of a transfer of the output data.

5. The device of claim 1, wherein the auxiliary cireuit (195) includes an
30  inversion controller (304) for cunditiuna'lly inverting the input and output data.

!
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Lranscejvers, the nethod conprising: transferring timng information of

i nput data via wite transc;ai vers (172-0 through 172-M, and transferring a
N Y512 s il i nf or mgty ' ; ite transceiver g -
SINEG R e W"%Jg 3711/ 20055 Y &%%’SFW_ 420 P. 014 ' nme;95es00600
0 00 6 612 339 3013, "CLI1 MDBERG ~VOES PP ~ S O C1d809t "transferring
timng informati on bf output data vialread strobe transceivers (174-0"
through 174-M, and transferring a setond group of auxiliary information

via the read strobe transceivers; generating the first group of auxiliary
informati on when the read strobe 5 transceivers transfer the tinmng
information of the output data; and generating the second group of auxiliary
i nformation when the wite strobe transceivers transfer the timng
information of the input data. 14. The nmethod of claim 13, wherein
transferring one of the fast and secohd 10 groups of auxiliary information

i ncl udes tramsf er Thadevpanl tiyimchodierelibthe Tonilisrp chodt (095) defienintBdesher ei ri
transferring the seco roup of ] j_nf-ar ' | ncl udes
transferring at"@'ﬁ?eﬁ”ﬁ?ﬂ'&éggg)o@?g%m%%gahﬁggé%iehoggeﬁ{pﬁ%dm 13, wherein
transferring the first group of auxiljary information auxiliary information
i ncl udes transferr] ng cal i bfat' ng code tt ..17., Tht érs(r;th d of . claim 13,

wher ei n transt er r TAGIHHE o§Flaih R FYhepa | ﬁlamggggﬁane(é BT liary

i nformati gn iaqgﬁpgg&etraﬁﬁgi@g(?ima;&uﬂgm ergffidnfodetib@ of Hee net hod of claim
17, wherein transferring the first group of auxiliary information auxiliary
i nformati on i%¥FHdes transferri ng i nput parity code. 19. The nethod of claim
18, whet mtransferring the second group of 25 auxiliary information

i ncludes transferring tenperature code. 20.. The nmethod of ¢laim 19, wherein

transferring &he flihp Sevicgodalsimy. hera s epxilipor cEFEE P dughek Beludes i nf or mat i on
i ncl udes transhfkhicPes 157k LliBialiRga GRHR of h3ansfer of the output data.

10
9, The device of claim 1, wherein the write strobe transceivers (1720
through 172-M) inclnde at least one wx:ite strabe receiver (372) connected to the
auxiliary circuit (195) to iransfer the second group of auxiliary information to
the auxiliary circuit (195).

15

|
10.  The device of claim 9, wherein the read strobe trznsceivers include at

least one fead strobe trapsmitter (374) r!:nrmacted to the auxiliary circuit (195) to
transfer the fifst proup of suxiliary infdrmation from the amxiliary circuit (195).

20 11.  The device of claim | further comprising a memory array to store the
input data and output data. '

12, Thedeviceof plaim 1is Iocatec.i in a sysien, wherein the system inchudes

a processor connected to the device,

23

13.  Amethod of transferring data ::!1 a device having a plugality of

transceivers, the method comprising: |

transfernng timing informatimi of input data via write transceivers (172-0
farongh 172-M), and transferring a first group of suxiliary informsation via the
30 write transceivers;

|
|
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trunsferring fiming information inf output data via read strobe transcejvers
(174-0 through 174-M), and transferring 2 second group of auxiliary information
via the read strobe transceivers; | ‘

gensrating the first group of au:r:;iliaxy information when the read strobe
transceivers twansfer the timing informa{ﬁon of the output data; apd

generating the second group of i:xn:;ilia:j)r information when the write

strobe fransceivers transfer the timing information of the input data,
i

14.  The msthod of claim 13, where%n transferring one of the first aud second
groups of auxiliary information ]‘.T!.C].Ildfgs transferring parity cede.

k
15.  Themethod of claim 13, wherein transferring the second group of
auxiliary information fncludes t:ansfen!-ing temperature code.

! '
16.  The method of claim 13, wher;fin transferring the first group of auxiliary
information auxiliary information incluzdjes {ransfirring calibrating code.

1

HE
17.  The method of claim 13, wherein transferring one of the first and second
groups of auxiliary informstion incl ud%sftransfening inverting code.

L
18.  Themethod of claim 17, whereiin transferring the first group of auxiliury
information auxiliary information inclides trensferring inpyt parity code.

Pt .

19.  Themethod of claim 18, wherelm: transferring the second group of
auxiliary information includes &ansfer%i:'lg teraperature code.
|
P :
20.  The method of claim 19, wherein travsferring the first group of auxiliary
!
information auxiliary information inclg&nltes fransferring calibrating code.

|
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