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METHOD AND APPARATUSFOR CONVERTI NG PARALLELDATATO
SERI AL DATAI N H GH SPEED APPLI CATI ONS BACKGROUND OF
WARIE70MENTI ON 1. Field OF The Invention The pPEBER1006/034356
invention relates generally to parallel-to-seria
conversion and, nore particularly, to
paral l el -to-serial conversion in high speed nenory
devices. 2. Description of The Related Art This
section isjntended to introduce the reader to various
aspect Sof-art which may be related to various aspects
of the present invention which are described and/or
clainmed below. This discussion is believed to be
hel pful in providing the reader wi th background
information to facilitate a better understanding of

thETH@)I? A?N@LAPCP f;?i% ‘RTING
PARA R DATA &:bdgiﬁnﬂfhm HIGHSBEED
adm ssi ons of priorA PR qqqgg@m Gt or nmenory devices
such as synchronous danéJrIn C random access nenory
(SDRAM) devices are widely used in conputers and
el ectronic systens. An SDRAM devi cegeneral 'y incl udes

a menory arr l woher . of nmenory
cells each cgﬁm&ﬁﬁu@“ ,,.];\Ing a nenory

r 0 ation, data fromthe nenory cells is accessed
1. aﬁﬁéédggthaﬂaLaieata pad (DQPAD) for processing and
use by external devices. The operation of
The present invention relates generally to parallel-to-serial conversion and, more

particularly, to parallel-to-serial conversion in high speed memory devices.

2. Description of The Related Art

_ This section is intended to introduce the reader to various. aspects_of art which may. -
be related to various aspects of the present invention which are described and/or claimed
below. This discussion is believed to be helpful in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
invention. Accordingly, it should be understood that these statements are to be read in

this light, and not as admissions of prior art.

Semiconductor memory devices such as synchronous dynamic random access memory

(SDRAM) devices are widely used in computers and electronic systems. An SDRAM device
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the SDRAM is generally based on a common cl ock signal.

5 As will be appreciated, there are a nunber of
waledo7eesens types of SDRAM devi ces. Early generBtT/U82006/034356

SDRAM devi ces are generally configured such that data

fromthe nenory cells may be accessed and one bit of

geneIng? nlgﬁ{gjgs& P%%“E’F%ﬂﬁy cgfﬁgﬁﬁ'ﬁg :ngégmﬂﬁer of lﬁfeﬂmﬁj &{}%eea‘ébf Edifigured

cessi ng speeds led to

deyel opment of doubl.e data rat SDRAM 10

to stofEite BT AR Gor at- BB Bp BT b Rl dfacegped and
bits of data to be accessed and output tqo the DQPAD on

outpus ¢ Jate pask(O QRAIPEOr frgcessipg eadase by exterpghdeveyeailgargration of
commonly clock data out to the DQPAD on every rising

the SBRAM iseeyerillyl basedgnedgmnoh cidale sighahck si gnal . DDR SDRAMS
generally allow for data to be transferred fromthe
menory device at a clock rate in - the range of 200 to
550MHz. 15 The next generation of SDRAMS include DDR2

S e F R B0 R B Bl B SESOMRL B ey

i mproved electrical interface. Wth cl ock frequenc
genergfiomPOR MM devises asppamerally ponfignige sycarthay data fiom thy gepory cells may
ri sing edge of the clock pul se, thus achieving an

be acedfsfed and viee WO dvtezndyrbawsfpet tortbe BQPADken &oryRBRK cpibiR2Demands
will transfer data on every rising and falling edge of

for higiee pfdceding speebs BY tdtlie deveRbiegidfdeubiadLa afe @ISR)MBR AWM h

the same cl ock frequency. DDR2's clock frequency is
devickH BBRSDRAM devices generally allow for two bits of data to be accessed and output
to the DQPAD on every clock cycle. To achieve this, DDR SDRAM devices commonly clock
data out to the DQPAD on every rising and every falling edge of the clock signal. DDR

SDRAMS generally allow for data to be transferred from the memory device at a clock rate in

‘the'range'onOOtoSSO'l\/le.' T o T oo T e e

The next generation of SDRAMS include DDR2 SDRAMS. The advantage of DDR2
over DDR SDRAMS is its ability to run at even higher clock speeds due to an improved
electrical interface. With a clock frequency of 100 MHz, an SDRAM will transfer data on
every rising edge of the clock pulse, thus achieving an effective 100 MHz transfer rate. Like
DDR, DDR2 will transfer data on every rising and falling edge of the clock, achieving an
effective rate of 200 MHz with the same clock frequency. DDR2’s clock frequency is further

boosted by an improved electrical interface running twice as fast as the memory clock, on-die



boosted by an inproved el ectrical interface running

twice as fast as the nenory cl ock, on-dietermnation,
wee@shzoeh buffers and off-chip drivers. Thus, PODBR22006/034356

devi ces have a data transfer rate in the range of

500-667 MHZ. Wth the next generation of SDRAMs bei ng

. developed to.facilitate data fra r, r.at '
termingigH RSBSOS MR RS, T LR Ep IRy g fanster
data within the menory device becones increasingl
rate in thefringewf 60-66 Ty Vit themagigeparaiion of RERAMY b@%&%@é@?eﬂé‘)
processi ng speeds, data is often split onto parall el
facilitafbadath tRIASRSTaws i therdneof 890Ti0g7 NMEVZ eBR3) mberndh ransfer of data
concurrent processing may be utilized. Wile
s : iththafdpd, Processing
Wltmngggﬁe%%{ryg%%%ggﬁéﬁm?%gﬁ lg‘ragﬁ%glt@glat ais serialized in
order to pipeline the output data in a serial manner.
Due to the ever increasing transfer rates of the
menory devices, parallel-to-serial conyersion for
sEp fa@ﬁiraye hie GEar iineraaging PrECeRaIng SReEESy data ?Sr(%ﬁﬁl salik on ppaljel data
devi ce becones increasingly challenging. The present
buses WiMe fHein@smorayeviasl sueh shad nencorrentpresessng kg bp btiligednBVhdet
forth above. BRI EF DESCRI PTI ON OF THE DRAW NGS The
concu%éé{:chQésrl&BR)‘?}g aQERBG 2A0 YRIEBEE Speells, Eventvlally Evtpacillelrdata is

ne apparent upon readi ng the fol | ow ng detail ed
. ..descri.ption and, upan..r ' ih&easi
seilggf g yabiep bl i 8P e £ VgL ey DB S blfeasing
exenpl ar rocessor-based devi ce which nmay ., ncorporat
10 transfos pAECR! ARSPETST JeVIES AL B~ GRETEBI A el PAing fhe data
illustrates a bl ock diagram of an exenplary nenory
outputdiaarh the mdmiari deviog beepnues énbréapinglh ehallengings sor - based devi ce
of Fig. 1, Fig. 3 illustrates a bl ock diagram of an
exenpl ary parallel-to-serial converter in

The present invention may address one or more of the problems set forth above.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages of the invention may become apparent upon

reading the following detailed description and upon reference to the drawings in which:

Fig.1 illustrates a block diagram of an exemplary processor-based device which

20  may incorporate embodiments of the present invention,
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accordance wi th enbodi nents of the present invention;

Fig. 4 is a schematic diagram of a switch which may be
wepproysees i n the parallel-toserial converter iPCT/US2006/034356

accordance with enbodi nents of the present invention;

Fig. 5is a schematic diagramof a sw tching el enent

WhEigh? itRitries & BRIcRYMRGrdnof ﬁfe}ﬂeﬁfmﬁﬁa@ﬁgry‘)&eﬁd@ﬁhich may be

paral l el -to-serial converter in accordarice w
%gﬁg ' g . ar .invention; -Fig. 6 is a
usedsc eﬂ%g%§&§ﬂ§g¥§#5§ pg§§¥gtk generator circuit
configured t o control the switches enployed in the
paral l el -to-serial converter in accordance with
enbodi ments of the present invention; Fig. 7 is a
schenhiliustrifeng blerk dgmnsofrndxeapleipedraltedto-sertaheonverter in
‘paral l el -to-serial converter in accordance with
accortahdivinie ainbodimehtd o f tHegsesaht ihvongphi on; Fig. 8 is a
schemati c diagram of a pointer control circuit for
controlling portions of the sub-data pipeline of Fig.
7, i n accordance with enbodi nents of the present
invention;,and. F.g. 9 i.s a.timng diagramillustratin
co g'r%’ls aair%erﬁ%fcéh%r@rﬂgfg SY"H"%?%’GE&%?H & efjp{gyed in the parallel-to-
. embodi ments of the present invention. DETAILED
serialigonyyeep T EorRISPREDL EMbo EVBUBIONEN TS Eneinventiony e
speci fic enbodi nents of the present invention will be
descri bed below. In an effort to provide a concise
description of these enbodi nents, not all features

Fig. 5 is a schematic diagram of a switching element which may be employed in the

last stage of the parallel-to-serial converter in accordance with embodiments of the present

Invention;

- - -Fig. 6 is a schematic diagram of‘a clock generator circuit configured to control the — -

switches employed in the parallel-to-serial converter in accordance with embodiments of

the present invention;

Fig. 7 is a schematic diagram of a sub-data pipeline in the parallel-to-serial

converter in accordance with embodiments of the present invention;
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of an actual inplenentation may be described in the
specification. It should be appreciated that in the

walewelozgonent of any such actual inpl enmentati onPCEHES1006/034356
any engi neering or design project, numerous
iﬁglenentation-specific deci sions are made to achieve
t

gdisel whematic dggramiof @ pgintdrTonsbiCdivcais fEQUBRIrbBAE Bortions of
with systemrel ated and busi ness-rel ated constraints,

the sutht&h pipRlind/ el Bi%‘;’f, M QRBEIahOPHETERD @(ﬁihﬁgtts tog 6%&9%&3{ invention;

Moreover, it should be appreciated t
devel opnent effort m ght be conplex and tine
consunm ng, but woul d neverthel ess be a routine
undert aki ng of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this
di scl osure. Turning now to the drawi ngs, and referring
i fiig.i%is layining Hagramlillustrating clnteblagd daadRphis i N@oRfAnce with
exenpl ary processor-based device, generally designated
embolbiynenbeofttré presdnt avdaminal 10, is illustrated. The device
10 may be any of a variety of different types, such as
a conmputer, pager, cellular telephone, persona
organi zer, control circuit, etc. In a typica
processor - based device, a processor 12, such as a
m cr oprocessor, controls many of the functions of the
device 10. The device 10 typically includes a power
supp! BETAILEB DESERENION OF SRECIHICIRMBODIMENTS! abl e,
t he power supply 14 woul d advant ageously i ncl ude

pEnemnentre badcifierend® dini@) GFaRapleSend aivbRideHil tﬁf&éé&fbed
rechargeabl e batteries. The power supply 14 nmay al so

belowl & laHEFoR0 ﬁfo@icﬁdeftﬁ)tngfg% Fést%nb{f&%{r oftﬁgste%%l\f)ioﬁﬁrreﬁ?%/ ggtte aEll fegpures

pl ugged into a wa I nstance.
4 ly.14 ma | so, i ncl ude D/ C adapter, so
of an @%&z@ 1T§1§&§1g§ﬁ1%mi%¥%§§f08%eﬁn the spegiﬁcation. It s%ould be

appreciated that in the development of any such actual implementation, as in any

and

___engineering or design project, numerous-implementation-specific-decisions-are made to- - - ——

achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and
time consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure.

Turning now to the drawings, and referring initially to Fig. 1, a block diagram

depicting an exemplary processor-based device, generally designated by the reference
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pl ugged into a vehicle's cigarette lighter, for
i nstance. Various other devices may be coupled to the
wee@ces®es 12, dependi ng upon the functions the€T/Ukm®06/034356
device 10 performs. For instance, a user interface 16
ngy be coupled to the processor 12. The user interface
numergl Hhys illnsttatetie Bire denioei10 @Ry ibe @ny 6846 Pariby BLAitORS: types. such
switches, a keyboard, a light pin, a nouse, and/g? a
as a SerhinRer] BERY Vel BB R berbal bIAGhALC ISPl a ig
may alsoggg coupleg¥to ?ﬂg proc ss%%’%f#é4glc {S%T a
typicdl | nel n LCD di spl.ay, .a CRT, LEDs, and/or _ an
ok pPEA R SO Rl ¢ RoefshelZ Hirtfes cuibigeehiassBaiignany
ocessor, 20 mpy al so be coupled to the processor 12.
M%hgﬁﬁwﬁﬁm%ﬁﬁéy@ﬁgﬁﬂﬁaseband processor 20 may include an
antenna that is coupled to an RF receiver and to an RF
transmtter (not shown). A comunication port 22 may
al so be coupled to the processor 12. The communi cation
pCFlic di2icady tiafcaaid aires 590‘9% &gplg' 199t $hePREL Qﬁ;%lét%laice 10

device 24, such as a nodem a nter, or a CoO
a |local. area

is portdMle kRSL ARG et war k, such ,
pOnete\:/’vorklsor Sﬁ%ﬁ§ﬁggﬁﬂgE@V§§@§@§§YFHQE%&GEE§§B?bqyﬂw&
controls.the functioning of the device 10 generally
replagetble rba{t?{éesc%ﬂ(qf dpcharecalle batiaries pTbeyperier sugply dmoavyalics
. coupl ed to the processor 12 to store and facilitate
include,a8cA/(C astapis, spitkatslf denive engyrbegiaped oo aiwslt Ailee fortii@ance.
processor 12 may be coupled to volatile nenory 26,

In facytthe powrerysuppig 114 derydysaanitede AN AR %e&hﬁgﬂ%gggéegg{hg@ay be

static random access nenory (SRAM), Doub

pluggéclﬂaR) aﬂﬁﬁaéﬁé’cigg%%’liﬁmﬁgfo i‘ﬁ%tﬁ?ceThe processor 12 nay
at |

al so be coupled to fon-vo e menory 28,

Various other devices may be coupled to the processor 12, depending upon the

- functions that the device 10 performs. For instance, a user interface 16-may be coupledto —~ -

the processor 12. The user interface 16 may include an input device, such as buttons,
switches, a keyboard, a light pin, a mouse, and/or a voice recognition system, for instance,
A display 18 may also be coupled to the processor 12. The display 18 may include an
LCD display, a CRT, LEDs, and/or an audio display. Furthermore, an RF
subsystem/baseband processor 20 may also be coupled to the processor 12. The RF
subsystem/baseband processor 20 may include an antenna that is coupled to an RF
receiver and to an RF transmitter (not shown). A communication port 22 may also be

coupled to the processor 12. The communication port 22 may be adapted to be coupled
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The non-vol atile nenory 28 may include a read only
menory (ROM), such as an EPROM or Flash Menory, to be
W@ e@d/og9Tonj unction with the volatil e nmenory. PANESH@E34356
of the ROMis typically selected to be just |arge
enough to store any necessary operating system
to a FEPhEGAYLRR 2 QEhaRB, maHeh bin t VAL it
1!’;)rggfr%{)ry 26, on’'the ot her éﬁﬁﬁﬁé’d@fgﬁogﬁ]%’ %tﬁ'{s{egthﬁea%‘éoa
hatit can _store dynam | y | oaded applications.
netwilg%its?cl%oar’?aal Ipcat afeﬁéleﬁ%c?%%lwﬁcﬁjfeéy%mry 28 may include a
hi gh capacity nmenory such as a disk drive, tape drive
menory, CD ROM drive, DVD, read/wite CD ROM dri ve,
and/or a floppy disk drive. The volatile nenory 26 may
| Ndéaadse the provessor 02 cGRDRAMhe M dtibniaR Wi thErlegidend gBRdrlly under
DDR2, or DDR3 technology, As previously discussed, the
the cSRRAME btk £ Srd dr @i DRA | Moﬁ‘iﬁtcgﬁ%le& Rehe sor 12 to ﬁo%asand

controll ed synchronously wt I mng source, suc

o 0 To acconpli sh synchronous coptrol,
failfa o YR Ol B E P R G RERoRF 07 it i
the i.pputs and outputs of the SDRAM Thus, in a
COUPEE:E@ Velﬁtéfgé%qnaﬂw £8r Whigh mgy éncludealyparaie sansom acpesyugemory
access a data output |atch a predeterm ned nunber of
(DRAMY catisyrehdesn adoessrmémsenyi(RBAM)e Doebld DaeoRes ((DDR)enemory,
predet ermi ned nunber of clock cycles typically

DDREODDRSPeiRd The Prddagsod MR uidy a0h beicBBpIBERASH-1Gatls
request ed dat 2, nove thetyc?ata tcgE[E he out putal atﬁ%r;n,%&a%%

Th ! khize. ata i Qcked o
e PR ReREh S Raf el ot TP RN, DN i drom
heh provides the timng source for the processor 12.
or F 1%@ Msp S D U&ﬁé Breonpactich with iy ol4tismeRero dkhsutze| o then
W th the system
ROM is typically selected to be just large enough to store any necessary operating system,

application programs, and fixed data. The volatile memory 26, on the other hand, is

~~typically-quite large so that it can store dynamically loaded applications. ~ Additionally, the

non-volatile memory 28 may include a high capacity memory such as a disk drive, tape
drive memory, CD ROM drive, DVD, read/write CD ROM drive, and/or a floppy disk

drive.

The volatile memory 26 may include a number of SDRAMSs which may implement
DDR, DDR2, or DDR3 technology. As previously discussed, the SDRAM differs from a
DRAM in that the SDRAM is controlled synchronously with a timing source, such as the

system clock. To accomplish synchronous control, latches are used to provide data and
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clock is generally inplenmented via a delay | ocked | oop
(DLL) circuit. In general, the DLL | ocks the data
wo@iopi28033 gnal to the system cl ock by shifti ngP@T©S2006/034356
output data in time such that it is nomnally aligned
with the systemclock. Thus, the DLL can conpensate
othef @forinatibNen dRli ' ' |
e A 1P RO v ST B bibrdfin for

Y10 . ncironi.zation with a timn
cran g PO b BB B aeEh » roerePmlpedphly ot
| lgroridgd.tinin% sogrce. Thus, data may be clocked into
CIOCKAH C1oA ALTET PSRingng FRpdipqueste i hedredetermined mymber eficlankdycles
~control of a wite clock provided fromthe externa
typicelisqoskespdnids o the apemnboftimendetied tor dcoess alrereghiésest dabe ndyve the
| ocked | oops may al so be inplemented to synchronize
data torthe eugbat Ruiol, by Aldey e idhe@ t6 kQbHize. T’Pﬁé‘?ﬁ&is%‘a&’ ofil Fthe
2, a block diagram depicting an exenplary enbodi nent
to@f I S d . The SDRAM 30 nmay be a
o P o M B Bk W SR D ey o the
l.im.ted. to DDR3, SDRAMs, and y be equally
proodgidl 12 AhEk B IGHingro st GG G B o v lsafcwiéh therstem
particularly to other high speed nenory devices and
clockds geerallyymplemented viagedelay lodwerionc@Ilgrrirapipl Ircgdnehshe DLL
such as doubl e-edge triggered applications, which my

locks lemdstta butpusipsdl td the spiii CRIR By kidlftinFhe Sutpdt @sLinshd hrd
inthe art will recognize that various devices may be

that s ﬁ%r_n}niﬂll% Ql?gnlemiﬁ!’fﬁyée@f hfllo a{j e@@% tglf,- BT ol ety

e appreci at Ion O

i G5 G SRR oz o

Write operations also are performed synchronously or in synchronization with a

- timing source, such as the system clock or other externally provided timing source. Thus,

data may be clocked into an input latch and written to the memory array under control of
a write clock provided from the external device which is performing the write operation.
Delay locked loops may also be implemented to synchronize write data with the write

clock,

Turning now to Fig. 2, a block diagram depicting an exemplary embodiment of an
SDRAM is iltustrated. The SDRAM 30 may be a DDR3 SDRAM for example. The

present technique may not be limited to DDR3 SDRAMs, and may be equally applicable
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features of an SDRAM Control, address, and data

i nformati on provided over a nenory bus are represented
wgoo7028093 dual i nputs to the SDRAM 30. These iPdi/vszoab34356

representations are illustrated by a data bus 32,

address lines 34, and various discrete lines directed

to othd s¢RuhEdRls hiReHody d&iceRSand ﬂla_l'ticﬂi%lrl RO LRft ﬁfgggg%etdgﬁemo

vari ous buses and control lines y vary ndi ng on
: : ' 0 in.the art., the SDRAM 3
device e B ABvicRS dr s PGl Aisplh b A bl
. col urrf}]s of addressable menory cells. Each menory cell
triggerRd apRligatians, WhiGhmay beeefis figgr Hricti adberepgedittingng quse@hﬂied in
menory cell in a colum is coupled to a bit |ine. Each
the art atill récagninethatvariops deviess 188 Ueypid ol thy ihplemerdgionof the
st orage capacitor and an access transistor as is

presefinveioh 0 Aalwill Be bpgredibied, thh Beseh¥Y SOht BORANISOSa¥b LA

for exanple, a processor 12, such as a m croprocessor,
impliFfel % | 34 3 | nes i
simploh 2o O € B RERL R S e REh B b P oot deserinipu ot al
devi.ce h as an SDRAM controller, a
featurr?fff %@Rw'l er, a chip set, or other electronic
system The m croprocessor 12 also may provide a

nunber ofcontrol signals to the SDRAM 30. Such signals
may i nclude row and col um address strobe signals RAS

aritbn@AL addrewy; ahddenatfbendsion pedviddd over & hRlorehabie
si gnal CKE, and ot her conventional control 'signals,

T ! t i . i
499l s 35,6 TR0 0! T N Ly
O TR N T Y-

18 805iPle sppre - -
logic 36. As will be appreciated, the various buses and control lines may vary depending

on the system. As is known in the art, the SDRAM 30 includes a memory array 38 which

- comprises rows and columns-of addressable memory cells. Each memory cellinarowis ~ =

coupled to a word line. Additionally, each memory cell in a column is coupled to a bit
line. Each cell in the memory array 38 typically includes a storage capacitor and an access

transistor as is conventional in the art.

The SDRAM 30 interfaces with, for example, a processor 12, such as a
microprocessor, through address lines 34 and data lines 32. Alternatively, the SDRAM 30
may interface with other devices, such as an SDRAM controller, a microcontroller, a chip

set, or other electronic system. The microprocessor 12 also may provide a number of
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ordinary skill in the art. A row address buffer 40 and
a row decoder 42 receive and decode row addresses from
WO ow7aekivess signals provided on the address | PCEBESBU6/034356
Each uni que row address corresponds to a row of cells
in the nenory array 38. The row decoder 42 typically
contiohsigtdes the BORANIIZ0E SHEh mgﬁals ARy RERHE S ABEF 0 gﬁm%&%ss

and circuitry which translfates a given row address
str j r ; 4 nd | ect | y
ol SRS IR AS Y B Gate Wb R £ el (R anc
otherldnd %ﬁ via the Mfrﬁﬁ!ine ﬂrivers. A col um address
bR EHoa SQRtioLsIgu3lsy e Garisldeaio 40 panteqly the anpay aweilsbls
col um address signals provided on the address |ines
functipas of the STHRAMB U doadditionoratiays ethecapebkcinduite anhgpnads not
colum is defective, as well as the address of a

detailed hemirecvanribucoioutiv opFhitorcat tHEBDRAMR 6! 5480t 16 QP bed
to sense anplifiers 48. The sense anplifiers 48 are
ordineQURlIEH theargONpl enentary pairs of bit lines of the
menory array 38. The sense anplifiers 48 are coupl ed
to data-in (i.e., wite) and data-out (i.e., read)
circuitry. The data in circuitry nmay conprise a
s%%ial-to-parallel converter 50 configuredto receive
writ FOV gddrass bpfer 4@andsd ravodgseden 42atecaivmanel despds@w addresses
i ncludes data drivers and | atches configured to

from raye eddressesignels padvidudi drethel afldressdine@d 4. YEachnehi R PRI dd dfcle

serial wite data to parallel data for storage in the

correﬂfig:ﬁﬂi 3 BFFvaYf cafls inlHE hidfhofy Wrdyl . ORRN Bl Moddr8 tﬁilé%lﬁr

ta bus 51 provides datd to'the serial-to-para

incl ]l be reciated, .the wite data .

incloEGRYE7A fhe %@?ﬁ{ "yt fGoRBRERSHY ShuitiRuh HApiiates ggiven
ég recei.veds dat a fré)mthe . .

row address received from row address buffers 40 and selectively activates the appropriate

word line of the memory array 38 via the word line drivers.

A column address buffer 44 and a column decoder 46 receive and decode column
address signals provided on the address lines 34. The column decoder 46 may also
determine when a column is defective, as well as the address of a replacement column.
The column decoder 46 is coupled to sense amplifiers 48. The sense amplifiers 48 are

coupled to complementary pairs of bit lines of the memory array 38.

The sense amplifiers 48 are coupled to data-in (i.e., write) and data-out (i.e., read)

circuitry. The data in circuitry may comprise a serial-to-parallel converter 50 configured

10



10

15

20

serial-to-parallel converter 50 and stores the data in
the nmenory array 38 as a charge on a capacitor of a
w@edo7/0z8098n address specified on the address |PCEUSWNG/034356

In one enbodi nent, the wite data bus 5 1 is an 8-bit
data bus carrying data at 400MHz or higher. During a

to ret G weRed A4 |
o S RPN SOl @S BRIl ik Itches

I ry.bit lines for the accessed cell ar
contigH BB Phirti ne R e Bl SRET R TSRS vgfe Gata o
ference vol tage provided by an equilibration circuit

par a@ﬁ datz fppstaragn set Semege asghpy. yDurigea white eperationy the virite data
the accessed cell is then shared with the-associ ated

bus Hi provideedata Ththeseuis eo-payillelf doaverte SdetAsc#il baappreciated, the
anplifies a difference in voltage between the

writeC QAP b@EING phdt oBitle datdh8s 32 ATHE §5Se hbiRTTBE &%’v!é?&fch ¥th the
on address |ines 34 selects a subset of tﬁe blt I nes

and e t.ar airs of
sera AR EUF LARCHEP R FOTRVETR ke A8rbS Frsnitase harsgon e
t.he anplified voltage, signals to the data-out .
capality o il ot Sk Bohcien O Hheadss Hne S emecambeslimept, dhe
_an internal data bus 54. The internal data-bus 54 is a
writestataabuse] 1 islan 8-Uitudata bt caopmgalnsat 400Hzomehighier. equency
(e.g. 100OvHz) than the data bus 32 (including the
wite data bus 51 and the read data bus 58). The
paral l el -to-serial converter 52 is configured to
I 58V - [l I
ps e R ol he SDRATN 0Pl oy Pl fiRrogtihor 12
ad AD via theread,data pus 58, As with the,
from i ‘Pé%%t 352 agﬁg Lty gpeiy it 1&?%&5&8 aggessed cellqrypquilibrated
. speed data bus configured to operate at 400Miz or
during iAgHieFhar g&OPSFasion b 8 Irgferghercypdivael provided & en eijwitibratien deuit
at higher external rates than the transfer rates being
and ai reference molkeazeisnpely n&hé yhanid ftoredtif ehe accessed cell is then shared with

o the'aSSOCiated'bit lineslﬁ The sense 'alnpliﬁer'48’d'etect's’ an’d 'a:lnpﬁﬁe's a dlﬂ‘erenéefff I

voltage between the complementary bit lines. Address information received on address
lines 34 selects a subset of the bit lines and couples them to complementary pairs of
input/output (I/O) wires or lines. The I/O wires pass the amplified voltage signals to the
data-out circuitry, such a parallel-to-serial converter 52, via an internal data bus 54. The
internal data-bus 54 is a parallel data bus that operates at a lower frequency (e.g.
100MHz) than the data bus 32 (including the write data bus 51 and the read data bus 58).
The parallel-to-serial converter 52 is configured to receive parallel data from the slower

internal data bus 54 and to transmit the data, serially, to a data pad (DQPAD) 56 via the
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SDRAM 30 i ntroduces a nunber of design chall enges. As
descri bed further bel ow, enbodi nents of the present

WO pwenrsooh nmay be i nplenented within the PCT/US2006/034356
paral | el -to-serial converter 52 such that the SDRAM 30
is capable of accurately operating at the high

ddetadues) as va
rea e ﬂmas s ﬂﬂh@wzﬁe With BuJ‘SS % E%eél%é@ Qatﬁ%ggg %} Iﬁ%l? E%E? Hata

inventian
bus c?gg@ﬂbﬂ?@ b 6@% ﬁ{egﬁl\&%{%% lfglel seprf:xgo?_q gls%uss%%hgans?emng the
dat gllﬂlel-to serlﬁ onverter 52 may |ncludeadata
ata E‘ialﬂ o fstepng! rakesdhancthp Sransferaiates heing ﬂm@lmn@mt@d iweraally within the

anplifier 48, via the internal data bus 54, and a
SDR&RE?%mttqdu@ﬁs agwintbeheSdesignichgliengeb. tAs dbiseritet! fier below,
parallel data into a serial data stream for output

embaolithentd 6RthORRAEN BsentidrBmbBe BAEM AR PN ¢ -
be appreciated, the DQPA% 56 provides a J%%ﬁgﬁﬁénwkénd

convérfdsoRgch ﬁﬁt RiSHRAVR 1&95&%& o?%cg.ﬁ?telglr?pg:w n%?@*?lg:ﬁlfgilo

processor or "any ot her' conponeé
tlrn for the paraIIeI-to serial_converter
frequdidfen R S i Prpd iretiaPa Slemoicutt o BT BIDRS and DDR3

circuit 60 mhlch provides a shifted cl ock signa
Systempy | CK) which is synchronous with the external system
cl ock signal (XCLK), thus |ocking the output data
signal on the read data bus 58 to the system cl ock
XCLK. Turning now to Fig. 3, a nore detail ed bl ock

dilagecmifie W8 eRBOIM AL Jﬂh@}ﬁ{egél_ﬁ%inggﬂ}/o%ra&ﬁ a5 %&f’%lll]be described

fabricated in accordance wt I 'ments o
| t L |
R i BT e e E

recei ves ? .
pipeline to receive parallel data from the sense amplifier 48, via the internal data bus 54,

and a plurality of switches configured to direct the parallel data into a serial data stream

~-for output onto-the DQPAD 56; via the read data bus 58~ As will be appreciated, the

DQPAD 56 provides a mechanism for routing the data to a requesting device (such as the
processor 12) or any other component in the system 10. The timing source for the
parallel-to-serial converter 52 may be provided by a delay locked loop (DLL) circuit 60
which provides a shifted clock signal (DLLCK) which is synchronous with the external
system clock signal (XCLK), thus locking the output data signal on the read data bus 58

to the system clock XCLK.
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data fromthe sense anplifiers 48 via the interna
data bus 54. The internal data bus 54 includes
wo pab7oesdoml paral |l el data buses. In the exenpl BEHUS2006/034356
enbodi nent, the internal data bus 54 includes eight
i ndi vi dual data buses. Each of the individual data

bupeSidf nd® Flgt £NAbredRlafePHS o &1&1@1%#&’15& BHLRY +5 Qerial

carry one bit of daaat atime

converter
con/ G biaPe e e P SR cEiboR et o the me G P Emiongs
, ar dered such that the eight bits of the data word,
st A IOylY e thabaig D-serll Sorgeesen Hetpesisestarile
fromthe sense anplifiers in an order that will allow
data fromypthe sawdemplifierof8 viehemteanddiduta bisk 5¢. Thel@terdhl,dathbus 54
d3, d4, d5, d6, and then | ) to the output to the
5 inclufXRARviafal pétdet s RS Hﬁh@eﬁ’éﬁ%ﬁ? em®dditeh 'tﬁ%*iﬁ{e‘{%al data bus

descri bed, the read data bus seri a dat a

a i.S | 1, el a .bus
s infflies el%*P?ndl 0 93 IR PR o fhe B%dd"lﬂ‘gar?§f?ﬁaé’|us"ts&?i*éer‘f1§fml
d erter,receives the data on the nuch sl ower, but
ata @%ﬂ 4 ip gpnfigupedhorfarTy gae Aitofidata 4t afimedo thanasaliehio-eratah
onto the read data bus 58 in a serial fashion and at a
convertRsh 2hiAghwill bdetrae eddent thravgihihe gistheiombekmn ahe ddtobiks are
rate XCLK. The parallel-to-serial converter 52

ordered ehdht@st the eighPbif dFehd MR Gdrd rh@*;i@tlﬁb@l@)feﬁ@ieﬁteﬂ%“s dolafi Gre
64. As will be described in nore detail W|th ref erence

10 trans&ﬁte’a'fgam ?hebs%{gﬁ mlifEcs %F}?ﬂ@sep%{ R/gleeﬁl%v) a}f}ﬁb %ﬁerﬂlg of the

mber o ata pipe

p 66 . ponsi bl e for
data %ﬁe(b (1010 BoBioh g P e e EDE0 U it 1 e RGPAD 56, via
bi nary data sort ic 64 under the control of the
the read ﬁlﬁ?achus 3By rzﬁsﬁl%eﬂlwg’ gescrthgti<ihe 2eaddath RETS8 is a serial data bus,

_Thegeneration of the control signals of the data
whileghpmtdrna d6@ tius Sdése parhibd dita bier Setkahiai, khawirbently described

- —parallel-to-serial converter receives the data on the much slower, but parallel, internal data ~

15 bus 54 and outputs the data onto the read data bus 58 in a serial fashion and at a much

higher data rate, matching the external clock rate XCLK.

The parallel-to-serial converter 52 includes a data pipeline 62 and binary data sort
logic 64. As will be described in more detail with reference to Fig. 7 below, the data
20 pipeline 62 includes a number of sub-data pipelines 66. Generally, each of the sub-data
pipelines 66 is responsible for outputting a single bit of data at a time to the binary data

sort logic 64 under the control of the control signals IN<0:2>, QUT<0:2> and RST. The
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reference to Fig. 8 below. To further enable proper
ordering transm ssion of the individual data bits from

w0 b@7iozsoes nal data bus 54, those individual daPEr/Uswe6034356
carrying the second four bits (upper level) of data
fromthe data word (i.e., d4, d5, b and d7) also

generidh Ut ehercofiabpeif il 1849 p%@m%% h!es)éﬁbé)d ol rﬁcgg detail with

respective data bit transmtted fromthe sub-

i [ r Vi er leyel hit. Each of the,
et BB P S9815 Y Kt BB RSbos LSl s i Ehg i
dat TRP ThE glenerati n oa,eqﬁlhe trap enable signal TRP wil|
ata Bits fipw e Nisingl gptrhus Shahew indivHuslasidines carymigthe Becomt our
. binary data sort logic 64 includes a plurality of
bits (gppardéued of dataritbmathieidatd wetdae, d4yidSc i agd ¢7)raldd inclids a data
Each of the switches 70 operates under the control of

latch®8rte s@redranle hblattes Rapéctive BR8 batAHs SNl Hont ) ineli
si gnal s RCK<0>, RCK<%>, RCK<2>. FSéK<8> FCQKIE%@?g?ta pipeline

65 ST e 6 B o R 505 o A e
s B s L B bt A

.. control_the release of data on the falling edge of
with respect isFigi 11 be further illustrated in Fig. 9.
Further, the generation of the internal clock signals
to control the operation of the switches 70 descri bed
in greater detail with respect to Fig. 6. An exenplary
ey : S Lk ihed i re
GirtHat® bork Mz fntelgd%i?d gf.m-ﬂlj.h@{)&‘ g/%%ﬁgs R and aagﬁlra{gﬁtage

detall_vmth refer_ence nSeneraI,
switc%iﬁ% ﬁl?éﬂlg f#rt: :ﬁacﬁ%f %ﬂe%i%héso'&%pee?atgse&n\ggre Hletc\égtrglagf% respective

internally generated switch control signals RCK<0>, RCK<1>, RCK<2>, FCK<0>,

FCK<1> or FCK<2>, Switch control signals RCK<0>, RCK<1> and RCK<2>, are

clocks signals that control data to-be released on therising-edge of CI:K (DLLCK) and'the

~ switch control signals FCK<0>, FCK<1> or FCK<2> which control the release of data on

the falling edge of CLK, as will be further illustrated in Fig. 9. Further, the generation of
the internal clock signals to control the operation of the switches 70 described in greater
detail with respect to Fig. 6. An exemplary embodiment of the switch 70 will be described

in more detail with reference to Fig. 4.

In general, each of the switches 70 simply toggles between two data inputs. That

is, data is passed through each respective switch 70 under the control of a respective
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is, data is passed through each respective switch 70
under the control of a respectiveswitch control
W@ r@natgo9ithen the control signal is high, the BOI/US1906/034356
will pass data fromthe first input. When the control
signal is low, the switch 70 will pass data fromthe
switchesoand] digput | it | 4 Wi
WhEREhe! doatBGEhal B hghg {Hé%vs}i‘ﬂtc% gvlﬁs Rn&tg gﬁﬁ%m the

left switch 70 illustrated 1 n

e 0 AR SR ) S SR g

As wi || be appreciated, each of the sw tches

, <1>. [ f ° >
Inputy §'op dstages. ytastags with theappps/left switelt 7¢ Hiustiratedini Fig 3 sheaswitch
However, for sinplicity of discussion, references to

70 willaltgrpssisaeredypasting tate d0 taad pasédgidatasdanguldyr fhk lcbst sl e
and described as passing the data signal (rather than
switchR@nirolgiral ROKe > A viRba ashr8Aatkd -eadDOBGe %{;cééﬂéag ﬁg 'ragtlu%lly

the art will appreciate the concepts descri

bt | .refergnce to the inversion of th
passelth lhra e TSGR o, A TleR A S gt o, Teferences
w tch. 70, i medi ately below this switch, toggles
o da%&%@%h%@’vm h ischimely dibstiied pad desaigbadtes passing the data
. under the control of the switch control signal RCK<2>,
signabsetherghamthelinveTtien 6f the tlath cignaly W haseakilléd incthe att el apiireciate
| eftmost switches inTig. 3) receive input directly

the cdrcepts dbserided Berbin pethonecdinuddhRERerck S thefiRdksiSb thD 88 nal
70 make up the "first stage" of the binary data sor

[ ne Xt I,: 0 rating .under. the
o oL real i R bl R SR Gi ieBi, toktes
ke u he "second stage" ,of the bipnary data sort

betwqlf Bt b Sp1a B 50 Pebingdle it ef thgeTibicg artrmbof e ervyels
out puts 74A and 74B and toggles data directly to the

contredsael REKsP3, andsa ferdha bus 58 under the control of the
DLL

-~ ~The first four switches (i.e., the four leftmost switches in Fig. 3) receive input

directly from the data pipeline 62. These first four switches 70 make up the “first stage”
of the binary data sort logic 64. The next two switches 70 operating under the respective
switch control signals RCK<0> and FCK<0> make up the “second stage” of the binary
data sort logic 64. The last stage switching logic 72 receives outputs 74A and 74B and
toggles data directly to the DQPAD 56 via read data bus 58 under the control of the DLL
clock (DLLCK). The last stage switching logic 72 performs the same function as the

switches 70 (i.e., toggling between two inputs), but provides for the inclusion of an output
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clock (DLLCK). The | ast stage switching logic 72
perforns the sane function as the switches 70 (i.e.,
w0 o@alo2segs bet ween two i nputs), but provides foPCT/H82006/034356
i nclusi on of an outputenable signal (QED) to enable
the operation of the binary data sort |ogic 64. The
enablea 8 \Wnht16t ' ; ’ o,y
e v A ot REURCORALE of ooty Bs KT HYCEE, Tk 15
[ tage ,0f switches,. (first, secaond and
stage ARt Meit'7a SRFG BsRR%Th obfd SFRGRubssrrecisaia 31 bgow.
doubl es the data transm ssion frequency such that the
parall el data transmtted fromthe bus 54 is passed to
the read data bus 58 and that the read data bus 58
opt willdis appresiapdo racmstazke f 8t tHee (s gerond ¥n®Findl¥ the binary
internal bus 54. The data on the read data bus 58 is

data soei logictodansantibllyetbub R ki da¥a RAE sioﬁ%gﬁ%nﬁg S{lﬂ{e ﬁlﬁtﬂgﬁaarallel

mat ches the external clock (XCLK) rat

data ¢4k ed P ; timng relatiopship of the
Wt E:%}]egcont Fol Hugitsgﬁsfj%?edttﬁghﬁ%ﬂd gf‘%&’ﬁs Sgéﬁ&haﬁ_hﬁ@@da‘ﬁéﬁ
bus5§ge e{te nal cl ocr s}|( nal XCLK will be illustrated

WP e eé&{)@@tm’i‘%‘afﬁ P X &he fregpeinayiod gheisternabbw . The date on the

exenpl ary enbodi nent of the switch 70 is illustrated.
read daga Wise\Bi i heing travwwitedesdially el drivieh aha 74 timit aamhbOe @ternal
| k}(o switch between two inputs (SWTCH I NPUT 1AND SW TCH
clock (XIPUK) 23te undi¢iie DM cloeB{DOLCRS rade. SThd GRins QoL |

CK (and its inverse). %’he svv?tch 70 inggugltélg&#sg%r&@ﬁé
switcHNe SRR Bhals HRNST Bl {239 nd fhechannsl :

transi s? ors 78 con |C§lﬂ'gg%ll as (lf:gllé&csltﬂ}ea?xg%fmiﬁr?lofglk&gnﬁl.XCLK
: itch contral signal CKis |ow, the output
will b%’@?%réﬁ%fwﬁ W%)%*EP%T) is the inverse of SWTCH

I NPUT 1. When the switch control signal CK is high,

the switch flips such that the SWTCH

Referring now to Fig. 4, an exemplary embodiment of the switch 70 is illustrated.

~-As-previously described; the switch 70 is configured to switch between two idputs

(SWITCH INPUT 1 AND SWITCH INPUT 2) under the control of a switch control
signal CK (and its inverse). The switch 70 includes four N-channel transistors 76 and four
P-channel transistors 78 configured as illustrated in Fig. 4. When the switch control signal
CK is low, the output terminal (SWITCH OUTPUT) is the inverse of SWITCH INPUT 1.
When the switch control signal CK is high, the switch flips such that the SWITCH
OUTPUT receives SWITCH INPUT 2. Thus, the SWITCH OUTPUT is the inverse of

the selected input.
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OUTPUT receives SWTCH I NPUT 2. Thus, the SWTCH
QUTPUT is the inverse of the selected input.Referring
wagairmdors ef [y to Fig. 3, the exenplary enbodi PEnUSWN6/034356
the switch 70 illustrated in Fig. 4 may be descri bed
in accordance with the bl ock di agram previously
deg C : | : i n
o i R A lfr@%g&@l%%”ﬁ@d
70, switc es b t.ween CH | NP
st Ut kel & 8 o BSobygdafes g Hack GhetamyBrevodshe
switch control si gnal CK (here, RCK<1>) and its
descrllt}%ie F'op instppes; sefeiing|te the waltché Ozn thewipper lafh pf gi tanagy tatasort
ot her switch configurations may be enpl oyed as well.
logic\WhatheiswitchfBo swirches betwesh SWITCHNENPUTE (59! @) aA@ SWITCH
toggl es between two input signals based on one or nore

INPIEPD (Kb, dil? 4n@drShe E%%%E bf {18 sRHAY E&htﬁl gléné CI& Ehe?éf 3{;@#@9}

enbodi of the last stage swtc ci rcul

r QuSs descri hbed the chi ng,
and i bt F55 sk’ﬂéﬁdﬁg B P R i Cohercar bl obre B
74A qnd t he nput recei ved on bus 74B (illustrated in
may be gnplayed ps il {Weat ioiiopiEnio Mofs iskbat e swtitsh, 70 toggles between

addltlonal | ogi ¢ has been added such that an out put

two iegisigaals bggedlon@ED ommprbeoritrgpkignaint ed to facilitate
data transnmi ssion to the DQPAD 56 on each of the
rising and falling edges of the DLLCK signal.
Accordingly, to combine the data enable control signal

oroudag"eR iR SR Bu L BB Sigrins,

ciruil 3% lgﬁﬁf%i“éisﬁﬁaﬁg‘flgg% Sp%ﬁégﬁ@e%gv?t%mﬁg Cgagb%ﬁo@agra’fes befareen
. NAND gates 84 and 86 are

the input received on bus 74A and the input received on bus 74B (illustrated in Fig. 3)
under the control of DLLCK. Further, additional logic has been added such that an output
enable signal QED may be implemented to facilitate data transmission to the DQPAD 56
on each of the rising and falling edges of the DLLCK signal. Accordingly, to combine the
data enable control signal QED, the control clock DLLCK and the data inputs provided on
buses 74A and 74B, multiplexers 80 and 82, NAND gates 84 and 86, and NOR gates 88
and 90 are provided as illustrated in Fig. 5. The outputs of the NAND gates 84 and 86 are
coupled to a switch having the same configuration as the switches 70 in the first and
second stages of the binary data sort logic 64, and described above with reference to Fig.

4. The switch 70 of the last stage switching logic 72 generally operates as previously

described with reference to Figs. 3 and 4 and operates under the control of DLLCK.
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coupled to a switch having the same configuration as

the swiwtches 70 in the first and second stages of the
whemwangsogat a sort | ogic 64, and descri bed abovRCTHIS1006/034356

reference to Fig. 4. The switch 70 of the |ast stage

switching logic 72 generally operates as previously

c ' ference.to erates
Smﬁ?’% o SRR Ykt A S0 B Rn wide s Py 0L e 6 o
al so operatjng under the control of DLLCK toggl
bet“ﬁ@e ey R‘H%Pf@ﬁidﬁﬁglé therhQR dates 55 an 0 NBreggaretbe ge2 date of
90. Based on the toggle state of these switches 70,
these $veitchen 7@ itht wassistds 82dndg4 dettening whichhiatahis Aadlly dusput onto the
finally output onto the DQPAD 56. As will be

DQreIP56C iAatvall be bstediated ! thS HiRd §ta§¥"s&i@ﬁhx¥clf‘duft%' thay’Asd M¥ude a

al so include a nunber of inverters 96 to ensur proper
w8l Lk ERERALEAM Sl U5 Dl Rh B S
. %31«%%@2%”%%%%%‘#@%53 Bt ThiozeishprioieduIpIILER the data

once the data enables. Referring nowto Fig. 6, a
receig¢chetk thgdnpait Atges 74 Arand i74B 1 deri the pomndl dEDLLTHE ontothe data
generator circuit 100 may be inplenented to internally
enabgenerate the switch control signals RCK<0>, RCK<1>,
RCK<2> FCK<0>, FCK<1> and FCK<2>. Each of the swtch
control signals is essentially generated fromthe
DLLCK si gnal recei ved fromthe DLL 60 (Fig. 2). As

vvi t he ast age tchn l.ogic 72, the exenp

cl o%ﬁrrﬁlgﬁ’é)?vattol iarciq\%tgeﬁ%ﬁf L FEQt 1Q0dS 9%%’1‘1&3 atg CI%CP(/

enabl e si 8nal (ED such that generation of the
generigricigiia gUe By beimelpgenipd o isteonlly gewmate shewvitdhannt blesignals

(ED signal is asserted. The clock generation circuit
RCK<0>, RCK< 1>, RCK<2>, FCK<0>, FCK<1> and FCK<2>. Each of the switch

control signals is essentially generated from the DLLCK signal received from the DLL 60

(Fig. 2). As with the last stage switching logic 72, the exemplary clock generation circuit =

100 also receives a data enable signal QED such that generation of the switching control
signals is only conducted when the QED signal is asserted. The clock generation circuit
100 includes a number of flip flops 102 configured to latch data to their respective
outputs, based on the state of the incoming clock and enable signals as illustrated in Fig. 6.
The clock generation circuit 100 includes a number of inverters 104 to provide inversion
of incoming signals. Further, the clock generation circuit 100 includes a latch 106 which
passes the data through when the CLK input (DLLCK) is low and locks the data out when

the DLLCK signal is high.

18



10

15

20

100 includes a nunber of flip flops 102 configured to

| atch data to their respective outputs, based on the
wG@@re28095 t he i ncom ng cl ock and enabl e si gnal BCEES2006/034356

illustrated in Fig. 6. The clock generation circuit

100 includes a nunber of inverters 104 to provide

i nversion of incomng signals. Further, the cl ock

generation circuit 100 includes a |latch 106 which

| . h K -i DLLCK), i
om0 L YD % o e S

1l Those skilled in the art wi |l appreciate the
100 1@%&2{5&% SIS TR IPl&fc - g@ﬁ@re&ﬁhoélm@isr fithe clogogeneration circuit
illystrated with reference to Fig. 6. O her

100 raztaden bresramloysid. thoee the muposge nthistdiwnssiin thelclock @ohei@ibn
. also be enployed. For the purposes of this discussion
circuit H80 &l simply pesvédeatth @en@hteahd swikBQohf oS (@%% ?Qﬁ(
generate the smﬁtc%ﬁcontrol‘?ignglsd%%ﬁggg? <157 if%
RCKREKFCK <Ok 1> <25 for controlling the
2 RO S TRk e SRS, it Do

i ndi vi dual  swi t ches
the fir and second stages of the

04 f ol li.n t
the bifthy'dRla SO 51 (OiPesiE i the e irorandevagss of g pisapta
1be gnp oyed to performthis function. It is also
sort lggig 6o Npripws intsenal logimessleshenafloyedeo peifomhtidofbetdn, It is also
signals is generated fromonly the DLLCK si gnal
relevanhiconyt thah eadhagitioe switehicdetoli siprblies EdnefkedIBAE oAk tRODLLCK
| ogi c 100. The rel ationship between each of the swtch

ignal ¢l thedt i i « Winh| i.bed
o 6 et ol i HRRLOSk el BRI, 138 IR R

betweEx?eengg)tf tHe st %ﬁgg@fsﬁg%l&ﬁ{a%g%&rﬁfiﬁ:ﬁ&@;ﬁw | %rc%gcribed in

sub-data pipe _ _ _ : _
more %ﬁ%é%}/ézﬁﬁ%fgreggest%rﬂigef' each sub-data pipeline circuit

Referring now-to-Fig. 7, a-schematic diagram of an exemplary sub-data pipéline

circuit 66 is illustrated. As previously described, each sub-data pipeline circuit 66 is
simply configured to latch data bits in order from the read data bus 58 to the binary data
sort logic 64, one bit at a time, and under the control of the input and output control
signals IN<0:2> and OUT<0:2>, For illustrative purposes, the sub-data pipeline circuit 66
of Fig. 7 is illustrated as receiving the data d4 (Fig. 3). This represents the second parallel
data line of the data bus 54 (Fig. 3). As illustrated in Fig, 7, the sub-data pipeline circuit
66 includes three storage latches 108 employed for slow cycle, high latency. The storage

latches 108 may be first in first out (FIFO) storage devices for instance. The latches 108
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sinply configured to |atch data bits in order fromthe

read data bus 58 to the binary data sort |ogic 64, one
whrio7m28095ti me, and under the control of the |PEUSHENE034356

out put control signals IN<O:2> and OUT<O0: 2>. For

il lustrative purposes, the sub-data pipeline circuit

. 1 i
recel?@ aﬁ)fnpgg ngﬁaﬁ (ﬂse§?, éipl)ér (ﬁéagette Ehlgx[la?§4 ?ﬁ% qt}/ g gfng{ l%g%? (,ﬂé under
n t he dat Fi g. AsHIustratedin
the spgcfforizedagin i Tumy iepiip BT c?rh% date ixdaichek pujcrghe latches
three storage |atches 108 enpl oyed for slow cycle,
108 ydghthegoatelof thitheutgutoratel digabHE T 02> nihe gt bomstol isignal
first out (FIFO storage devices for instance. The

IN<O:Zt trhyessdalOBrtae edsyectias latdhorI8 it @lﬁ@él%r{al[‘ eer<ot ﬁesﬁl@éh@s the data
signal d4) through a timng control block 110 und er

out. tdrgtg gﬁ’?ﬁg@lggst gﬁjeoﬁjfnc} aﬁﬁfalr {191‘# th%.h %a&ag% eﬁ%sﬁ Iniput rol
s1gna1:sgag% re & ?ﬁe t%cil:1 S%t fﬂgqlaj b{.ﬁ%@t o >c0(n}r3 gg ae| ;spefi% of tﬂe DLLCK

respective Iatch 108 and the signal OUT<0:2> switches
signat, @& dergrigechisrtherTywish raseest 2o-Figi §nal s are sel f-timed and

are faster than the data. These input control signals

arrive before the data. The QUT<O0: 2> control signals

are based off of the DLLCK signal, as described

f Wﬂehﬁﬁln%kbﬁrél%ﬁ%ﬂ 108 1rﬁ%l9me§cﬁd Tﬂ(ﬁd tvhlgﬁ ﬁ% QI?d"chde/lert pre-

circuit 110 is inplenente dvaI|
[ data to t.o _sno f.rom
chargERNELD ofE FEORSAR Bul b Rornfn L RRfRs L e 1 BFe Bfiipoptco
igo f' udes three I\I(R ates 112, two inverters 114 .
cireuif 1 I0 nclug %%qlgogﬁtesvm CWOﬂﬁYﬁI‘EéS hﬁ@d@@(ﬁ]g@ gate 116, which

illustrated in Fig. 7. The timng control circuit 110
may Yeqryanged apdtiustatddah Figni7t The itimimgeabitiol eirencd® ibptovird to help
data bits arriving fromnenory |ocations close to the

with timing differences between data bits arriving from memory locations close to the

~ parallel-to-serial converter 52, versus data bits arriving ffom more distant mefory

locations. As will be appreciated, the data bits arrive as pulses. The timing is generally
defaulted to match with either the closer memory locations or the more distant memory
locations. For instance, data arriving from a memory location very close to the parallel-to-
serial converter 52 may have a short pulse and something very far away may have a long
pulse. The timing control circuit 110 traps,the pulse and aligns the timing from all of the
different areas of the memory array 38. The reset signal RST is also gated into the timing
control circuit 110 to reset the latch through the lower gate. The RST signal aids in

aligning the near and far data by holding off new data that is too fast and clearing out old
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paral | el -to-serial converter 52, versus data bits
arriving ffon nore distant nenory | ocations. As w ||
wheooapmoeti at ed, the data bits arrive as pul seBCT/UkRm®06/034356
timng is generally defaulted to match with either the
cl oser menory | ocations or the nore distant nenory
data that hddepyiato he heit§EIBRE Shat Aa VaB thiVirnge f al B ey
| ocation very cl g}ge to the pa?al I es)ll%rtg%efrnloéﬁﬂé]rc:cbnveclﬁniycgllI
110 (2&viABY. Bﬂ¥§ u nd sonet hing very far away
pr,}naly ha%/e a @m@%ﬁ#é@?ﬁ%&" 9% g control circuit 110
traps the pulse and aligns the timng fromall of the
di fferent areas of the nenory array 38. The reset
signal RST is also gated into the timng contro
cifMeillustyated indFig.c% d¢ the ldetal lattie 68 (g oR)g A previb@sedestdbed; the
p The RST signal aids in aligning the near and far data
5 data lotghi68lilemplopdd tortemp ekatisy tkdpahe LiSpdr 88s bAGE iachi It
out ol ddat a thate??ngegg #ﬁio ?%e n%xt cy%%gmg%ﬁgﬁgwﬁma
word 8¥erdRhRoNEtherh BN d P GlN QUi Lo L1
%2 T ar éar&%ltrndégl\%gaor t hjéhed’gltsg S@Bﬁﬂ%g% ed iy 5o

provi des a
data latch 68 (Fi

i rated in Fi.g. 7. 1S the Fig. 3).

comblylra Bt G5 Ge ol siait RGICOheRABEL nad ERKoE néins P ANEd
to tenporarily trap the upper bits of the incom ng

gate léggﬁ%n By qrtes 420 maw etso bedeplayen ta elsun proper folzaity oHIE L@pper
signal TRP. The TRP signal is generated by comnbining

contrql lsegnghiT R h This milovwes theisgahise BESTA=0: RASThve ANfa ESE0R cycle
using a NAND gate 118. An inverter 120 may al so be

10 (the tiewmd RK&CotdRt I fi e L r

( control sig nlgjlﬂ a‘ﬁ%@ ﬁ%‘%ﬁg{"aﬁgﬁ%w 1{%@913 \t/e\ﬁtr?pg[ leg&gg@ﬂﬁa stream.
QUT<0; 2> to have half a data byte cycle (the tine it
takes to output 4 bits) margin to switch w t hout

ipterupting the data stream Referring nowto Fig. 8,
aﬁeég%oﬁ\ggf’ @Br%&m%&%&laﬁmﬁcgréd%z farigegerating the toptptut control
) control
signals OUT<0:2> is illustrated. The circuit 122 includes flip-flops 124 which operate

~—under the control of the-switch contr. ol signal FCK<0> and itsinverse, as illustrated inFig- ~ 7

15 8. Aswill be appreciated, in the circuit 122, the first flip-flop 124 is a reset (R) flip-flop,
while the second and third flip-flops 124 are set (S) flip-flops. An inverter 126 may be
provided to generate the inverted control signal from the FCK<0> input. Because the
switch control signal FCK<0> is based off of the DLLCK signal, the output control
signals OUT<0:2> are also derived from the DLLCK signal. As illustrated in Fig. 8, the

20 circuit 122 may be employed to generate the output control signals OUT<0:2> employed

to latch data out of the sub-data pipelines 66.

21



10

15

20

signals QUT<0:2> is illustrated. The circuit 122

includes flip-flops 124 whi ch operate under the
w@enwrzdodnf the switch control signal FCK<O> apdI/U$®06/034356

inverse, as illustrated in Fig. 8 As wll be

appreciated, in the circuit 122, the first flip-flop

12Refiefrin doSBREFif. imBipfdi ' '

thira T pé ) 4 il dé%?an(l g?mfe%f‘%?‘%r‘ e DL, the

[ r b raQvi ded .t o _gener a e i.nverted
DLL AR il DR o Poide Ml B e R Se oo

swi.t ch, control sjgnal FCK<O> is based off of the DLLCK
FCKEY g df igiFdech AR HStE?e, et DoF GR i analapremiesat the sinad specd os

derived fromthe DLLCK signal. As illustrated in Fig.
the XCLK wignai bus wlightly2Beateof ible complensaedor siggst nielags. €At higstrated,

out put control signals QUT<0:2> enpl oyed to |atch data
the ROK<00f ankdRCISUID- idHals 49¢ ARhinB QS aftft ReF g{erslgg&l S P?g(gl%

9, a timng diagram of the external ock signa

. | ; h itch,

sl o 05K RORERL (R OK 08 S8cRIHd IR, SHEE e bt
As i | ted, LCK si I t t th

e s L R G oA b e kot ok

conpensate for signal delays. As illustrated, the
DLLGEgems) and FCK<0> signals are running at about hal f
the speed of the DLLCK signal. In the next stage,
RCK<1>, RCK<2>, FCK<1> and FCK<2> are operating at
hal f the speed of the RCK<0> and FCK<O0> signals (i.e.,
OIRf&H i Lanal.
ashelin f ¥ i&"e 3P gl?ed%rgtf sé%%ewﬂcﬁ%ﬁ 02 P%sst%’églel 70 under the

Referring againto Fig. the
ot 7 the switch 70 under. the control of RCK<1>
cont g e o el BB e oR s o At 0@ andhiho Thotd
d4. That is,
the switch 70, under the control of RCK<]> alternatingly transmits the data dO and d4

through the switch 70. Similarly, the switch 70 under the control of RCK<2> toggles

- -between input-d2-and-d6.- The-switch 70, under the control'of FCK<1> always toggles

between data input d1 and dS. Finally, the switch 70 under the control of FCK<2> always
toggles between the data d3 and d7. The relative timing of each of these control signals

along with the data being output by the respective switches 70 is illustrated in Fig. 9.

As further illustrated, and referring to the second stage switches 70 (under the
control of RCK<0> and FCK<0>) the output states and relative switching is further
illustrated in Fig. 9. As will be appreciated, the output state of the switch 70 controlled by

the signal RCK<0> toggles between transmitting the data d0, d2, d4 and d6, in that order,
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the switch 70, under the control of RCK<1>
alternatingly transmts the data dO and d4 through the
wemMoroB09D. Similarly, the switch 70 under theP€CDI$2006/034356
of RCK<2> toggl es between input d2 and d6. The switch
under the controhof FCK<1>, always toggles between

VVI tch Z0 under, .
base? §5 e %ﬂéﬁ“‘aﬂ PlRalles afd Suiney ghiteRfin i & ﬁe‘}ﬁ%&lﬁ the
ﬁ‘glo i relative timng of each of th
swithofft ?Oéll’ffo %%1 signalRCROh altqﬁ@atwatyatra@émﬁgﬂwawo g9, d4 and
the respective switches 70 is illustrated in Fig. 9.
d6, imthat ardehend ir¢gdeatst ISahialy, tedwiteh 80 comeplled by hise S@@mDRACK<0>,
stage switches 70 (under the control of RCK<O> and

toggleSbet9bn tHRQIaQLILPHE 3! @Y, %5 aﬁél‘ @17 Jif |tl§att 'oYcFer 3B‘a§e@lr5nrfﬁ1s 'tr?mr(llg and

further |IIustrated in . e appreciate

to t cont
conuigl o' Rk B Sl anZfee? e ?Rt SE Chfrigiing giefd e
.dq, d2, a do, in t rder based .on th
Pam%"gﬁfﬁf@ﬂg%ﬁl%ﬁ fhe iyt rdataé@) ahhingRthe dptseipaling ﬁZ Kle Rt dom
to Fig, 3. That is, the switch 70 controlled by the
top te pgiem oREigGas all; &4, gy ey glly d3, rd3remdidf  wilhensoiztthatdhe patdljel
d4 and d6, in that order, and repeats. Simlarly, the

data feintthdinf@ngl @t sl sads @étialiibﬂ a9l @0yt bKE0Sad §RYFHES at a
between the data inputs dl, d3, d5 and d7, in that

frequi@fé]@ee{%%ht %?e@%lr%@erttﬂéﬁhaﬂ &tﬁ‘é}ltn I?al ‘c‘ige 0054 klg bg' 5%6 %&ged

appreci ate o] nary

ic 64 and the particular arr nt of the
cach §3EF ake G iR RS ‘B?r BF Frdhegeig Fer examk[’ﬁ)&<0>
fromtop to bottomof Fig as dO, d4, d2, de6, dl,
workg gt hayfsthg spped of DRLGK. eﬁ\é@n é)ItMai switieh s aoinging tatdata fioem
the internal data bus 54 is serialized and output on
FCK«0rethatmdhaiime tHan R CE3<0at switchese cisesdaliewidlatls bf #88.LCK time for
greater than that of the internal data bus 54. As w ||

the d8 t@ BRIt ECH S8R RCK<0> controlled switch 70. Likewise RCK<1> switches

~ when the RCK<0> controdlled switch 70 is pointing to RCK<2>, and so forth.

Advantageously, embodiments of the present invention provide techniques for
converting parallel data to serial data in high speed applications, such as high speed
memory systems. In accordance with embodiments of the present techniques, the
conversion is performed by employing a number of switches in the converter. Further, the
converter is essentially operated under the control of the DLLCK signal and thus needs no

control since it is a free-running clock signal.
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each sl ower stage uses the extra tinme as set up tine

for the data. For exanple RCK<O> works at half the
wap@en280p5 DLLCK. When DLLCK switch 70 is poi nt POIYUSZD06/034356

data from FCK<O> that is the tinme that RCK<0>

switches, thereby allowing 1 2 of a DLLCKtirre for the

daWiehilt ohesinkdribn b 29'he tsﬁk%eﬁ@fe%va?ﬁﬂ%h%@&lo% Fl]tegxgative

Li kewi se RCK<1> switches when >"con
d f h
formg it S B e e B0 rvon d Srp@let fcﬁerd;ewgwa

rovide.techni ques for_converting paraIIeI data to
have§ éﬁscr&fgdn Bﬁaﬂ g%}ﬁms ALareveh i shewldibe moderstoot tized th ighention
speed nenory systens. |n accordance with enbodinents

is nOTolfltepﬁ%i ﬁ?r@émtedtte therpagtiedar fofnes distosed SRethet, Shadiavd@oARG o
by enpl oyi ng a nunber of switches in the converter.

coverrall mbdifications, eqoivylefits &ndiafie @AHRALH
the control oef@1 the DLLCK si gﬁge@ éz‘alﬁlllo‘[’l %Hgig%%é;‘%)gﬁt aﬁlﬂ‘i%pe of

the i cl ock signal .V\hl l e
n?&gk{n%\? gﬁglﬁgggoylr%e fc@g@zg{%@@eﬂé&c@@% vari ous
nodi fi cati ons and alternative forms, specific
enbodi nents have been shown by way of exanple in the
drawi ngs and have been described in detail herein:
However, it should be understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the invention is to cover all
nodi fications, equivalents, and alternatives falling
wWthin the spirit and scope of the invention as
defined by the foll ow ng appended cl ai ns. CLAI M5 What
is clained is:
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1. Aparallel-to-serial converter conprising: a data

pi peline configured to receive parallel data; and
whRewanysosdrt | ogic conprising a plurality of sSPT/URES6/034356

arranged to receive the parallel data fromthe data

pi peline, and configured to output the parallel data

serially. 2 The parallel-teysemni@l converter, as set
forth in claiml, wherein Ea'cimlog the switches is

POWHaQE.rc‘fa‘?mé@is,t ransmt either a respective first data
input bit or a respective second data input bit

depending on a state of a respective control signal.
3. The parallel-to-serial converter, as set forth in
claim1, wherein the plurality of switches conprises:
a 1ir st Aperadlel-toesepnl ®nmertan chinpstingl ural ity of switches
configured to receive data in parallel fromthe data

5 pi pel i nedata pHRER bnELREe +& AR E @mtﬂﬁgaﬁg%gyd plurality
e

of switches configured to recel fromthe

corpr i o1 a1k, PR AP R sulstf Pt e tho
data fromthe ndrpl urality of switches and
confi gured tRS! %Ef ‘%ﬁ’l‘ fromethe data Pinetine jang canfignted to output the

parallel-to-serial converter, as set forth in claim 3,
wher ei n t he perallst daga sggielly.s confi gured to double a
frequency of the parallel data, and wherein the second

10 2. The parallel-to-serial converter, as set forth in claim 1, wherein each of the

switches is configured to transmit either a respective first data input bit or a respective

second data input bit depending on a state of a respective control signal.

3. - -The parallel-to-serial converter, as set forth in claiii 1 , wherein the plurality
15 of switches comprises:
a first stage comprising a first plurality of switches configured to receive
data in parallel from the data pipeline;
a second stage comprising a second plurality of switches configured to
receive the data from the first plurality of switches; and
20

a final stage comprising switching logic configured to receive the data from

the second plurality of switches and configured to output the data

serially.
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stage is configured to double a frequency of the data
received fromthe first stage and wherein the final
W@ r@gm28085 configured to double a frequency of PEEUSENE034356

received fromthe second stage. 5 . The
paral | el -to-serial converter, as set forth in claim 3,
wherein the first stage conprised four sw tches and
the second stage conprises two switches. 6 . The
paralle%-to-sE{ial converter, as set forth in claim1,
whér ei n! PhRATE-10-57r 5L FRTVEItPTs At e farghinedpim, pigrsinibe fires
paral l el data at a first frequency and the binary data

stagesig cenfigygedcto doublonfiieqguermy of thecpargilet dathend avietdiethedasand
serially at a second frequency, wherein the second

stagefis eomfEanesd toslogbleatfRiquédeavf thiedatd fesbivid BOMIRENrst dage Ad

devi ce conprising: an internal data bus conprising a
5 . j ; S ' C f the pluralit
wherBp Ui 8% i PR B B BB AL 61 o el ol e
Secod ta bit in parallel with respect to the others of the
rbcﬁﬁ?gael‘i ty of data buses;a parallel-to-serial converter
conprising a plurality of switches and configured to
receive the respective data bits fromthe internal
data bus and to transmt the data bits serially at an

out. put ; Tlenshralel-rasbridbdoaverte, saRf fgthrigdlaln 3I K6&keMahs hat
data bits fromthe output of the converter and to

stageldoipsifdd foliP Gritkhb@a ths s€6h&5ABE LomPMidel 1k ESREG st © the

10
6. The parallel-to-serial converter, as set forth in claim 1, wherein the data
pipeline is configured to receive the parallel data at a first frequency and the binary data
sort logic is configured to output the parallel data serially at a second frequency, wherein
~ the second frequerncy is greater than the first frequericy.
15
7. A device comprising:
an internal data bus comprising a plurality of data buses, wherein each of
the plurality of data buses is configured to transmit a respective
data bit in parallel with respect to the others of the plurality of data
20 buses;
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device, 8 . The device, as set forth in claim?7,

wherein the internal data bus transmts the data bits
wa@rooa/otdopst frequency, and wherein the read daPEI/bem06/034356

transmts the data bits at a second frequency greater

than the first frequency. 9 . The device, as set forth

i n cl ai ap@alleMies&ial cb isfok ¥ dfSu

appr OXiaITTII;.tel y ei ght t%gglegr aisgllg%to@glrafﬁt&hdgﬁvft?hsets and

frequengyf The . | .C as s f.orth in .claimS8,
wherein t hlgargg é%gbge&?\éﬂq i g??@f/mfes‘ﬁ‘itt%b’%t#éo‘? thegategral data bus
appr oxi mat elaﬁyﬁﬂgoo- 1066 _Mops. 11. The device, as set
forth in cl G trapgvat thedlatarhits seriadlylag bn petpst il
converter conprises a plurality of stages, wherein
each of2 iepdgh dnabanfigunt tsregivs teodns biseford R stitakt df¥he
of switches, wherein each of the plurality of swtches
i s confi gur edntedtedhiid®fo@ddsmel '

respective first input and gtyeegégggg%%e@gméﬁ%%&m the
input.12. Theydevice, as set forth in claim 11,

wherein each of the plurality of switches is
controlled by a respective control signal. 13. The
device, as set forth in claim 12, wherein each of the
r specgri ve control signals is generated internally

Pt h r d8pEeYic, @ seidonsainadlainl 7, mhesin fhalintemaviitd Bis. trakdmits
The device, as set forth in claim11l, wherein each of

the daganleitspit arfiastiftequeroy sarmigeiseréis t0BEd Gath 86k frihsHAY SR bits at a
frequency of data transm ssion. 15. The device, as et

second fequentgehRl Mak the¥iSE fédhchle device conprises a
menory

9. The device, as set forth in claim 8, wherein the second frequency is

approximately eight times greater than the first frequency.

10. The device, as set forth in claim 8, wherein the second frequency is in the

range of approximately 800-1066 Mbps.

11. The device, as set forth in claim 7, wherein the parallel-to-serial converter

comprises a plurality of stages, wherein each of the plurality of stages comprises a
plurality of switches, wherein each of the plurality of switches is configured to

alternatingly transmit data from a respective first input and a respective second input,
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device. 16. The device, as set forth in claim?7,
wherein the device conprises a DDR3 SDRAM 17. A data

W@ or0y/028895 ce conprising: a first switching staper/us2006/034356
configured to receive data in parallel on eight data
buses and configured to transmt the data on four data

buses; d ' j e nf i receiye
R G U e e

. data buse nd confjgured tq transmt the data on two
SW‘tcgﬂﬁfﬁc‘BB‘%%‘iﬁdﬁgﬁdﬁsﬁePﬂ‘éq °°§’\'iﬁ°i ¥#ahg stage configured to
receive the data fromthe second switching stage on

the two data buses and configured to serially transmt
the data on an out put bus. 18. The data sort devi ce,

asizet The ddvideNasdefoRhlif clanhep Skherbii@ath 6Sthe SakhEERE BEntrol
stage conprises: a first switch configured to receive

. sta | j h
o stoneh o Rt e i B oL AL AP it Bioely SREREDS o o

on a second of the eight data buses and further
configured to alternatingly transmt the first bit and

the fifth bit onto a first of the four data buses;
1 The device, as set forth in claim 11, wherein each of the plurality of stages

is configured to double a frequency of data transmission.

10 15. The device, as set forth in claim 7, wherein the device comprises a memory

device.

16. The device, as set forth in claim 7, wherein the device comprises a DDR3

SDRAM.
15
17. A data sort device comprising:
a first switching stage, configured to receive data in parallel on eight data
buses and configured to transmit the data on four data buses;
a second switching stage configured to receive the data from the first
20 switching stage on the four data buses and configured to transmit

the data on two data buses; and
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a second switch configured to receive a third bit of
the data word on a third of the eight data buses and
W o007mesPve a seventh bit of the data word on BCT/O820061034356
of the eight data buses and further configured to
alternatingly transmt the third bit and the seventh
bit ontg.a second of the four, data.buses: third
owi ton o SiRRe dber ouiefta ST dREin B e Serord
word on a fifth of the eight data buses and to receive
a sixth bit &Witghieg Hageonibe dwedata bypsstand gpnfigveedstoghtially
data buses and further configured to alternatingly
transmt thetrsemahiheldata carech dutygstdbuxt h bit onto a third
of the four data buses; anda fourth switch configured
to receive a fourth bit of the data word on a seventh
of the eight data buses and to receive an eighth bit

of .4 he an_ei.ghth. of .t ei,ght dat.a_ buses

S ankoar EREFeShe aBleEds By KhD e 7, POt R Ry Sy e
fourth bit and the eighth bit onto a fourth of the

stagq eMPIHSYa buses. 19. The data sort device, as set

forth in claim 18, wherein the second swtching stage
conpr i sedirst awitclf ednfigwietl ¢h reveive iadiustéit dfa data wordadd afiisyof the
receive the first bit and the fifth bit on the first
of the four eghiddeiingss atickotrecenlet LfifAbit BHhY RGP a

t he
second of the eight data buses and further configured to
10 alternatingly transmit the first bit and the fifth bit onto a first of the
four data buses;

a second switch configured to receive a third bit of the data word on a third
of the eight data buses and to receive a seventh bit of the data word
on a fourth of thé eight data buses and further configured

15 to alternatingly transmit the third bit and the seventh bit onto a
second of the four data buses;

a thirdAswitch configured to receive a second bit of the data word on a fifth
of the eight data buses and to receive a sixth bit of the data word on
a sixth of the eight data buses and further configured to

20 alternatingly transmit the second bit and the sixth bit onto a third of

the four data buses; and
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third bit and the seventh bit on the second of the
four data buses and further configured to

wa@bdogtoesaps ngly transmt each of first bit, theP€hUSI06/034356

bit, the fifth bit, and the seventh bit onto a first
of the two data buses-; and a sixth switch configured
to al t es fakibnglitth CESRIY& tbfigce%%%gnﬁ Ikt o?@% dadfwit i

bit on the third of the four data buses an

al ternati ngl [ fourth bit and the eight bit
on the fourt ev%'ﬁﬁt% Eél%fes@ﬁ;%?d%tgﬁgseﬁﬂg@io LHSEIVE AR £ighth bit of the
confi gured tu‘? al tec{ nat i nglz transmt each of second

bit, the foutdhWeF¢on theidlthef theisiight datacdbus¢seandifgithdn bi t
onto a second of the two data buses. 20. The data sort
device, as swnfiguned bo alterwdtinpintdAsmishies Burthbi@nd adiehth bit
swtching stage is configured to alternatingly receive

the first bidnto b ReurithufitRe Pt dathBEsdsi fth bit and the
seventh bit on the first of the two data buses and to

alternatingly receive the second bit, the fourth bit,
the sixth bit and the eighth bit on the second of the

t dat@ buses anpd. furthe onfigured to alternatingly
t \r/@hs i et‘ﬁga 5Pﬁ‘£%“°64 %8 set qrqgﬁé% el 1§ wherein ghet secord! switching
the fourth bit, the fifth bit, the sixth bit, the

Stage CRWBHES: bit and the eighth bit on the output bus. 2 1.

The data sort device, as set forth in claim 17,

wher ei n fiftheswiitoh confatuse s S@srnbfi @l Rickive atBrkipie ,
fast as the eight data buses t?gell%smt dat a. ﬁZ&l@ﬁgﬁﬁhbn

? ﬁte at \?\8 r td a? gﬂ 'kt)laegférgta& t8€Foul QhhBuldd 5k % mtelrgatin\g]yerréce;elzi\r/]e the

third bit and the seventh bit on the second of the four data buses
and further configured to alternatingly transmit each of first bit, the
third bit, the fifth bit, and the seventh bit onto a first of the two data
buses; and-

a sixth switch configured to alternatingly receive the second bit and the
sixth bit on the third of the four data buses and to alternatingly
receive the fourth bit and the eight bit on the fourth of the four data
buses and further configured to alternatingly transmit each of
second bit, the fourth bit, the sixth bit, and the eighth bit onto a

second of the two data buses.
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transmt data twice as fast as the four data buses
transmt data. 23 The data sort device, as set forth

WO pooclozdops 17, wherein the output bus transm t SPAEUS2006/034356
twce as fast as the two data buses transmt data. 24.
A method of converting parallel data to serial data

cogpris ‘tl"Hé;J deTltE @81% IdX{’l e? ggett ?oﬂtl?m c?éur%l llgaWs?ﬁe{nt }1&% gna(l ﬁ\gltanng

buses a ng st age;
he fIrSt swi t chi ng, stage on dat a

stage 1 8%’?‘{‘5 {Oralteaingly Fespive Hee i tfse\ﬁltré hitﬁée §ﬁh§é ap e

the four data buses at a second sw tching stage;
seventh httsmi the firsg of the tetatdatafbuesm anti¢o sléroainhglywetaiv the se&bad)bit,
on two data buses;receiving the data fromthe second

the fouit! 6if)ithesisthaiteand Rhd enth bR odahSsRHEEST B o Hhtﬁ Blises and
swi t chi ng stage; and transmt the data serially from

5 mnhéﬁc%nhgﬁ&%h 1§ Wtérﬁ%u PARGR tR@ﬁ@tzli\P R “§e86éﬁd B She i r;ﬂ B

as set n r’ecelv

RS, B BT S8 SRS S

first of the eight data buses; receiving a fifth bit

of the data word at the first switch on a second of

the eight data buses; alternatingly transmtting the
fi2lst blle dwrglsdrbéevidef hdsebtdrthontcin 17 whdrei@fthd fo@r 84 buses

transmit data twice as fast as the eight data buses transmit data.
10
22, The data sort device, as set forth in claim 17, wherein the two data buses

transmit data twice as fast as the four data buses transmit data.

23 The data sort device, as sét forth in claim 17, wherein the output bus

15 transmits data twice as fast as the two data buses transmit data.

24. A method of converting parallel data to serial data comprising:
receiving data in parallel on eight data buses at a first switching stage;
transmitting the data fro the first switching stage on four data buses;
20 receiving the data from the first switching stage on the four data buses at a
second switching stage;

transmitting the data from the second switching stage on two data buses;
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data buses; receiving a second bit of the data word at
a second switch on a third of the eight data buses;

WO e@eiozdopyy a seventh bit of the data word at tPET/E80610B4356

switch on a fourth of the eight data buses;
alternatingly transmtting the third bit and the

sevent h_hi.t- o) of the four data buses;

recei vi rr?gélgmg gll(i:eoc}]aga %?%qggsegoﬁif%n%}gft%ﬁe by ﬁ?‘?’_ﬂ d'flta buses at
switch on a fifth of the eight data buses; receiving a
sixth bit of? b SuHehingwper; atd the third switch on a
sixth of the eight data buses;alternatingly

t r ansmi tratismg thidatg eergatly filoint tha fidaltsiwétching tstagbohtocunt antgut bus.
third of the four data buses; receiving a fourth bit

of a data word at a fourth switch on a seventh of the

ei ght data buses; receiving a eighth bit of the data

j i gk f.th I gh
dara pumisareRds 'S e b ABR 24 ool fePlighthi’s Bt o

d the.eighth bit onto a fourth of the four data

SWitCBillﬁltg égw_rg]e comprises:

receiving a first bit of a data word at a first switch on a first of the eight
data buses;

receiving a fifth bit of the data word at the first switch on a second of the
eight data buses;

alternatingly transmitting the first bit and the fifth bit onto a first of the four
data buses;

receiving a second bit of the data word at a second switch on a third of the
eight data buses;

receiving a seventh bit of the data word at the second switch on a fourth of
the eight data buses;

alternatingly transmitting the third bit and the seventh bit onto a second of
the four data buses;

receiving a second bit of a data word at a third switch on a fifth of the eight
data buses;

receiving a sixth bit of the data word at the third switch on a sixth of the

eight data buses;
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26. The nethod, as set forth in claim25, wherein
recei ving data at the second sw tching stage

waeommpe®es: alternatingly receiving the first BCT/USI0A6/034356

the fifth bit on the first of the four data buses at a
fifth switch; alternatingly receiving the third bit

and the_seventh bit .on the second of ,the fqur dat

buses AtCRANEY fraRsriing b SeapacEthand the Pipth Hbsnthac irdgf the
each of first bit, the third bit, the fifth bit, and

t he sevent h foirtdate ouses;he fifth switch onto a first of
the two data buses; alternatingly receiving the second

bit angedeR@ngS Fubthitt ofeNdathRotd Yt aGo@th sigcH i sevaiitd of the
buses at a sixth switch; alternatingly receiving the

fourth bit Lghth bit on the fourth of the
four data b%@éhgt?btﬁ%f%’si xth switch; andalternatingly

transmtting eac f second bit, the fouyrth bit, th
o sbeeivtik ey Y SRR DER Mord s Al Stk Riolep sfehth of
onto a second of the two data buses. 27. The net hod,

as set fort tih¢ eight databuzes; antherein transnitting the

data serially fromthe final sw tching stage

conpr i s@sinatihdleriginingl the HOghbitngd tieeiglith dit obid a foubt of
third bit, the fifth bit and the seventh bit on the

first of theyd o, data.uuses at the final switching
st age;

26.  The method, as set forth in claim 25, wherein receiving data at the second

switching stage comprises:

alternatingly receiving the first bit and the fifth bit on the first of the four
data buses at a fifth switch;

alternatingly receiving the third bit and the seventh bit on the second of the
four data buses at the fifth switch;

alternatingly transmitting each of first bit, the third bit, the fifth bit, and the
seventh bit from the fifth switch onto a first of the two data buses;

alternatingly receiving the second bit and the sixth bit on the third of the
four data buses at a sixth switch;

alternatingly receiving the fourth bit and the eighth bit on the fourth of the

four data buses at the sixth switch; and
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alternatingly receiving the second bit, the fourth
bit, the sixth bit and the eighth bit on the second of
w0 b@7ege9tlat a buses; and al ternatingly transn PCT/D§20061634356
first bit, the second bit, the third bit, the fourth
bit, the fifth bit, the sixth bit, the seventh bit and

the eig %epnaglnély %rre]&lsomi tpneg e%gﬁ gtu stecgﬁjdsbit, the fourth bit, the sixth bit,

and the eighth bit from the sixth switch onto a second of the two

data buses.

5 27.  The method, as set forth in claim 26, wherein transmitting the data serially
from the final switching stage comprises:

alternatingly receiving the first bit, the third bit, the fifth bit and the seventh
bit on the first of the two data buses at the final switching stage;

alternatingly receiving the second bit, the fourth bit, the sixth bit and the

10 eighth bit on the second of the two data buses; and

alternatingly transmitting the first bit, the second bit, the third bit, the

fourth bit, the fifth bit, the sixth bit, the seventh bit and the eighth

bit onto the output bus.
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