U b.MAY ,2005 HI GH SPEED OVER- SAMPLER APPLI CATION I N A SERI AL TO PARALLEL
CONVERTER BACKGROUND OF THE I NVENTION (1) Field of the Invention The
invention generally relates to a nmethod used in sem conductor nanufacturing
and, nore particularly, to a serial to parallel data converter used in the
fabrication of integrated circuits (1Cs). (2) Description of Prior Art
Serial to parallel data converters have nunmerous applications in g, JAY 2005
el ectronics including circuitry where serial data froma disk or CBF?CNI are
converted to parallel format to be processed w thin a conputer. As

processi ng speeds increase and nenory sizes grow, there is a need to reduce
t he ti NHIGHSPEED QVER-SAMPEER ABRIACATIONSIN ASERIA LA BARALLEr GaNV ERlTd:

now to Fig. '1 showing a typical serial to parallel data converter. A
plurality (n) of first D flip-flops (DFFA) 10-13 are provided. A serial
data stream (DATA IN) is applied to the input of each DFFA 10-13. A

plurality (n) of phase cl oghkgxkasoBRP OEGTHPRINVENTIN espondi ng cl ock i nput
of each latch 10-13 such that CLKo is applied to DFFAQ, CLKl is applied to

DFFAlI, etc. The output of each DFFA 10-13 is connected to the input of a
correspondi ng second D flip-flop (DFFB) 15-18. CLK"_ is connect through a
del ay to h.gl ock j.nputs of DFFB 15-18. The out puts of each DFFB
15-18 g(i)rre b%gaf Sqrf)‘grr'l{é? el data PDO through PD'_i. The operation of the
circuit of Fig. 1 is as 1 0 4 MAY 2005

The invention generally relates to a method used in semiconductor manufacturing and, more

particularly, to a serial to parallel data converter used in the fabrication of integrated circuits (ICs).
2) Description of Prior Art

Serial to parallel data converters have numerous applications in electronics including
circuitry where serial data from a disk or CDROM are converted to parallel format to be processed
within a computer. As processing speeds increase and memory sizes grow, there is a need to reduce

the time necessary to convert data from serial to parallel format.

Refer now to Fig. 1 showing a typical serial to parallel data converter. A plurality (n) of first
D flip-flops (DFF,) 10-13 are provided. A serial data stream (DATA_IN) is applied to the input of
each DFF, 10-13. A plurality (n) of phase clocks are applied to the corresponding clock input of
each latch 10-13 such that CLKj is applied to DFF»o, CLK is applied to DFF4,, etc. The output of
each DFF, 10-13 is connected to the input of a corresponding second D flip-flop (DFFg) 15-18.
CLK,.; is connect through a delay 19 to each clock inputs of DFFg 15-18. The outputs of each DFFp

15-18 correspond to parallel data PDg through PD,,.;. The operation of the circuit of Fig. 1 is as

1




fol| ows., DATA-IN are applied to the plurality of DFFA(IO-13). On the rising
edge (for exanple) of each phase clock (CLKO CLK. -1) the correspondi ng
serial data bit is stored on the output of its respective DFFA. Once all n
data bits are stored, the clock inputs of each DFFB 15-18 are 0 4 MAY 2005
simul taneously triggered and the data are then transferred to the
correspondi ng parallel data output PDO through PDn-1 . The parallel data
are then ready for use, The process is repeated and when the next n data
bits are received, new parallel data appear at the output. The problemw th
this circuit is that as speeds increase, the DFFs 15-18 may not be able to
| oad pifelpers. DAEA OReare applivdhto thiqturaliiytof DFFA 41 &hBe Omihe rising &dge) @or example)
Additionally, as serial data speeds increase, the processor using the

par al | Qif esbhtphaserlodkqCLEG-GIIK.A) the domregpougingisérial tiste bisiesensd an itheroutifut ops al | el
data. Thus, the serial data transfer nust be stopped until the processor is

ready trﬁsg@&%ﬁjFFAm&e BRhalalaitsdad fored,ithé Sloékiapet of ach®@FFpdar8 dro find a
better thod to transfer serial to parallel data. O her approaches rel ated

to i ”prsg%{ly%%,e@.gw tiigﬁér?% B?—{J tgla hgh afAthéh £RR¥RIS k@ﬁe%hﬁ@éﬁbﬁcﬁn?ﬁrﬁﬂel dbta oBtput

Pat ent azawa describes a serial-parallTel converter,

whi ch s, a pl | i f , _ j _
oot s 5B ER [kt SRR Ui Bt afpaniel T
) , ﬁ%&; et a isclo ﬁfgaﬁase“ al {ﬂ?eﬁr | .el converter using a

shift megts 1t$,2rF Z5o5} Vel neW| D PR for enabling and
synchroni zing the data stream U. S. Patent 5,777,567 to Mirata et al.
shows a serial-parallel converter using a delay |ine and phase | ocked | oop
(PLL) to synchronize the data. U S. Patent 5,561,423 to Mrisaki
describes a Bermpirellempavit thisicireehisdhatas speggeipereassgtha DL d fi-18 yeaynos heiable o
power dissipation and utilizing differential flip-flops. 2

load properly before the next data bit is latched into DFF 5 10. Additionally, as serial data speeds

increase, the processor using the parallel data may not be able to keep up with the presentation of

parallel data. Thus, the serial data transfer must be stopped until the processor is ready to accept

more parallel data. It is therefore necessary to find a better method to transfer serial to parallel data.

Other approaches related to improving serial to parallel data conversion circuits exist. U.S.
Patent 6,259,387 B1 to Fukazawa describes a serial-parallel converter, which uses a plurality of data
extraction units, a delay unit and parallel registers for storing data for parallel distnibution. U. S.
Patent 6,052,073 to Carr et al. discloses a serial-parallel converter using a shift register, a parallel
latch and a controller for enabling and synchronizing the data stream. U. S. Patent 5,777,567 to
Murata et al. shows a serial-parallel converter using a delay line and phase locked loop (PLL) to
synchronize the data. U. S. Patent 5,561,423 to Morisaki describes a serial-parallel converter

operating at high-speed and low power dissipation and utilizing differential flip-flops.



SUMMARY COF THE | NVENTI ON A princi pal object of the present inventionis to
provide a serial to parallel data conversion nethod utilizing a high-speed
clock and high data rate application. Another object of the present ) MAY 2005
invention is to provide a serial to parallel data conversion ci rcuiq
utilizing a high-speed clock and high data rate application. A further

obj ect of the present invention is to provide a serial to parallel data
conversion method that avoids the problem of setup between parallel |oading

of data and latching of the qIgMMARYI @F THE BNVENTIONSti || further object of
the present invention is to provide a serial to parallel data conversion
circuit that avoids the problem of setup between parallel |oading of data

and | atchi ng r#}{nciﬁlfoﬁ}%toﬁl% bradent Riventiin is tdpiveidefasetifiiad pakjlecdatof t he

present invention 1sto provide a nmethod of converting n- bit serial data

words to parallel forma mri st ng. ¥h SQrhieGppachtidAd even words
of said n- bF?nV%SF?’h'Fw@g%38%['5%3%?%’9?6?#F@%ﬁg{lﬁﬁé’? ata rggi ster and second
n-bit data register, respectively wherein each data register is conprised
of n latcher blocks each of which conprises: 3 0 4 MAY 2005 a JK

flip-flop wwth a control signal applied to the J i.nput, iC
P P Another object of the pr%sent ianI‘Fl)tion is to provide a senaIDto para?lel data

conversion circuit utilizing a high-speed clock and high data rate application.

A further object of the present invention is to provide a serial to parallel data
conversion method that avoids the problem of setup between parallel loading of data

and latching of the next serial data bit.

A still further object of the present invention is to provide a serial to parallel data
conversion circuit that avoids the problem of setup between parallel loading of data

and latching of the next serial data bit.

A yet further object of the present invention is to provide a method of converting n-

bit serial data words to parallel format comprising:
alternately storing odd and even words of said n-bit serial data words to a first
n-bit data register and second n-bit data register, respectively

wherein each data register is comprised of n latcher blocks each of which

comprises:



'1" applied to the Kinput and a Q output generating a toggle

first Dflip-flop with a first data output95|gnal og t he g?out;u?ngkd
receiving the D input fromthe output of a first single bit two-to-

mul tiplexer; said first single bit two-to-one nultiplexer where thé)0
input cones fromsaid toggle signal, a first input of said first data
out put signal from said Qoutput of said first flip flop and a second
i nput of said n-bit serial data words; a second Dflip-flop with a second

data output signal on tQq@lpon@mwimamdnﬁamla;gahwmmeun % login
t he
out put of a second single bit two-to- one nultiplexer; sai glpnstecond single

bit -t o one aplbhALeshe WGHR his GBLGEge enb A aGOEEsiam sai d toggl e

signal, afire data o Lom sal f|t serial data vvordfs and a second i nput
( ( Ei rom s fl

flop; ?ng }[A,her e:c n said f@%@ﬁé’f‘ nﬁ*ssgfhg ?H{;ﬂt’&lﬁt}aﬁopat c% O%ﬁ%?glg(}(s :g

connecte o a first lock _signal and said ai d

| at cher bl ocks i seceiyingthe Einput fxo @W?f%ﬁg‘?&lﬁgﬁg"(ﬁ P01 igﬁoinﬁpsig to

said JK flip flop and said first and second D flip-flops on the xh |atcher

bl ock are from sailiipletdr; phase cl ock of said n disti
wherein said n p di stinct phase cl ocks and

1w

said first single bit two-to-one multiplexer where the select input
comes from said toggle signal, a first input of said first data output signal from
said Q output of said first flip flop and a second input of said n-bit serial data
words;

a second D flip-flop with a second data output signal on the Q
output and receiving the D input from the output of a second single bit two-to-
one multiplexer;

said second single bit two-to-one multiplexer where the select
input comes from said toggle signal, a first input from said n-bit serial data
words and a second input of said second data output signal from said Q output
of said second flip flop; and

wherein said control signal on said first n/2 latcher blocks is
connected to a first lock signal and said CTRL signal on said second n/2
latcher blocks is connected to a second lock signal and the clock inputs to said
JK flip flop and said first and second D flip-flops on the x™ latcher block are

from said x™ phase clock of said n distinct phase clocks and wherein said n
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3A 4 up 2005 first Dflip-flops conprise said first n-bit data register

and said second n D flip-flops conprise said second n-bit data regi ster;

mul tiplexing said first n-bit data register and said second n-bit data ’
register to an n-bit parallel output such that while said odd wor &
being stored, presenting said even words at said parallel out put;c@hyA s
whil e said even words are being stored, presenting said odd words at said
paral | el output wherein said | atcher blocks in each of said first and

second n-bit dat g PARpSidPE SoRPAMK Rid it nBitidataregister ahd bdid estohéhd e t hey

are pr;as_ent ed at said parallel  output. A yet still father object of the
present inventiogp.ig o Brovlde;d.Aayhaft 44 rpRierting n-bit serial data
words to parall eﬁlpfﬁ)?ﬁrf'acto (POH%)I’I s?%%: aqgata lFegi ster comprising a first

n-bit data register and eco n-bit d i X | UL adad of n

di stinct phasd™¥fip K@géﬁ‘?htfr %R/‘Fﬂ&at&ﬁe%ﬁfﬁ%{% Sé‘f‘ﬁ%%?‘;“ﬁ‘g“e’ﬁﬁf‘ %r ?ﬂgt {gacr)lne bi t
of said n-bit serial data words alternately to said first n-bit data

regi ster anditqarallebewtpnisushhat data register; and an n-bit parallel output

used to select data fromeither said first n-bit data
while said odd words are being stored, presenting said even words at said

parallel output; and
while said even words are being stored, presenting said odd words at said
parallel output wherein said latcher blocks in each of said first and second n-bit data

registers ensure that data are stabilized before they are presented at said parallel

output.

A yet still further object of the present invention is to provide a device for converting
n-bit serial data words to parallel format comprising:
a data register comprising a first n-bit data register and a second n-bit data
register;
a plurality of n distinct phase clocks each having an output signal used fo

store one bit of said n-bit serial data words alternately to said first n-bit data register

and said second n-bit data register; and

an n-bit parallel output used to select data from either said first n-bit data
register or said second n-bit data register wherein said data register comprises n

3B



register or said second n-bit data register wherein said data register
conprises n 3B 0 4 MAY 2005 |atcher blocks each of which conprises: a JK
flip-flop with a control signal applied to the J input, a logic 'I' applied
to the Kinput and a Q output generating a toggle signal; a first O, mAy 2005
flip-flop with a first data output signal on the Q output and receiving

the D input fromthe output of a first single bit two-to-one nmultiplexer;
said first single bit two-to-one nmultiplexer where the select input cones

from said {,a86} SloSiksHAsh of Which/coinptisgatit of said first data output signal
fromsaid Qoutput of said first flip flop and a second input of said

n-bit serial dat Qm ??lbﬁgvlﬁleé:w}ﬂrops ghélrégﬁﬁ&ﬂo%é Dirdus 846816 « dappli@itoput

S|gnaIOI on the Q;) recelvin input fromthe out put of a
second si ng| it two-t one nmul tiplexer second single bit

t wo-t 0- one I{)f‘}?l“%?(‘léira é?@ttgﬁ’éergt&geacﬁogglﬁﬁfﬁ%agones fromsaid toggle
signal, a first input fromsaid n-bit serial a{ﬂ second i nput

of said second daﬁast&;ﬂwuﬂogwghmﬁrﬁr% Py S@’G Ib{%) Cg?utg‘étl a&ﬁsrg‘%%‘ﬂﬁgf lip

flop; and wherein said control signal on said first n/2 |atcher blocks is
connect ed t thedD irfput fom the kutpiyokd firsheingla bit teTe-08¢ FAMPISHFrsai d second n/ 2

| atcher blocks is connected to a second |ock signal and the clock inputs

to said JK flip tliamiraRthgkebititwd-tosdneandltiplexer where the select input comes from

said toggle signal, a first input of said first data output signal from said Q output of
said first flip flop and a second input of said n-bit serial data words;
a second D flip-flop with a second data output signal on the Q output and
receiving the D input from the output of a second single bit two-to-one multiplexer;
said second single bit two-to-one multiplexer where the select input comes
from said toggle signal, a first input from said n-bit serial data words and a second
input of said second data output signal from said Q output of said second flip flop;

and

wherein said control signal on said first n/2 latcher blocks is connected to a
first lock signal and said CTRL signal on said second n/2 latcher blocks is connected
to a second lock signal and the clock inputs to said JK flip flop and said first and
second D flip-flops on the x™ latcher block are from said x™ phase clock of said n
distinct phase clocks and wherein said n first D flip-flops comprise said first n-bit
data register and said second n D flip-flops comprise said second n-bit data register.
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second D flip-flops on the xth latcher block are fromsaid x th phase‘ cl ock
of said n distinct phase clocks and wherein said n first D flip-flops
conprise said first n-bit data register and said second n D flip-flops
conprise said second n-bit data register. 3C MAY 2005 A yet furtheys MAY 2005
obj ect of the present invention is to provide a device for converting n bit
serial data words to parallel format conprising: data register conprising
a first n-bit data register and a second n-bit data register; plurality

of n disting ygtf}ﬁﬁﬂercdb?&kgfﬁeg,iﬂesbﬁ\thtiaﬂ iiotpponids a devdte fos ednveting wr e one
bit of said n-bit serial data words alternately to said first n-bit data

register ang&Sséaigf%ﬁf?’gﬂ]ﬁet?Pﬁféﬁl""ggf’ﬁa‘r"?ﬁ@ﬁgﬁgf and an n-bit parallel output

used to sel first n-bit data register or said

second n-bit data register; wherein.said.converd] 5 Bldond 8lviedatgat a wor ds
to parallel fornafa °%9ﬁﬁ‘;é\?é‘ﬂ’s‘wgﬁsfggﬁﬁae%rgbé{egrg?&n%p%3 and even wor ds
of said n-bit serial data words to said first n-bit data register and said

second n-bit dataregigeBter, respectively; and while said odd words are

bei ng stored, said even words are presented at said n-bit parall el output;
and while sai d euplrslityds nalistinbephage elpdkscrach baying amquipst 9803hperd P 8Ot ed at
said n-bit parallel output wherein said data register conprises n |atcher
bl ocks each gfe Bib3aid n-bit serial data words alternately to said first n-bit data register and

said second n-bit data register; and
an n-bit parallel output used to select data from either said first n-bit data
register or said second n-bit data register;
wherein said converting n-bit serial data words to parallel format is achieved
by alternately storing odd and even words of said n-bit serial data words to said first
n-bit data register and said second n-bit data register, respectively; and while said odd
words are being stored, said even words are presented at said n-bit parallel output;
and while said even words are being stored, said odd words are presented at said n-bit
parallel output wherein said data register comprises n latcher blocks each of which
comprises:
a JK flip-flop with a control signal applied to the J input, a logic ‘1’ applied to
the K input and a Q output generating a toggle signal;
a first D flip-flop with a first data output signai on the Q output and receiving

the D input from the output of a first single bit two-to-one multiplexer;
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conprises: a JK flip-flop with a control signal applied to th i

logic "1' applied to the Kinput and a Qogt put ggnerating aet\(])glgInEUL :
signal; a first Dflip-flop with a first data output signal on the Q outp

and receiving the D input fromthe output of a first single bit t\/\/o-ﬁé)-‘tlﬁr‘?%}e2005
mul tiplexer; 3D 0 4 MAY 2005 said first single bit twOto-one nultiplexer
where the select input comes fromsaid toggle signal, a first input of said
first data output signal fromsaid Q output of said first flip flop and a

second input of §gjqddr ddidle BR této-8Aé Mmulpléier whemahosdedDiriput porhitsop wi
- with a
second data output signal on the Q output and receivVving thepgD i ngut from

the outpuyt of .a secon i - hi - toh ;saids@i

_ ghal , rst .input fto ai. -bi t. I ata word

i nput  ofsaiddiret @Béi?ﬁ&nﬂ&tsgc‘??&t'ﬂ?ﬂq]i?@ﬁgf lﬂe%)lr%ls(g%%g)oggbut put ofS 22?daszggggd
flip flop; and wherein said control signal on said first, n/2 |atcher

bl ocks is connec&e@@é%ﬂmﬂmwltbéﬁe@iﬂﬂ%&?a%‘Hﬂ‘@'&“& W&Ebs?%%la%%n sai d
second n/2 |atcher blocks is connected to a second |ock signal and the

cl ock i npukdivihg tiwd dnpét fiohpth botputiofe ssepril ingle bitdwa-1e©8e ﬁaﬂtﬁ’qe’ﬁri p-flops on
the x th latcher block are fromsaid x~ phase clock of said n distinct
phase cl ocks angawkesont Bingd Wit fwd-ioraite uttipleper Wige theoelsct inputsemest i r st

n-bit data register and said
from said toggle signal, a first input from said n-bit serial data words and a second input
of said second data output signal from said Q output of said second flip flop; and
wherein said control signal on said first n/2 latcher blocks is connected to a
first lock signal and said CTRL signal on said second n/2 latcher blocks is connected to a
second lock signal and the clock inputs to said JK flip flop and said first and second D
flip-flops on the x™" latcher block are from said x™ phase clock of said n distinct phase

clocks and wherein said n first D flip-flops comprise said first n-bit data register and said

second n D flip-flops comprise said second n-bit data register.

These objects are achieved using a serial to parallel data conversion method and circuit
where the first serial data word is stored within a first n-bit register prior to presentation
at the n-bit parallel output. The second serial data word is stored within a second n-bit
register while the first serial data word stored within the first register is presented in
parallel format at the output. The third serial data word is then stored within the first n-bit

3E



second n D flip-flops conprise said second n-bit data register. These

obj ects are achieved using a serial to parallel data conversion nethod and
circuit where the first serial data word is stored within a first n-bit
register prior to presentation at the n-bit parallel output. The se On&@{ZWS
serial data word is stored within a second n-bit register while the

serial data word stored within the first register is presented in parallel
format at the output. The third serial data word is then stored within the

first n- ti‘b%lstégwﬂxlé/ﬁ% s8EHM sefifidiatd WordWidree withén the eevodd segistad is gedsentedatd
stored within the second register is presented at the output. Thus odd

serial d%?ov%ﬁﬁﬁtd Ihi &d éfgeﬁ%?&jatﬁ%ﬁls%é f6reliivhiftlin Brettirkt 1-Bl rédigtér Wikild tBet he

contents e’ secon regi ster are output and even serial data 3F 4

MAY 2005 wor re store glster while the

cont ent s Gptep @fipqgegoqé%-g{trpg%}pg?rg gg’r g&,gd“u ﬁutspﬁﬂd al ternating data
storage and data presentation the problemw th setup tinme observed in

prior art is elimnated. BRI EF DESCRI PTION OF THE DRAWNGS I n the
acconpanyi ng drawings formng a material part of this description, there is
shown: Fig. | schematically illustrating a bl ock diagramrepresentation of
a typical serial to parallel data conversion system
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Fig. 2 schematically illustrating a block diagramof the serial to parallel
data confiversion systemof the present invention; Fig. 3 illustrating a
schematic representation of controller block of the serial to parallel data
conversion systemused in Fig. 2; Fig. 4 illustrating a timing di agidnfgr00s
the controller clock of Fig. 3; Fig. 5 illustrating a block diagramof the
sanpl er block of the serial to parallel data conversion.systemused in
Fig. 2, 4 04 1MAY 2005 Fig. 6 illustrating a schematic representation of
the | atcher block used in the sanpler block of Fig. 5.; and Fig. 7
illustrating a schematic representation of the data selector block used in
Fi 9. 2 widd 418 stoRIdaGitHH tHe¥@imtdinbit rePERERIAT N offents IEtHRERERREDEMBAD MENTS
Refer nowto Fig. 2, depicting in block diagramthe serial to parallel data
conver t f tstd idafA- préentatibt the PRIBYRN With sbtap daRiobieeded iA
contrololgg)ru ?c?ﬁglﬁ?r?ﬁg%ﬁg s;t)drrg%eiedglgéﬁ %a{)\l;ié%ﬁgﬁi np?}tg CLKC~ CLKIr)ll 2 and LOCK. The
phase Iock%g.h$§§n¥q9t shown) that maintains all the clocks (CLK D through
CLK. - j PUQEHAISHBUNTHe LocK signal indicating that frequency | ock has been
achi eved, The controller 20 outputs (LOCK A and LOCK B) are applied to the
sampler circuit 22 along with the DATA-IN and clock signals (CLKO through

CLkn-,). The sampler 22 hase @ RPN bR e DrAWINGS

In the accompanying drawings forming a material part of this description, there is shown:

Fig. 1 schematically illustrating a block diagram representation of a typical serial to parallel

data conversion system;

Fig. 2 schematically illustrating a block diagram of the serial to parallel data conversion

system of the present invention;

Fig. 3 illustrating a schematic representation of controller block of the serial to parallel data

conversion system used in Fig. 2;
Fig. 4 illustrating a timing diagram for the controller clock of Fig. 3;

Fig. 5 illustrating a block diagram of the sampler block of the serial to parallel data

conversion system used in Fig. 2;



(DATAX_A) and DATAx-B) for each of the n bits of the parallel data.
Additionally a TOGAE signal is output fromthe sanpler 22. Each of the n
pairs of outputs fromthe sanpler 22 are applied to paired inputs of the
n-bit, 2 to 1, data selector 24. The TOGGE signal is applied to th@44 WMAY B)0S
select input (A/'B) of the data selector 24. An overview of the operation

of the present invention of Fig. 2 will now be discussed with additional
details to follow. In the exanple, a rising clock edge is assuned to be the
trigger, however those skilled in the art will realize that a falling edge
coul d be used without changing the intent of the invention. 5 0 4 MAY 2005

The sanpl er (2 ¢iadstiatifg A sdlematie gipsdseritation afmisk Bichenilogk wed puthe sapapladlock of
At hr ough DATA~.[-A and DATAO B through DATA, ., is, respectively. If the
phase Ifqg.lggdmhoop is not properly synchronized with the data stream the
LOCK signal” wll be low and the two registers will be cleared. Once a LOCK
signal is indicated fromthe phase | ocked | oop, LOCK-A wll go high on the
CLKO edge. As each CLKx edge is presented the corresponding bit of the

first n/2 bits the first erial 1 3 j r i e
first sanpl Jlt‘g'réb}’gfaﬁpga e éea’éeese%% E%_ngé%%ggdél}h%kﬁf%%% 'gzlh&attltrlléd1 as
each CLKx edge is presented the corresponding bit of the next n/2 bits of
the fi regesensiBY¢MIONGat a3 word (DATA IN) will be stored internally to the

| ower half of the first sanpler register. Once all n bits have been stored
in the first sanpler register, the subsequent CLKx edges will store the

second n-bits of the serial data word (DATA-I in the second sanpl er
regi ster. Additional IBESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Fig. 2, depicting in block diagram the serial to parallel data converter of the
present invention. An n-bit converter is depicted. A controller circuit 20 is provided having inputs
CLKo, CLK,, and LOCK. The phase locked loop (not shown) that maintains all the clocks (CLKo
through CLK,.;) generates the LOCK signal indicating that frequency lock has been achieved. The
controller 20 outputs (LOCK_A and LOCK_B) are applied to the sampler circuit 22 along with the
DATA_IN and clock signals (CLKo through CLK,.;). The sampler 22 has a pair of outputs
(DATAx ) and DATA ) for each of the n bits of the parallel data. Additionally a TOGGLE signal
is output from the sampler 22. Each of the n pairs of outputs from the sampler 22 are applied to
paired inputs of the n-bit, 2 to 1, data selector 24. The TOGGLE signal is applied to the (A/!B)

select input (A/!B) of the data selector 24.

An overview of the operation of the present invention of Fig. 2 will now be discussed with
additional details to follow. In the example, a rising clock edge is assumed to be the trigger,
however those skilled in the art will realize that a falling edge could be used without changing the

intent of the invention.



on t.he next CLKO edge, TOGGLE wi |l becone high so that DATAO At bTOUgh
DATA~-1-Aare selected by the data selector 24 and will then appear at the
correspondi ng PDx output of the data selector 24. Once the second register
is filled, the third serial data word will be stored to the first

register, TOGGLE will go | ow so that DATAO Bthrough DATA~-, 13are sk4 ewAYezis
by the data selector 24 and will then appear at the correspondi ng PDx

out put of the data selector 24. The process is repeated with odd and even
serial data words alternately being stored to the first or second sanpler
regi ster, respectively. By doing this, the data has tinme to setup prior to

par al | el r edbhersgmpleeR2 has tvofri-bit re;glssda@mana B Hw@ingiougiutd DATA, t, ABroa SNDATIA, &1,
bl ock 20. A first DFF 26 has the LOCK signal applied to the D I nput and

the CLK@GAD BhIHEDATA, | Dere§letfively. Gifle phaRUbekel NS0V h ly the first
DFF 26 (LOC‘?;I]A‘?A:;gﬁap%llq?ed tht ﬁ?eD [ n)f)ut c?flj he cseecon(fq Mrgﬁ’éry

CLK, / 2p§y9¥ﬁrgﬁ§e& \bﬁh tlﬁlda&i%tt@g'( Iﬁl? LORY sifhal Wiff bé ?ﬁﬁ% tpﬂzwcgéélsteps witgput of

the second DFF 28 1s erring- nowto timn |agramo EI%AYAf
dth
2005 ﬁé%%%&’.néegi #‘?gﬁﬁl g i RBERR A e IR G oM gtﬁééﬁwnh gﬁ high gn e
L OCK- d t ut to . the secon
2 96 ChR B R o R S e RS b it nae Bt B R
Once a a]s(F | ocked Ioop | ock condjtion is achieved, LOCK wll go high and
LOCK- A et DA Tgn I hisstased igsthe Gighmamprler cegtgier. Thnthe adgecof QIqKM B0

becone hij gh on the next edge of CLKy2. Refer nowto Fig. 5 showng a bI ock
di agr antidfgotigh angrasicagh ObKpedgetie prssentesithe corvasperiding birof the next n/2 bits of the first

serial data word (DATA_IN) will be stored internally to the lower half of the first sampler register.
Once all n bits have been stored in the first sampler register, the subsequent CLKx edges will store
the second n-bits of the serial data word (DATA_IN) in the second sampler register. Additionally,
on the next CLKo edge, TOGGLE will become high so that DATA_a through DATA,, | 4 are
selected by the data selector 24 and will then appear at the corresponding PDx output of the data
selector 24. Once the second register is filled, the third serial data word will be stored to the first
register, TOGGLE will go low so that DATA g through DATA,,; p are selected by the data selector
24 and will then appear at the corresponding PDy output of the data selector 24. The process is
repeated with odd and even serial data words alternately being stored to the first or second sampler

register, respectively. By doing this, the data has time to setup prior to parallel reading.

Refer to Fig. 3 showing the circuit for the controller block 20. A first DFF 26 has the LOCK
signal applied to the D input and the CLK, signal applied to the clock (CLK) input. The output of
the first DFF 26 (LOCK_A) is applied to the D input of the second DFF 28. CLKq, provides the

clock (CLK) input of the second DFF 28. The output of the second DFF 28 is LOCK_B. Referring

now to the timing diagram of Fig. 4 and the circuit of Fig. 3, the operation of the controller will now

6



————ﬁ
E;lslrgl]lﬂit% 8I [1 LQ\TCHER bl ocks 30-33 are provided. Each LATCHER bl ock 30-33
Correspongi hg ICﬁKx ;gpf ihng:[AC(I)'A-IIC\I:LsKi gnal |ine. Each LATCHERx 30-33 has ;3.
, -a input. The first

Ei\_ll_g_laERgogtzrgg |hnput (CTRL) with LOCK-A appli ed, w[nsl enlfhtAI?éF@ﬁng%%ﬂg5
LATCHER® 30- 33 have the control input (CTRL) connected to LOCK-B. Ea hn’
out put vviti] 3 as a pair of outputs (DATAX-A and DATAX-B) and a TOGC
data sel ector 24 Tgfrom LATCHERo) providing the TOGGLE signal used by the
bits in each LAT-CJ-lEReb:_c?((:jlf- éoagg arLSCEFE Si ?nal s assure that all the ¥OG
possihl e mi. i A properly set, thus avoi di
POSS! B arPidbe ! hidrlo IrRIASTR Gighal! ot Mgl TOGK il lovcelpeash SSESHGIEN ¢ or
t he detail 'rcuitrgge etween logic states. Referring now tq Fi 6,
i e SRR G O s LK
the CTRL sianal . . has the J input connected to
he. conilwplen ar et R R Onfta HER OBl ek et T oo 1 O
respectively) are connected to the CL ot F (46 and 48,
IS ; . (
ey b e R b s (el
Th i : and 44, re i
datea;I giscgor?gﬁbiigmmttslrpmw%@wnfo_ 4 MAY 2005 such that the ?)R'?’Ztllxlel()s/)e |
46 i's applied Lok ied to the B input and the output (Q of the first DFF
DATA I N (seri al 0 Etlateaf\ Ispgﬁgl i'I'Qe se?:_ong MJUX 44 is connected such that the

= ) ! applied to the A i
of the secondsldfowAS Fig Sastphiegh block ¢iagrem of the samplelrag%hh%%gestegﬁn%ﬁrﬁgh'.t AQ

33 are provided. Each LATCHER block 30-33 has an input tied

plurality of n LATCHER blocks 30-

to the DATA_IN signal line. Each LATCHERy 30-33 has a corresponding CLKy applied to a CLK

input. The first n/2 LATCHERs 30-31 have a control input (CTRL) with LOCK_A applied, while

the remaining /2 LATCHERSs 32-33 have the control input (CTRL) connected to LOCK_B. Each

LATCHERy 30-33 has a pair of outputs (DATAx a and DATAx p)and a TOG output, with TOGo

(from LATCHERy) providing the TOGGLE signal used by the data selector 24. The LOCK_A and

LOCK_B signals assure that all the TOG bits in each LATCHER block 30-33 are properly set, thus

avoiding any possible mistake in latching during the initial data capture. Thereafter, the TOG bits

will toggle between logic states.

Referring now to Fig. 6, the detailed circuitry of the LATCHER block 30-33 is now

discussed. A JK flip-flop (JKFF) 40 is provided. The JKFF 40 has the J input connected to the

CTRL signal (either LOCK_A or LOCK_B) while the K input is tied high. The CLK input of the

JKFF and a first and second DFF (46 and 48, respectively) are connected to the CLKx signal. The

output of the JKFF 40 is the signal TOG that is in turn applied to the select inputs (SEL A/!B) of a

first and second 2:1 multiplexer or MUX (42 and 44, respectively). The first MUX 42 is connected

1




input. The output (Q of the first DFF 46 is DATA -Aof the LATCHERX, and
the output (Q of the second DFF 48 is DATA -]3 of the LATCHERx. Still
referring to Fig. 6, the operation of the LATCHER bl ock 30-33 is now
described. Initially the CTRL input (fromeither LOCK-A or LOCK B) @g A09N2005
Therefore on each edge of CLKx the output of the JKFF 40 (TOG is r df
(logic 0). This selects the Binputs fromthe first and second MJX 42 and
44. This applies DATA-IN to the D input of the first DFF 46 and DATAx-B to
the D input of the second DFF 48. Thus on each CLKx edge DATA-fN and
DATAX-Bare refreshed upon the Q outputs of DFFs 46 and 48, respectively.
Once PLiuch ok theD ATA] RV seridlideta) SR isipptiad tonhé B igut ah@ the(cliput @) dfhlee ffnlsf st
subsequent rising edge of CLKx valid DATA-INw |l be stored on the

out put DERTAJS appliéd foltke Alinpiit. mﬁEseksn&nw:DMMoBh&témmaﬂme (NI em&&@]put
of second DFF 48. Sinmultaneously, TOG will becone high (logic 1)~

second %ﬁgauﬁ@tagﬁuealt@ﬁw A8 8l t@&?&yﬂ%g\%@zéohﬁ‘l Tf‘riesslg fe8rt<fﬁle‘ﬁ“ the

Q out put (DATAx B) of the second DFF 4 -Al's re ]
QLKk ednbios oulpat (g A ERNSET ok KB UE L R g e et o B
e
lid d of the two DFF Q out puts whllethe
\(;?her Dlg?é;g%%#%sqng 8?%5%@?% now to Fig. 7, show ng the
circuitry of the data sel ector 24. There are a plurality, n, of 2 to |

mul tiplexers (MJX) 50-53. Each MJX 50-53 has a pair of data inputs
DATAX- Aand 8

1?1 refernnzgothFlg 6, the operation of the LATCHER block 30-33 is now described.
Initially the CTRL input (from either LOCK_A or LOCK_B) is low. Therefore on each edge of
CLK the output of the JKFF 40 (TOG) is reset (logic 0). This selects the B inputs from the first and
second MUX 42 and 44. This applies DATA_IN to the D input of the first DFF 46 and DATAx pto
the D input of the second DFF 48. Thus on each CLKx edge DATA_IN and DATAXx g are
refreshed upon the Q outputs of DFFs 46 and 48, respectively. Once PLL lock is achieved the
CTRL signal will go high (1). On the first subsequent rising edge of CLKx valid DATA_IN will be
stored on the Q output (DATAx ) of the first DFF 46 and DATAX p is refreshed on the Q output of
second DFF 48. Simultaneously, TOG will become high (logic 1). On the second subsequent rising
edge of CLK valid DATA_IN will be stored on the Q output (DATAXx ) of the second DFF 48,
DATAX a is refreshed on the Q output of the first DFF 46 and TOG will become low (logic 0).

Thus on each CLKx edge whenever CTRL is high, TOG will toggle between 0 and 1, and the valid
DATA_IN will be stored on one of the two DFF Q outputs while the other DFF Q output is

refreshed.

Refer now to Fig. 7, showing the circuitry of the data selector 24. There are a plurality, n, of

2 to 1 multiplexers (MUX) 50-53. Each MUX 50-53 has a pair of data inputs DATAXx A and

8




DATAx- 13, The input that appears at the output (PDx) is selected by a

common sel ect input (SEL A/!'B) such that when SEL is |ow the DATAx_ 13 i nput
wi |l appear at PDx and when SEL is high the DATAX A input wll appeoal anR( 2005
PDx. Wth all of the blocks of the serial to parallel data system .
described, the overall operation will now be described in further detail.

I f the phase | ocked | oop is not properly synchronized with the data

stream the LOCK signal and the LOCK-A and LOCK-B will be |ow. The

i ndi vidual TOG signals for each LATCHER 30-33 will be low and invalid

DATA-I N and DATAx-B are refreshed upon the Q outputs of DFFs 46 and 48,

r espectDATAY p. Jheéipul e dppsars aytha oatpaPPDixPi stlected by Sebmmiod RetectAhiput (SEat a

sel ector 24, the output of the data selector 24 will be DATAX-B. Once the

phase A/mgfaedh RAPRhEASKL il aqmmmk thputlsfitp feaf BOPDOEAS Bhetd SBL REk hi gh
on CLKO anjéﬁgG_K /2 respectol vely. 1’% Flﬁe fi PQ? CLKx after LOCK Aélgtgel d

seri al the first DFF 46 wthin the LATCHER bl ocks
30- 33. I?ﬁ ﬁ{f béum%lﬁhgégéﬁ X | ow so that paral |l el output data (PDx) wll

continue to be fromthe second DFFs 48. On the second CLKO edge, the SEL
signal will becone high and the parallel output data (PDX) will be from

the first DEEs, 4 88 h oncll_wfl L LOCK, A, vlldser al data wll
be stored in'ith él?gg I]?L) ?‘E‘% forharpl g é“t‘f_WFmE‘li?sﬁ‘P kthe gjerg opesgtion
subsequent CLKO the SEL signal will TOGELE so that while one serial data
wor d i sVillgepiks desgibed in ﬁﬁ@ewqt@lr 1§ 616 phasedpeked fpapds net nsepealy|srchrenizadtvith t he
output. By using a pair of n-bit registers to store serial data prior to
bei ng phedunsteaim, thed QEK signal indvenLOEK_AcinddOCK B pilbbe b, \Frerindivides) TG a
is being presented to the parallel output before the previous data has
st abi | istgdls f8r each LATCHER 30-33 will be low and invalid DATA_IN and DATAx p are refreshed
upon the Q outputs of DFFs 46 and 48, respectively. Since TOGy is low and applied to the SEL
input of the data selector 24, the output of the data selector 24 will be DATAx p. Once the phase
locked loop LOCK is achieved (1), LOCK_A and LOCK_B will become high on CLKj and CLK,,
respectively. With the first CLKx after LOCK A, valid serial data will be stored in the first DFF 46
within the LATCHER blocks 30-33. During this time SEL is low so that parallel output data (PDx)
will continue to be from the second DFFs 48. On the second CLK, edge, the SEL signal will
become high and the parallel output data (PDx) will be from the first DFFs 46. On the second CLKx
after LOCK A, valid serial data will be stored in the second DFF 48 within the LATCHER block
30-33. On subsequent CLK, the SEL signal will TOGGLE so that while one serial data word is
being stored, the prior set is presented in parallel format at the output. By using a pair of n-bit

registers to store serial data prior to being presented, the present invention solves the problem where

new data is being presented to the parallel output before the previous data has stabilized.



4 MAY 2005 Wiile the invention has been particularly shown and descri bed
with reference to the preferred enbodi nents thereof, it will be understood
by those skilled in the art that various changes in formand details may

be made wi thout departing fromthe spirit and scope of the invention. 10 0

4 MAY 2005 Cainms 1. A nmethod of converting n-bit serial data wordsgt gAY 2005
parallel format conprising: alternately storing odd and even words of said
n-bit serial data words to a first n-bit data register and second n-bit

data regi ster, respectively 5 wherein each data register is conprised of n

| at cher bl ocks each of which conprises: a JKflip-flop with a contro

si gnal appl i dthileghe jpventianties beenzpartisylacly shown appddsenibedovithefatencepatheand a Q
out put generating a toggle signal; a first Dflip-flop with a first data

out put referséd essbodimeen® thatepf) it witidbe understoud by tHobeskillédnin ulie £rt th tdrieuochappés of

a first single bit two-to-one nultiplexer; 10 said first single bit

t wo- t 0- emnformant idplaiixmay bl élade Withowtepiting HOMithE §iBSanks68Pe cTIMLint QiBh e
signal, a first input of said first data output signal fromsaid Q out put

of said first flip flop and a second input of said n-bit serial data

words; a second D flip-flop with a second data output signal on the Q

output and receiving the D input fromthe output of a second single bit

t wo-t o-one mul ti pl exer;



15 said second single bit two-to-one nultiplexer where the sel ect input
cones fromsaid toggle signal, a first input fromsaid n-bit serial data
words and a second input of said second data output signal fromsaid

out put of said second flip flop; and wherein said control signal mﬂ‘ﬁsgﬁ\é 2005
first n/2 latcher blocks is connected & . 20 a first lock signal and said
CTRL signal on said second n/2 | atcher %frB%ks is connected to a second

| ock Zi gn?: an](cjlthe clock inputs to said JKflip flop and said first and
second D flip-flops on the x h I atcher block are fromsaid .x h phase clock
of 11 0 4lvametnsof conygting Hibéttﬁeﬁélt‘p%‘é(g’élsé‘? B%rﬁﬁel W%B‘F‘Bf‘ﬂngzaﬁd nfirst D
flip-flops conprise said first n bit data register and said second n D :
flip-flops citematebestoningl oddenddven wpnds @fsaid n2bit sedigl datewordsutq # frériiy said
first n-bit data register and said second n-bit data register to an n-bit
paral | el @ath pegisteramid seduaid nabit Heta segiderpeidpowivdly are bei ng stored, presenting
said even words at said parallel output; and 30 while said even words are

bei ng sf or edyhdpkif 266 ddi8rezihd i9ESnNCd Df AllatSiRir B1deRE 8ddheIf wHiéHDeBmpriveer ei n
said | atcher blocks in each of said first and second n-bit data registers

ensure that data are shafid e Bheot ki A5 icRiG R ok 1538 4 Par al I el

out put .

applied to the K input and a Q output generating a toggle signal;
a first D flip-flop with a first data output signal on the Q output and
receiving the D input from the output of a first single bit two-to-one multiplexer;

10 said first single bit two-to-one multiplexer where the select input comes from
said toggle signal, a first input of said first data output signal from said Q output of
said first flip flop and a second input of said n-bit serial data words;

a second D flip-flop with a second data output signal on the Q output and
receiving the D input from the output of a second single bit two-to-one multiplexer;

15 said second single bit two-to-one multiplexer where the select input comes
from said toggle signal, a first input from said n-bit serial data words and a second
input of said second data output signal from said Q output of said second flip flop;
and

wherein said control signal on said first n/2 latcher blocks is connected to

20 a first lock signal and said CTRL signal on said second n/2 latcher blocks is

connected to a second lock signal and the clock inputs to said JK flip flop and said

first and second D flip-flops on the x™ latcher block are from said x™ phase ¢lock of

11



2. The nmethod according to Claim| wherein said storing of said odd and
even words is perforned a single bit at a tinme wherein each bit is stored
in synchronismw th one of n phase clocks. 3. The nethod according tG4 MAY 2005
Claim 2 wherein each of said phase clocks toggles a storage select signal
used to choose storage of said single bi.it within either said first n-bit
data register %ﬂ“sgéﬁ netphRgsoskssn fein s n rgrlfﬂm-ﬁmcwsaalgcfggpdi ng
to daim2 wherein application of the first of said n phase clocks toggles
sai d toggl e sibihdhtagegister andsaidesseeonsd n RtipJlopg comprse sgidsecorbp-Ritdati st er or
said second n-bit data register for presentation of data to said parallel
out put 2512 O A4reliser2005 5. A device for converting n-bit serial data words
to parallel format conprising: a data register conprising a first n-bit

data regi st ghulBpRxmgSEIAGTEt MbRidhtadedister £l siidecondn-Bltdaalrefivteplo dh ibist i nct
phase cl ocks each having an output signal used to store one 5 bit of said

n-bit serj fe lternately to said first n-bit data register d
: 1 At fisng! t ¢ y 9 an
said seco %Ln b?ptu at a register; and an n-bit parallel output used to

select data fromejther said.first n-bit data register or. said )
n-bit data r“élﬂi%sﬁa@ro %?@F A S mgsgpg?%f,alcigwr\y%rg% atsaf a?aéﬁlzer? ﬁ&gkks
each of which conprises: 10 a JK flip-flop with a control signal applied
to the J ?Ihjput, alogic '1 applied to the K

30  while said even words are being stored, presenting said odd words at said parallel output
wherein said latcher blocks in each of said first and second n-bit data registers ensure that

data are stabilized before they are presented at said parallel output.

2. The method according to Claim 1 wherein said storing of said odd and even words is
performed a single bit at a time wherein each bit is stored in synchronism with one of n phase

clocks.

3. The method according to Claim 2 wherein each of said phase clocks toggles a storage select
signal used to choose storage of said single bit within either said first n-bit data register or said

second n-bit data register.
4. The method according to Claim 2 wherein application of the first of said n phase clocks

toggles said toggle signal used to select either said first n-bit data register or said second n-bit

data register for presentation of data to said parallel output.
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input and a Q output generating a toggle signal; a first Dflip-flop with a
first data output signal on the Q output and receiving the D input from

the output of a first single bit two-to-one multiplexer; said first 'n&l@ 5
bit two-to-one multiplexer where the select input cones 15 from sai y‘* AY 200
toggle signal, .a first ut . of Sldfll’t dat t nal from said

out put ofg‘gg?ﬂc?fot%f’n‘m“%?'%ﬁe Jlatg e 5?@?%5%? ’ﬁ"fattg%f%] "%it serial °
data words; a second D flip-flop with a second data out put %nal an the Q
output and rededad registarsomprisipge rtanbit Ada saigienandr S&C%@dbhla RgeFEen; t
two-to-one nmultiplexer; said second single bit twd-to-one multiplexer where
the select i nputpluxaﬁssof distinod phasaictbcks gaghdagingraloutpat signaltusedipuatort ooen

said n-bit serial data words and a second input of said second data output
si gnal sf r gifiohidin Vit MatDR o ialers@eBNG shidi firsf 1-bi daanegiweedrs saidsecohd n-
control signal on said first n/2 |latcher blocks is connected to a first

| ock si gnglltdgtgqe Erdmga_RL signal on said second n/2 | atcher blocks is
connected to nd | ock signal and the clock inputs to said JK flip

ec
fl d d f d
at cher oF ock a*inéﬂshr BRSNSt Bl e R Gl RSB BF
dnf Dflip-flq
"ogi ot or il oo bRt TREIBCT PHCER PYABaRBR PSR § G bkt PRAAL

register. 6. The device according to Caim5 wherein said n-bit parallel
out put cormghick esmprses:- bi t

10 a JK flip-flop with a control signal applied to the J input, a logic ‘1’ applied to the K
input and a Q output generating a toggle signal;
a first D flip-flop with a first data output signal on the Q output and
receiving the D input from the output of a first single bit two-to-one multiplexer;
said first single bit two-to-one multiplexer where the select input comes
15 from said toggle signal, a first input of said first data output signal from said Q output of
said first flip flop and a second input of said n-bit serial data words;
a second D flip-flop with a second data output signal on the Q output and
receiving the D input from the output of a second single bit two-to-one multiplexer;
said second single bit two-to-one multiplexer where the select ini)ut comes
20 from said toggle signal, a first input from said n-bit serial data words and a second input of
said second data output signal from said Q output of said second flip flop; and
wherein said control signal on said first n/2 latcher blocks is connected to
a first lock signal and said CTRL signal on-said second n/2 latcher blocks is connected to a

second lock signal and the clock inputs to said JK flip flop and said first and second D flip-

13



two-to-one nmultiplexer wherein said n-bits fromsaid first data register

are connected to the first n-bit inputs of said n-bit two-to-one

mul ti pl exer and said n-bits fromsaid second data register are conndck MAY 2005
to the second input of said n-bit two-to-one nultiplexer and wherein the

sel ect i nput for saj -bjt two-to0-one gultiplexer.is fromthe first of
said n 215atfg’r9é ©on thg g&:%&“*‘?{?loﬁk 6"(9\#?% S%{gé‘o rpki‘lf"%?gd?% (élsﬁflarﬂ ‘EJSW?EP@?SH cLo(,gf(%land
converting n-bit serial_data words to parallel format is achijieved b

al t er nat elwheseinspidg fxstiDflip-flope pomprisessaisk firsbn-hit dats register and sa&biesomﬁs to
said first n-bit data register and said second n-bit data register,

respect i velip:flops dompriseesaidsaconduotbitwiatadsgiatee bei ng stored, said even words
are presented at said n-bit parallel output; and while said even words are
bei ng stored, said odd words are presented at said n-bit parallel output.
8. A device for converting n-bit serial data words to parallel forniat

conpri si ng : I & 51 St Hi TSt ol i h-ihd a
second n- gq'tﬁggtg{él@? éﬁ‘%ﬂ{e‘gh é%mglsuv?%ﬁ?fa? ;%algfr{ ?1& 8%}3{?%1%&3% Eﬁ%rggﬂéc%rggks@each
havi ng an ,out put si | used t.o store one 5 hit said n-bit serial. data
wor ds_al t éM9EPEnS "P‘gg@ﬁf‘ﬂ ‘%?err?{l sHdgr lfltsa‘g?rg 5?1831‘2&‘1243 rﬁ%‘agé gicd Ois"é%cgeﬁfofg B ¢
data register; and 14 0 4 MAY 2005 an n-hit parallel .oyt put used éa sel ect
dat a fr om &St irbH mpityok sajdsn-by typito-gae multipjexer and gpid Bty G SeEORE fatgat a
register;
? register are connected to the second input of said n-bit two-to-one multiplexer and wherein

the select input for said n-bit two-to-one multiplexer is from the first of said n latcher

blocks.

7. A device according to Claim 5 wherein said converting n-bit serial data words to parallel
format is achieved by alternately storing odd and even words of said n-bit serial data words
to said first n-bit data register and said second n-bit data register, respectively; and while
said odd words are being stored, said even words are presented at said n-bit parallel output;
and while said even words are being stored, said odd words are presented at said n-bit

parallel output.

8. A device for converting n-bit serial data words to parallel format comprising:
a data register comprising a first n-bit data register and a second n-bit data register;
a plurality of n distinct phase clocks each having an output signal used to store one
5  bit of said n-bit serial data words alternately to said first n-bit data register and said second

n-bit data register; and

14



wherein said converting n-bit serial data words to parallel format is
achieved by 10 alternately storing odd and even words of said n-bit serial
data words to said first n-bit data register and said second n-bit ik MAY 2005
regi ster, respectively; and while said odd words are being stored, said

vor dsare bei MG ebbpuac R bt R e BER B Bl aptisili fepet & oen

paral | el output wherein said data register conprises n |atcher blocks each
of whi ch ceidserendsn-bitdaig registersi p-flop with a control signal applied to the

J input, alogic '1 applied to the Kinput and a Q output generating a

t oggl e si gnal ; whdréinsaidDonvérpng ht saialdata Wordsto parabel dompastis aphipgyad bvn the Q
output and receiving the Dinput fromthe output of a first single bit

t wo- t o-10ne&lt@tatdlPhteNag ods andlevienvedrdsoN@iden-bltisetialatataovarde tosaid figst asbétrdawher e
the select input cones 20 fromsaid toggle signal, a first input of said

first dat Q'eggltgfbﬂd Shi@8abnd hy® & ﬂg@e?,%@&ti&gly; a%@ivﬂli%is%ﬁhdw\i/&di hememipd a

second i npu sald n-bit serial data words; a secon ip-flop with a

S
R, SRy A a0 SRR 88 U5 B0t

t he out puts%r1e 225 |Sna§ I eker; Sal d secon

single bit two-to-one | ti pl exer where the select input c s .25 .from
said toggl®&e g?‘@ﬁéﬁo,reda S*?‘H rdg e‘ioﬁ‘bﬁﬁre P’Eeé?ﬁtg‘i\?tcfa’rﬁi-’li 'Ltpgréﬁglaﬂu%"gtw T ﬁaé(fl 498 a
second input of said second data output signal fromsaid Q output of said
second f | ingegisten pompmges wHatchérbleckss gadhopfiwlorh eergpraseson said first n/2 |atcher
bl ocks is connected to a first |lock signal and said CTRL signal on said
second 1%/ 2 | at cher bl acks flipsflopwithatoedtrdlsignal applied to the J input, a logic ‘1°

applied to the K input and a Q output generating a toggle signal;
a first D flip-flop with a first data output signal on the Q output and
receiving the D input from the output of a first single bit two-to-one multiplexer;
said first single bit two-to-one multiplexer where the select input comes
20 from said toggle signal, a first input of said first data output signal from said Q output of
said first flip flop and a second input of said n-bit serial data words;
a second D flip-flop with a second data output signal on the Q output and
receiving the D input from the output of a second single bit two-to-one multiplexer;
said second single bit two-to-one multiplexer where the select input comes
25 from said toggle signal, a first input from said n-bit serial data words and a second input of
said second data output signal from said Q output of said second flip flop; and
wherein said control signal on said first n/2 latcher blocks is connected to
a first lock signal and said CTRL signal on said second n/2 latcher blocks is connected to a

second lock signal and the clock inputs to said JK flip flop and said first and second D flip-
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second | ock signal and the clock inputs to said JK flip flop and said first
and second D flip- 15 -0 4 MAY 2005 30 flops on the xh latcher block are :
fromsaid xth phase clock of said n distinct phase clocks and wherei n GhiMY 2005
n first Dflip-flops conprise said first n-bit data register and said

second _n flip-flgpps. conprise said.segopd n-bit data reqister. 9. T

devi ce34cdloPEPRira % @caFWqECW&f@PhS%‘i?‘dPH@SBP{"CBQF&?‘?81‘{‘5?&8’?{3?}&“88 i J‘s}@s an
n-bit two-to-one nultiplexer wherein said n-bits fromsaid fjrst daba

regi ster arhereinssidatfist ‘Scﬂl}?-ﬂéps eqmprise;saig first pit data seeistes andrsais eeengd Po- one
mul tiplexer and said n-bits fromsaid second data register are connected

t o t he sedlip-dlops perhpride saal stcondn-bittdata-registone nul ti pl exer and wherein the
select input for said n-bit two-to-one nultiplexer is fromthe first of
said n latcher Dblocks. 16

9. The device according to Claim 8 wherein said n-bit parallel output comprises an n-bit
two-to-one multiplexer wherein said n-bits from said first data register are connected to the
first n-bit inputs of said n-bit two-to-one multiplexer and said n-bits from said second data
register are connected to the second input of said n-bit two-to-one multiplexer and wherein
the select input for said n-bit two-to-one multiplexer is from the first of said n latcher

blocks.
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