H 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 nethod used in sem conductor manufacturing 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

el ectronics including circuitry where serial data froma disk or CDROM are
converted to parallel format to be processed wthin a conputer. As
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nowto 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 BAKKGRQUMBHOFdMHE BNVENTEDY r 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. CLKn-1 is connect through a
del ay (1P t &igddofthe hoektibmput s of DFFB 15-18. The out puts of each DFFB
15-18 correspond to parallel data PDO through PDn-1. The operation of the
circuit of Fig. 1 is as | follows. DATA IN are applied to the plurality of
DFFA (10-13). On the rising edge (for exanple) of each phase cl ock

(CLKo- CLKn ‘I':ia): Iﬂvlaﬁtl&pééh@ﬁﬁ9 ?Q?t?agtosdﬁgét% gs%h% pén]ilc i eh?ﬁi?ﬂ.éf%g?ﬁ%(an%m BUt of

its respective DFFAT Once a ta |ts ares hpus of
each ngﬁul%ﬁy,ltg a%Efal 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 (1) 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 a9, CLK| is applied to DFF 4, etc. The output of
each DFF, 10-13 is connected to the input of a corresponding second D flip-flop (DFFg) 15-18.
CLK,.1 is connect through a delay 19 to each clock inputs of DFFp 15-18. The outputs of each DFFy

15-18 correspond to parallel data PDg through PD,, ;. The operation of the circuit of Fig. 1 is as
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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 properly before the next data bit is |atched into DFFAO 10.
Additionally, as serial data speeds increase, the processor using the
parall el data may not be able to keep up with the presentation of parallel

data. Jhus he ,serial data transfaer be stopped until the processor is
ready fo5o%s: c]éﬁ? A—ﬁ% e a}?ﬁﬁgﬁoéf‘e H’EaﬁFy ?%II'L%* (ﬁﬂ'el%’)ef @? ger’f@b@s‘?&? &O’E TPl a
better t.hqd thtr sfer_serial to parallel data. O her approaches related
to i nﬁf‘%‘f agerlpel @%‘éﬁ«%ﬁ-ﬂé‘l@ PaEesP g Mgl atadiitis spred optheseutpuyof s

Patent 6,259,387 B 1 to Fukazawa descri bes a serial-parallel converter,

whi ch 1g¥sstive DYk Pnaepllar dagbits aresteredcthi oleck imiptits of gacidPiRy 1ni& arand par al | el
registers for storing data for parallel distribution. U S. Patent

6, 052, sOmaltangowBly iriggered bnd the dataascthemtrawesféredd-tp deabotredponding parhbe]l ddgi cugpua

shift register, a parallel latch and a controller for enabling and

sync hrRiby tetongh PDg ;. dlhiapaaille it atd thén relyt @AUsed  Thé prérlds it Sepedtbd aldPwRin Bt -
shows a serial-parallel converter using a delay line and phase | ocked | oop

(PLL) reQtn 830611 QB éRivielhclAdaRalledatPapieat ANhe qutpftl, 423 to Mori saki
describes a serial-parallel converter operating at high-speed and | ow

power dissipation and utilizing differential flip-flops. 2 SUWRARY OF THE
| NVENTI ON A princi pal object of the present invention is to provide a

serial to pgral dak nversion net%od util i zi i,gh-s d ¢l ock and

high data ra e?“'él’g%ﬁ’i catq F%(r%l.m%%%tﬂﬁaé S BB et 89 t:tfg H&%@?é‘ﬁt‘g %W\}E’ﬁ% Blﬁe % to

provi qgacfi prggel:’rlyallefcgrg t earlx’e?{l éa%!t bi(Ij:I ?stlgtcﬁé)cﬂ\ﬁteorﬁh? Ar; 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. Tt 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 distribution. 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.



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 nethod that avoids the problem of setup between parall el

| oadi ng of data and | atching 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 parall el

| oadi ng of data and | atching of the next serial data bit. These objects
are achieved using a serial to parallel data conversion nethod and circuit

where the first serial dat i sl first n-bit register
prior to presentation at tﬁgﬁﬁ@%%?§“%%?§¢§hﬁ”¢ﬁi¢? . 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 regi < BAOSERA eE‘rféflé%%‘mt YWERLION 18 K BIOYiGe @ sertad tockprallel g4k ponvisssiosiec ond
‘register is presented at the output. Thus odd serial data words are stored
wi t hi rinethpduilizing a highispeedefgcktand highidata rafe@pplémationt s of the second n-bit
regi ster are output and even serial data 3 words are stored within the
second n-bit register while the contents of the first n-bit register are
output. By alternating data storage and data presentation the problemwth

setup ti me Axwslerwbidet of thpresent mventiod ield prbviaé £6kriaBR fakal PEGERL LN OF THE
DRAW NGS I n the acconpanying drawings formng a nmaterial part of this

descr i gicuivntiliZin@s BighSspeddosMok Jni Gigh! da@@ﬂ&%‘”@bfi@dﬁbhy illustrating a bl ock
di agram representation of a typical serial to parallel
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.

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 register while the second serial data word stored
within the second register is presented at the output. Thus odd serial data words are stored within

the first n-bit register while the contents of the second n-bit register are output and even serial data
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data conversion system Fig. 2 schematically illustrating a block diagram
of the serial to parallel data conversion systemof the present invention;
Fig. 3 illustrating a schenatic representation of controller block of the
serial to parallel data conversion systemused in Fig. 2; Fig. 4
illustrating a timng diagramfor the controller clock of Fig. 3; Fig. 5
illustrating-a bl ock diagram of the sanpler block of the serial to parallel
data conversion systemused in Fig. 2; 4 Fig. 6 illustrating a schenmatic
representation of the |latcher block used in the sanpler block of Fig. 5.;

and Fi W i [ C.repr. ntation of th ta.sel ector

bl ock toag ettt st e feafl R R o e K G H R PRer EreeD
ENVBODI uS R%&ermpow%éo Fig. %I depicting in blqck diagramthe serial to
par al | BIPaty 2CERaUNS dara soragg SSFAMRY hemrehlem Artheplinenbsaredm i s
depi ct ed. A.cqntrol er circuit 20 is provided having inputs CLKO, CLK,/2
and LT aHALCIIMAREd| ocked | oop (not shown) that maintains all the clocks
(CLKO through CLK" 1) generates the LOCK signal indicating that frequency
| ock has been achieved. The controller 20 outputs (LOCK -A and LOCK B) are
applied to the sanpler circuit 22 along with the DATA IN and clock signals
(CLKO through CLK" 1). BRIEEDRICRIPPIOMEF HIPRARAWINGSt puts (DATAX A) and
DATAX B) for each of then bits of the parallel data. Additionally a TOGE.E
si gnal

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;



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

sel ector 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 exanple, a rising clock edge is assuned 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. 5 The sanpler 22 has

DATA0_B t oo ipipfe 3o KRGS e o bRt e sl weskedl

properlj‘ig Ssgqachroni zed with the data stream the LOCK signal will be | ow
and the=tWo registers will be cleared. Once a LOCK signal is indicated
fromthe phase | ocked | oop, LOCK_ A will go high on the CLKO edge. As each
CLKx edge is presented the corresponding bit of the first n/2 bits of the
first serial data word (DATA IN) is stored in the first sanpler register.
On the edgdi®f’ idusrating a scheratirepirgsentgiaorheighe datalsdestadddrkOsedindtige afshe
presented the corresponding bit of the next n/2 bits of the first serial
dat a woesgnibpmdionN) will be stored internally to the Iower half of the
first sanpler register. Once all n bits have been stored in the first
sanpl er register, the subsequent CLKx edges will store the second n-bits
of the serial data word (DATA IN) in the second sanpler register.

Addi tionally, on tpmEseRIPTONOreHgE PRESERRED:MBAISRANgTe gh so that DATAo
A through DATAn-1 A 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 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
CLKg, CLKq2 and LOCK. The phase locked loop (not shown) that maintains all the clocks (CLK,
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 (CLK, through CLK,.;). The sampler 22 has a pair of outputs
(DATAx 4) and DATAx_p) 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/!1B)

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.



register, TOGGLE will go low so that DATAO_B through DATAn-1_B are sel ected
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
parall el reading. Refer to Fig. 3 showing the circuit for the controller

bl ock 20. A first DFF 26 has the LOCK signal applied to the D input and
the CLKO signal applied to the clock (CLK) input. The output of the first
DFF 26 (L A) i lied to the Din of .t he second DFF 28. CLKn/2
provi des the® %WB%&Q? %_ O Fegtsters ‘ﬁé‘gg glﬂ“ﬁ’“ﬂ%ﬁﬁ‘?ﬁ&%@l‘)ﬂﬁh Dol dpma
seconqwgﬁf %gﬁis LOCK B. Referring nowto the timng diagramof Fig. 4 and
the ci 4149 5 trguebDAT A1 agesnseitghy- off tharhagelneked|loay iswpl nropsly 6 be
provided. Prior to the LOCK signal going high, LOCK -A will be |ow on each
edge oPynehrpazed with the datackeeam, the b (Fesigndl evilbbi hpuand the tweregstonelilDir 28,
whenever LOCK -Ais low, LOCK -B w1l be |ow on each edge of CLKn/2. Once
a phasdedret Kinde k 6OCK sighal ¢oindicttied froivsthe phise Weted 106EKLOGK| A vgitl ghihigh @nte LOCK
-Awll becone high on the next edge of CLKO Thereafter LOCK -B wil|

becomeChK gdidgen At kachEXKx etbgés prlesdntddrth@corRep@iding®it ¢fahd it n/3 bits BOWE figst a
bl ock di agram of the sanpler 22 of the present invention. A plurality of n

L ATCHERrilll daed$0rdQDAT AANTR) Ris®itbdi@dhe FAE éhnl;fﬁ Bl G he 38535 EB8, N0 RPHL
tied to the DATA IN signal line. Each LATCH 30-33 has a correspondi ng

o (e e o BAC ARG e MR e i IR AR AL
i LATCHERX 30- 33
o pa oo BB OPRR IR e ARRIRSE B hobem e st "o

Once all n bits have been stored in the first sampler register, the subsequent CLKy, edges will store

the second n-bits of the serial data word (DATA_IN) in the second sampler register. Additionally,
on the next CLKq 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, | g 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 CLKj signal applied to the clock (CLK) input. The output of
the first DFF 26 (LLOCK_A) is applied to the D input of the second DFF 28. CLK,; 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
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(from LATCHERO) providing the TOGGE signal used by the data sel ector 24.
The LOCK -A and LOCK -B signals assure that all the TOG bits in each
LATCHER bl ock 30-33 are properly set, thus avoiding any possible m stake
in latching during the initial data capture. Thereafter, the TOG bits wll
toggl e between logic states. Referring nowto Fig. 6, the detailed
circuitry of the LATCHER bl ock 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 Kinput is tied high. The CLK

i nput prst .and seco F. (46. and 48, respectively) are
conneclft}gepcfbggeq' #éﬂ&%%% ?)g Igls{gnﬁ]rgé’mggﬂglbg‘t%cg—‘? %?'é]?]?? beeqcé © é)?e"fg[éﬁal TOG
that is_ i n,appl.ied;tq .the select inputs (SEL A/!B) of a first and
secon lﬂgelnL%kt—fxﬁ{%g‘Q@‘?s e BI\WB&‘%% eé?ﬁ?nﬂp% Fr@sﬂb@ﬁv%ﬁd?&xjﬁﬁéloﬂa LSCKHBK 42
is connected 7 such that the DATA IN (serial data) signal is applied to the
B i npulilaifdov 98 eath wige of §f-Kot- Qnise amhpsetlockpitfoopdogiscangipion dsachisveh . OCK nput .
The second MJX 44 is connected such that the DATA IN (serial data) signal

i s appVilles kigh sl QCKnAwilldecorndbigh on thetnekQdgebf ChEos EharnaftcDED OIS B will
applied to the B input. The output (Q of the first DFF 46 is DATAX A of

t he LARCHERRighandhd et edgeftCIH),. of the second DFF 48 is DATA, -B 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) is low. Therefore on each edge of CLKx the output of the JKFF 40

X B ! . i the ¢ the
Second MX 3 and 94 & Thi s angt PROE R s g2 AR Bl ESALM e

ggggn %ﬁg\%ﬁ%f Enﬂdg){) %%%é&é{% g@—lﬂg aRefprB\}l}ﬁecf g q,AqF(FHﬁl? blo-lclé| 48.39MaSES lel(l‘\fl'tl%)c(l
to the DATA_IN signal line. Each LATCHERy 30-33 has a corresponding CLKx applied to a CLK
input. The first /2 LATCHERS 30-31 have a control input (CTRL) with LOCK_A applied, while
the remaining n/2 LATCHERSs 32-33 have the control input (CTRL) connected to LOCK_B. Each
LATCHERx 30-33 has a pair of outputs (DATAx 4 and DATAx p) and a TOG output, with TOG,
(from LATCHER) 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
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refreshed upon the Q outputs of DFFs 46 and 48, respectively. Once PLL | ock
is achieved the CTRL signal will go high (1). On the first subsequent
rising edge of CLKX valid DATAIN will be stored on the Q output (DATA) A
of the first DFF 46 and DATAX B is refreshed on the Q output of second DFF
48. Sinmul taneously, TOG will becone high (logic 1). On the second
subsequent rising edge of CLKx valid DATAINw Il be stored on the Q

out put (DATAX B) of the second DFF 48, DATAX A is refreshed on the Q

out put of the first DFF 46 and TOG wi Il become |low (logic 0). Thus on each
CLKX ed n LS high, TOG wi.ll t l.e betyween 0 an .. and the
Val 1 P PRt | s Al Bl ieenblied 1B BesabndSh auiput EOR NG TEhe

ot her 5? é}out q% is refreshed. Refer. nowto Fig. 7, showi ng the .

ci rcui € 4gis ﬁpﬁﬁe ioithe Adpsttt She segondrNLIE 44 psecognestaghsarh that the PA?)EA_IE (peyial

mul tipl exers (MJX) 50-53. Each MJX 50-53 has a pair of data inputs DATAX A
and 8 drpAignalis Fppdic ipthe A navt andgharype(Q) héthe seqond DEPES)is applisdtette®d by a
comon sel ect input (SEL A/!B) such that when SEL is | ow t he DATAX B i nput
wi || dppeaThaouPDQired therfest ISEE 46 5 A GA, b loé the DATEOHER i, rpd theruiput €D pefahe at
PDx. Wth all of the blocks of the serial to parallel data system

descr iseechd DRAE4DiscD AT A, gpEt@lATCHERL.! now be described in further detail.

I f the phase | ocked |loop is not properly synchronized with the data
stream the LOCK signal and the LOCK -A and LOCK -B will be I ow. The

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

N and DATAiFefknd §THEN A opbiRbh bifie RATYHANE BioB 155, %&J G . ot

respectively. Since T w and applie

sel ectifiaff me GFROHpRH o MRF LOME L& FGER" BFR 194! rndSrRt W R B eadGe the

phase
CLKx 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 g to
‘the D input of the second DFF 48. Thus on each CLKx edge DATA_IN and DATAx 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 4) of the first DFF 46 and DATAx g is refreshed on the Q output of
second DFF 48. Simultaneously, TOG will become high (logic 1). On the second subsequent rising
edge of CLKy valid DATA_IN will be stored on the Q output (DATAx g) 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 DATAx 4 and
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| ocked | oop LOCK is achieved (1), LOCK -A and LOCK -B w Il beconme high on
CLKo and CLKi 12 respectively. Wth the first CLKx after LOCK A wvalid
serial data will be stored in the first DFF 46 w thin the LATCHER bl ocks
30-33. During this time SEL is |low so that parallel 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 DFFs 46. On the second CLKX after LOCK A, valid serial data wll
be stored in the second DFF 48 within the LATCHER bl ock 30-33. On

subse CL the SEL signal will|l T E sp that while one serial data
wor d ?@ﬂ%‘&% t"&l‘égl,a{’?% 2 the outpput isslerted Byiasopaon selest iR kBEL at t he
out put BZ uging a pair of n-bit registers to store serial data prior to
bei ng HHBLRGh St wher SEL isslewtthe ROdiin mipgbvilappesrat BPoBhdwhehSEleis higwhdat a
is being presented to the parallel output before the previous data has

st abi |PAESx gnmivill appear ptrRI&nt | on has been particul arly shown and descri bed
with reference to the preferred enbodinents 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.

CLAIMS 1. Withell bthe lockoMBE bérind tdpaille] 88k bpskent 3LV, B JveraNdpahtis
format where odd and even words of said n-bit serial data words are

al t er R@itlalow 1SS RE@Thel O Aurfhit &iail-1oke HBIACHAT ti@gofgﬂgpee?ﬁcs%&r&i gfwiﬂ?_t a

regi ster, respectively; and while said odd words ar store sai d

oUW EADIRSEN Rl PO o R L b BT

are being store s are-—present e é paralle

Toe iaidan Braeh YAtttk 5535 Vit eSSl indAdDRTR AYSnD AR, 28BS VEN
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 g. Once the phase

- locked loop LOCK is achieved (1), LOCK_A and LOCK B will become high on CLK( and CLK,»
-respectively. With the first CLKy 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 (PDy) 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.




performed a single bit at a tinme where each bit is stored in synchroni sm
with one of n phase clocks. 3. The nethod according to Claim2 wherein
each of said phase cl ocks 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 nmethod according to Claim2 wherein
application of the first of said n phase clocks toggles an output select
signal used to select either said first n-bit data register or said second
n-bit data register for parallel output. 5. A device for converting n-bit
serial dat rds.to parallel format_ conprising: 10 a data register

conpri si nga‘gy‘\ﬁ? %ﬂnvﬁpg‘?r{ agdeen P"’é{jﬁ?@ Bt S?’QWB agd dgseghefl withrefergagedo theegi ster; a
plurality of n djstinct phase clocks each having an output signal used to
store PIB%E%F@WH@I&F therropitt wilkhq ynderstaod bishass skilledinythe ait hat varoap ehahigesst
n-bit data register and said second n-bit data register; and an n-bit

par al |i8[forguans details axryths nepsle edthodtadeparting firoei thh epirisaidiscope afttheinbértiodat a
register or said second n-bit data register. 6. The device according to
Claim5 wherein said data register cgoiggri ses n | atcher blocks each of

whi ch conprises: a JK flip-flop with a control signal applied to the J

input, allogic 11' appl ifehethbd of EhvkriinBRLlit RRET dhtdverdt Ry parBIfN Erahi Wherd
t oggl e signal
odd and even words of said n-bit serial data words are alternately stored to a first n-bit data
register and second n-bit data register, respectively; and while said odd words are being

stored, said even words are presented at the parallel output; and whilé said even words are

being stored, said odd words are presented at the parallel output.

2. The method according to Claim 1 wherein said storage of said odd and even words is
performed a single bit at a time where 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 an output select signal used to select either said first n-bit data register or said second

n-bit data register for parallel output.

5. A device for converting n-bit serial data words to parallel format comprising:

10




5 afirst Dflip-flop wwth a first data output signal on the Q output and
receiving the D input fromthe output of a first single bit two-to-one

mul tiplexer; said first single bit two-to-one nmultiplexer where the sel ect
i nput conmes fromsaid toggle signal, a first input of said first data
output signal fromsaid Q output of said first flip flop and a second

i nput of said n-bit serial data words; 10 a second D flip-flop with a
second data out put signal on the Q output and receiving the D input from
the output of a second single bit two-to-one nultiplexer; said second
single bit two-to-aqng, nultiplexer where the select ingut comes . fromsaid
toggle signal, a fiarcglfa ﬁeﬁlﬁﬁ?cwl%ﬂﬁ‘%ﬂ Sh@'gitlda@é?glﬁ?r eEeB gLt a second
i nput of said second data output signal fromsaid Q output. of said second
flip flop; and°$$®%5 wherein said control signal on said first n/2 |atcher
bl ocks is connected to a first lock signal and said CTRL signal on said
second n/ 2 | at cher alwelity of 8 digispinbesetiogks cachdmyingdm|oytpat sigepd abedandtotce
clock inputs to said JK flip flop and said first and second D flip-flops
on the xth | atashéit ofkaid k-tat serifilrdata wendsl altdrhatelly s snid firse k-bitfdatasragistenardisaidi nct
phase cl ocks and wherein said n first Dflip-flops conprise said first
n-bit data regesindm-EndhtPfgiadirgardecond n D flip-flops conprise said second
n-bit data register. 7. The device according to Claim6 wherein said n-bit

paral | el output compmisesardk] ButPhdused Wielcer RLHHMIckthe serStrsMIGHE it reaRtd
n-bits fromsaid first data register are connected to

or said second n-bit data register.

6. The device according to Claim 5 wherein said data register comprises n latcher blocks
cach 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;
5 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
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;
10 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
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the first n-bit inputs of said n-bit two-to-one nultiplexer and said n-bits
fromsaid second data register are connected to the second input of said
n-bit two-to-one nultiplexer and wherein the select input for said n-bit
two-to-one nmultiplexer is from the first of said n |atcher blocks. 8 A
device according to Caim5 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

bei ng ored, said _aven words are .presented.a id n-hit paralle| .qutput;
and ile said eve%e\ﬁf)lp&%’ a E?rﬁgflgﬁﬁs(\"cﬁa ,“.si Hfzca]laldfé}ﬂr %F s &?'b“eﬁ*'eggg fit ed
at said n-bit parallel output, 9. A device for converting n-bit serial
data words to fﬁ'é{ @FJF signglandsaid GIRL; sgnad on saidseepndn/2 lajrherdlodksisor i si ng a
first n-bit data register and a second n-bit data register; a plurality of
n distinct ph&9Bneqtestios sesend loskisiggabandoibe slack dnpps to spid dKiflip flopand sgidone
bit of said n-bit serial data words alternately to said first n-bit data
regi ster and JustiandsecomdiDiflibiftopsan she ¥flaseter blavkcrefrom iid xf) phatd déckoudt put
used to select data fromeither said first n-bit data register or said
second n-bit daidm dsgnettprase Woekseind whérdincaiVe GirstMy fiip-Nojps cafprak saidtfaswwor ds

to parallel format is achieved by 10 alternately storing odd and even
wor ds of sai d mbiidht=SREistdr 2@t @ words to said first n-bit

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

7. The device according to Claim 6 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.

8. 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.

9. A device for converting n-bit serial data words to parallel format comprising:

12



data regi ster 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. 5 10. The device
according to Caim9 wherein said data register conprises n |atcher bl ocks
each of which conprises: a JK flip-flop with a control signal applied to
the J input, alogic '1" applied to the Kinput and a Q output generating
a toggle signal; a first Dflip-flop with a first data output signal on the

Q out put and receiyvj the Dinput fro he output of a first single bit
t wo-t 0-one mul tipl eg(dgfa?reglggf 8°IP]i’rﬁ)sé11‘g asflﬁg}il'blt t IF%@E Fdarrecendi nc']i"biifgger wher e
the select input. comes fromsaid toggle signal, a first input of said first
data output si'GHISfromsaid Q output of said first flip flop and a second
input of said n-bit serjal data words; 13 10 a second D flip-flop with a
second data out put adilyphly ofn distiactphgsr fegks gach havingainviufnyt sigeal Dsédrip tord r om
the output of a second single bit two-to-one multiplexer; said second
singl € bit twenebiteheaidnttii sstishdata winds eltarhaelyed sxd firshpibit daaesgistef aminsagiai d
toggle signal, a first input fromsaid n-bit serial data words and a second
i nput of sai d ssemdnebitiddtaregistgpuindsi gnal from said Q output of said second
flip flop; 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
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 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.

190. The device according to Claim 9 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;
5 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 muitiplexer 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;

13



15 wherein said control signal on said first nl12 | atcher blocks is
connected to a first lock signal and said CTRL signal on said second n/2

| at cher bl ocks is connected to a second | ock signal and the clock inputs
to said JK flip flop and said first and second D flip-flops on the xth

| at cher bl ock are fromsaid xth phase clock of said n distinct phase

cl ocks and wherein said n first Dflip-flops conprise said first n-bit
data regi ster and 20 said second n D flip-flops conprise said second n-bit
data register. 11. The device according to Caim10 wherein said n-bit

parallg# out put co lL.se n-bit. tw-to-one nultiplexer Wﬁer in said

n-bits tromsaid f iryr)%k&dg?gﬁ? Zlaps“f'g‘ra 85 “@8?, SHERYE sfﬁm?f'ﬁéhef I”é‘ﬁ’"g-aﬂ t

i nputs of said nzbittgmﬁzto-ﬂpe nEItipIexer and said n-bits fromsaid

second data r d§FEYIRE taG B M {Ean dhe putpphaf 2 secomdsingls bit (3vo-togng mulgiplexer;

two-to-one nultiplexer and wherein the select input for said n-bit

two-to-one nultipl dRigkserand single bittwortprone nyfltiplgker whergthhselechinpuk somes
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

15 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

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

11. The device according to Claim 10 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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