CLOCK RECOVERY METHOD BY PHASE SELECTI ON BACKGROUND OF THE | NVENTI ON (1)
Field of the Invention The invention generally relates to a nethod used in
sem conduct or manufacturing and, nore particularly, to a phase-Ilocked | oop
(PLL) nethod used to synchronize circuit timng in the fabrication of
integrated circuits (1Cs). (2) Description of Prior Art Because sequenti al
data may vary in both frequency and phase, phase-|ocked | oops with both
frequency and phase locking are typically used to sanple that data. The
design of these systens is conplex and the circuits consune substanti al

power. One applicat'qs where this is utilized is in the transfer of data
to a display in a p(lélr' QBI%EQ%%BY&AETHQ%BY&B}%@§EWCTLIW excessi ve power

di ssipation is undesirable. Refer nowto Fig. 1 showing a typical PLL
system for generating an internal synchronization clock (CLKOUT). The
reference clock (CLKIN) is applied to the input of a variable delay circuit
10 and the input of a phBACKLROENR OF THE INVENTIONUt, CLKOUT, of the
variable delay circuit 10 is applied to a second input of the phase
conparator 12. The phase conparator 12 output, PCOUT, is an error signal
that indicates whether the rising edge of CLKOUT | eads or lags CLKIN PCOUT
is 1 then #ppd bPMe®chfién vari able delay circuit 10 to either advance or
retard CLKOUT in order to

The invention generally relates to a method used in semiconductor manufacturing and, more
particularly, to a phase-locked loop (PLL) method used to synchronize circuit timing in the

fabrication of integrated circuits (ICs).
(2)  Description of Prior Art

Because sequential data may vary in both frequency and phase, phase-locked loops with both
frequency and phase locking are typically used to sample that data. The design of these systems is
complex and the circuits consume substantial power. One application where this is utilized is in the
transfer of data to a display in a portable computer. Here, especially, the excessive power

dissipation is undesirable.

Refer now to Fig. 1 showing a typical PLL system for generating an internal synchronization
clock (CLKOUT). The reference clock (CLKIN) is applied to the input of a variable delay circuit 10
and the input of a phase comparator 12. The output, CLKOUT, of the variable delay circuit 10 is
applied to a second input of the phase comparator 12. The phase comparator 12 output, PCOUT, is

an error signal that indicates whether the rising edge of CLKOUT leads or lags CLKIN. PCOUT is
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mai ntain the proper phase relationship. One problemw th this circuit is
the conplexity of the phase conparator and variable delay circuit. The
variable delay circuit is typically conposed of a plurality of series
connected inverter pairs where phase and frequency are changed by addi ng or
removing inverter pairs. Another problemis that the circuit corrects the
phase rel ati onship even when the phase difference is snmall. This results
in output jitter and substantial power dissipation during the correction
cycle. Finally, this nethod is poor for applications requiring a w de
frequepcy range and . whe the frequency of CLKOQUT is N tines fhat of

CLKI Ny spplied g e sesisble dclavanet 1 19 sithebudvaeprioiend OV Tar peder oy, <,
Patent 6,157,690 to Yoneda teaches a method where a PLL phase correction
ci r cuittaifianl thepregeirigasrelationshin. Loneproblpmearith this citshiisthelrernplpxinia thepivsen
the i nput and output clock are within a first m ninumrange, no phase

cor r ecomparates apé varabledtlaywiksnitt ke phriabte dildyfodncein seypiedliygempobe df apliralind
out put cl ocks exceed the first mninumrange, but fall within a second

| ar gerof santgepniectel dnveeter pAGtvwire: pikdhad fid@bngons cimbgedby ddding i ve&hodihig powner
i s enployed. When the phase difference exceeds the second range, a faster
et hodnutgien Baifkd AhoftRBroblein 14384 thdbirduit Batr&N the phRé rA8RnkHip BP&gRed 8aChes a
met hod where the input and output frequencies are each applied to

f r equeingye Hirhe&Sis smAlNeThik BRHRNMDOutuY [iH& d s?ﬁ%‘fi@ltﬁ)%y hfsh?%:g)ngﬂg@ fheof the

di vided signal, which are applied to a plurality of quanti

CoMPGEhlin T0E. MEAY R mdiR SUBINZATEATRRIALIER A AddEA AT uhen e

sumreacnes a“cer or ower purse 1's cr r

i1 equettye feltdatey RELKUISERN Bl bl o EkiVes & et hod whore bot h

frequency

Other approaches related to improving PLL circuits exist. U.S. Patent 6,157,690 to Yoneda

teaches a method where a PLL phase correction circuit has three modes of operation. When the
phase difference between the input and output clock are within a first minimum range, no phase
correction is performed. When the phase difference between the input and output clocks exceed the
first minimum range, but fall within a second larger range, a slow correction method that consumes a
low level of power is employed. When the phase difference exceeds the second range, a faster
method using more power is used. U.S. Patent 5,694,068 to Rokugo teaches a method where the
input and output frequencies are each applied to frequency dividers. The frequency dividers
generate multiple phases of tﬁe divided signal, which are applied to a plurality of quantized phase
comparators. The output of the quantized comparators are added and when the sum reaches a certain
upper (or lower) limit, a pulse is decremented (or added) to a pulse train which is later divided to
create the output frequency. U.S. Patent 5,923,715 to VOno teaches a method where both frequency
and phase differences are used to control the PLL signal output. A variable delay circuit with both

inverters and capacitors to adjust phase is used. U.S. Patent 6,384,650 B1 to Fukunaga et al. teaches
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and phase differences are used to control the PLL signal output. A variable
delay circuit with both inverters and capacitors to adjust phase is used.
U.S. Patent 6,384,650 Bl to Fukunaga et al. teaches 2 a nmethod using an
additional control loop with an adder and differentiator to cal cul ate the
frequency difference between the fixed oscillator and PLL output, nenory
to store that difference, and another circuit to conpare the current -
frequency difference with the previously nenorized difference. The result
~fromthis additional control |oop contributes to the voltage controlled

out put oscillator frequepcy. U S. Patent 6,389,091 Bl to Yamaguchi et al.

t ea(F:) h &mst?'ﬂé P8¢ a%?JqﬂE@auﬁ@Fel lope with apiaddarend differentipton tarplquiataibs fregyancy
frequency is varied by connecting and di sconnecting paralleled transistors
ina |<88%Teﬁféﬁrheéwﬁnﬁb€ ¥edonseillatorped Pk onipyie memosy tolgdire that diffcremes, hodi anatesre
precise control of the frequency may be made thereby mnimzing jitter.
SUMVARYLCERt toT¢4mparg/ARTobit Areguénag diffdrenob wethtthoprevioaslpmesenized difereticeorThes t o
provi de a nmethod that produces a PLL clock with a phase nearest to that of
an extresuliafirom ttig kdditkomat seitroblopp conttibuttdd the eslage commoiisd baput Scillgtopr ovi de a
circuit that produces a PLL clock with a phase nearest to that of an

ext er nadquerdt KU.SAPAtitt 6899, 090 BClo Yaimalghiéhi Rf 1S@RAthel AURMAQR PLSE, WiRrPthevi de a
nmet hod that produces a PLL clock with a phase nearest to that of an

ext er nakiaklk @6dtroMel bSeitANSHB N dFuBiYR -cofinetihk hnd M6doRFL1iPbGGH08 t e
present invention is to providéﬁg é??cait tﬁg? prég%d%s a PLflc?gck ©
transistors in a loop containing an odd number of inverters. Using this method, more precise control

of the frequency may be made thereby minimizing jitter.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide a method that produces a PLL clock

with a phase nearest to that of an external clock.

Another object of the present invention is to provide a circuit that produces a PLL clock with

a phase nearest to that of an external clock.

A further object of the present invention is to provide a method that produces a PLL clock

with a phase nearest to that of an external clock while consuming minimal power.

A still further object of the present invention is to provide a circuit that produces a PLL clock

with a phase nearest to that of an external clock while consuming minimal power.
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w th a phase nearest to that of an external clock while consum ng m ni mal
power. 3 Anot her object of the present invention is to provide a nethod
that identifies a PLL clock wth a phase that follows an external clock by
a specific interval in order to assure proper data sanpling. A yet further
obj ect of the present invention is to provide a circuit that identifies a
PLL clock wth a phase that follows an external clock by a specific
interval in order to assure proper data sanpling. These objects are

achi eved by using a method and circuit where a plurality of phase cl ocks
froma "frggyﬁﬂfy Joc% only" PLL are _used to sanple an_ input clock CLKIN
This resul t¥0fer gbigehqt the prggentinyention is togrovids 2 metbrd thenidentifgsgdilIngesk j n
synchroni zation with CLKIN can be determ ned and presented to the out put
CLKOUTVith 2 phase that follewrpn p¥tgrnakelptkdeyen speeifik intpiival-in jozdss to 4ssurp repper ddtock  nost
in synchroni zati on may be selected to appear at CLKOUT. This guarantees
that sampliegi data are static during the sanpling interval. This systemis
| ess conplex than prior art designs and consunes |ess power over systens
using variable delay circuits. BRI EF DESCRI PTION OF THE DRAW NGS In the
acconpanying drawings formng a material part of this description, there is
shown:  Fi gy {ét gk OBfeb (CoTithe/predehtimbfitfoh R0 rHHAE K cith AGhANnERESS BIL afocen Of
a typical PLL system 4

with a phase that follows an external clock by a specific interval in order to assure proper data

sampling.

These objects are achieved by using a method and circuit where a plurality of phase clocks
from a “frequency lock only” PLL are used to sample an input clock CLKIN. This results in a series
of signals from which the phase clock most in synchronization with CLKIN can be determined and
presented to the output CLKOUT. If used in sampling, a phase clock which lags the phase clock
most in synchronization may be selected to appear at CLKOU'T. This guarantees that sampled data
are static during the sampling interval. This system is less complex than prior art designs and

consumes less power over systems using variable delay circuits.
BRIEF DESCRIPTION OF THE 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 PLL system;



Fig. 2 schematically illustrating a bl ock diagram of the phase
synchroni zi ng system of the present invention; Figs. 3 a and 3b
illustrating a schematic representation of a first and second four bit
exanpl e of the phase selector circuit used in Fig. 2; and Fig. 4
illustrating the timng diagram of the phase selector circuit of Figs. 3a
and 3b. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Refer now to Fig. 2,
depicting in block diagramthe phase sel ection nethod of the present
invention. Two identical phase selectors, PSA 60 and PSB 62 are provided. A
detail ed d§§c;%géion, ﬁf_the operation of the phase selector (60 and 62)
will be di se&gssbemajically ilustratingayblogk diagram of theiphpse sypelionizing pystrmepiciie | ock
only" PLL is applied to PSA 60 and also to a delay circuit 64. The out put
of t HECEBIIAYERdIPRCUit 64 is then applied to PSB 62. Both PSA 60 and PSB 62
have a plurality (n) of phase clocks (PHO through PHn-1) appliéd. These
phase cl ocks are approximately n tinmes the frequency of CLKIN and are
shifted equally by approximtely 360/n (PHL | ags PHO by 360/n, PH2 | ags
PHL by 360/Rigs. 24 and) 3b iRGhArafiflg h 3sheatatio téppetentation &il2NGA: aMdisBedhd Wi bid cxbaprd
FLAGAO through FLAGAn-1; simlarly, PSB 62 has an output bus FLAGB with n
bits I@@@@ﬁsﬁmc{rmimhmﬁ%ﬁ@@dl. CLKI N, FLAGA and FLAGB are applied
to a judgnment logic circuit 66. The output of 5 the judgnment logic circuit
66 is an mbit select signal that is applied along with PHo through PH,, - |
to a nultiplexer (MJX) 68. The output of the MUX 68 is the CLKOUT signal.

Fig. 4 illustrating the timing diagram of the phase selector circuit of Figs. 3a and 3b.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Fig. 2, depicting in block diagram the phase sclection method of the present
invention. Two identical phase selectors, PSA 60 and PSB 62 are provided. A detailed description
of the operation of the phase selector (60 and 62) will be discussed later. An external clock, CLKIN
from a “frequency lock only” PLL is applied to PSA 60 and also to a delay circuit 64. The output of
the delay circuit 64 is then applied to PSB 62. Both PSA 60 and PSB 62 have a plurality (n) of
phase clocks (PHg through PH,. ) applied. These phase clocks are approximately n times the
frequency of CLKIN and are shifted equally by approximately 360°/n (PH, lags PH, by 360°/n, PH;
lags PH; by 360°n, etc.). PSA 60 has an output bus FLAGA with n bits labeled FLAGA, through
FLAGA,.;; similarly, PSB 62 has an output bus FLAGB with n bits labeled FLAGB, through

FLAGB,.;. CLKIN, FLAGA and FLAGB are applied to a judgment logic circuit 66. The output of



Refer to Fig. 3a showing the circuit for each phase selector (60 or 62).
For this exanple, four phase clocks will be used so that phase cl ock
signals PHo through PH3 will be inputs (n=4). It will be understood by
those skilled in the art that nore phase cl ocks and correspondi ng
additional circuitry could be achieved w thout departing fromthe spirit
and scope of the invention. Four input D flip-flops (DFF) 80-83 are

provi ded all having CLKIN connected to the D inputs and each having PHo,
PHL, PH2, and PH3, respectively, connected to the clock input. The outputs

of the four DFEs . 80-83 are CLKPHQ, CLKPHl, CLKPH2, and, K CLKPH3,

r espechy —U’gg??ml“l?ﬁ}? clrgpt Qﬁ(’}ﬁ At f“‘éﬁ%ecé siend thatds anplpthalerewith £ Hirpeshs?HairPHO
provi des the clock input for DFF85 and the D input for DFF 88, CLKPHL

pr ovi deBvifipexen (YEUX) 6fp utherautpubpithe MUY G8rethe GLiaU TRignalDFE 85,  CLKPH2
provi des the clock input for DFF87 and the D input for DFF 86, and CLKPH3
provi des the clock input for DFF88 and the D input for DFF 87. The outputs
of DFFs 85, 86, 87 and 88 are FLAGD FLAG , FLAR, and FLAGS, respectively.
In the br dederto Eighdalshweving thkeireninfop bachephasearleston (60 qareay.i Bedhis bhangle, foibr
output DFF has its D input connected to the clock of the second out put

DFF,  tphescsobaukn eilbbé peed sBithat PRsse closk Rghd1pPH, GRAAAITEAvitIQe if Ege ke @il t he
third output DFF, etc, and the nth oﬁ?put %FF has its Dirﬁﬁﬁ@%oﬁnected to

the cliRaiderstbod BetHokE SN rhke gaha ' jn Fig.3b
woul d haveethg f%bP (4) %ﬁ%gﬁ%wgﬁégnégiggQQ%ﬁhecte%ﬂ%ﬁ%ﬂﬂ?ﬁ%??ﬁﬁnﬁ

circuitry could be achieved without departing from the spirit and scope of the invention. Four input
D flip-flops (DFF) 80-83 are provided all having CLKIN connected to the D inputs and each having
PHy, PH,, PH,, and PHj, respectively, connected to the clock input. The outputs of the four DFFs
80-83 are CLKPH,, CLKPH,, CLKPH,, and CLKPHs, respectively. Four (4) output DFFs 85-88 are
connected as follows:

CLKPH, provides the clock input for DFF85 and the D input for DFF 88,

CLKPH; provides the clock input for DFF86 and the D input for DFF 85,

CLKPH; provides the clock input for DFF87 and the D input for DFF 86, and

CLKPH; provides the clock input for DFF88 and the D input for DFF 87.
The outputs of DFFs 85, 86, 87 and 88 are FLLAGy, FLAG;, FLAG;, and FLAGs, respectively. In
the broader embodiment where n phase clocks are provided, the first output DFF has its D input
connected to the clock of the second output DFF, the second output DFF has its D input connected to
the clock of the third output DEF, etc, and the n™ output DFF has its D input connected to the clock

of the first output DFF.

A second embodiment depicted in Fig.3b would have the four (4) output DFFs 85-88

connected such that; p



6 CLKPHO provides the clock input for DFF85 and the D input for DFF 87,
CLKPH1 provides the clock input for DFF86 and the D input for DFF 88,
CLKPH2 provides the clock input for DFF87 and the D input for DFF 85, and
CLKPH3 provides the clock input for DFF88 and the D input for DFF 86. The
out puts of DFFs 85, 86, 87 and 88 are FLAGo, FLAG, FLA®R2, and FLAGS,
respectively. In the broader enbodi nent where n phase cl ocks are provided,
the first output DFF has its D input connected to the clock of the third
out put DFF, the second output DFF has its D input connected to the clock

of the four tput, DFE, etc, the n-1th output. DFF has its D input
connect ed té{kﬁgﬂﬁpﬁéﬁtﬁﬁﬂoﬁh@Wﬁ%PFgﬁ?B’EﬁthBﬂﬂnaW(fofﬁgFﬁ?h out put DFF has
its Dinput_connected to the clock of the second output DFF. Referring to
Figs. 3 andKPHipovides the closk iput foe D86 andstik &xinput PBDFBR862) is now

di scussed. Since n is four (4) signals PHO through PH3 will differ in"
phase by 9CCKIE prpvides thk olank inpuffog DFF87 Batthe Dhinptt HFPFBB53Giduses its
respecti ve phase clock input (phase clocks PHO, PH , PH2, and PH3) to

store the VELKRHOfroGle the alock irput fo8 DETES wed te Tpiput(fo BPF@s. CLKPHL, CLKPHZ,
and CLKPH3). Storing takes place on the rising edge (for exanple) of each

phase THcamkputs STUSETsI &5, 86) s7had BB 8L AGYFLALY,, FtAGLlakd NLAS, arcbRBice1k Thhi gh)
CLKPHX, will becone a logic 1. If on the rising edge of PH, CLKINis a

| ogi c : - .y b - SV rigd, the
output ™ BeE s RS R PR R B PR o

one ouf,Rit 46 tl%ngoél&% tﬁé t?lﬁ‘h output DFF, the second output DFF has its D input connected to

the clock of the fourth output DFF, etc, the n-1™ output DFF has its D input connected to the clock
of the first output DFF and the n™ output DFF has its D input connected to the clock of the second

output DFF.

Referring to Figs. 3 and 4, the operation of the phase selector (60 or 62) is now discussed.

Since n is four (4) signals PH, through PH; wiﬁ differ in phase by 90° (360°/4) as shown in Fig 4.

| Each input DFF 80-83 uses its respective phase clock input (phase clocks PHy, PH;, PH,, and PH;)
to store the value of CLKIN at its respective output (CLKPHy, CLKPH,, CLKPH;, and CLKPHj3).
Storing takes place on the rising edge (for example) of each phase clock, thus, if on the rising edge
of PHy CLKIN is a logic 1 (high), CLKPH,, will become a logic 1. If on the rising edge of PH,
CLKIN is a logic 0 (low), CLKPH,, will become a logic 0. As previously described, the output
DFFs 85-88 are connected such that CLKPH; provides a D input for one output DFF and the clock
input for an adjacent output DFF. On the rising edge of CLKPH,, FLAG, will assume the logic
Ievel on CLKPH|, on the rising edge of CLKPH,, FLAG; will assume the logic level on CLKPH,,

on the rising edge of CLKPH,, FLAG, will assume the logic level on CLLKPHj3, and on the rising



i nput for an adjacent output DFF. On the rising edge of CLKPHO, FLAGo w ||
assune the logic level on CLKPH , on the rising edge of CLKPH , FLAG wll
assurme the logic level on CLKPH2, on the rising edge of CLKPH2, FLA&R wi ||
assune the logic level on CLKPH3, and on the rising 7 edge of CLKPH3, FLAG3
will assune the logic |l evel on CLKPHO. As shown in the exanple timng

di agram of Fig. 4, because of the position of CLKIN with respect to the
phase cl ocks (PHo through PH') in this exanple, CLKPH2 |eads the other
CLKPHx signals. Additionally, each of the remai ni ng CLKPHx signals | ags

behind jts [.0 ( CLKJ Nx- 1 ignal. In this exanple, on the rjsjing edge
of CLIESRROf @L%ﬁz’ﬁ&% wHl ﬂéair%li‘ile?oam levelm (el Tho- | Apshewhily theeanpls jiming
indicating that PH2 is nost in phase with CLKIN. Al the remai ni ng FLAGK
si gnal Hagigmpf Fignd, tmepuse of the pasjitipm oheKIN withgespect te theiphaseadecks EMchoongiPSA 60
and PSB 62 will generate a FLAG bus (FLAGA and FLAGB) each of which wll
have &k frgthés exeghlel 6LEPH: hdile the iotigr GMMKPHIxRignalss Audittonally) epdtasfaheni t h ei t her
CLKIN (on PSA 60) or the delayed CLKIN (on PSB 62). The judgnent |ogic

ci r cuirttm6BingrCIdOPx sighalohgnbétinditdpréGions(QIKIN, § Josighat, elrthis @xaiplefonRhix t 0
select as CLKQUT. If the systemis being used to sanple data, and phase

cl ock rRihg ddge bOONKPHY, CIEKPHSI high sBIFLIEs Wrillbecdshdd NgichifiatRrebp MrB&1ias ARk
such as PHx+2 (for exanple) mght be used to guarantee that data is

presemﬂzngh@gtihghéﬁs@_rm{ﬂomn@yAﬂaﬁmnﬁg‘{i%ﬁ%egggﬁmsﬁﬁ@vﬁl the best PHx

can be chosen to mnimze jitter on n-case tastability occurs
with PSA 60 (all FLAGx are "0'), the delay circuit 64 will result in a
valid CLKPHx and FLAGx pattern on PSB 62. |In certain

Referring again now to Fig. 2, each phase selector PSA 60 and PSB 62 will generate a FLAG
bus (FLAGA and FLAGB) each of which will have a single high level indicating which PHy is most
in phase with either CLKIN (on PSA 60) or the delayed CLKIN (on PSB 62). The judgment logic
.circuit 606 in conjunction with MUX 68 is used to determine which PHx to select as CLKOQUT. If
the system is being used to sample data, and phase clock PHy is found to be most in phase with
CLKIN, a later phase clock such as PHx., (for example) might be used to guarantee that data is
present prior to sampling. By using both PSA 60 and PSB 62, the best PHy can be chosen to
minimize jitter on CLKOUT. In case metastability occurs with PSA 60 (all FLAGy are ‘0°), the
delay circuit 64 will result in a valid CLKPHx and FLAGy, patiern on PSB 62. In certain
applications, where metastability is not a problem, the PSB 62 and delay 64 circuits may be

eliminated.

These objects of the present invention are thus achieved using a method where a phase
selector identifies which internally generated phase clock is most in phase with the input clock
CLKIN. Once this phase clock is identified, it may be selected using a MUX and presented at the

output CLKOUT. The system does not require a feedback loop, or series of inverter pairs to
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applications, where netastability is not a problem the PSB 62 and del ay 64
circuits may be elimnated. These objects of the present invention are

t hus achi eved using a nmethod where a phase selector identifies which
internally generated phase clock is nost in phase with the input clock
CLKIN. Once this phase clock is identified, it may be selected using a MJX
and presented at the output CLKOUT. The system does not require a feedback
| oop, or series of inverter pairs to 8 generate the PLL circuitry and is
therefore | ess conpl ex and uses | ess power. If used in a sanpling
application, gﬂase clotbﬁw$|%p |.ags behi nd _the in phase clock nmay be used
Co as e hePhL cearis and i theselprrdosssoBRIa: GRd Hiks less AW Erarlf nied g Fa;n@wam
and described with reference to the preferred enbodinents thereof, it wll
be und@pPisabign anhasheleek which lagg behind the imphase black way ibo useddh asryesdatd preseocan and
details may be made w thout departing fromthe spirit and scope of the
invention. 9 CLAIMS 1. A nethod of determning froma plurality of phase
cl ocks generated by a frequency | ock only phase | ocked | oop, the one of

sai d phase Whibcthe itveatior lasbear gaticulailyxhasa ahd deseribed withedferehdeak thewher e sai d
plurality of phase clocks are used to sanple said external clock. 2. The

et hodprefefed ethbetimentShiriddr,| it WHEBLIHAeMRRA byThdte BRASEINGhO S tHabhRrious chpgELSt
in phase to said external clock is identified, said phase clock that is

near esh forh ARGl TaY eI WEfHBA departing from the spirit and scope of the invention.



clock is selected using a multiplexer and presented at the output. 3. The
nmet hod according to Caim1 wherein when said phase clock that is -nearest
in phase to said external clock is identified, one of said plurality of
phase cl ocks follow ng said phase clock that is nearest in phase to said
external clock is selected using a nultiplexer and presented at the
output. 5 10 4. A device for selecting froma plurality of phase cl ocks one
of said phase clocks that is nearegiar® phase to an external clock
conprising: a first phase selector~cfrcuit having said external clock and
said pluraljty of hase cl ocks as inputs and an equal plurality of first
flag si gﬁalé%@é&? B?PF"s“}lmé'gé@F%/Pkqulléhﬁphﬂa@/?lﬂ?jmgﬁwa@ B2 Fafuesry logk g8lyan

i nput signal and a delayed external clock as an output signal; a second
phase sel edtdte legked loap, Hewne gf eaid phage plaglesdthanis aeanest ingihessito an d@xigmiabiclock
plurality of phase clock signals as inputs and an equal plurality of second
flag si gnavheressidbphumlitsof phajeudenke ate Usodjiocsamiplecsaidt exteaumed clboka nul ti pl exer.

2. The method according to Claim 1 wherein when said phase clock that is nearest in phase to
said external clock is identified, said phase clock that is nearest in phase to said external

clock is selected using a multiplexer and presented at the output.

3. The method according to Claim 1 wherein when said phase clock that is nearest in phase to
said external clock is identified, one of said plurality of phase clocks following said phase
clock that is nearest in phase to said external clock is selected using a multiplexer and

presented at the output.

4. A device for selecting from a plurality of phase clocks one of said phase clocks that is nearest
in phase to an external clock comprising:

a first phase selector circuit having said external clock and said plurality of

phase clocks as inputs and an equal plurality of first flag signals as outputs;
5 a delay circuit having said external clock as an input signal and a delayed

external clock as an output signal;

a second phase selector circuit having said delayed external clock and said
plurality of phase clock signals as inputs and an equal plurality of second flag
signals as outputs;

10 a judgment logic circuit; and

10




5. The device according to Claim4 wherein said nultiplexer outputs said
phase cl ock nearest in phase to said external clock. 6. The device
according to Claim4 wherein said judgnent logic circuit uses said first
flag signals and said second flag signals to determ ne which of said
plurality of phase clocks is nearest in phase to either said external

cl ock or said del ayed external clock. 7. The device according to Caimé6
wherein said judgnent logic circuit outputs an mbit binary select signal

i ndi cati ng which of said plurality of phase clocks is nearest in phase to
either said external clock or said del ayed external clock. 8. The device
according to O ai m 7 3MBHBIXSSsai d mul ti pl exer outputs said phase cl ock
nearest in phase to said external clock by using said mbit binary sel ect
signal. 9. The device according to Claim7 wherein said multiplexer outputs
one of said plurality of phase clocks follow ng said phase clock nearest

i n phase oﬁaﬂavmmmmg to|@aik o yhereinrsgidsaultiplereriutpulb sasiphasedledk nesiegnal .
10. The method according to Claim4 wherein only one of said plurality of
first flag wippaste shidsxwmahelgtk.l ogi c | evel thereby indicating which of said
plurality of phase clocks is nearest in phase to said external clock or
one of said plurality of second flag signals has a high logic |evel I

t hereby indicating which of said plurality of phase clocks is nearest in

phase t o esarkk deiR¥ESbENE &5 ORIm A vAfekein said judgment logic circuit uses said first flag
signals and said second flag signals to determine which of said plurality of phase clocks is

nearest in phase to either said external clock or said delayed external clock.

7. The device according to Claim 6 wherein said judgment logic circuit outputs an m-bit binary
select signal indicating which of said plurality of phase clocks is nearest in phase to either

said external clock or said delayed external clock.

8. The device according to Claim 7 wherein said multiplexer outputs said phase clock nearest in

phase to said external clock by using said m-bit binary select signal,

9. The device according to Claim 7 wherein said multiplexer outputs one of said plurality of
phase clocks following said phase clock nearest in phase to said external clock by using said

m-bit binary select signal.

10. The method according to Claim 4 wherein only one of said plurality of first flag signals has a
high logic level thereby indicating which of said plurality of phase clocks is nearest in phase

to said external clock or one of said plurality of second flag signals has a high logic level

11



11. The device according to Caim4 wherein said first phase sel ector
circuit conprises: a plurality of first Dflip flops all wth the D inputs
connected to said external clock and having the clock input connected to a
distinct one of said plurality of phase clocks such that the first of the
plurality of first Dflip flops is connected to the first of 5 said
plurality of phase clocks, the second of the plurality of first Dflip
flops is connected to the second of said plurality of phase clocks, etc.;
and an equal plurality of second D flip flops wherein the clock input of

he fi id . plurality_of d Dilip flaps i d to th
out put of sy il Reichier B PRF o st ot e Pt St ek ok

i nput of the second. of said plurality of second 10 D flip flops is

connect ed t%“?ﬂ%‘%ﬁ*put of said second of said plurality of first Dflip
flops, etc., and wherein the D input of said first of said plurality of
second D flip flops 1is connected to said output of said second of said
plurality of first Dflip flops, the D input of said second of said

pl ural i t yloFhestsyipmdc®@rding po €laop4 wierdn saié Gtse ghdso seladtor dretijp ddbmpidest he third
of said plurality of first Dflip flops, etc. and the D input of the |ast

15 of said plurali tpludlitge£frdDDlip flops 41l WAB tHeD apiroheRiddqo 584 exemhput  of
said first of said plurality of first Dflip flops, and wherein the first

of said plurali tdlodkfanfihksihg tHealocki i bémnekb@d 48NS dndbs DB 10MERME piifsesai d
first of said second D flip flops, the second of said plurality of first

; : ;’ig fsi gggl seit s B8RS 5@ARatRhe RN Pitaii®f ofSRCD 355 AGS 9ForRlda RERORM: Br

5 said plurality of phase clocks, the second of the plurality of first D flip flops is

connected to the second of said plurality of phase clocks, etc.; and
an equal plurality of second D flip flops wherein the clock input of the first of said

plurality of second D flip flops is connected to the output of said first of said plurality
of first D flip flops, the clock input of the second of said plurality of second

10 D flip flops is connected to the output of said second of said plurality of first D flip
tlops, etc., and wherein the D input of said first of said plurality of second D flip flops
is connected to said output of said second of said plurality of first D flip flops, the D
input of said second of said plurality of second D flip flops is connected to said output
of the third of said plurality of first D flip flops, etc. and the D input of the last

15 of said plurality of second D flip flops is connected to said output of said first of said
plurality of first D flip flops, and wherein the first of said plurality of first flag signals
is generated at the output of said first of said second D flip flops, the second of said
plurality of first flag signals is generated at the output of said second of said second D

flip flops, etc.
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12 12. The device according to Caim4 wherein said second phase sel ector
circuit conprises: a plurality of first Dflip flops all wth the D inputs
connected to said del ayed external clock and having the clock input
connected to a distinct one of said plurality of phase clocks such that
the first of the plurality of first Dflip flops is connected to 5 the
first of said plurality of phase clocks, the second of the plurality of
first Dflip flops is connected to the second of said plurality of phase
cl ocks, etc.; and an equal plurality of second D flip flops wherein the
clock input..of .the first of sai lyrality of second Dflip flops is
connect edt 5% JryIcs aeERiding fo claim %f"F*F)‘-‘é?m gaid sepopd phage S§1EGLgr CIGRIE FOTRIESES f | i p
flops, the clock input of the second of said plurality of second 10 D flip
flops i s connect ed?P8ralie oblirspDiflip floppalbiwith thsrd inputssaiaectsid e sgid delaysd f i r st
Dflip flops, etc., and wherein the D input of said first of said
plurality of sec®tmabclackgnd haing the slogh mpeteandedted wai distmgt gnetof odid phirality
second of said plurality of first Dflip flops, the D input of said second
of said plural i tof pbasesbuminsuch thdtithe firsiogfshé sluedinnefdirad fitp Sa@isds @uhpatéd toof
the third of said plurality of first Dflip flops, etc. and the D input of
the I ast 15 of shé firspbfkatd plusalifyf of§HE@NTodRs [the fecbhDeMEhé SlufLieTsed g, sai d
output of said first of said plurality of first Dflip flops, and wherein

the first of saigbmligkoahbdt @fthd icbsid Sfisa@ ﬂ@@%‘;ﬁpﬁfé RERELALGHg al Lhe

output of said first of said second D fli e secon aid

(F;:c U; :! idt )s/eg](c)n](cji rDSt ath !acﬁﬂl ﬁlhfb'i"i‘?}l St deSorAqY ﬁfpaﬁﬁ)g vﬂ'}eréirt]&e%yc}cﬁliﬁpu?fof hé iﬁgst% geqd
plurality of second D flip flops is connected to the output of said first of said plurality
of first D flip flops, the clock input of the second of said plurality of second

10 D flip flops is connected to the output of said second of said plurality of first D flip
ﬂops, etc., and wherein the D input of said first of said plurality of second D flip flops
is connected to said output of said second of said plurality of first D flip flops, the D
input of said second of said plurality of second D flip flops is connected to said output
of the third of said plurality of first D flip flops, etc. and the D input of the last

15 of said plurality of second D flip flops is connected to said output of said first of said
piurality of first D flip flops, and wherein the first of said plurality of first flag signals
is generated at the output of said first of said second D flip flops, the second of said

plurality of first flag signals is generated at the output of said second of said second D

flip flops, etc.
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flip flops, etc. 13 5 10 13. A device for selecting froma plurality of
phase cl ocks one of said phase clocks that is nearest in phase to an
external clock conprising: a first phase selector circuit having said
external clock and said plurality of phase clocks as inputs and an equal
plurality of first flag signals as outputs; a delay circuit having said
external clock as an input signal and a delayed external clock as an

out put signal; a second phase selector circuit having said del ayed external
clock and said plurality of phase clock signals as inputs and an equal

plurality.,o0 econd fl I gnal s .as tputs; a judgnent logic circuit
havi ng a?lﬁ 3 h’é‘&%{[m% F%é?lﬁgtg\gl a8 h’t‘?}m’ ogﬁ%&ﬁ?ﬁ’lof’lﬁcﬂn@ &? qu% phagp plopksghatdgpegrest
plurality of %hase cl ocks i s nearest in phase to either said external
clock or safdhge'qyB gxiesekbsIAg cumssie: and a nultipl exer. 14. The device

according to Claim 13 wherein said nmultiplexer outputs said phase clock
nearest in phase to dJeliigt rwseselrgtor girenikhaving said external clock and said plurality of

phase clocks as inputs and an equal plurality of first flag signals as outputs;
5 a delay circuit having said external clock as an input signal and a delayed
| external clock as an output signal;

a second phase selector circuit having said delayed external clock and said
plurality of phase clock signals as inputs and an equal plurality of second flag
signals as outputs;

10 ' a judgment logic circuit having an m-bit binary select output signal indicating
which of said plurality of phase clocks is nearest in phase to either said external
clock or said delayed external clock; and

a multiplexer,

14. The device according to Claim 13 wherein said multiplexer outputs said phase clock nearest

in phase to said external clock.

15. The device according to Claim 13 wherein said judgment logic circuit uses said first flag
signals and said second flag signals to determine which of said plurality of phase clocks is

nearest in phase to either said external clock or said delayed external clock.

16. The device according to Claim 13 wherein said multiplexer outputs said phase clock nearest

in phase to said external clock by using said m-bit binary select output signal.

14



15. The device according to C aim 13 wherein said judgnent logic circuit
uses said first flag signals and said second flag signals to determ ne
which of said plurality of phase clocks is nearest in phase to either said
external clock or said del ayed external clock. 16. The device according to
Claim 13 wherein said nmultiplexer outputs said phase clock nearest in
phase to said external clock by using said mbit binary sel ect output
signal. 14 17. The device according to Caim 13 wherein said nultiplexer
outputs one of said plurality of phase clocks follow ng said phase cl ock
nearest in phase to said external clock by using said mbit binary sel ect
out put signal. 18. The nethod according to Claim 13 wherein only one of
said plurality of first fla siqnals has a high logic |evel thereby

i ndi cati fd- W deicsreesdiae g aiaani g yvhereimspid mult oytputs ery efspidipuraliiyase t o
said external clock or one of said plurality of second flag signals has a
hi gh | ogi ¢ Phass@pcksielewing szidpbaseictngk whire#t imphasaiockajl extexhiltcloch by phiag eaid
clocks is nearest in phase to said delayed external clock. 19. The device
accordi ng tm-bdl Ehary i8esthoatpai sigsdi d first phase selector circuit conprises:
a plurality of first Dflip flops all with the D inputs connected to said
external clock and having the clock input connected to a distinct one of
said plurality of phase clocks such that the first of the plurality of

first D fiBi Pheth@hSd htok@@C18%h § PwhBGin dniPincdt said phthisly RE Hibh] ¥%ofis RRASE
cl ocks, the second of the pIuraIityrofuﬁ¢%§tnt)f?ﬁﬁﬁ?%oﬁs #s élg&{szﬂ

a high logic level thereby indicating which of said plurality of phase clocks is nearest in

phase to said external clock or one of said plurality of second flag signals has a high logic

level thereby indicating which of said plurality of phase clocks is nearest in phase to said

delayed extemal clock.

19. The device according to Claim 13 wherein said first phase selector circuit comprises:

a plurality of first D flip flops all with the D inputs connected to said external
clock and having the clock input connected to a distinct one of said plurality of phase
clocks such that the first of the plurality of first D flip flops is connected to the first of

5 said plurality of phase clocks, the second of the plurality of first D flip flops is
connected to the second of said plurality of phase clocks, etc.; and

an equal plurality of second D flip flops wherein the clock input of the first of said
plurality of second D flip flops is connected to the output of said first of said plurality
of first D flip flops, the clock input of the second of said plurality of second

10 D flip flops is connected to the output of said second of said plurality of first D flip
flops, etc., and wherein the D input of said first of said plurality of second D flip flops

is connected to said output of said second of said plurality of first D flip flops, the D

15



connected to the second of said plurality of phase clocks, etc.; and an
equal plurality of second D flip flops wherein the clock input of the first
of said plurality of second Dflip flops is connected to the output of
said first of said plurality of first Dflip flops, the clock input of the
second of said plurality of second 10 Dflip flops is connected to the

out put of said second of said plurality of first Dflip flops, etc., and
wherein the D input of said first of said plurality of second D flip flops
is connected to said output of said second of said plurality of first D
flip flops, the .D 15 .input of sai.d second of said plurality of second D
flip flops is colﬁﬂ'%‘af éﬂgﬁﬁfogaf’gs%‘ﬂ?‘t} ity gfysegqpd Iy ﬁﬂ’r Honsis coppgrtesd (grsaldioppus
first Dflip flops, etc. and the D input of the last 15 of said plurality
of second D fl i pPthethadiof sadplvediteet first B Aiipiflops; plat andrthes Biieput of e last sai d
plurality of first Dflip flops, and wherein the first of said plurality of
first $3ag si gnatfsaidipluralisief secend Btflip flepsistcpmectsfl ts sdidiofitbutsif saifl fsstiofissiécond
Dflip flops, the second of said plurality of first flag signals is

gener ated at t hepleslipnf fiost s fipdlape,cod dwhefeis tiedirsef said pRralfty bpfifst fagssigelsc.
20. The device according to Caim 13 wherein said second phase sel ector

circuit conpri sésgenceatg@l atithd dudtyut@f sdid fisst ofX4lid sdeold DEEp Bbps, Whd fecbiiBoflRajdnput s
connected to said del ayed external clock and having t%e cl ock input

connected to a ditshlityf _fi@ﬁ?!agfsig;ﬁﬁb £k %héiﬁt_%hiaE the oRfpuPbBERI s%&&ﬁiﬁﬁts%iﬁg&&@@

the first of the plurality o rst flip flops'is connecte
flip flops, etc.

20. The device according to Claim 13 wherein said second phase selector circuit comprises:

a plurality of first D flip flops all with the D inputs connected to said delayed
external clock and having the clock input connected to a distinct one of said plurality
of phase clocks such that the first of the plurality of first D flip flops is connected to

5 the first of said plurality of phase clocks, the second of the plurality of first D flip
flops is connected to the second of said plurality of phase clocks, etc.; and

an equal plurality of second D flip flops wherein the clock input of the first of said
plurality of second D flip flops is connected to the output of said first of said plurality
of first D flip flops, the clock input of the second of said plurality of second

10 D flip flops is connected to the output of said second of said plurality of first D flip
flops, etc., and wherein the D input of said first of said plurality of second D flip flops
is connected to said output of said second of said plurality of first D flip flops, the D
input of said second of said plurality of second D flip flops is connected to said output

of the third of said plurality of first D flip flops, etc. and the D input of the last
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5 the first of said plurality of phase clocks, the second of the plurality
of first Dflip flops is connected to the second of said plurality of phase
cl ocks, etc.; and an equal plurality of second D flip flops wherein the
clock input of the first of said plurality of second Dflip flops is
connected to the output of said first of said plurality of first Dflip
flops, the clock input of the second of said plurality of second 10 D flip
flops is connected to the output of said second of said plurality of first
Dflip -flops, etc., and wherein the D input of said first of said

pl ur al ilgi%/ of secofnd. D fI{'_tg fl ops D:j? connected to said output of said
second sai d pPhipidiRlvplityof seoad Diflip flops §s|qgpacctedie said optppiafl saifl figiof ssidcond
of said plurality of second Dflip flops is connected to said output of
the third of saiRiuplibrefifirsyD 8ip flapssandyifersip thel foptef sait plurality of fisst fiag signals of
the last 16 15 of said plurality of second Dflip flops is connected to

sai d output of slaiggndritedat thé owputebf spitl dirstlof said edcohd Datip Flopd, ithe sebadsof saidd
wherein the first of said plurality of first flag signals 1is generated at
the output of sapldrafiiy cfifirstfflagaigtals écgendratddiat e dutpapst saldRcaRIcTREd@EcRaiTH
plurality of first flag signals is generated at the output of said second
of said second Olipfflobp ckd.ops, etc. 17
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