[19]  Patents Registry

The Hong Kong Special Administrative Region
AR AT &
SORFEME

[12]

1007366 A
EP 0511836 B1

[11]

STANDARD PATENT SPECIFICATION

e SRR A7

[21] Application No. HIZE RS [51] ntCL® HO4L
98106539.8
[22] Date of filing #2722 HHf
25.06.1998
[30] Priority fB4cHE [73] Proprietor ELFIFRAE A
01.05.1991 US 694175 MOTOROLA, INC., 1303 East Algonguin Road, Schaumburg.,
[45] Publication of the grant of the patent 1 FELF[#E5 % HEHA IL 60196, United States of America ZEFI|EXE B
09.04.1999 [72] Inventor ZEHA A

EP Application No. & Date BRI ELFI|EE =5 #m 5% & HH#A
EP 92303837.6
EP Publication No. BRI ELF|FE w5
EP 0511836

Publication date of EP grant of the patent 1B ELFI| #2858 HHA
16.04.1997

29.04.1992

LOWREY, SCOTT W.

PORTER, JEFFREY A.

Agent and / or address for service QR A Kz/B 3% 5% Hikik
Hastings & Co., 21/F1., Bank of China Tower, 1 Garden Road,

[74]

Hong Kong
L IEERANTT - FEPERIEEGE 1 SRR s 21 T4

[54] BROADBAND DIGITAL PHASE ALIGNER Z$8 %580 5= F 7 et 5



1 Fate Jatalo NN,

crosman oot ERRENIRAR TR

(11) EP 0511 836 B1
EUROPEAN PATENT SPECIFICATION

9

Office européen des brevets

(45) Dale of pubiication and mention (51) Int CL; HO4L 7/033
/ ol the grant of the patent:
16.04.1997 Bulletin 1997/16
/ (21) Application number: 92303837.6
/ (22) Date of filing. 29.04.1992
54) Broadband digital phase aligner
gital p 9
Breitbandiger digitaler Phasenausrichter
Appareil pour I'alignement numérique de la phase & bande large
(84) Designated Contracling States: « Porter, Jeffrey A,
DE FR GB Tempe, Arizona 85282 {US)
(30} Priority: 01.05.1991 US 694175 {74) Representative: Ibbotson, Harold et al
Motoroia,
(43) Dale of publication of application: European Intellectual Property,
04.11.1992 Bulletin 1992/45 Midpoint, Alencon Link,
Basingstoke, Hampshire RG21 1PL {GE)
{73} Proprietor. MOTOROLA, INC.
Schaumburg, IL 60196 (US) (56) References cited:
EP-A- 0168 330 US-A- 4 756 011
(72} Inventors: US-A- 4 B21 296 US-A- 4 839 807
* Lowrey, Scoit W.
Gilbert, Arizong 85282 (US)
-~
m
(o)
o™
o
~—
5 Note Within nine months from the publication of the mention of the gramt of the European patent. any person may give
o notice lo the Europonn Patent Office of opposition 1o the European palent granted. Notice of opposition shall be tiled in
o # wnllen reasonod slalement. It shall nol be deemed 10 have been filed until the opposition fee has been paid. (A
T 001} Euwropenn Palenl Convention)

Printed by Jouve. 75001 PARIS (FR)



HK 1007366 A

Patent
Ofhice

The Patent Office
Cardiff Road
Newport

South Wales

NP9 1RH

1, the undersigned, being an officer duly authorised in accordance with Section
74(1) and (4) of the Deregulation and Contracting Out Act 1994, to sign and
issne certificates on behalf of the Comptroller-General, hereby certify that
annexed hereto is a true copy of the specification of the granted European
Patent identified therein together with a true copy of the entries made to date

in the Register of Patents in respect of the patent which is in force in the United
Kingdom.

I also certify that subject to the payment of the prescribed renewal fees, the

patent will remain in force for a period of twenty years from the date of the
filing of the application as shown therein.

In accordance with the Patents (Companies Re-registration) Rules 1982, if a
company named in this certificate and any accompanying documents has re-
regisiered under the Companies Act 1980 with the same name as that with
which it was registered immediately before re-registration save for the
substitution as, or the inclusion as, the last part of the name of the words
"public limited company" or their equivalents in Welsh, references to the name
of the company in this certificate and any accompanying documents shall be
treated as references to the name with which it is so re-registered.

In accordance with the rules, the words "public limited company" may be
| replaced by p.l.c., ple, P.L.C. or PLC.

Re—rcgistratioﬁ under the Companies Act does not constitute a new legal entity
i but merely subjects the company to certain additional company law rules.

Signed m e&?"

Dated 10 JUN 1998

An Executive Agency of the Department of Trade and Industry



1

20

25

35

40

45

50

55

| % HK 1007366 A

EP 0 511 836 B1

Pescription

Field of the Invention

The present invention concerns an improved means and method for aligning the phase of digital signals.

Background of the Invention

High speed digital iogic systems frequently run in a coherent manner, that is, a clock signal is distributed throughout
the sysiem to control the timing of system operation. When such systems run at high speeds, timing skew can occur
between the data and clock. Timing skew is a misalignment of the clock and data phases from the desired alignment.
For example, data transitions are usually set to occur during a portion of the clock cycle displaced from the clock
transitions by a predetermined amount AZ. This is {0 allow dala swilching to complete belore a clock fransition occurs
50 that there is no ambiguily in detection of the data transition and so that undesired metastable logic states do not
occur, Clock or timing skew results in A@ being larger or smaller than destred. i left uncorrected, serious cata trans-
mission Of dala processing errcrs rnay oceur.

Timing skew is particularly severe where data and clocks must be transmitied 1o different parts of the system over
dilferent dislances and where the various paris of the system may be at different temperatures. Under these circum-
stances, the data and the local clock phases may be misaligned or vary with time or lemperature in diflerent ways in
different parts of the system. The local ¢lock is the clock signal present in the part of the system of interest and may
be a dislributed form of the system ciock or a locally generated or regenerated clock or a clock produced in some other
way that is coherent with the system clock.

Timing adjustments are used 1o compensate for skew. One way 10 correct for fixed skew is 10 measure the phase
difference between the data and the local clock and then provide timing adjusiments, for example, by means of different
lengths of coaxial cable which equalize the propagation time. Such arrangements are costly and awkward. The cables
are bulky and it is time consuming to test different portions of the sysltem and trim the cables to the precise lengihs
that are needed Also, such technigues are difficult to use over a broad range of frequencies and are unable 10 com-
pensate for dynamic skew, that is, phase errors that change with ime, lemperature, etc. Dynamic phase skew is also
relerred 1o as "phase |itter”.

In the past a variely of schemes have been developed to deal with dynamic skew. For example, Cordell describes
a digital phase atigner in U. S. Patent 4,756,011 and in a related arlicle entitled, "A 45-M bits CMOS-VLS| digital phase
aligner”, [EEE Journal of Sclid State Circuils, Vol 23, No. 2, April 1988, pp.323-328. Cordeil's arrangement is ifluslrated
in FIG, 1.

Retferring now to FIG. 1, prior art digital phase aligner {(DPA) 10 cormprises guariet sampler 12, increment-tecre-
ment controller 14 and bi-phase register and mulliplexer 16. The delailed descriplion and operation of Cordell's DPA
10 is described in detail in U.5. Patent 4,756,011, and this and the relaled arlicte cited above and will only be summa-
rized here.

DPA 10 receives at input 18 to sampler 12, data D having variable phase alignment with respect to local reference
clock @(0) to which i is desired to be aligned. DPA 10 provides at data output 19 from register-mulliplexer 16, aligned
data D, Quarlet sampler 12 receives mulli-phase quadrature clock signals &(0), @(90), Z(180), B{270) at inputs
20-23, where the numbers In parentheses indicale the relative phase of the clock signals supplied at inpuls 20-23.
Relerence ciock phase @J(0) is also supplied to controller 14 and register-multiplexer 16 al inputs 24, 26, respectively.
Data D is propagated through sampler 12 and controller 14 1o register-mulliplexer 16. Dala D is referred to as the "in-
phase" data, that is, the data corresponding to clock phase @(0). Data DA generated within sampler 12 is referred 1o
as the "antli-phase" or "bi-phase” data, that is, the data corresponding to bi-phase or hall-bit clock phase &(180). DA
is also propagated through controller 14 1o register-multiplexer 16.

The operalion of DPA 10 depends upon the fact that if a transition of data D is close to a ciock transition and
therefore not properly aligned, then the transition of DA will be far from a clock transition and will be aligned, and vice
versa DPA 10 automatically chooses between in-phase data D or anti-phase data DA s0 that the oulput dala stream
D, 1s aligned, 1.e., the transitions of data stream D, are substantially stabie with rio bit errors due 1o mis-alignment.

Pricr art DPA 10 uses a guadrature data sampling arrangement. Quartet sampler 12 detects whether a transition
of data D occurs during quadrature phase intervals @(0)-2{80), &(30)-&(180), @(180)-@(270), or &(270)-240)}, and
generates an "inteflerence” oulput W, X, Y or Z identifying the respective quadrature phase interval during which the
lransilion occurs. Sampler 12 provides interference signals W, X, Y, Z at outputs 30,31.32.33, in-phase data D at output
36 and anti-phase dala DA at output 38.

Controller 14 propagates data D and DA lo oulputs 36',38' leading to regisier-multiplexer 16. Controller 14 decodes
inlerference signals W, X Y.Z to produce increment signal "UP" at oulput 40 or decrement signai "DN" at oulput 42
which, respectively, increment or decrement register-multiplexer 16 1o transfer either data D or DA 1o aligned data
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gutput 19 Register-multiplexer 16 returns to controlier 14, lsasi-significant-bit signal L.SB at ouiput 46 so that controller
14 can know the current data state being transterred lo aligned data oulput 19, i.e, either data D or DA.

DPA 10 operates according to the simplified truth-table shown in FIG . 2, where for different disagreement oulpuls
W, X Y, Z and different current data sample states {D or DA), the LSB state and multiplexer action are indicated. For
oxample, if disagreernent W from sampler 12 indicates that the current data transition occurs in first phase quadrant
2H0)-Di40), andif the previous dala sample caused register-mulliplexer 1€ 1o have seleclad in-phase data D for delivery
to aligned data output 19, then the LSB counter provides a "1" and register-mulliplexer 16 changes aligned output 19
o anti-phase data DA Conversely, if the previous data sample caused register-multiplexer 16 to have selected anti-
phase data DA, then LSB is a "0" and register-mulliplexer 16 remains unchanged so that data DA conlinues to be
coupled 1o aligned data output 19. A similar analysis applies to the disagreements signals XY, Z.

A difficully with prier art arrangement 10 1s tha! it requires quadrature clocks which are diflicult to generate, par-
licularly as lhe operaling Trequency increases. Cordell has described an improved version in U.S. Patent 4, 821,296
It replaces quartet sampler 12 with a sextetl sampler in which two primary bi-phase samples {i.e., at Z(0) and £(180})
are used, each preceded and iollowed by two pairs of out-rigger samples for & lotal of six samples per clock period.
The out-rigger samples are generaied by a pair of iwo-stage delay circuits employing brief delays produced by inverters
of other ordinary delay cirguils which need not be precise phase increments, i.e., need nol be ninely degree delays.
With this arrangement, gquadraiure clocks are not needed.

However, Cordell's improved version still requires bi-phase (@{0) and {180)) clock signais with their associated
oul-riggers. The bi-phase clocks sample the data stream twice each clock period 1o provide D and DA, Without this bi-
phase sampling and its attendant out-riggers, Cordell's improved arrangement does notl work.

Serve! (EP-A-0 168 330) describes an apparalus for automatic alignment of a clock with respect o and input signal
using a pluratily of delay means 1o provide a series of retarded signal samples. An apparatus for selecting the retarded
samples aligned wilh the clock cooperates with an apparatus for modifying the selection in accordance with a prede-
lermined critera.

Hence, there 1s an ongoing need for DPA means and methods which avoid these and olher limitations of the prior
art

SUMMARY OF THE INVENTION

According 1o the invention there is provided an apparatus for aligning the phase of digital data with respect to the
phase © of a clock signal, comprising: inpul means for receiving the digital data desired ic be aligned, M delay means
providing M incremental delays, P registers of N stages each where P = M + 1, wherein the dala is serially coupled
through the M delay means and 1o the P registers arranged so that a first of the P registers has its input coupled 1o an
inpul to a first of the M delay means, a second register has its input coupled 1o an input of a second of the M delay
means, continuing until a (P-1)" register has s input coupled to an input of an M delay means and a P register has
ils inpul coupled 1o an output of the Mth delay means, and furiher comprising’ means for comparing signais derived
from the P registers in adjacent pairs separated at their inpuls by one of the M delay means and the P register being
compared with a signal from the lirst register, 1o provide a disagreement signal indicaling during which of the delays
provided by the M detay means a data transition has occurred, and logic means {or receiving the disagreement signal
and selecling one of al leas! two data outputs derived from oulputs of at least two of the P registers as the aligned data
oulpul, CHARACTERIZED IN THAT a signal {rom said Pth register is compared to a signal from said first register to
provide a disagreement signal indicating during which of the delays provided by said M delay means a data transilion
has cccurred.

Having summarised the invention generally, in & preferred embodiment the two P registers (P;, P)) are seperaied
artheir inputs by al least one incremental delay (Dy), preferably at least two incremental delays (Dy, Dyyq). 11 is Turther
desirable that the P registers each have N stages. it is desirable that M22 and N1, preferably with M23 and N23. The
two registers (P, P)) yielding the output data D, DD are preferably the tirst and third registers (P, Py).

In a preferred embodimenl wherein M = 3, P = 4 and there are four comparators producing outputs W, X, Y, Z
rospeclively. the decoder desirably changes the selection of D or DD data streams from one to the other based on the
state of the comparalor inputs, as shown in Table 1 following.

TABLE |
Comparator | tnpuls Same? | Which Output D/DD Currently Selecled? | Change Oulpul D/DD yes/no?
first ves{W-0) doesn't matter no
(W) no(W=1) D yes.select later data
ne(W=1) DD no
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TABLE | (continued)

Comparator | Inputs Same? | Which Output /DD Currently Selected? | Change Output D/DD yes/ino?
second yes(X=0) doesn't matter no
(X) no(X=1) D no
no(X=1) LD yes,selecl earlier data
third yes{Y=0) doesn't matter no
{Y) no(Y=1) D no
no(Y=1) DD ves:selecl later data
fourth yes{Z=0) doesn't matter no
{Z) no{Z=1) D yes.selecl earlier dala
no(Z=1j (3] no

The decoder selects as output whichever data stream (/DD) has its transition furthest in time from the clock transition
of interest. Also, a bi-phase register is desirably provided with inpuis coupled 1o the two registers {P;, P} and the
deccder whereby the decoder selects data D, DD from an earlier or later stage of the bi-phase register, as indicaled
in the Table |, 1o insure that no bits are lcst or repeated. 1t will be noted that the "Change D/DD Output” column of Table
| is opposite to the "Actions Needed" column of Prior Art FIG. 2. This is because the DD data stream of the present
invenlion is an earlier sampie of the input data while the DA data stream of FIGS. 1-2 is a later sample of the input data.

The present invention further provides, generally, a method for aligning the phase of digital data with respect to
the phase of a clock signal, comprising: providing input means for receiving the digital data desired 1o be aligned,
passing the datla sequentially through M incremental delays Dy, and to P registers of N slages each where P =M + 1
arranged so that the first of the P registers receives the data without any of the M delays, the second register receives
ithe data afler delay increment D1, and continuing until the (P-1)™ register receives the data after delay increment Dy,
and the P register receives the data atter delay increment Dy, and further comprising comparing signals derived from
the P registers in adjacent pairs which are separated at their inputs by successive delay increments D1, D2 ... 0y, and
with the last register being compared with a signal from the firsi register, to provide a disagreement signal indicaling
during which of the M + 1 timing increments a data transition has occurred, and selecting one of two dala cutputs
derived from outputs of two of the P registers as the aligned data output.

Having described the method of the invention generally, in a preferred ermbodiment it is a desirable that the siep
of selecting one of two of the P registers comprises selecting from regislers separated at their inputs by at teast one
incremental delay means, preferably at leasl two incremental delay means.

It is further desirable that the passing steps comprise passing the dala through M delay increments where M2z 2
and N stage regisiers where N2 1, preferably where M2 3and N 2 3. It is still further desirable that the step of selecling
one of two of the P registers comprises selecting from the first and third registers. Also, the data is desirably chosen
from an earlier or later stage of a bi-phase regisier coupled o the two registers, to ensure that no bits are jost or repeated.

The present invention will be more fully understood by considering the below-listed drawings and the explanation
thereof thal follows,

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1 is a simplitied block diagram of a digital data phase aligner according to the prior art;

FIG. 2 is a simplified truth 1able for the operation of the digital data aligner of FIG. 1:

FIG. 315 a simpiified block diagram of a digital data phase aligner according 1o a prefetred embodiment of the
present! invention;

FiG. 4 is a block diagram of a porlion of the phase aligner of FIG. 1 showing additional detail,

FIG. 5is aiming diagram #lustrating the operation of the digital phase aligner of the preferred embodiment of the
present invenlion; and

FIGS. 6A-C are phase-plane representations of methods for removing skew and choosing the desired dala phase,

comparing a prior art implementation (FIG. 6A) wilh implementations according to the present invention (FIGS.
68-C).

Like relerence numerals are used 10 refer 1o like or similar elements in the various figures.
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PETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A broadband digital phase aligner (DPA) according to a preferred embodiment of the presen! invention is illustrated
in block diagram form in FIG. 3.

'\ Referring now to FIG. 3, digital phase aligner {DPA) 50 comprises data transition (ecge) detactor 52, incremeni-
docrement controller 54 and two-stream, parallel, data+delayed dala register-multiplexer 56. The construction and
operation of increment-decrement controller 54 and register-multiplexer 56 is substantially the same as discussed in
connaction with controller 14 and regisler 16 of FIGS. 1-2 and reference may be hadto Cordell's U. S Palents 4,756,011
and 4.821,296 for {further details. This arrangement i1s preferred, but other implementations having the functions de-

0 scrbed herein may also be used.

DPA 50 receives at inpul 18 10 edge detector 52, data D having variable phase aiignment with respect to tocal
reference clock @{0) to which it is desired to be aligned, and provides at data culput 18 from register-multiplexer 56,
allgned data D. Qutput 59 is analogous to cutpul 19 of FIG. 1.

Edge detecior 52 receives single phase local clock signal &(0) at input 20. Local clock phase &(0) is also supplied

5 o controller 54 and register-multiplexer 56 at inpuis 24, 28, respectively. Single phase local clock signal @(0) can be
single-ended, differentiat or non-overlapping. As used herein, the terms "single phase clock” and "single clock phase”
are inlended to refer to an arrangement wherein all registers or/and flip-flops transition on the same clock edge. This
15 in contrast from bi-phase clocking where both rising and falling clock edges are used to iniliate gate or register
transitions

2e Data D is propagaled through edge detector 52 and controller 54 1o register-multiplexer 56 and is referred (o as

the "in-phase" data, that is, the data corresponding 1o clock phase &{0). Delayed data DD i generated within edge
deleclor 52. Delayed data DD is also conveniently propagated through controller 54 1o register-multiptexer 56 via
oulputs 57, 58 and 57', 58". While it is convenient io propagate in-phase data D and delayed data DD through controller

5410 register-multiplexer 56, this is nol essential and they may pass directly Irom detecior 52 1o register-multiplexer 56,

The operation of DPA 50 depends upeon the fact that if a transition of data D is ¢close to a clock transition and
therefore nol properly aligned, then the transition of delayed data DD will be far from a clock transition and will be
aligned, and vice versa. DPA 50 automatically chooses between in-phase data D or delayed data DD so that the output
data stream D' is aligned, i.e., the transitions of data siream D' are spaced away {rom the transitions of local clock &
{0). Furthermore, the data D or the delayed data DD is chosen from an earlier or later stage of the bi-phase shift register
30 s0 thal no bits are lost or repeated in the transition. The selected data can be skewed by several bit periods without

loss of data.

Selection of which of in-phase dala D or delayed data DD is coupled 1o aligned data oulput 59 of DPA 50 is
accomplished in much the same way as for the prior art arrangement of FIG. 1. In a preferred embodiment, edge
detector 52 generates disagreement signals W, X, Y, Z at oulputs 60, 61, 62, 63 analogous to disagreement signals

35 of the same name produced by quarlet sampler 12 at outputs 30, 31, 32, 33. These disagreement signals are used in
substantizlly the same way by controller 34 10 produce increment "UP" signal output 40 and decrement "DN" signal
outlput 42, which are coupled lo regisier-multiplexer 56 1o select between in-phase data siream D and delayed data
sliream DD being propagated from edge deteclor 52 through outputs 57, &8 and 57', 58' o register-multipiexer 56 1o
select Lhe correct data output stream, and with LSB signal 46 fed back to controller 54 for the same purpose as before,
DPA 50 operates according o the same truth table as shown in FIG. 2 for prior art systemn 10 but with delayed data

DD substituted for anti-phase data DA.

Edge delector 52 has a different construction and operation than prior art quartet sampler 12 described in U. S,
Patent 4,756,011 and the related arlicle cited above, or than improved pricr art sextet sampler described in U.S Patent
4,821,296 These differences overcome numerous deficiencies of the prior art. These differences and the benefils
45 thereof will be ungersiocod more clearly by reference 1o FIGS. 4-6.

Edge detector 52 differs from the prior arl arrangements in that, among other things, it requires only the input data
D and the local reterence clock @(0) to which the data is being aligned. It does nol need to receive either guadrature
ot bi-phase clock signals, nor does it generale such addittonal clock signals internally.

FIG 4 shows improved edge detector 52 according 10 a preferred embodiment of the present invention and in
greater delail. Edge deteclor 52 receives input data D at input 18 which it directs to first delay means 70 having delay
D1 and to N-stage register 72 In this example, N-stage register 72 has three stages. 721, 722, 723 N-stage register
72 has output 73 after stage N and output 73' after stage N-1. All stages cf register 72 are driven by local reference
clock J(0) received through input 20, as are registers 76, 84 and 86,

Input data D passes through first delay means 70 1o node 74 where it is coupled o second N-stage register 76
and second delay means 78 having delay D2. in this example, N-stage register 76 has three stages, 761, 762, 763.
N-stage register 76 has oulput 77 afler stage N. Register 76 is driven by clock@{0) in the same manner as for regisier 72

Afler passing through tirst delay means 70 having delay D1 and second delay means 78 having delay D2, inpul
digital data D armives at node 80 with delay D1+D2 where it is presented to third delay means 82 having delay D3 and
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1o third N-stage regisier B4 In this example, N-slage register 84 has three stages, 841, B42, 843. N-siage register 84
nas oulput BS after stage N. After passing through third delay means B2, the data stream is presented to N-stage
register B6 having, in this example, three stages, B61, B62, 863, and output BY after stage N. 11 will be appreciated by
one skilled i the art that the delay means may be impiemented using digital techniques.

Outputs 73, 77 of registers 72, 76 are presenied to inputs of exclusive CR circuit 80 whose oulput provides disa-
greement signal W at outpul 60 when oulpuls 73, 77 differ. Outputs 77, B5 of regislers 76, 84 are presented lo the
inputs of exclusive OR circuit 92 whose output provides disagreement signal X at output 61. Oulputs 85, 87 of registers
84, B6 are presented lo the inputs of exclusive OR circuil 94 whose oulput provides disagreement signal Y at oulput
62 Oulput B7 of register B6 and outpul 73' of stage N-1 of register 72 are presented 1o the inpul of exclusive OR circutt
96 whose cutput provides disagreement signai Z at oulput 63.

While circuits 80, 92, 94, 96 are described as being exclusive OR circuils, they may take any form so long as
disagreement signal W, X, Y or Z is provided when the respective register outputs feeding the inputs of circuits 90, 92,
94, 96 are different and no signals when the respective oulputs of the regisiers feeding respective circuils are the
samo, or the inverse thereof. One of disagreements W, X, Y, Z will be diflerent than the others when a data transition
occurs, e g, either high or low depending upen the type of decode logic being used.

In-phase dala D appearing at outpul 57 is conveniently laken from output 73 of first register 72. Delayed data DD
appearnng at ouipul 58 1s conveniently taken from oulput 85 of register 84. Delayed data DD is conveniently separated
from input data D by delay DD - D1 + D2. It is deswrable that DD equal about ninety degrees, and preferably about one
hundred and eighly degrees, but this is not essential. Any amount which is large enough 1o provide for adeguate
separation of the clock and data transitions is sufficient.

Delay means 70, 78, B2 may be a simple active or passive buflers or delay lines, as for example, monelithic delay
hnes fermed on the associaled integrated circuil on which edge detector 52 is fabricated. Other delay means may also
be used The incremental delay (i.e., D1, D2, D3) provided by each of delay means 70, 78, B2 should be greater than
the sarnpling aperture of the flip-flops 721, 761, B41, B61. Considerable variation can be tolerated in delay amounts
D1, D2, D3 and great precision is not reguired. While it is desirable that delay amounts D1, D2, D3 be substantially
equal, lhis is not essential.

N-stage registers 72, 76, 84, and 86 are shown as having N = 3, bul targer or smaller values of N can also be
used. A minimum of N = 115 required 1o provide a clock delay between the first sample at 73 and the last sample at
73" Additiona! states are desirable 1o minimize the probability of metasiabie siates at the register outputs, i.e., ambi-
guities caused by misalignment of clock and data at the flip-fiop input. As N increases, the probability of a metastable
slate is reduced, al the cost of increased complexity and power consumption.

Three delay increments D1, D2, D3 are illustrated in FIG. 4, but any number of delays Dy, (M 2 2) can be used.
The choice of M allects the number of dala registers that must be used to hold the output data streams. For example,
with M - 3, bi-phase regisiers are used (i.e., two parallel data streams for D and DD data). For M= 2 tri-phase registers
are used (i.e., three parallel data streams for D', DD' and DDD’ data). This is explained maore fully in connection with
FIGS 6A-C.

The clock period is divided into M+1 time increments or segments by the M delay buflers. Assuming bi-phase
outpul regisiers holding the direct and delayed dala streams, as for example similar 1o those used inthe U. $. Patents
4,756.011 or 4,821,296, then if M < 3, the circuil cannot guaranty ai leasl one buffer delay between the clock and the
datalransilions, and clock and dala transilions can occur in adjiacent time segments. M= 3 produces four lime segments
50 thal daia and clock transitions can be separated by one time segment. For M > 3, the clock and data signals are
separaled by more than one time segment. M > 3 is permissible but not desirable because it merely increases the
number of register flip-flops with no corresponding improvement in performance. Thus, M = 3 is preferred.

Four N-stage registers 72, 76, B4, B6 are shown as being used in preferred edge detector 52, but a larger number
P of registers can be used, provided that P = M+1, where M is the number of delay increments D1, D2, ... Dy, Stated
more generally, edge deteclor 52 comprises P registers of N stages each, each register being separated by one of M
= P-1 delay increments, with M > 2 and N 2 1, with the preferred arrangement being M > 3, N 2 3 and P > 4, and with
M =3. N= 3, P =4 being typical However, olher values of M, N and P (consisient with the inlerrelations explained
above) being may also be used.

Outputs of the P registers are compared in pars 1o generale one of P possible interference signals corresponding
1o which of the M delay increments during which the current data transition occurred. The aligned data is selected from
either in-phase dala b or delayed data DD where in-phase data D and delayed data DD are separated by at least two
of delay increments D1, D2 .. Dy, and the one of in-phase dala D or delayed dala DD selected as the aligned data is
separated fiom the relevant clock transition by at least one of delay increments D1, D2 ... Dy

While the delay andlogic elements of FIG. 4 are shown as being non-inverting, those of skill in the art will understand
that the same resull can be accomplished with inverting logic or a combination of inverting and non-inverting logic
Those of skill in the arl will unoersiand how to medify the arrangement of FIGS. 34 depending upon the type ol lagic
desired lo be used. What is important is that aligned data outpul 59 be swilched belween incoming data stream D or
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delayed data stream DD depending upon where the data transition edges are detected with respect to delays D1 - Dy,
where M= 2, 53, 4, . etc., typically M= 3, 4, ... elc.

FIG. 5 provides a timing diagram illustrating how edge detector 52 functions. Shown in F1G. 5 are incoming data
siream D (identified as "D0"), delayed dala stream "D1* after passing through delay D1, delayed data siream "D2"
after passing through delay D2, and data stream "D3" after passing through delay D3. FIG. 5 also shows clock signal
B(0) recaived at input 20. Dashed lines 100, 110, 120, 130 indicate various clock transition limes of interest. Data
siream "D0" has transitions 102, 112, 122, 132 which are skewed with respeci 1o clock transitions 100, 110, 120, 130,
inthis example, occurring earlier intime. For example, phase delay 103 belween data transition 102 and clock transition
100 may be large or smalland may be time varying. If transition 102 occurs toc close to transition 100 (or data transiions
112, 122, 132 occur too close 1o clock transitions 110, 120, 130) so thal phase or time difference 103 is small, then
phase uncerlainty will cccur and various dala bits may be |ost in the system. FiG. 5 shows that, as a result of passing
through delay means 70, 78, 82, delayed data streams "D1", "D2", "D3" are shifled in phase by delay amounts D1,
D2, D3 so that data transilions 104, 106, 108, for example, fall on one side or the other of clock transition 100.

Considering the situation shown in FIG. 5 with respect to clock transition 100, when the outpuls of data registers
72. 78 are compared in exclusive OR circuit 90, transitions 102, 104 of data sireams "D0", "D1" straddie clock transition
100 and ouipuls 73, 77 of registers 72, 76 are in different states if successive bits are different. Therefore, when a data
transition occurs, oulput W of comparator 90 will indicate thal there is disagreement between data streams "BO", "D1"
flowing through registers 72, 76 which bracket clock edge 100. However, when the oulputs of registers 76, B4 and B4,
BE and BB, 72(N-1) are compared in exclusive OR circuits 82, 84, 98, there is no disagreement between the signals
passing through these regisiers because the transitions are all on the same side of clock transition 100, ie., they do
not bracket transition 100. Therefore the inputs {0 exclusive OR circuils 82, 94, 896 are the same and there are no X,
Y. 2 disagreement outputs. Thus, according to the control logic truth table in FIG. 2 (substituting DD for DA), the W
disagreement signat causes controi logic 54 to maintain or transier delayed data DD to oulput 59 of register-multiplexer
56. It can be seen by inspeclion of FIG. 5, that under the circumstances iHiusirated with respect to data transition 102
and ciock transition 100, delayed data DD derived from data stream "D2" are a suitable output while input data D
corresponding 1o data stream “D0" are becoming 100 close 1o transition 100 to be reliable. Thus, DD is selected and
the objective of providing alignment of the data transitions with the iocal clock &{0) is accomplished.

FiG. 5 illustrates at clock transitions 110, 120, and 130 a situation where, for whaiever reason, the skew has
changed, e.g., because the clock has suflered phase diift relative (o the data. Al clock transition 110, data transitions
112, 114 occur betore clock transition 110 and data transitions 116 and 118 occur alter. Under thase circumstances,
an X disagreement is obtained when a dala transition occurs. Al clock transition 120, dala transitions 122, 124 and
126 occur before clock transition 120 anc data transition 128 after. Under these circumstances a Y disagreement is
generated when a data transition occurs. Finally at clock transition 130, data transitions 132, 134, 136 and 138 occur
before clock transition 130 and a Z disagreement is generated when a data transition occurs. The appropriate choice
of D or DD for the aligned output to be sent io output 59 can be determined from inspection of FIGS. 2 or 5 In each
case it is the data stream (D or DD) which is removed more than one full delay (D1, D2, or D3) from the relevant clock
transition (100, 110, 120, 130}. D or DD is chosen from an earlier or jater slage in the bi-phase register to ensure that
no bils are lost or repeated. This is shown at the botlom of FIG. 5, as follows: DD is the cofrect choice for transition
100, D for transitions 110, 120 and 0D again for transition 130. The aligned output choice is shown in Table | above.

While FIG. 5 shows the skew changing with successive clock cycles, those of skili in the art will undersiand thal
this i1s merely for convenience of explanation and that the skew may be stable for many cleck cycles or change more
rapidly or may change more siowly, and that the amount o skew may be targer or smaller than that indicated in FIG.
5. In each case, the control logic chooses whichever of D or DD has its data transitions at ieast one full delay from the
clock transition.

Aligning the phase of digital data with respect lo the phase of a clock signal is accomplished by providing input
means for receiving the digital dala desired to be aligned, passing the data sequentially through M incrementai delays
D and 1o P registers (preferably of N stages) each where P = M + 1 arranged so that the first of the P registers
receives the data without any of the M delays, the second register receives the data afler delay increment D1, and
conlinuing until the (P-1)* register receives the data after delay increment Dw.1 and the P register receives the dala
alter delay increment Dy, and further comprising comparing signals derived from the P registers in adjacent pairs which
are separaled al their inpuls by successive delay increments D1, D2 ... Dy, and with the last regisler being compared
with a signal from the lirst register, 1o provide a disagreement signal indicating dunng which of the M + 1 timing incre-
menls a dala transition has occurred, and selecting one of two dala outputs derived from outpuls of two of the P
registers as the aligned data outpul.

I 15 desirable that the slep of selecting one of two of the P registers comprises selecting from registers separated
al their inputs by al least one incremental delay means, preferably at least iwo incrememntal delay means

The passing steps desirably comprise passing the data through M delay increments where M = 2 and N stage
regisiers where N 2 1, preferably where M= 3 and N2 3. For M = 3, the step of selecting one of two of the P registers
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desirably comprises selecting from the first and third regisiers.

In a preferred implementation, the method comprises, racening the input digital data, passing the data to an N-
stage first shifl regisior and 1o a first delay means having a predetermined first delay and an output, passing the data
delayed by the fust delay 1o a second shifl register and 1o a second delay means having a predetermined second delay
and an oulput, passing the data delayed by the second delay to a third shift register and to a third delay means having
4 predetermined third delay and an oulput, passing the data delayed by the third delay 1o a fourth shift register, iden-
tifying which of paired outputs of {i) the lirst and second registers, (i) the second and third registers, (iii) the third and
lourth registers and (ivj the fourth register and an output of the N-1 stage of the first register, is different, and then
selecling as the aligned digiial data bil, a data bit from a register whose oulput is the same as data bits from adjacent
regisiers during the ciock cycie of interest. This is especially suilable where Nz 3.

For a simple flip-flop, ihe amount of phase skew attenuation is constant regardiess of the skew frequency. The
digital phase aligner, on the olher hand, can atienuale skew amplitudes as large as several times the clock period at
low frequencies. Low frequency skew appears as phase drifl. If the phase skew freguency is comparable o the clack
frequency, the control logic may be fooled by multiple data edges moving in the same direction.

The digial phase zaligner of the present invention can completely absorb dynamic phase skew oul to about 720
degrees phase shift al low jitter frequencies, therealter declining1o about 60 degrees as the jitter frequency approaches
the clock Irequency or higher. Additional phase skew may be absorbed by modilying DPA 50 so that the length of the
bi-phase regisier 1s increased. The DPA can absorb phase shifts of $(360)(Q), where Q = Int[(B-1¥2] and R is the
number of filp-flops in either leg of the bi-phase register.

It is desirable that the conirof logic of the present invention require multiple non—contradiciory disagreement signals
belore changing the output of register-multiplexer 58. This is accomplished by decoding logic which stores the present
and previcus slales of W, X, Y, Z. The decoding logic takes action only in the case of S successive occurrences of the
same error signal. It is necessary that S > 1, and desirable thal S = 2. As S increases, the probability of an erroneous
multiplexer change is reguced, but the frequency of the phase jitter that can be accommodated is reduced.

By employing the DPA of the present invention, bit error rales can be substantialiy reduced. For exampig, with
phase jilter comparable to that observed on long-haul telephone lines, the calculated bit error rate is less than 10718,

FIGS. 6A-C arc phase plane representiations of data skew in relation to the clock phase or phases, and provide a
particularty simpte means of understanding the operation of aulomalic phase alignment sysiems. FIG. 6A corresponds
e a prior art arrangement using guartet sampling, and FIGS. 6B-C correspond to embodiments of the present invention,
where M = 3 (FIG. 6B) and where M = 2 (FIG. 6C). Circles 170, 180, 190 in FIGS. 6A-C represent the loci of phase
displacement of a data transition relative 1o the local clock(s). The top of each circle 170, 180, 160 is the reference
phase. A representative data transition TR is shown in each of FIGS. 8A-C. The M delays divide the phase circle into
M + 1 ime increments, i.e , there are M + 1 sectors in the circle.

FIG BAcorrespondsiothe quartel sampler of the prior art shown in FIGS. 1-2 and has clock transitions represented
by the small circles located at 0°, 80°, 180°, and 270°. By way of example, data transition TR is located in the "W"
quadrant and disagreement signal W is therefore present, as has been previously explained. The output data streams
0. DA are derived from dala sampled by the §° and 180° clock phases. H transition TR occurs in the W quadrant, as
shown in FIG. 6A, and the previously chosen ouiput data stream corresponded 1o "D, then, according to FIG. 2, the
conlrol logic causes a change in the output data stream to ouipul "DA" selecling earlier data in the bi-phase register.
In the context of FIG. 8A, this cofresponds to moving around circle 170 1o ouwlput DA.

FIG. 8B corresponds 1o the arrangement of the present invention illustrated in FIGS. 3-5 having a singte phase
clock and three detays D1, D2, D3. The reference phase corresponding to undelayed data DO is located at the top of
phase circle 180 Oulpul data streams D and DD propagated 1o bi-phase register 56 (see FIG. 3) correspond to DO
and D2 (see FIGS. 4-5) By way of example, FIG. 68 shows data transition TR located in the X sector so that an X
disagreement signal is present. According to Table |, i the previously chosen data stream was D, then no change is
the output dala stream is needed. Conversely, if the previously chosen data steam is DD, then the contral logic causes
a change in the cutput dala siream to outpul D selecling earlier data in the bi-phase register. In the conlext of FIG. 6B,
this corresponds lo moving around circle 180 from output DD to output D.

An advantage of the phase plane representation of FIGS. 6A-C s that a general rule can be formulated based on
the use of the phase-piane diagrams which lells what output data siream to select and whether o select earlier dala
or later data so as to avoid loss or repetition of data bits. The rule is illustrated in terms of FIG. 6B but applies as well
10 FIGS 8Aand 6C with appropriale substittion of data stream identification and reference numerals for corresponding
anows, ie.. 172 or 192 for 182 and 174 or 184 for 184 The rule i1s slated as follows:

{1t Determine which output dala stream (e.g., D, DD) is current;

{11} I the current data stream (D, DD) doas not form a boundary of the seclor (W, X, Y, Z) containing data transiion
TR. do nothing, or '

(i i the cunent data stream (D.DD) forms a boundary of the sector (W, X, Y, Z) conlaining data transition TR,
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then determine which direction (ciockwise or counterclockwise) around the phase circle one must move in order
10 go from the current output data siream location to the other outlput dala strearn (DD, D) location without crossing
data transition TH; and

(iv) H rotation is clockwise {e.g., in the direction of arrows 1B4) selec! earlier data from the other output data stream
{DD, Dy in the bi-phase register, or

(V) If the rotation is countar-clockwise (e.g., in the direction of arrows 182) select later data from the other output
gala stream (0D, D) in the bi-phase register.

Application of the loregoing rule 1o FIG. 6C is explained below.

FIG. 8C illustrates a turther embodiment of the present invention wherein M = 2 so that there are three lime seclors
produced by two delays D2, D3 (D1 is omitled). With this arrangement, register-multiplexer 56 must be a tri-phase
register, that is, three parallel registers propagating three allernative output data streams 0', DD' and DDD' correspond-
ing 1o data stireams DO, D2 and D3. Means and methods for constructing tri-phase registers and selecting any of the
three dala sireams therein are well known in the art, and may be understood by analogy 10 bi-phase registers.

In FIG. 4, delay D1 and associated registers 76 and gate 92 are omitled and the input of delay stage 78 (delay
D2} is connected directly to input data input 18. Output data stream D' is derived from output 73, output data stream
CD' is derived from output 85 and outpul data stream DDD’ is derived from output B7. Gates 99, 94, 96 generate
disagreement signals W, Y, Z in the same manner as previously descriped but with delay D1, register 76 and gale 92
omitted. The operation of this arrangement is easily understood by reference lo the phase diagram of FIG. 6C anc the
above-staled rule.

InFIG. 6C phase circle 190 has sectors W, Y, Z corresponding {0 disagreement signals W, Y, Z generated depending
upon the phase skew of data transition TR. In the example of FIG. 6C, data transition TR occurs in the W sector. The
rule set forth above (i.e., steps (i) - (v)) applies 1o FIG. 6C taking inlo account thal there are now three possible output
data streams D°, DD', DDD".

i the current data stream (D', DD', DDD") does not bound the sector containing transition TR, then there is no
change. If the current output dala stream bounds the sector containing data ransition TR, then one changes the output
lo the data stream that does not bound the transition seclor moving clockwise or counterclockwise according to the
rule of not crossing over TH.

For example, with data transition TR located in the W sector, if the current cutput is D', move counter-clockwise
(arrow 192) 10 DDD' and select laler data from the tri-phase register. H the current outpul is DD’, move clockwise {arrow
194) 1o DDD', and select earlier data from the tri-phase register !t will be apparent from the foregoing that rules (i) -
(v) above apply for any number of delays (M = 2) and correctly select earlier or iater data so that no data bits are omitied
or repealed.

The arrangement of FiG. 6C has the disadvantage of requiring a tri-phase register but the advantage of allowing
lasler operation than arrangements Using bi-phase registers. This is because the sum of the delays SO = D1 ... Dy,
mus! be less than the clock period CP by some amount A which is at least egual the smallest physically realizable
sampling aperiure (e.g., for a {lip-flop) for whatever technology is being used, i e., {SD + A) < CP. The fastest operation
occurs when the incremental delay, D, = A, and SD = (M + 1)-D;. The smaller the value of M, the smaller SD, the smaller
CP and the greater ihe clock frequency t,, = 1/CP. Thus, M = 2 permits faster operation than M = 3.

Based on the foregoing description, it will be apparent to those of skill in the ar that the present invenlion has
substantial advaniages as pointed oul herein, namely. it accommodates both large and smail clock/data skew over a
broad band of skew frequencies, it does not require the use of quadrature clocks, it does not reguire the use of half-
bit {brphase) clocking in the sampler, it eliminates the use of measured lengths of coaxial cables, it is completely
automatic and it permits higher clock frequencies.

By eliminating the inevitable frequency compromises associaled with quadrature and/or half-bit clocking, the
present invention takes full advantage of the inherent speed of the IC technology used to implement the system. Unlike
the prior art, the phase aligner of the present invention does not prevent operation at the maximum available frequency
dictated by the performance of the semiconductor technology. These are subsiantial advaniages of great practical utility.

While the presen! invention has been described in terms of particular structures and steps, these choices are for
convenience of explanation and nol intended to be limiting. For example, those of skill in the art will understand that

the designations of earlier or later data in the register-multiplexer depends upon how the dala streams have been
defined.

Claims

1. Anapparatus {50} for aligning the phase of digital data with respect 10 the phase @(0) of a clock signal, comprising:
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input means (18) for receiving the digital data (D) desired to be aligned,

M delay means (70, 78, 82) providing M incremental delays (D1, D2, D3),

P registers (72, 76, B4, B6) of N stages each where P = M + 1, wherein the data (D) is serially coupied through
the M delay means (70, 78, B2) and to the P regislers (72, 76, B4, 88) arranged so that a first (72) of the P
registers (72, 76, 84, B6) has its input coupled to an input 1o a first (70) of the M delay means (70, 78, 82),

a second regisier (76} has its input coupled to an input of a second (78) of the M delay means (70, 78, 82),
conlinuing until a {P-1) register (84) has its input coupled 10 an input of an M delay means (B2} and a Pt
register (86) has its input coupled to an output of the M delay means (82}, and further comprising:

means for comparing (90, 92, 94, 96) signals derived from the P ragisters (72, 76, 84, 86) in adjacent pairs
separated at their inpuls by one of the M delay means {70, 78, 82) and the P register (86} being compared
with a signal (73") from the firsi register (72), 1o provide a disagreement signai (W, X, Y, Z) indicating during
which of the delays (D1, D2, D3) provided by the M delay means (70, 78, B2) a data transition (102 - 13B) has
occurred, and

logic means (54) for receiving the disagreement signal (W, X, Y, Z) and selecting one of at least two dala
outpuls (D, D) derived from oulputs of at least two of the P registers (72, 76, 84, BB) as the aligned data
output, CHARACTERIZED IN THAT a signal from said Pth register (B6) is compared 10 a signal from said first
register (72) 10 provide a disagreement signal indicating during which of the delays provided by said M delay
means (70, 78, B2) a data transition has occurred.

An apparatus {50) as claimed in ¢claim 1 wherein the at ieast two of the P regisiers (72, 76, B4, 86) are separated
al therr inpuls by at least one incremental delay (70, 78, 82).

An apparatus (50} as claimed in claim 1 wherein the at least two of the P registers (72, 76, 84, 88) are separaled
at their inputs by at least two incremental delays (D1, D2, D3).

An apparatus (50) as claimed in claim 1 wherein M2 2 and N > 1.
An apparatus (50) as claimed in claim 4 wherein M>3and N = 3.

An apparalus (50) as claimed in claim 5 wherein the at least two of the P registers (72, 76, B4, 86) are the first
{72} and the third register {84).

An apparatus (50} as claimed in claim 1 wherein M = 3 and P = 4 and there are P means for comparing (90, 92,
94, 96) the signals derived from the registers (72, 76, B4, 88) in adjacent pairs, and wherein the logic means (54}
changes the seleclion of one of two data outputs {D or DD) from one to the other hased on whether inputs of the
first through fourth means for comparing (90, 92, 84, 96) the signals are the same (yes) or not (no), where W, X,

Y, Z represent binary oulputs, respectively, of the first through fourth means for comparing (90, 92, G4, 96}, as
follows:

Comparing Inputs Which Qutput B/OD Change Output D/DD

means Same? Currently Selected? yes/no?

first yes(W=0) doesn't matter no

(W) no(W=1) D yes;select later data
no(W=1) oD no

second yes(X=0) doesn't matter no

(X) no(X=1) D no
no(X=1) o yes;select earlier data
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third yes(Y=0) doesn't matter no
(Y) no(Y=1) D no
no(Y=1} 0o yes;seiect later data
fourth yes(Z=0) doesn't matter no
(Z2) no(Z=1) D yes;select earlier data
no(Z=1) 0o no

8. An apparalus {50} as claimed in claim 1 wherein said logic means (54) provides a selection signal thal selects as

the aligned data output, the one of at least two data outputs (D, DD) whose transition cccurs furthest in time from
& corresponding clock transition {100, 110, 120, 130).

9. An apparalus (50) as claimed in claim 1, wherein said logic means (54) and said means for comparing (90, 92,

84 96} are for employing a rule in determining which one of at feast two data outpuls (D, DD) to setect. wherein
the rule comprises:

(1) determining which data output (D, DD) is currently selected,

{11y when data from a currently selected data output (D, DD) does not form a boundary of a phase space sector
comaining data transition TR, do nothing; or

{ii when data from the currently selecled data output (D, DD) forms a boundary of a phase space seclor
coniaining data transition TR, then determine which rotational direction around a phase circle one must move
in order 1o go from data from a current data output (D, DD) location to data from ancther data ouiput (D, DD)
location which does not form a boundary of a phase space seclor containing the data transition TR withoul
crossing data transition TR, and

{iv) when rotation is in a first direction, select eariier data from a temporarily stored another cutput data stream
for delivery 1o the aligned data oulput; or

(v) whien the rotation is in a second opposite rotaticnal direclion, select later data from the temporarily stored
anolher output data stream for delivery 1o the aligned data output.

Patentanspriache

1. Gerat (50) zum Ausrichien der Phase digitaler Daten in Bezug aut die Phase @5(0) eines Takisignals, das aufweist

eine Eingabeeinrichiung {(18) zurn Auinehmen der digitalen Daten (D), in Bezug auf die erwinscht ist, dafl sie
ausgerichiet werden,

M Verzogerungseinrichtungen (70, 78, 82), die M inkrementale Verzégerungen (D1, D2, D3) liefern,

P Register (72, 76, 84, 86) von N Stufen, wobei jedes P = M + 1 betragt, wobei die Daten (D) seriell Uber die
M Verzogerungseinrichiungen (70, 78, 82) und zu den P Registem (72, 76, 84, 86) gekoppelt werden, die so
angeordnel sind, dal ein ersies {72) der P Register (72, 76, B4, BB) einen Eingang besitz1, der mil einem
Eingang zu einer ersten (70) der M Verzégerungseinrichtungen (70, 78, B2) gekoppelt ist,

wobel ein zweites Register (76) seinen Eingang mit einem Eingang einer zweilen (78) der M Verzdgerungs-
einrichlungen (70, 78, B2) gekoppelt besitzt, was fortfahrt, bis ein (P - 1)tes Register (B4) seinen Eingang mit
einem Eingang einer Mien Verzégerungseinrichtung (82) gekoppell besitzt und ein Ptes Register (86) seinen
Eingang mil einem Ausgang der Mlen Verzdgerungseinrichlung (82) gekoppelt besitzt, und weiterhin aulweist:

Einrichtungen zum Vergleichen (90, 92, 94, 96) von Signalen. die von den P Registern (72, 76, 84, 86) abge-

leitet sind, in angrenzenden Paaren, dhe an deren Eingangen um eine der M Verzogerungseinrichtungen (70.
78. 82) separiert sind, und wobei das P'® Register (B6) mit einem Signal (73') von dem ersten Register (72)
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verglichen wird, um ein Fehlibereinstimmungssignal (W, X, Y, Z) zu liefern, das anzeigt, wahrend welcher der
Verzégerungen (D1, D2, D3), die durch die M Verzégerungseinrichtungen (70, 78, 82) geliefert ist, ein Dalen-
tbergang (102 - 138) aufgetreten is!, und

eine logische Einnicntung (54) zum Empfangen des Fehlibereinstimmungssignals (W, X, Y, Z) und Auswahlen
eines von mindestens zwei Datenausgangen (D, DD}, die von Ausgangen von mindeslens zwei der P Register
(72,76, B4 86) ais der ausgerichiete Daten-Ausgang abgeleitet sind, DADURCH GEKENNZEICHNET, DASS
ein Signal von dem Pen Hegister (B6) mit einem Signal von dem ersten Register (72) verglichen wird, urn ein
Fehllbereinstimmungssignal zu liefern, das anzeigt, wahrend welcher der Verzégerungen, die durch die M
Verzogerungseinrichtungen (70, 78, B2) gehtiefert werden, ein Datleniibergang aufgetreten ist.

Gerat (50) nach Anspruch 1, wobei die mindesiens zwei der P Register {72, 76, B4, B6)} an deren Eingangen durch
mindestens eine inkrementale Verzégerung (70, 78, 82) separiert sind.

Geral (60) nach Anspruch 1, wobet die mindesiens zwei der P Regisler (72, 76, B4, B6) an deren Eingangen durch
mindestens zwei inkrementale Verzdgerungen (D1, D2, D3) separiert sind.

Geratl (50) nach Anspruch 1, wobei M =22 und N = 1 ist.
Gerat (50} nach Anspruch 4, wobei M= 3 und N 2 3 ist.

Gerat (50) nach Anspruch 5, wobei die mindestens zwei der P Register (72, 76, 84, 86) das ersie {72) und das
dritte Register (84) sind.

Gerat (50) nach Anspruch 1, wobei M = 3 und P = 4 ist und P Einrichtungen zum Vergleichen (S0, 92, 34, 96) der
Signale vorhanden sind, die von den Registern (72, 76, 84, B8) in angrenzenden Paaren abgeleitet sind, und wobei
die logische Einrichiung (54) die Auswahl des einen der zwei Daten-Ausgange (D oder DD) von einer zu der
anderen basierend darauf, ob Eingénge der ersten bis vierten Einrichtung zum Vergleichen (80, 92, 84, 98) der
Signale dieselben (ja) sind oder nicht (nein}, andert, wobei W, X, Y, Z bindre Ausgange jeweils der ersten bis
vierten Einrichtung zum Vergleichen (90, 92, 94, 96) darstellt, wie folgt:

Vergleichs-Einrichtungen Eingange Welcher Ausgang D/CD Andere Ausgang D/DD ja/nein?
dieselben? momentan ausgewahlt?

erster ja (W=0) spiel! keine Rolle nein

(W) nein {W=1) 8] ja; wahle spatere Daten aus
nein (W=1) oD nein

zweiler ja (X=0j) spielt keine Rolle nein

(X} nein (X=1) D nein
nein (X=1) DD ja; wahie friihere Daten aus

dritter ja{¥=0) spiell keine Rolie nein

{Y) nein (Y=1) D nein
nein (Y=1) oD ja, wahle spatere Daten aus

vierler ja (Z=0} spielt keine Rolle nein

(Z) nein {Z=1) D ja, wahle frihere Daten aus
nein (Z=1) DD nein

8. Geral (50) nach Anspruch 1, wobei die logische Einrichtung (54) ein Auswahisignal liefert, das als den ausgerich-

telen Dalen-Ausgang den einen der mindestens zwet Daten-Ausgange (0, DD) auswahlt. dessen Ubergang am
frihesten in der Zeil von einem entsprechenden Takt-Ubergang (100, 110, 120, 130) auftritt
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Geréat {50) nach Anspruch 1, wobei die logische Einrichtung (54) und deren Einrichtung zum Vergleichen {90, 92,
94, 96) zum Einsetzen einer Regei beim Bastimmen dienen, welcher eine dor mindestens zwei Daten-Ausgange
(D, DD} auszuwahlen ist, wobei die Regel aufweist;

{i) Bestimmung, welcher Daten-Ausgang (D, DD) momenian ausgewahlt wird,

(i) wenn Daten von einem momenian ausgewahlten Daten-Ausgang (D. DD) nicht eine Grenze eines Phasen-
Raum-Sekiors bilden, der einen Dalen-Ubergang TR enthalt, nichts unternehmen; oder

(i) wenn Dalen von dem momentan ausgewahlten Daten-Ausgang (D, DD) eine Grenze eines Phasen-Raum-
Sektors bilden, der einen Daten-Ubergang TR enthalt, dann Bestimmung, welche rotationsméfige Richtung
um einen Phasenkreis man sich bewegen mufl, um von Dalen von einer Stelle eines momentanen Dalen-
Ausgangs (D, DD) zu Daten einer Stelle von einem anderen Daten-Ausgang (D, DD) zu kommen, der keine

Grenze eines Phasen-Raum-Sektors bildet, der den Daten-Ubergang TR chne Uberquerung des Daten-Uber-
gangs TH bildet; und

(iv) wenn eine Rotation in einer ersten Richlung liegt, Auswahlen friherer Daten von einem temporar gespel-
cherten, anderen Ausgangs-Daien-Strom zur Zufihrung zu dem ausgerichieten Daten-Ausgang, oder

(v} wenn die Rotation in einer zweiten, enigegengesetzien, drehungsmafigen Richlung liegl, Auswahien spa-

terer Daten von dern temporar gespeicherien anderen Ausgangs-Daten-Strom zur ZufOhrung zu dem ausge-
richeten Daten-Ausgang.

Revendications

1. Appareil {50) pour aligner la phase de données numeriques pafr rapport a la phase @{0) d'un signal d'horloge,
comprenant

un moyen d'entrée (18) pour recevoir les données numériques (D) gue fon souhaite aligner,

M moyens de retard (70, 78, 82) fournissant M retards incrémentiels (D1, D2, D3),

P registres (72, 76, 84, 86) de N étages chacun, ol P = M + 1, les données {D) élanl couplées en série a
travers les M moyens de retard (70, 78, B2) et aux P registres (72, 76, B4, B6) disposés de 1elle fagon qu'un
premier registre (72) des P registres (72, 76, B4, 86) a son entrée couplée & une entrée d'un premier moyen
(70) des M moyens de retard {70, 78, 82),

un deuxiéme registre (78) a son enirée couplée a une entrée d'un deuxiéme moyen (78) des M moyens de
retard (70, 78, 82}, et ainsi de suite jusqu'a un (P-1)8Me registre (84} ayant son entrée couplée & une entrée
d'un Mé™e moyen de retard (82) et un PE™Me registre (86) ayant son entrée couplée a une sortie du Méme
moyen de relard (B2), el comprenant en outre ;

des moyens pour comparer (90, 92, 94, 98) les signaux dérivés des P registres (72, 76, 84, B6) en palres
adjacenies séparées a leurs entrées par I'un des M moyens de retard (70, 78, 82), le Peme registre (B6) étant
comparé a un signal {73') provenant du premier regisire (72}, de fagon a prévoir un signal de discordance (W,
X, Y, Z) indiquant au cours duquel des retards (D1, D2, D3) fournis par les M moyens de retard (70, 78, 82)
une transition de données {102 - 138) s’esl produite, et

un moyen logique (54) pour recevoir le signal de discordance (W, X, Y, Z) et sélectionner comme sortie de
donnees alignées une parmi au moins deux sories de données (D, DD) dérivées des sorties d'au moins deux
des P registres (72, 76, B4, B6). caractérisé en ce qu'un signat provenant du Péme segistre (86) est comparé
a un signal provenant dudd premier regisire (72) pour prévoir un signal de discordance indiquant au cours
duguel des retards fournis par lesdils M moyens de retard (70, 78, B2) une transition de données s'est produite.

2. Appareit (0] selon la revendication 1, dans lequel les au moins deux registres parmi les P regisires (72, 76, 84,
86) sont séparés a leurs entrées par au moins un retard incrémentiel (70, 78, B2).

3. Appareil {50) selon la revendication 1, dans lequel les au moins deux registres parmi les P reqistres (72. 76, B4,
B6) sont séparés & leurs entrées par au moins deux retards incrémentiels (D1, D2, D3).

4. Appareil (50) selon la revendication 1, dans lequel M2 2 et N2 1.
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Appareil (50) selon Ja revendication 4, dans lequel M >3 et N = 3.

Appareil (50} selon la revendication 5, dans iequel les au moins deux registres parmiles P regisires (72, 76. 84,
86) sont le premier (72) el le troisidme registre (84).

Appareil (50) sclon la revendication 1, dans lequel M = 3 et P = 4 et il y a P moyens pour comparer (90, 92, 24,
96) les signaux deérivés des registres (72, 76, B4, B6) en paires adjacenies, el dans lequel le moyen logigue (54)
permute la séiection de I'une de deux données de sortie (D ou DD) entre elles selon si les entrées des premier &
guatrieme moyens pour comparer (90, 92, 94, 96) les signaux sont pareilles (oui) ou nen (non), ou W, X, Y, Z

représenienl des sorlies binaires, respacltivement des premier au quatrieme moyens comparaleurs (80, 92, 94,
96), tde la lagon suivante .

Moyen comparateur | Entrées égales? Sortie D/DD séleclionnée Permuter, oui ou non, les sorties
actuellement O/eo7
premier (W) oui (W=0) sans importance non
non {(W=1) D oui ; sélectionner données
ullérieures
non {W=1) (D] non
deuxieme cui (X=0} sans imporlance non
(X3
non (X=1) D non
non (X=1) DD oui ; sélectionner données
antérieures
lroisiéme coui {Y=0) sans importance non
(Y}
non {Y=1) D non
non (Y=1) DD oui ; sélectionner données
uliénieures
guatriéme oui (Z=0) sans importance non
(Z)
non (Z=1) D oui ; sélectionner données
antérieures
non (Z=1) (B]; non

8. Appareil (50} selon la revendication 1, dans leguel ledit moyen logique (54) fournit un signal de sélection qui
sélectionne comme sortie de donnees alignees, parmi au moins deux sories de données (D, DD), celie dont Ia
transition esl plus dislante dans e temps d'une transition de signal d’'horloge correspondante (100, 110, 120, 130}

9. Appareil (50) selon la revendication 1, dans lequel ledit moyen logigque (54) et ledit moyen comparateur {90, 82,

94. 96) sonl destinégs & empioyer une régie pour déterminer laquelle des au moins deux sorties de données (D,
LD} doit étre séleclionnee, ol la régle comprend :

{1y Déterminer quelle sortie de données {D, DD) est sélectionnée actueliement ;

(i) Lorsque les données d'une sorlie de données sélectionnée actueliernent (D, DD) ne constituent pas une
borne d'un secteur d'espace de phase contenant la transilion de données TR. ne pas intervenir ; ou

(iii) Lorsgue les données de la sortie de données sélectionnée actuellement (D, DD) conslituent une bome
d'un secteur d'espace de phase contenant |a transition de données TR, déterminer le sens de la retation a
effectuer autour d'un cercie de phase pour aller des données d'un emplacement aclue! de sorlie de données
{D. DD) aux données d'un autre emplacement de sortie de données (O. DD) qui ne constituent pas une borne
d'un secleur d'espace de phase contenant la transition de données TR, sans passer par la transition de don-
nées TR el

{iv} Lorsque |a rotalion s'effectue dans un premier sens, séleclionner les données antérieures dans un autre
flot de données de sortie mémorisé temporairement en vue de les fournir & la sortie de données alignées ; ou
(v} Lorsque la rotation s'efiectue dans un deuxiéme sens de rotation opposeé, séleclionner les données ulté-
neures dans lauire flot de données de sortie mémorisé temporairement en vue de les fournir & la sorlie de
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