RATE VERI FI CATI ON OF ANI NCOM NG SERI AL ALl GNVENT
SEQUENCE Field of the Invention [0001] The present

WO pws6448 pertains to the field of sem conducP©r/US2004/043337
devices. More particularly, this invention pertains to
the field of serial transm ssion alignnment. Background
of the Invention [0002] In today's conputer systens,
some computer system component interconnect protocols
provi de techniques to establish and to nmaintain
synchroni zati on. One such protocol is the Serial ATA
protocol (Serial ATA Specification rev. 1.0 rel eased
June 28, 2001). This protocol allows comrunication
bet ween two devi ces such as a disk controller and a

di sk ghi-¥& [ kEicati ' r
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signaling. The Serial ATA specification further
provides for periodi Cpief L ivedBonf @l i gnnent
primtives. The alignﬁﬁﬁﬁaggkﬁTTTVE“is a predeterm ned
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recogni zed by devices coupled to the interconnect. The

Momgpadivulaply) thistinveatioh pateinsde iediedd dffwatialttmemissish alignment.
synchroni zation to recover bitboundary

Backeround of the Invention

[0002] In today’s computer systems, some computer system component
interconnect protocols provide techniques to establish and to maintain
synchronization. One such protocol is the Serial ATA protocol (Serial ATA
Specification rev. 1.0 released June 28, 2001). This protocol allows communication
between two devices such as a disk controller and a disk drive. The Serial ATA
specification provides for a serial interconnect using differential pair signaling. The
Serial ATA specification further provides for periodic tr;ctnsmission of alignment
primitives. The alignment primitive is a predetermined pattern of bits of a
predetermined length that is recognized by devices coupled to the interconnect. The
alignment primitive allows devices that have lost synchronization to recover bit-
boundary alignment.

[0003] The alignment method provided for in the Serial ATA specification
involves the transfer of ALIGN primitives across. the interface. The ALIGN

primitive is a four byte sequence. The first byte of the primitive is an encoded K28.5



alignnent. [0003] The alignnent nethod provided for in
the Serial ATA specification involves the transfer of
WQ@ERI0SH4383 it i ves across the interface. The ALP@MUS2004/043337
primtive is a four byte sequence. The first byte of
the primtive is an encoded K28. 5character (rd+:
110000 0101; rd-: 001 111 1010). The receiving device
conpares the first character of the incom ng ALIGN
primtive with the expected K28.5 character. If there
is a mtch, then the receiving device is assuned to be
synchroni zed. [0004] The above nentioned nethod is
susceptible to fal se detection of ALIGN prinmitives
that are being sent at a different rate than expected,

0 [N d.an [ on..t he iLnterconnect
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t he .Dr awi ngs 0Q5J The | ntjon wll be understood
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and fromthe acconpanying drawings o f enbodi nents of
tqharapty df thegmis whmaieh, thep Hioreecivingdlgvige isaissupecdrtalben t o
limt the invention to the specific enbodi nents
dosdworized, but are for explanation and under st andi ng
only. [0006] Figure 1 is a block diagram of one

qodapi NEThe MHovamenitidl aiethi®yiSt SiBceptible to false detection of ALIGN

primitives that are being sent at a different rate than expected, or false interpretation

of noise on the interconnect wires as a valid ALIGN primitive.



including a serial interface controller coupled to a
di sk drive. [0007] Figure 2 is a block diagram of one
weedsao4aeht of an apparatus for rate verifi cat PONUSI00&M3337
incom ng serial alignnent sequence including a shift
regi ster, a checking logic unit, and a state machi ne.
[0008] Figure 3a is a block diagramof a shift
register. [0009] Figure 3b is a block diagram of a
checking logic unit. [0010] Figure 4 is a diagramof a
state machine. [0011] Figure 5 is a flow di agram of
one enbodi nent of a nethod for rate verification of an
i ncom ng serial alignment sequence. Detail ed
Description [0012] Figure 1 is a block diagram of one

enbodi nent of a ] A & |nclud|ng a seria
i nterface control Sk drive 150

EH ferl interface.confroller 200 is included in

at / ouf'mw VEREBR YA borderstqad mgre dully ﬁrsmetae defailed description
peripheral bus 145. [0013] The conputer system 100

&sa belowl anddiony the\aseaspanying dragiings o enst@dirhents ¢fghe invention
coupl ed to the input/output hub 140 via a hub.

iwitidr, bowenec,tshd#l8 noflhectalenso Hmitl thejing ention to the specific

embodiments described, but are for explanation and understanding only.

[0006] Figure 1 is a block diagram of one embodiment of a computer system
including a serial interface controller coupled to a disk drive.

[0007] Figure 2 is a block diagram of one embodiment of an apparatus for rate
verification of an incoming serial alignment sequence including a shift register, a
checking logic unit, and a state machine.

[0008] Figure 3a is a block diagram of a shift register.

[0009] Figure 3b is a block diagram of a checking logic unit.

[0010] Figure 4 is a diagram of a state machine.

[0011] Figure 5 is a flow diagram of one embodiment of a method for rate

verification of an incoming serial alignment sequence.



device 120 is coupled to a processor 110.and i s also
coupled to a system nenory 130. [0014] The seria

WO niosnéa8e controller 200 i s coupled to the dpERUSINOYEI3337
150 via an interconnect 147. For this exanple
enbodi nent, the interconnect 147 is inplenented in
accordance with the Serial ATA specification. Oher
enbodi ments are possi bl e using other interconnect
i mpl ement ati ons. For this exanple enbodi nent, the
i nterconnect 147 includes one differential pair of
signals that deliver data fromthe controller 200. to
the disk drive 150 and another differential pair of
signals that deliver data fromthe disk drive 150.to

the controller 200. [OOigh.ﬁﬁgéochghly, t he seri al
i nterconnect controller n align sequence
er. the..interconnect, 147. The align sequence i ncl udes
TR ooFigtte Jis o SiHFRMALone aboRRICa: GhbUmRITEYSigN 100
align primtive is a four byte sequence, with the
finluding;y sesial interfacsi qogtralier2Ae sereplekizer disk Hrivetite rTHeGed4]
Figure 2 is a block diagram of one enbodi nent of an
appdacecastrdller 2006t inclieled fri aeinpwitouputand 140 etiidhds 8186 calpled
al i gnment sequence including a shift register, a
tdepleipheral Bgi1@s. and a state machi ne. The enbodi ment of
Figure 2 may be

[0013] The computer system 100 also includes a system logic device 120 that is
coupled to the input/output hub 140 via a hub. interconnect 125. The system logic
device 120 is coupled to a processor 110 and is also coupled to a system memory
130.

[0014] The serial interface controller 200 is coupled to the disk drive 150 via an
interconnect 147. For this example embodiment, the interconnect 147 is_
implemented in accordance with the Serial ATA specification. Other embodiments
are possible using other interconnect implementations. For this example
embodiment, the interconnect 147 includes one differential pair of signals that
deliver data from the controller 200 to the disk drive 150 and another differential pair
of signals that deliver data from the disk drive 150 to. the controller 200.

[0015] Periodically, the serial interconnect controller 200 receives an align
sequence over the interconnect 147. The align sequence includes a series of align
primitives. For this embodiment, an align primitive is a four byte sequence, with the

first byte including an encoded K28.5 character.
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i nplenmented in a serial interconnect controller such
as the controller 200 shown in Figure 1. A data
WO e@wowery3 ci rcui t/anal og front end (AFE) 210 rBCEUY®S4/043337

an input streamover the serial ATA differential pair

147. The unit 210 asserts a non-rate verified align

detect signal 215 whenever a K28.5 character is

recogni zed conmng in with the input stream The

non-rate verified align detect signal 215 is received

at a shift register and checking logic unit 300 and a

state machi ne 400. The units 300 and 400 are di scussed

bel ow i n connection with Figures 3a, 3b, and 4. [0017]

The units 300 and 400 together determ ne whether the

[ ng a
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égﬁlvered to . the core Iogﬂs of the serial interconnect
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detect signal 225 is for speed negotiation in

dowlsinieated én abarial intrc@aestgbontrolikr syob of thiecermitrotierf 200 shben in

serial interconnect 147. The serial interconnect
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signal to know whether the incomng serial streamis
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verified align detect signal 215 whenever a K28.5 character is recognized coming in
with the input stream. The non-rate verified align detect signal 215 is received at a
shift register and checking logic unit 300 and a state machine 400. The units 300 and
400 are discussed below in connection with Figures 3a, 3b, and 4.

[0017] The units 300 and 400 together determine whether the incoming align
primitives are being received at a target rate. If the rate of the incoming align
primitives matches the target rate, then a rate verified align detect signal 225 is
asserted and delivered to the core logic of the serial interconnect controller 200. One
use of the rate verified align detect signal 225 is for speed negotiation in compliance
with the Serial ATA specification for the serial interconnect 147. The serial
interconnect controller 200 can use the rate verified align d etect signal to know
whether the incoming serial stream is being received at the target rate or some other

rate.



rate.[0018] Figure 3a is a block diagram of one
enbodi nent of the shift register of unit 300. The
woenwsnetse3 veri fied align detect signal 215 i s PeEDESweH043337
at a flip-flop 310. The flip-flop 310 is clocked at a
target clock rate. The output of the flip-flop 310 is
denoted as Last Align Detect Signal 0 (LaStAD[ Q). The
output of the flip-flop 310 is delivered to a
flip-flop 312. The flip-flop 312 is also cl ocked at
the target rate. The output of the flip-flop 312 is
denoted as LastAD[I] and is delivered to a flip-flop
314. The flip-flop 314 is also clocked at the target
rate The output of the fIip flop 314 is denoted as

2 16, ..Ihe.
;éips??l[ o%l% 6341§aafd0kﬁc oC e n@e o@u}n%l?ggﬁmersg{fge&ﬁ%of

out the fli 6|s oted as lLast AD
%ﬁ“ GPRTER V?%éeé‘ a@%é S*&@? >df r%Oﬁ@feé ﬁ%%ﬂ}Pn@OP 310.
gic unit_ of uni A NOR gate 320 receives at its
ﬁmﬁlg o Fooied avmfncm datieso Tnecuip ok thediipdiop 310's
i nput LastAD[ 3 :1]. The output of the OR gate 322 i s
dédnpigd pebast d\lign Dqtﬁ&tISlguﬂ OxhastAD[(Jnt Fhdauipal afittye fiptfiop 310 is
signal LaStAD[Q . The outputs of theNOR gate 320 and
t dedivéxbiDtgaflip-fep3 12 he figeflvesl 2k aRo (RkeAhh8&Rgct rate. The
output of the flip-flop 312 is denoted as LastAD[1] and is delivered to a flip-flop
314.. The flip-flop 314 is also clocked at the target rate. The output of the flip-flop
314 is denoted as LastAD[2] and is delivered to a flip-flop 316. The flip-flop 316 is
also clocked at the target rate. The output of the flip-flop 316 is denoted as
LastADJ3].
[0019] Figure 3b is a block diagram of the checking logic. unit of unit 300. A
NOR gate 320 receives at its inputs LastAD[3:0]. An OR gate 322 receives as its
input LastAD[3:1]. The output of the OR gate 322 is delivered to an input of an
AND gate 324 along with signal LastAD[0]. The outputs of the NOR gate 320 and
the AND. gate 324 are received at an OR gate 326.
[0020] The output of the NOR gate 320 becomes asserted (logical “i”) if none of
the LastAD[3:0] signals indicates a receipt of an align primitive during the last four

samples of the non-rate verified align detect signal 2 15, indicating that an align

sequence is not being recognized at the target frequency.



[0020] The out put of the NOR gate 320 becones asserted
(logical "1") if none of the LastAD 3:0] signals

WO pabsoet4es a recei pt of an align primtive durP@musive4/043337
| ast four sanples of the non-rate verified align
detect signal 215, indicating that an align sequence
i's not being recognized at the target frequency.[0021]
The output of the AND gate 324 becones asserted if
there are nore than one K28.5 characters sanpled in a
4 byte sequence. | f either the output of the NOR gate
320 or the output of the AND gate 324 becones
asserted, then a nonaligndetected signal 327 becones
asserted [0022] Figure 4 is a diagramof the state

0 iall
Bt or PRapS5e LD BRE2abectiits aBsTRT oo aenfe g
d t f the di lif
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occurs (nonallgndetected si gnal 327 asserted). The

15220 of the ouipyf efthe AND gate32Achecomesi asspitests theatae ct

signal 225 asserted until an acknow edge signal is
menaligndetedtedmignah32 Klmcomes dsseredconnect control | er 200
core logic. [0023] Upon receiving an asserted reset

googeRl Figure #hea dGibgbm oflichitenstidnd 0@t mtaté b cRha ko is
410. An assertion of the non-rate verified align

deeRitdllyS BBftr B30 HRYSESpreMermined number of align detects and resets
any time one of the disqualifying events mentioned above in connection with Figure
3b occurs (nonaligndetected signal 327 asserted). . The final state holds the rate
verified align detect signal 225 asserted until an acknowledge signal is returned from
the serial interconnect controller 200 core logic.

[0023] Upon receiving an asserted reset signal 410, the state machine starts at an
idle state 410. An assertion of the non-rate verified align detect signal 215 causes the
state machine to enter the align 1 state. An assertion of the nonaligndetected signal
327 causes the state machine to return to the idle state 410, and if no assertion of the
nonaligndetected signal 327, then an assertion of the non-rate verification align detect
signal 215 causes the state machine to enter an align 2 state. An assertion of the
nonaligndetected signal 327 causes the state machine to return to the idle state 410,
and if no assertion of the nonaligndetected signal 327, then an assertion of the non-

rate verification align detect signal 215 causes the state machine to enter an align 3

state. An assertion of the nonaligndetected signal 327 causes the state machine to
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state machine to enter the align 1 state. An assertion
o f the nonaligndetected signal 327 causes the state
wore@khioagss o return to the idle state 410, and PET/IR2004/043337
assertion of the nonaligndetected signal 327, then an
assertion of the non-rate verification align detect
signal 215 causes the state machine to enter an align
2 state. An assertion of the nonaligndetected signa
327 causes the state machine t o return to the idle
state 410, and if no assertion of the nonaligndetected
signal 327, then an assertion of the nonrate
verification align detect signal 215 causes the state
machine to enter an align 3 state. An assertion of the
' ' I /.causes the.state chi
RO0E IR R G no sty B SRR o iy Sl el el 2sy
%ﬂe nonalkgg%s%ected si% aI.32ﬁ, hen an assertion of
IR PSP o Tatg veR Heation gHenydatert 512841 | cavses the state
causes the state nachine to enter an align 4 state. An
aaashing toenterrangalign £ state iAyassertien efthe nepalipndaectesbsiged 327
the state machine to return to the idle state 410, and
ichusaothg statermaahimed$ rdtima totheddle gatbet10c4reldf 86 gssettioddr the
then an assertion of the non-rate verification align
dehaiphdatqeidignal 27 tieBas atdeRionbB iR ndRGht: 'i}érifi@atﬁﬂtaﬁgn @&tect
align 5 state. An assertion of the nonaligndetecte

i%iglgﬁl@l 1538iseS e 3RE hilBintid bitef BCH:NS s{a?e. tr“ﬁfé UEddl e Jeb

e state 410, and if no assertion O
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and if no assertion of the nonaligndetected signal 327, then an assertion of the non-
rate verification align detect signal 215 causes the state machine to enter an align 6
state. An assertion of the nonaligndetected signal 327 causes the state machine to.
return to the idle state 410, and if no assertion of the nonaligndetected signal 327,
then an assertion of the non-rate verification align detect signal 215 causes the state
machine to enter an align 7 state. An assertion of the nonaligndetected signal 327
causes the state machine to return to the idle state 410, and if no assertion of the
nonaligndetected signal 327, then an assertion of the non-rate verification align detect
signal 215 causes the state machine to enter the assert align detect state 420. Itis
during the state 420 that the rate-verified align detect signal is asserted to the core
logic. The state machine remains in state 420 until the acknowledge signal 411 is
returned from the core logic. The state machine then returns to the idle state 410 and

the process repeats.



verification align detect signal 215 causes the state
machine to enter an align 6 state. An assertion of the
woewalsegszlet ect ed signal 327 causes the state PEDBINE4/043337

to return to the idle state 410, and if no assertion
of the nonaligndetected signal 327, then an assertion
of the non-rate verification align detect signal 215
causes the state machine to enter an align 7 state. An
assertion of the nonaligndetected signal 327 causes
the state machine to return to the idle state 410, and
if no assertion of the nonaligndetected signal 327,
then an assertion of the non-rate verification align
detect signal 215 causes the state machine to enter

| . 20 1t Qs duri h
VBT 5l Rl 9 5% gl Al ol il et of e
[ ted to th ic. T t at hi
TR R eT Rl dooG ALY P TRIGBUFUIYE Rerglamsias pier

is returned fromtfie core logic. The state machi ne
tErPer equgisn I he aprrpRriatei¢qantaueker mpgy be adundiionef decfetors that
repeats.[0024] Al though the state machi ne 400 i ncl udes
auayriniredyce egbis imths sighatoref ah aligresequence at the vapétrared

align detect signal 215, other enbodi nents are

[ooRs] bl eFigadersds 0 F16® [didgib 6f orfeibodimeh 6F A RRHIA fordal
count nunber may be a function of the factors that nay
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at the target rate.

serial stream is received. Then, at block 520 a determination is made as to whether

an align sequence is recognized in the incoming serial stream. When an align
sequence is recognized, then processing proceeds to block 530. At block 530, a
check is made to determine if an appropriate number of align primitives are received
during a predetermined number of clock periods. Blocks 540 and 550 indicate that if
the number of received align primitives matches the predetermined number, then a
rate-verified align detect signal is asserted.

[0026] In the foregoing specification the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident
that various modifications and changes may be made thereto without departing from
the broader spirit and scope of the invention as set forth in the appended claims. The
specification and drawings are, accordingly, to be regarded in an illustrative rather

than in a restrictive sense.



[0025] Figure 5 is a flow diagram of one enbodi nent of

a nethod for rate verification of an incom ng seri al
w@bdiogieass sequence. At bl ock 510, an i nconm ngPGEURZRIN4/043337

streamis received. Then, at block 520 a determ nation

is made as to whether an align sequence is recogni zed

in the incom ng serial stream Wen an align sequence

is recogni zed, then processing proceeds to bl ock 530.

At bl ock 530, a check is nmade to determine if an

appropriate nunber of align primtives are received

during a predeterm ned nunber of clock periods. Bl ocks

540 and 550 indicate that if the nunmber of received

align primtives matches the predeterm ned nunber,

t ar - i fq ' tect .si.gnal ,i,S asseried.
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accordingly, to be regarded in an illustrative rather
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specification to "an enbodi nent," "one enbodi nent, "

embodiments” are not necessarily all referring to the same embodiments. .
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"some enbodi ments,"” or "other enbodi nents" neans that
a particular feature, structure, or characteristic
waele®snedesl i n connection with the enbodi ments PGI/US2004/043337
included in at |east sone enbodi nents, but not
necessarily all enbodinents, o f the invention. The
vari ous appearances of "an enbodi nent," "one
enbodi ment," or "sonme enbodi ments" are not necessarily
all referring to the sane enbodi nents. . CLAIMS What is
claimed is: 1. An apparatus, conprising: an input to
receive a non-rate verified align detect signal; a
rate verification unit to determ newhet her an
appropriate nunber of align primtives are received
during a predeterm ned nunber of clock periods; and an
output to deliver a rate-vergfigg al i gn detect signal.
2. The apparatus of claim1,7the rate verification
UWhit is ¢claimediinng a shift register that is clocked at a
target clock rate. 3. The apparatus of claim2, the
rate verification unit further including a checking
| ogi ¢ luintapparatus, comprising:

an input to receive a non-rate verified align detect signal;
a rate verification unit to determine whether an appropriate number of align
primitives are received during a predetermined number of clock periods; and

an output to deliver a rate-verified align detect signal.

2. The apparatus of claim 1, the rate verification unit including a shift register

that is clocked at a target clock rate.

3. The apparatus of claim 2, the rate verification unit further including a

checking logic unit.

4. The apparatus of claim 3, the rate verification unit further including a state

machine.
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4. The apparatus of claim3, the rate verification
unit further including a state machine.5. The
wappanets8s of claim?2, the shift register incledi/ngoa4/043337
first flip flop to receive a non-rate verified align
detect signal and to output a first Last Align. Detect
signal. 6. The apparatus of claim5, the shift
regi ster further including a second, a third, and a
fourth flip-flop, the second flip-flop to receive the
first Last Align Detect signal and to output a second
Last Align Detect signal, the third flip-flop to
receive the second Last Align Detect signhal and to
output a third Last Align Detect signal, and the

f our t 5. fiHeRmppArdils bOCIARLE et glskr b1l 2 Alst §
Det ect signg and to output a fgﬁrth Last aMng%QE%?%%ﬁ

Skanad ratd \Rri t - | checki,n.
e @k rale erBRPANGA' ddfo el Mo dughe G 5 ARl Petect
f9ur h Last Align Detect signals fromthe shift

S . . .

regrster, the checking logic to assert a
nonal i gndetected signal if each of the values of the
first, second, third, and fourth Last Align Detect
signals are zero. 8. The apparatus of claim7, the
checkitngheeppasathsefidiaim 3, theabiferepisteh further including a second, a

third, and a fourth flip-flop, the second flip-flop. to receive the first Last Align Detect
signal and to output a second Last Align Detect signal, the third flip-flop to receive
the second Last Align Detect signal and to output a third Last Align Detect signal,
and the fourth flip-flop to receive the third Last Align Detect signal and to output a

fourth Last Align Detect signal.

7. The apparatus of claim 6, the checking logic unit to receive the first,
second, third, and fourth Last Align Detect signals from the shift register, the
checking logic to. assert a nonaligndetected signal if each of the values of the first,

second, third, and fourth Last Align Detect signals are zero.

8. The apparatus of claim 7, the checking logic further to assert the
nonaligndetected signal if more than one K28.5 characters are sampled in a 4-byte

sequence.
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nonal i gndet ected signal if nore than one K28.5
characters are sanpled in a 4- byte sequence. 9. The

wappanets8s of claim7, the state nmachine to COPRECIL/USOL/®I3337
n align detects, the count to increase each tine the
non-rate verified align detect signal is asserted and
the count to reset each tine the nonaligndetected
signal is asserted. 10. The apparatus of claim9, the
state machine to cause the rate-verified align detect
signal to be asserted. 11. The apparatus of claim 10,
the state machine to keep the rate-verified align
detect signal asserted until an acknow edge signal is
received. 12. A system conprising: a seria

i nter 4 er. .. ncludi a dat.a_recov
LIRSS of AR 2 DR BB i BB ke,
signal : a rate verification unit_to_ determ ne whether
e Sl spinFiess Aty e moRTRG Nemfisdlin Jelect sizmal i asseried
during a Predeternﬁned nunber of clock periods and to
cadithesount togesst cash timedhe nonaligndstecisd signilgnasserted. -

10. The apparatus of claim 9, the state machine to cause the rate-verified

align detect signal to be asserted.

11. The apparatus of claim 10, the state machine to keep the rate-verified

align detect signal asserted until an acknowledge signal is received.

12. A system, comprising:
a serial interconnect host controller including
a data recovery circuit to output a non-rate verified align detect signal;
a rate verification unit to determine whether an appropriate number of
align primitives are received during a predetermined number
of
clock periods and to deliver a rate-verified align detect signal;
and

a system component coupled to the serial interconnect host controller via a

serial interconnect.
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and a system conponent coupled to the serial
i nt erconnect host controller via a serial

WO niosoeasnect . 13. The system of claim 12, wherBCTUS1984/043337
serial interconnect is inplenented according to a
Serial ATA specification. 14. The system of clai m 13,
wherein the system conponent is a nmass storage device.
15. The systemof claim 14, the rate verification unit
including a shift register that is clocked at a target
clock rate. 16. The systemof claim15, the rate
verification unit further including a checking | ogic
unit. 17. The systemof claim 16, the rate
verification unit further including a state nmachi ne.
18. A nethod, conprising: receiving a serial input
stream detecting an align sequence; determ ning

whet he gﬂlaggropriate nunber of align primtives are
r ecei vied 1he system of claim 12, wherein the serial interconnect is implemented

according to a Serial ATA specification.

14. The system of claim 13, wherein the system component is a mass storage

device.

15. The system of claim 14, the rate verification unit including a shift register

that is clocked at a target clock rate.

16. The system of claim 15, the rate verification unit further including a

checking logic unit.

17. The system of claim 16, the rate verification unit further including a state

machine.

18. A method, comprising:
receiving a serial input stream;

detecting an align sequence;
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during a predeterm ned nunber of clock periods; and

generating a rate-verified align detect signal. 19.
wab@soetsBdd of claim 18, wherein detern ni ng wheChes2084043337

appropriate nunber of align primtives are received

during a predeterm ned nunber of clock periods

i ncl udes using clock periods that conformto a target

clock rate. 20. The nethod of claim18, further

conprising determ ning v*hether the align primtives

are being received at a target rate.

determining whether an appropriate number of align primitives are received
during a predetermined number of clock periods; and

generating a rate-verified align detect signal.
19. The method of claim 18, wherein determining whether an appropriate
number of align primitives are received during a predetermined number of clock

periods includes using clock periods that conform to a target clock rate.

20. The method of claim 18, further comprising determining whether the

align primitives are being received at a target rate.
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