WD 2005/ 064483 PCT/ US2004/ 043337 RATE VERI FI CATI ON OF
AN | NCOM NG SERI AL ALI GNVENT SEQUENCE Fi el d of the

WO popsMe446h [ 0001] The present invention pert ai PGI/US20D41@43337
field of sem conductor devices.. More particularly,
this invention pertains to the field of seria
transm ssion alignnent. Background of the Invention
[0002] In today's conputer systems, sone computer
syst em conmponent i nterconnect protocols provide
techni ques to establish and to maintain
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 wegnp [ OFANT ' 6§F£
di sk dr?%ggRgﬁgk%gﬁial A%%?M?ggggé%gg?%%ﬁh%fgﬁl egﬁwor
a serial interconnect using differential pair
signaling.. The Seri gielddfAhe B&Fentibgat i on further
provi des for periodic transm ssron of alignnment
[édon] t i VEse prédeat mveglonpeitaifd torthé fisle of Sendicgidactet @fviidened
pattern of bits of a predetermned length that is
Mero gaiticuldrlpythisanvention potapisde thediddhef serisldransmission alighineent.
alignment primtive allows devices that have | ost
synchroni zation to recover bit- boundary alignnent.

[ 0003] The alignnEii Egthog EEOﬁided.for in the Seria
ATA speci fication oIne.o r of ALIGN

primtives across the interface. The ALIGN
[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



primtive is a four byte sequence. The first byte of

the primtive is an encoded K28.5 1 WO 2005/ 064483
WS4/ 043337 character (rd+: 1100000101;PETIUS2004/043337

001111 1010). The receiving device conpares the first

character of the incomng ALIGN primtive with the

expected K28.5 character. If there is a match, then

the receiving device is assuned to be synchronized.

[ 00041 The above nentioned nethod is susceptible to

fal se detection of ALIGN primtives that are being

sent at a different rate than expected, or false

interpretation of noise on the interconnect wires as

a valid ALICGN primtive. 2 WO 2005/ 064483

P&Ifa%?@@%/ ng 61&“ | rﬁf @Sl(i'i IIBH) (.)pfh%fre te?rvg?éﬁ%vaﬁep; glpares

[ 000 I'nventiod wi'll "be understoo

fro e _det ai.l,ed descripiiaon . gi.ven_bel ow and_ from
sl BT NG P r ALl Peinblite Huh s ShpSqinek e

I nvention which, however, should not be taken to.

| shasaeter: HE therrAs Ammageh, then fheaeegivap tevice srpwaaddn be

descri bed, but are for explanation and understandi ng
@dihghronized006] Figure 1 is a bl ock di agram of one

enbodi nent of a conputer system

[0004] The above mentioned method is susceptible 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
wepisdé4rent of an apparatus for rate verifi caRGCOES29H4/043337
an incom ng serial alignment sequence including a
shift register, 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 diagram
of a state machine. [0011]] Figure 5 is a flow diagram
of one enbodi nent of a nethod for rate verification
of an incom ng serial alignnent sequence. 3 WO
2005/ 064483 PCT/ US2004/ 043337 Det ai |l ed Descri ption

[0012] Figure 1 igfd ikatludi d92,8hidge, rbodi ment

of a conputer sy ial interface
ol | r.200.(:ollujvgl]ll dt i sk g,r'v 150. ' The serial

] ¢ cEedBHenSR P! Bowdersbotlnirta duly fpmae acited deseription

i nput/out put hub 140 which is also coupled to a

EaYen Srlow-Andfipsn the gccqmpgngpg duawings gfismbodisyentscofi thodvention

al so includes a system|ogic device 120 that is

odughi, bewevst, tsheuld npt e/ talen peitimitube ihd@ntivratoahdispecific

i nterconnect 125. The system | ogic

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 is al so
coupled to a systemnmenory 130. [00141 The seria

WO 2080648 controller 200 is coupled to the di BRI/USI004043337
150 via an interconnect 147. For this exanple
enbodi nent, the interconnect 147 is inplenmented in
accordance with the Serial ATA specification. O her
enbodi nents are possi bl e using other interconnect
i npl enentations. For this exanple enbodinent, 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. [ 00%! Fﬁrﬁ&grlé Lrlly, t he seri al
i nt erconnect controller n align
enc .0ve I.nt.er con ect 147.. The I gn sequence
?@g igurg i 55 aglgo élggrlzn@lﬁ) Opg F:mbmiwgt of?_q) Iiter system 100
odlnent an alig mtive is a four byte

gserig) lpwrfﬁWéonFPMtZO%yQ@l%m adiFhdrien! 90 Jdgserial
K28.5 character. 4 WO 2005/ 064483 PCT/ |11 S2004/ 043337
igerfF coitiier20D it inchudbd tnda idpradrudpnt b dA@ whidhdslhlse oéupled
of an apparatus for rate verification of an incom ng
se4 paiphatal pisrtdst sequence including a shift register
a checking logic, and a state machine.. The
foesdi MefHe cOhpdibdy§tema 00BIo B Tudes 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 npl enented in a serial interconnect controller such
as the controller 200 shown in Figure 1. A data

WO 20080er§3 ci rcui t/anal og front end (AFE) 210 rRCEUY2984/043337
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 comng in wth 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 below in connection wth Figures 3a, 3b,
and 4.. [0017] The units 300 and 400 toget her

ABH 1R} m NEigUfR &L § biock QiabREPHR I eﬂﬁab&i?lenﬁ bk %}gé)\é?a?usaféfarate

belng received at a target rate era

| [ tches th

PR o g‘g?‘?’?'rgeg}‘%al|a¥‘§“‘“§‘gts%%‘?n°§u gt Rpfter, o
a . and deliver t he re ic of the seria
e e o Bhfithe. JHs bnameni BiEutaRmigbe
verified align detect signal 225 is for speed
rAelemeated dna pesiak intaseqnaset sontygliensuch as Ber Goalroig200 shown in
specification for the serial interconnect 147. The

dugurall. Aidateeecnenaitcuitemtlopibtren® WFE)ahl Mkeeivieaniaha
verified align detect signal to know whether the

istreai o tisecvetiall ATA deffdTenitial B 1YY, 1TRE Bhi¥ & 0akserB @ nbafraet
rate or sone other rate. 5 WO 2005/064483 PCT/ |

SRARA Arkd F3tbct 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.



[0018] Figure 3a is a block diagram of one enbodi nent

of the shift register of wunit 300. The non-rate
W 2005064988 al i gn detect signal 215 is recei ved BET/ES2004/043337

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 O (LastAD0]). The

output of the flip-flop 310 is delivered to a

flip-flop 312. The flip-flop 312 is al so cl ocked at

the target 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

L D[ 2¥; j ; i el .~The.

f Pi&%j\f | o%‘g% R 1 o Bk WEFEh 0f0n@ elnblo Qgﬁc%nggfg'é%glrugljégs%%f
out:, the flip=-£l.op 3 is. d ted as. Last .
R e PGy Pt et deleds gt ot rivet R iberios 310
logie. unit of unit 300. A NOR gate 320 receives at
T hislop 3102 tagled by tagshclesk st s o€ o ip-dep @ i
I nput LastAD[l_S:E.. The. output of the OR gate 322 is
odenpied pelast A lign Detastibigndl 04hastAND 1y aThe @putalfomoflipifidp 310 is
signal LastAD[0]. The outputs of the NOR gate 320 and
t debivéxdiDio gyflipefl@312. dhe flipefiep Vi2ds alsoatocRRl gahetad@Brate. The
[ 0020] The output of the NOR gate 320 becones asserted

(dugit 68the Tip-Flop B1DRMRN&Ed astIRE AT AR B dliversd ﬂﬁ@h?ﬁﬂop
e

indicates a receipt of an align primtive during

38, Ty, AN 31611408 UG R HETHE bl
i 31449 aengFeidng LB&S%% and gs (%‘iivérgf? ’tot aaﬁﬂ)?hog Eleéq ulehré(:ﬁ{ij)-ﬂop 3161s
also clocked at the target rate. The output of the flip-flop 316 is denoted as
LastAD[3].

[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.



6 WO 2005/ 064483 PCT/ U S2004/ 043337 [0021] The out put
of the AND gate 324 becones asserted if there are nore
W0 bwn/ocase K28.5 characters sanpled in a 4 bytRCT/US2004/043337
sequence. If either the output of the NOR gate 320 or
the out put of the AND gate 324 becones asserted, then
a nonal i gndet ected signal 327 becones asserted. [0022]

Figure 4 is a diagram of the state nmachi ne 400. The
state machine 400 is essentially a counter that | ooks
for a predeterm ned nunber of align detects and resets
any tinme one of the disqualifying events nentioned
above in connection with Figure 3b occurs
(nonal i gndet ected signal 327 asserted). The fina

JORLE h oi‘lfésbu}ﬂﬁ? gf;] tﬁgm%ﬁ %@fjecﬁ'lnieg Pssgl%da ﬁ"ihesfe grn orgﬁ}

asserted until s F et ut ned

I I I
PBEs3E" @p%rﬁét?%? e Z*lcéﬁﬁﬁgtgéq?%%r TE&the? e af e NOR
t he b machi ne. starts at an idle state 410. An
<§§ °b e&fltpph&éfth%ﬁNPagaée $Réhecomes agseridl thenact si gnal

215 causes the state machine to enter the align 1
appaligndotertesgsignal 327rbegbmesrssartsdal i gndet ect ed si gnal
327 causes the state machine to return to the idle

$00azle 4Iguradds d diagram od ivastdté mackhe BO® The state machine 400 is
nonal i gndet ect ed signal 327, then an assertion of the

?ibgnt;aglg? ecﬁﬁ;;tgﬂ;] tPﬁg&c%lég Wo?n%rg%tégﬁﬁlgﬁfn;ﬁ%eg Bﬂhg%](ﬁte%ﬁ%ﬁ Tesets
iy etk b ofGhe 8i§ualifying 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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nonal i gndet ect ed si gnal 327 causes the state machine
to return to the idle state 410, and if no assertion

w@toosketsbonal | gndet ected signal 327, then an aRGEU$30041043337
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 7 WO 2005/ 064483 PCT/ US211114 /0
4 3337 returnto 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 nachine to enter an align
4 state. An assertion of the nonaligndetected signa

3&hm HWSEAR R4 Qﬁ@if%ﬁ@eﬁr%ﬁtogp{et%h%l&nh&e&'é& sigfliB27,

state 410, and |$fno assertio
en.an assgrtlon of the

I t d
AP Rt Ve honal oo Fae 212 Fonea tissie

the, state nachlne to enter an align 5 state.

Fushing foentgrnaign 4 sigiea Anpseatieeld eqnghardes@?edcsagr@é&7
the state machine to return to the idle state 410,
amupes the gigteamanhineito retwrh te the idle statei 4 Agretlatie dsssitipnalf the
327, then an assertion of the non- rate verification

abnajigndetctal sigriah32y, th2h Sn a@erDdE of the noh2dte veRHKitIdA alifn detect
enter an align 6 state. An assertion of the

@igﬂﬂlmg RERLEME 86 teThaMHe tS 2l CALIRR 5%&% SA@El&eHESfoE}?e

return to the idle state 410, and if no. assertion
ol g0 8 S S o
GFES a&%ﬁm o?%he 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. It is
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.



machine to enter an align 7 state.. An assertion of
the nonal i gndetected signal 327 causes the state

WOrRWwho6ds8t o return to. the idle state 410, andPG¥/USRO04/043337
assertion of the nonaligndetected signal 327, then an
assertion of the non-rate verification align detect
signal 215 causes the state machine to enter the
assert align detect state 420. It is during the state
420 that the rate-verified align detect signal is
asserted to the core logic. The state machi ne renains
in state 420 until the acknow edge signal 411 is
returned fromthe core logic. The state nmachi ne then
returns to the idle state 410 and the process

R e Y R

counting.gight asserti of .t he pn-rate verjfied
TR e JRER12r8T s, o Erhsdonsh 6 paFEble nSing other
possi bl e using other nunber counts. The appropriate
T G I hfapPreRnate qyRRYreher By bpa fangtios of therfagtors that
may introduce errors in the signature of an align
geayunieduca errery én the sigeaturef en afigORGlenbe guthe taigétsata. f | ow
di agram of one enbodi rent of a nmethod for rate

\&02sf i calfipgme 50§ a fowidingeii afoeeniballingni gPaBRhoITERARCE.

At bl ock 510, an incomng serial streamis received.

Vefificatidh oPhiPmEoRAQ sétill e EmEnd &lqutitel AtTRIE Sqﬁ,hz{nqncoming
e

whet her an align sequence is recognized in t

ISBGA Wb RGEdeNed S ThEAR b0 0A N B tion 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.



sequence i s recogni zed, then processing proceeds to
bl ock 530. At block 530, a check is nade to.
wQl2asoed4B | f an appropriate nunber of align pRCTAI$I004643337
are received during a predeterm ned nunber of clock
peri ods.. Blocks 540 and 550 indicate that if the
nunber of received align primtives matches the
predeterm ned nunber, then a rate-verified align
detect signal is asserted.. [0026] In the foregoing
specification the invention has been described with
reference to specific exenplary enbodi nents thereof.
It wll, however, be evident that various
nodi fi cati ons and changes nmaybe made thereto w thout

02 {1 NRefbr-AL8 1ntt%eslpg iABARN 1S pén@n&bo?ﬂ%n? bR e%lﬁﬂgmen "

invention as set I'n the appen Cl al

S | a and" are, acco to.
3E8r GabBmolls "0 bR AubRGuRhty pirs et aparilgr Teature,
restrictl ense 9 WD 2005/ 064483 PCT/U8211114 /0 4
Firgoyreyon %erz?ﬁenﬁ@rc@ﬁvéw@é iy gpnpgRiion 3t the enlbddbmns i fmaluded
enbodi nent," "one enbodi nent, "some enbodi nents," or
i Ehleast eqpOehbasiments, butimns nedeasaridy gfberbbodirhents, béalicineention,
structure, or characteristic described in connection
\ifhetvatidves appdacdhicessoft “an embodimbntde@ne eMbatimb@ 2T ‘S6HB

enbodi ments, but not necessarily all enbodinments, of

teifboliimeatt kot nddRSaNB AlIQHE R@ﬁ{e%%g
enbodi ment , " " olrl]e e?rbrg& menltTﬂ% %m%dlméﬂts..
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enbodi nents" are not necessarily all referring to the
sanme enbodi nents.. . 10 WO 2005/ 064483 CLAI M5 What is
W@ Lmsedss s: PCT/ US2004/ 043337 1. An appar at usRCT/US2004/043337
conprising: an input to receive a non-rate verified
align detect signal; a rate verification unit to
det erm ne whet her an appropriate nunber of align
primtives are received during a predeterm ned nunber
of clock periods; and an output to deliver a
rate-verified align detect signal. 2. The apparatus of
claiml1, the rate verification unit including a shift
register that is clocked at a target clock rate. 3.
The apparatus of claim2, the rate verification unit
further including a checking logic unit.. 4. The
apparatus. of claim3, the retgmgerification unit
further including a state machine.. 11 WO 2005/ 064483
What is claimed is:

1. An apparatus, 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.

11



PCT/ US2004/ 043337 5. The apparatus of claim?2, the
shift register including a first flip flop to,

W0 28ed8h non-rate verified align detect si gne@T/ESRI04/@43337
output a first Last Align Detect signal. 6. The
apparatus of claimb5, the shift register 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

out puts. ahefappirhths deddimAl, iigshidetepiter ficHRRg a frst ﬂ_ Bgop to
apparatus of claim6, t he checking logic unit to

G MEndniBtel Vefifitd ahgﬁ%fé%%{abélﬁfjt?t ﬁ'&)qt i ﬁk’ﬁ f Bt %&ﬁ%ﬂ Detect

Allign Detect signals fromt
%g§% King logic to assert a nonallgndetected S|gnal i f
‘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 thrther to
assert the nonalug#detected signal if nore than one
1{ 28. §- dihg peRardwsoiplaimsa thelshift registgr Authyr iscludiag aeevomd, a
12 WO 2005/ 064483 PCT/ US2004/ 043337
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 si gnal,
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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9. The apparatus of claim?7, the state machine to
count up to n align detects, the count to increase
W@2wh06448 the non-rate verified align detect BOUTHSA004/643337

asserted and the count to reset each tinme the

nonal i gndetected 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 serial interconnect host controller

including a data recovery circuit to output a non-rate

verifi L - S oA ifi {:on

it 15 R RpRaEbERimh Hittate sohl 5 Gk BB detects,
L gn i.mtives.are received duting a,predeter.m ned

i 0l bt e 6 S s ef aBedt sl o e

align detect signal; and a_system conponent coupled

ta3dihrecouttogeset sach fips Abroranaligrigietegisn sigalivasserted- a

serial interconnect. 13 WO 2005/ 064483

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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PCT/ US211114 /0 4 3 3 3 7 13. The systemof claim 12,
wherein the serial interconnect is inplenented
WQwehe4sy to a Serial ATA specification. 14. PGEUS2004/043337
system of claim 13, wherein the system conponent 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 farther including
a state machine. 18. A nethod, conprising: receiving
a serial input stream detecting an align sequence;
14 WO 2005/ 064483 PCT/ US2004/ 043337 det er m ni ng
whet her an appropriate nurrber of align primtives are

received . .durin d nunber of clock

perio "lgﬁ&ységﬁ B?Qg él" %?E‘b&‘G s¢tial indgcenmegtis dmplsmented
si gnal

acgordmg 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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19. The nethod of claim 18, wherein determ ning
whet her an appropriate nunber of align primtives are

WO 28064383 duri ng a predeterm ned nunber of cl ORKI/US2004/043337
periods includes using clock periods that conformto a
target clock rate. 20.. The nethod of claim 18,
further conprising determ ning whether the align
primtives are being received at a target rate. 15

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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