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The present invention relates generally to data

comuni cations systens, and nore specifically to

synchroni zi ng a data conmuni cati ons systemto ensure

data signals transferred by the systemare

successfully transferred. BACKGROUND OF THE | NVENTI ON

A conventional conputer system 100 includes a

processor 102 coupled 10 through a systembus 104 to
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oyor BHRANRTSL G S AToROF RS, PARTLRA Brean [ifcar or

coupl ed to t heBYER $TGHSPEEI}COMMUDICAFIONS O.INKr ee

menory nodul es 11 OA-C though a commobn data bus DQ

address bus ADDR, and control bus CONT. Each nenory

nodul e 11 OA-C includes a plurality of individua

menory devices 112, one of which is shown on the

NEBCHWICAUWHIEL10A. Each of the 15 nenory devi ces 112

is typically a dynam c random access nenor

si nce nﬁ*erns?%?m Ingentign gdales groewailyfp data g%m@mcm% gyptems, and
e C

rop RS WOURhOHHE | 340 ConhhAGon GBI berlho dat signals

r eapséested by dia dybtempiroaesssiullf 62nsfertdde nenory control | er

108 initiates a nenory operation by providing a nmenory

command in the formof control signals and a nenory

agd CRIRAGRDED rmof a row address 20 and

aﬂgol unnéaddreggmow}weﬁggﬁtrol bus CONT and address

bus ADDR, rfkspatdntm&élyqomlmter adystennf 1@théncivelem ray propebsdre $02 coupled

1 - C. t.he nory operation,i Ite op ratlon
LR o G &y S8 arrary A0S oS MBIy R Figbtsa aThe system
El%eﬁibﬁl mqﬁélﬁdég%qﬂ&ﬁéry%$nt%epl 686 % to LhES f?)A— 1.?%%)4 and coupled

. TO prevent al t he menory du es 1
rledhea dienry mOdﬂes 1 }ﬁe?rfﬁfrthough areamaontdaa rsiQ,yaddress bus ADDR, and

controll er S enerally . a I es .a .uni que_ chi e
casbf buE CgE, TRl AERTR SpoduERIPAT dfctiis | Ghiplup of indivicua
biem6INIEvices € 8L onelof twlEcH R HREWn BRI RRmbly %dﬁe 130A. Each of the
that only the menory nodul e receiving an active chip

sapreery dévigeal 1 ¥2e spaypieally o tdfpeamic random access memory (DRAM) since
DRAMSs form the largest portion of system memory 106 because they provide large storage

capacity at relatively inexpensive prices. In response to a request from the processor 102,
the memory controller 108 initiates a memory operation by providing a memory command
in the form of control signals and a memory address (generally in the form of a row address
and a column address) on the control bus CONT and address bus ADDR, respectively, to
all of the memory modules 110A-C. If the memory operation is a write operation, the
memory controller 108 will also apply write data to the memory modules 110A-C through
the data bus DQ. To prevent all of the memory modules 110A-C from responding to the
memory command, the memory controller 108 also generally applies a unique chip select
or similar select signal over the control bus CONT to each of the memory modules 110A-C

so that only the memory module receiving an active chip select signal responds to the
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112 receiving the sane chip sel ect signal being
designated a "rank" of nenory. Conventional processors
102 generally operate at a relatively high speed 5
conpared to the nenory nodul es 110A-C. Because access
to systemnenory 106 is a frequent operation of the
processor 102, the slower operating speed of the
nmenory 11 OA-C greatly slows the overall operation of

the conput e ystem 100, a i 4415 AD reci at ed .

AR PRl R Rty R 10026 rBRRERIER s st el
beghalpwith efthQrowcsEashog debiResIPlarecdiviag tHe@hme@hi select signal being
bandw dth of the data bus DQ to enabl e system nenory
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r BPRsEIrgte oF Bandmidth @hthy detpdius D toraekle gypiem memery 106 to transfer data
a%?@@.g%kll% E’?@ nﬁ?e%lg]éloga% %alggi/igfhtzo?%é {ht& EL?.QZ?(Q,E&IE 'gﬁcgtlﬁ %ﬂlf% data bus has

nor e at ranst er
atlegnt increaspd, amd sewolypesdy fUSR ANDtet il abg | Tayinh ehwhediigltbd tiansfer speeds,

37 g aaléﬁzg‘ﬂ‘gfgy% R&@(Méb {agg%%q?ggg '11312 %R\émig{dg (‘ESIi%RAMs”),
T REISALD Hesn (FSRAGP A Ol sho T gpd B BERRes, however,

i nvol ves appl yi
psaisk) sigazldbew i smablat data eyehavhichgleRinesvthe darhti@sfoo whidhehe data signals

dat a S The timng. relationship or delay. between

t f8 Vaﬁcf-a?ng%waﬁgﬁ%mﬁl% niorf*eﬁéf?@ﬁweilﬁ%ﬁsamfer G5 @ F e data bus.
and the cl @&é%ggf&l@ﬁhqat BasttRE] &8 in AsllsHRL agzbfngféqgliaﬁ)ly at high
series of values, and the bit pattern captufred at

edath trasifergates ist dneaddptivwypro®es alisfuting thesdalaydreawmebmndabs dignals and a
captured data can

O3B B BL ST 0SB itk e R st ct
t 88N #n BHohRSB the clock signal. The process involves applying the clock signal and
a pseudorandom bit pattern having known values on the data bus DQ. The timing
relationship or delay between the data signals forming the pseudorandom bit pattern and the
clock signal is thereafter adjusted through a series of values, and the bit pattern captured at
each value of the delay. Because the pseudorandom bit pattern has known values, the
captured data can be compared to the expected values to determine whether the bit pattern
was successfully captured at each value of the delay between the bit pattern and the clock
signal. The values for the delay between the bit pattern and the clock signal where the bit

pattern was unsuccessfully captured are designated failing values, and the values where the

bit pattern was successfully captured are designated passing values. The range of the
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the clock signal where the bit pattern was
unsuccessful ly captured are designated failing val ues,
and the values where the bit pattern was successfully
captured are designated passing val ues. The range of

t he WD 2004/ 111784 PCT/ US2004/ 318108 3 passi ng val ues
define the data eye of the applied bit pattern, and a
final value of the del ay betmeen the bit pattern and
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CBIRRRIRUSIEh PRk ek BB Y SR, or 108
and menory g, ﬁ%ﬂlﬂL St 1%&9@5%Mﬁuﬁtﬁ e %Iéclq'%éle Is@;ﬁ)fﬁg such as the

to increase system m)ry
SRﬂﬁlﬁdﬂtandeﬂﬂIaszMStedlmj@&rrﬂcnthnmmmw, mtﬂially;ttmsedfmemory systems
I I
tra smtti ngﬁggﬁﬁga‘\él@}gq@ opt| ca sggg&?grrb érv\l%g 3nd memory
165 i B havk A1 ! LP
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transmtter and receiver nust be designeo have
sechisgsteng, payicalaily i systpen memeadesoifddzing patallleb obsq:ltﬂsmced memory

Vr%roIl Iasl fes 6 Re Jrype Tob Std?rrln mrrag}r/rgxgtmg personal computer systems. For example, in an

optically-based system the optical transmitter and receiver must be designed to have
sufficient dynamic range to accommodate all possible variations in system memory
parameters such as the total number of memory modules. Dynamic range defines the
required operating range of a parameter of the receiver or transmitter, such as required
power of a received optical signal for a receiver, as will be understood by those skilled in
the art. Sufficient dynamic range is required to ensure optical signals are reliably
transmitted and received, and transmitters and receivers having larger dynamic range are

more costly, increasing the overall cost of optically-based memory systems.
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required power of a received optical signal for a
receiver, as wll be understood by those skilled in
the art. Sufficient dynamc range is required to
ensure optical signals are reliably 25 transnmtted and
received, and transmtters and 4 ecei vers having | arger
dynam c range are nore costly, increasing the overal
cost of optically-based nenory systens. WO 2004/ 111784

PCT/ US2004/ 018108 4 There is a need for te :
memor y. ¢ hat TR 1B rsed P opae alRg b il ol daa at o high
b anbitdidih b Was hasel@iveB! 8w 664t Vol Qe 60 TbmipBfer W§Rerhd and other cost-
conputer systens and other cost- sensitive

ap@isityaeppliratio SUMMARY OF THE | NVENTI ON 5 According to

one aspect of the present invention, a method

dynam cally adjusts Iink control paraneters of a

C SUNMIMIARA! OFITHEMBYVIBRKION he comuni cati ons network

includes a transmtter coupled through a first data )
link to a réewrdiag togne rpspask of theaprspant tavenkipy ¥ asdodedynamically

Sg{ﬁ'ﬂs‘cp Pk ?(#]ngl[o? jtﬁagge?egs aot‘cff’]ag %g%}ér%g{claﬁ&ﬁ ?&?thal{)l The communications

anet er ration o
C aapoefie icludeahargisgiter Toagled tHrauhn tiraddaty tink tithe febdigdr, with the
data link and 10 the transmtted data signals are
c Hpesmitier angreceivsr eash haye atdeastenstassostatedding confplpaganmgier that affects
c | t i :
v ARk B SPEhESHE B s ie oEREALAPIT 1B0g! s tnk and
s teceasmitddydaapignnle drdeaptueds Miet eduadi of thal captugeilista signals are
E gcil)fggqr ggég%&%%%é&gﬁqqggﬁ%vaﬁﬁr g\lfjaglgesi)f Itl?e l%k control parameters
CQAV. ' I { led: i system
e S L L s S
address, control, and data busses to a nunber of

B RS o R T e o™
adapt i ve syﬂg@gopiiﬁaat Rt anam @ 8P%i 5tkion of a conventional

conmmuni cati o |1 nk accordin
computer system including a system memory having a memory controller coupled through

address, control, and data busses to a number of memory modules.

Figure 2 is a functional block diagram of a portion of a system memory that
executes an adaptive synchronization process of an optical communications link according
to one embodiment of the present invention.

Figure 3 is a flow chart illustrating the synchronization process executed by
the system memory of Figure 2 according to one embodiment of the present invention.

Figure 4 is a functional block diagram of a computer system including the
system memory of Figure 2.
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according to one enbodi ment of the present invention.
Figure 4 is a functional block diagramof a conputer
systemincluding the systemnenory of Figure 2. WO
2004/ 111784 PCT/ US2004/ 018108 5 DETAI LED DESCRI PTI ON
OF THE INVENTION Figure 2 is a5functional block

di agram of a portion of a system nmenory 200 incl uding
an opti cal communications |ink 202 for transferring

9 4 and a nenory

deV| ce %@2 corgl ng Foﬁgge em(l)ﬁgnt of the present

5 inventi onFlgiﬁl&@ @ptﬂ;mionﬂmmml@imaﬁs pbitith oZ@3ystem memory 200
i ncludes an gptical transmitter that _transfers

o Uglinga % OPYi G ORISR EPRE nepb Rrefrastarieh Agfadtetigeen a memory
f E@rﬁfollglpkbf 2fi@h I?leglg) Qévm%tﬂ%r acc?f&r]ﬁégim Bnd @%g%ln% ﬂf the present

transm ssi on nedi an optica el ver
I invekion, Hieouptd:elscddnﬁumwiohe lidiaa? timclides anempical trhamhmfer 208 that
206, as will be described in re detail bel ow

ofEnsters WE IR TeRthomempry penielber L0 tresreh; %@IGEGE%C caahle 210 or other
0 %faﬁ%l oplit4 Qﬁﬁ%ﬂ'}fsﬁfm l?néeVI i % Sgﬁéa{]] k] %lﬁgvlélcﬁﬁfi‘%m, provides the

dat a m t he nenory roug
f Wity datptto che aleher 86vito 204 aspmillclﬁ descabel inemol Betail below. The

whi ch, t hen proyvi d er atoth mama
c opfsRbsquup ﬁ'&l"nbﬁﬁ? i@ f“Hﬁ‘?"d?C H{fts e 8P‘i1 “%/fe%‘r ﬁ?r transferring
Syeali &8y frbiems YdifRdPy "HRIRE 3203&91‘ 2 Ghe ﬁﬁe t1@ dapfe! 9 to an optical

synchroni zat i on process of ng var us operating
peacainet 2its vaiicht then ppdvideal the terad rkita tot the Sn@ABy cﬁﬂjaﬂolbn @04. Unlike

tical ceivers 212, 216 to,,reduce the b erro
B sl sl Benesbietion St AR ey pf b Fifces an adaptive
dyﬁl@moﬁlzm%ﬂ%é o HfustRMREF AU 0Bty a}%ﬂrﬁﬁet@ﬂcsf BElihe optical
in the optical communications link, as will be
dEsrsniittessi 20% 2tdrasd dpticel redoiybis\d1 2TRES wysdem thm’einmnyr 2090 lower the
executes this ad ptlv rocess to

B RO oy PR Some LA 5 e god aging affcts

Whi 188 optidal Ediﬁl‘iiumbzm?fn@‘ﬁﬁﬁ éé\‘(;ﬁﬂ%le'de&%bg@{ﬂ@%edegﬁl Eelﬂﬁv The system
system menory by provi di ng reliable high bandw d

deeemoryr 3k pracuisetihie exdantive preerss yo opiimizel the rperformance of the optical

communications link 202 which, in turn, improves overall performance of the system
memory by providing reliable high bandwidth data transfer between the memory controller
204 and memory device 206. During the adaptive process executed by the system memory
200, the memory device 206 provides to the memory controller 204 an error signal ES
indicating whether particular data signals were successfully transferred over the optical
communications link, as will be discussed in more detail below.

In the system memory 200, the optical communications link 202
corresponds to a data bus DQ for transferring data between the memory controller 204 and
memory device 206. An address bus ADDR and control bus CONT are electrical busses
through which the memory controller 204 applies address and control signals, respectively,
to the memory device 206. With other embodiments of the system memory 200, the
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error signal ES indicating whether particular data

signals were successfully transferred over the optica

communi cations link, as wll be discussed in nore

detail below. In the system nenory 200, the optica

communi cations |ink 202 25 corfresponds to a data bus

DQ for transferring data between the nenory controller

204 and nenory device 206. An address bus ADDR and

c . r [

¢ bl hichlting Sk P efho S B AT HBUEER col MBNIAS ISR, CONT for
S c@gnAbisicatingsqiddss ¥l gontrol sierialsefrore the erelexyi coird (4 200d fhe memory
ot her enbodj ments of the system nenpry 200, t

he WO
2004921107 saltheehosbobe sorglogmoy %ﬁmﬁ@ﬁé&@%ﬁgd i figure 2, this is
%%%Weallrngl‘r%b} Rl ddgless ﬁf&?treﬁféﬂg? 3 e SbHi6R N %{%té%?ﬁl% 0, and the

communi cat1 ng address and contr Si gha
f systent memeenwoyld montallyl ihdnd6iw drandrb enermnpmpdulée gee Bigure 1) each

206. .Al'tho .onl.y the single nenory device 206 is ,
e SRR G Sremory fovicts o TRGBREbRLrRBy s gi0) @ssetst @ pluraity

B4 AL bl S IS 200012 21

madjest rtkevink comichl| pesanfes@e oFittpse eorhporeatsh Incthetfellawing description of
pluralit f no devi ces. The nenory controller 204 )

g%eﬁ’a?LF@O‘ﬁmﬁrq%r%f the YPrOSGRt 1BYTHICBY CEtagh firigls 8 Phgritpfeprovide a
agiFfi¢igst nderdstBdihg 3P HY ihi&fisn, A8 ond dduais he ek WiRt ra?preciate that the

212, 216 to adjust the link control paraneters o

t eeionompy enpwctited withot othbsswpartjcwles detajbt. i dn other instances, the
severtal gn‘ochg' ments of the gres nt _ipventi ﬁn, .ﬁedrta&n. .
dZREAOR OF VETS ROV PP aR, PofePogn $B0E pY Aeserigd mn detal to avoid
Uttt AN bRGuRte hBBrosEN BNk, but one skilled in the

art will appreciate that the invention may be

practi ced Vpaiors desarivingethp averalt adaptivel eyrehionization ptokess executed by

i ast s, the ration. of [l kn compon s,.has )
5" 0087 Sl 2P HE bR o Bh e SRR 210%ha optica
UiRCeteces 38,1719 willseldesdiibell e i & agal. Ope@nbh 8P theBphisI Gransmitters
descri bing the overall adaptive synchronization

ptBewd 21éxebasanctsy is ths operatienyefi theropiiasbrepein@ 212 kud 216, and thus,
gfgt? :ﬂ%gagé] olef)retfﬂ}% O?)RI th& %lperta{i&ng tettr%ls?rm%tgrs 2082:}1?8 raegedlver 212 will be

described in more detail. The optical transmitter 208 receives a bit stream of electrical data

signals from the memory controller 204, modulates an optical carrier signal with the
received bit stream, and couples the modulated optical carrier into the fiber-optic cable
210. Typibally, the optical transmitter 208 includes a light emitting diode (LED) or laser
diode for generating the optical carrier signal. The optical transmitter 208 includes several
operational parameters whose values are typically defined during design of the system
containing the optical transmitter.

One such operational parameter of the optical transmitter 208 is a gain of the
transmitter and determines the power of a light corresponding to the optical carrier signal

that is coupled into the fiber-optic optic cable 210. The transmitter 208 must provide an
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Qperation of the optical transmtters 208 and 214 is
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212 and 216, and thus, for the sake of brevity, only
the operation of the transmtter 208 and receiver 212
W ll be described in nore detail. The optical
transmtter 208 receives a bit stream of electrical
data 20 signals fromthe nmenory controller 204,

nodul ates an optical carrier signal wth the received
bit stream and couples the nodul ated optical carrier

t :
5 S AL or e YRR B o e 1
d andibe feké&iiRd oy the aptical redeioete2 120Thg gamroatthertg)tﬁ: fleranphitesR08 ensures

rrieg | gnhal . , The optical transmtter 208 incl udes

o Petjcal SPEICLISIERaP (AR RIVST iR e PRt foray@rious losses in the
t X&hﬁﬁhci(tld?ﬁfﬂnﬁ%Z %511 R9 atge%ﬁét% ﬁfthé %ﬁergt%)ﬁg SPtic Gable 210 and losses
contalning the optical transmt e such
opsuléing divarh maﬁﬁarmt eoupdifrg t dfethe pdsptrca]l trhisarigen to efe AB&-optic cable.

is a.gain of t transmtter End determnesthe ower
oGP ekretionel Bacsspsie ¥1he BPH9EE TETHen 2088 i RScuhgpiag parameter
t I f

Al chawGoti Gt ihhlifer JACEeRRUL D REG FAIE L having the
PEUUSD 1Gw¢ 0d 8108 the7camp¢r| sigulal tmber r@lablslc@teatedhadldnglodulated by the

S Uf f caf I??fgltvelp%? b‘é’th%é %tb'%e %&Fp{;g}}tg %eencl;rlgtgg{ §Pgl?(:te in the optical
2&211snﬁ-ﬂ?& Py ﬂlleuI&fkﬁaﬁlﬁ)é bﬁﬁlnettef @(ﬁﬁ*ﬁ@ntsa{t@sr fof AFFEMSYBSON and OFF

the optical carrier signal a sufficient power t
@WQ%WSII&@@EDM various |l osses in the comunications

link 202, ttenu ihon in th | b tic o

cable 210 a ?p3§§ gec%lv?,r?sl&l S (Fr(%?;ﬁcfs tg‘? F?‘gf"é tnm?c{“!l"Ited optical
CEHfddyi ﬁ@aﬁxdgb@t@@tﬂh@@éh the %E%frbﬁtice&ptfc%af)fé@m' g@fveﬁﬁih'e Gnodulated

cable. Another operational paraneter of the optical

t Prfieaheartier sigpd inte carrpspbrding Rigpiring Wkﬁn&ﬂé demodidates the signal to

SBHAT An R T RSB R By 2 ntoes

apHoevdiode fereddiéoting Shedrtadivédmbeulhll iophéal cgﬁfeﬁ ciBAl. 3@1@6 operatlonal
denodul ated by the optical receiver 212. Wen an

| RATBEEr %Eéocﬂmd With e @@ﬁ@rrmq‘ncm Zéb ma*nemput thiteshadgh iqvclacbr sensitivity
t
o TR AR —

tdrderlt&Rchieve a particular bit error rate. The optlcal receiver 212 may also include a link

monitor, which is circuitry indicating when the received modulated optical carrier signal
from the fiber-optic cable 210 is less than the required minimum optical power. Suitable
circuitry for forming all components 202-216 in the system memory 200 will be understood
by those skilled in the art, and thus, for the sake of brevity, such circuitry will not be
described or depicted in more detail.

The overall process executed by the system memory 200 in adaptively
adjusting the operational parameters of the optical transmitters 208, 214 and optical
receivers 212, 216 will now be described in more detail with reference to the flowchart of

Figure 3. In the following description, the operational parameters of the transmitters 208,
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nodul ated optical carrier signal into corresponding
el ectrical signals, and denodul ates the signal to 15
obtain the originally transmtted data signals.
Typically, the optical receiver 212 includes a photo
di ode for detecting the receivéd nodul ated optica
carrier signal. One operational paraneter associ ated
Wth the optical receiver 212 is an input threshold

I Iyt b\ ines.. a_nni opt.ical .
ek i8R0 202 16l D809 B U B ot sine
r dfeevalnes of diesse tparaagdre \aéfett Palcbhted)| @E dliefallebphtidndbe the optical
The optjcal receiver 212 may also include a |ink 20
EEYRCatgRs dinki292 ¢ The pracess’ exsentedaby g swptem merpory 200 during write
r ' . ' ' ' | fromthe

| BpSLad OB AA0 Sal 2 LBl SUE B cononr 204
nitmoughnthe pipiica | tranemitter 2@R)i dablel 210, @hd piital ededfer 200 T NBe memory

al,l .co nents 202-216 jn the system nmenory 200 wil |
eV oY HRe™ 59 %Ffﬁag%d B preglstathvich eefeferce tartigurnds, The process
f Béoi ‘ LAY; D i |ty b
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p2t digure R pmitiddidedhe tvhlaesyithe verientink 8ol parameters associated with

© 8 Pt it 2L apcs et 1343 Aonc8 el comirol paranmetes have
reeal Mifafized] 2he prdesdl ddes NGOV Fgf V\gﬁ& e q}eh{bﬁ?gélr?%on,’fr 204 applies

detail with reference to the'f art o
| synelyenipagionodita o dlees opticpl iremsmittére2@fpar dtei fonal of a pseudorandom bit

t of the.transmtters, 208, WO 2004/111784 i
B Sb5 SinshrBizehi S s e arirupls, b33 popudprandayn bit pattern
aihbl&ﬂﬂﬂgtaﬂhﬁﬁwh&eﬁeﬁﬁxg é'et%ﬁeﬂc@ 0 PsdullMnGn B{t? le((:)?@ (E)Lrﬂ%fe%’sgudorandom

si.nce the values of these paraneters a
hpattsn fsnige deera ufilizgseinagynehmomzing [8& DRAMcaémory devices, as will be

[ i dnk. 202. The process _executed hy the,
ORI 05 0K A2 T8 BLORESS Y XSULED Y LN
sopiicdlr ieamisaiteg 208 endduRbsBE opficalMchii@r Sdha vtflf.\&ﬂ]&hcﬁm, is propagated

qﬁgpr controller 204 5 through the optica
ttheomghiheber-op®, cablgBil @ topthe optigadiresgivernil. r ecei ver 212

to the nme VHG€.4.206 wi | | nOM/Se crjbed in .
or e det ainlr]z‘i:(%/é\nn F%ﬁrjé)fg'epé Rracess, g&ersgtgrs epsg(%?-ﬁr@ &e&e@ggry device 206
lwepures the spickfonBtlondsta Raa&RRES obeMme i Bliel ohRudiGRons link 202.
%&2 in which the nenory controller

ore specifically, the optical recéiver 212 detects, converts, and demodulates the received
modulated optical carrier signal to obtain electrical received data signals that ideally should
correspond to the originally transmitted synchronization data. The process proceeds to step
308 in which the electrical received data signals from the optical receiver 212 are
transferred to the memory device 206 which, in turn, compares the values of the received
data signals to expected values for those signals. The synchronization data has known

values, and thus the memory device 206 is able to generate the expected values for the

received data signals. For example, when the synchronization data is a pseudorandom bit



204 (Figure 2) initializes the values of the various
link control paraneters associated with the optica

wo e@ndm7s4 er 208 and optical receiver 212. OncCRCT/082004/018108
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l'ink control parameters have 10 been initialized, the
process goes to step 304 and the nenory controller 204
applies synchronization data to the opti cal .
transmtter 208 in the formof a pseudorandom bit
pattern. Such synchroni zation Qata may, for exanple,
be a pseudorandom bit pattern including a known
repeati ng sequence of pseudorandom bi ts. CneieU|tabLe

a [ .
e A TR n St O BC e i bty do £ 906 San cctermine
uﬁ@@ﬂ@dbddwﬁwﬂbhosene&the@mﬂm the art. In response to

' h ti.on, data, the optical
tranam t t orV BUER R ETEoH He Gt i inegiiie Bearpgtreceived data
%xfa 4o bt elidl thd SpBtOPRARAG: by GHAN, [Hi%rdde se%oeggé {t€p 310 and
l e

210 to the optical receiver
t the n}ﬁmsxlsnedgwgm%% 1aivgtes the3@or aipal B®. dP®rdsted@ination 20&ep 308 is
ca res hroni zation.dafa tran n1tted over the
81?‘%{??# e receive idaia sigisls are,paugl, fauthe expected values for those

Ssﬁ)@ﬁlsf th@ ptdckss dobetoRdpl T2 landl BeGhiRS aéxécéjﬁg)efeﬁétiv&tes the error signal

converts, and denodulates the recelv
(ﬁﬁ i Bigm either plep 380 ghsiep 812, dlixt eriogese b ptocéadalto siep 6[14’@16}(1 the current

deal.l ond to th
i Iugl 02‘ 'al?ﬁn&k? %{l]x telsgsgmg%ﬂ t?lj.he Q‘ﬁ%ﬁ% %a g l-pﬂgcontrol parameters
[s storeds M@QH@dﬂués(bf&h@&ro al BS W EQ stoli 1ﬁ|tff§ﬁ1%111§ﬂj device 206

re eived dat a S|%nals fromthe optical receiver
é atery iansfeated de) h%mmmmyermu toeth@@6vahdes atay betransferred as

ttl&{ar arp ?Qt 05’[5(? S I?l?e Vﬁtqqﬁlggrﬁf 6('[ ﬂ ?e Vg%%zggr?a?-}% is an electrical

expected va

sggna‘lmmins appliednodaé ancisy KdS}ﬁWIler Y ﬂ@&lgﬁaen EorkvBktFont gf‘ 8lectrical bus
e expecte

device 206 is able to generate t
@ﬁcﬁm‘é@ g &ﬁépfl%%mé@camaﬂgkg%l s. For exanpl e,

\é\ggz/ g_ 2 i . g%ﬁ%éq;? B)ég%t d}o%rfg %@al %S %3@{:1@&%0@ qﬁgcugent link control

par@nmtersehusahaen gtzed|iesep 38, et fﬁrocésé" SoBL P E¥p BGY i ﬁg the memory
20 fan,determne. expected val'ues for the receive
Q‘rg oF@ines mdiether alf walhest ofche link somml PABnicters have been
t , al s
e ug'l 'T%'fﬁﬁ élefg;ﬁgﬁé%t:ﬁgl dﬁlﬁﬁﬁ%ggﬁ tﬁgrdeta%%@@( %qnérﬁ %ramFtﬁJégastbeen assigned
prene eessitjo oslue owihiepa Pd&ditdddange of values for the parameter. When the

determination in step 316 is negative, the process goes to step 318 and the memory
controller 204 adjusts the values of one or more link control parameters. The process then
goes back and repeats steps 304-316 for the new values of the link conﬁol parameters
established in step 318. In this way, the memory controller 204 repeatedly adjusts the
values of link control parameters and thereafter transmits synchronization data to the
memory device 206 through the optical communications link 202 which now operates
according to the new values for the link control parameters. EBach time the values of link
control parameters are adjusted, the memory device 206 determines whether the received

electrical data signals have their expected values and stores the error signal ES having the



5 the nenory device 206 activates the error signal ES.
If the determnation in step 308 is positive, which
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expected values for those signals, the process goes
to step 312 and the nenory device 206 deactivates the
error signal ES. Fromeither step 310 or step 312,
the process of proceeds to step 314 and the current

val ue of the error signal ES ad$8ociated with the
current values of a link control paraneters 10 is
stored. Note, the values of the error signal ES can be

ed.in _the nory devic 6 and..later transferre
¢ SRRl BT RS 58 T oy RBE G s MR “An armay of
t eaostigidl£ES 3s thishRterafed, GRR SicatBeb of Sacherof A WBAL array being
of Figure 2, the error signal ESis an electrical

s Peaeirted mathipgrtiegler velgesfor e dinkeorsfo) paemetes. | er 204
44 . r - . .
the opti oal TRbAE AanihS it o885 307 Afe dpty ' Rtbination in

valep 816fis @ositive, sheunalg that &l siakicahtesl pirihettldhatsliaERed all desired
link control paraneters has been stored in step 314, )
t Felugs oLldiss Wliere sher eptisplogpnumenieatiany Hek R?nbas been tested for all desired

fﬁgﬁfs?é] e 1&1@40@'&81 ?ﬁ%ﬁ@t@sn%ﬁi éi\-’ﬂ& :ﬁﬁ" tioﬁlih 3 e%l#leﬁ?.ﬁ?éositive and the

contro araneters ave been tes
dptoeessipnaveedsitoistapi 18t €a swped1beif thaslBmbhynkong@llér 204 does not already

~paraneter has been assigned every possible val ue

wPRHHTR the BEYQiiSer sigRge Eorechemied suring siepe3 Y? Hinsheopmror signals are

Wietiidha R0mdehehbiynaddnoler Bod! o P phfit, g AnbhSiey {doller 204

process goes to stép 318 and the nennpy contro r

26vkluaths ub¢ srraynef eebuesignad$ ESnie determiniecoptinddl vabek rfed the link control
ar anet er The process then g back and repeats

SPRSBECIat. Thq Brofess hoRroRssHs/aciaRa 2B And e TG ERtellen 204 scts cach

P&t B8 ﬁﬁl@ﬁ&ltro??ilﬁﬁ%fe%%{jth'er& ﬁéag Barshitter ibStalﬂpl%pﬁ\@aY I’fec{eg‘ér 212 to the

menory controller 204 repegte 'y adjusts the" values

ofet¢rimmedeptimabyalya rBrmptstapsS 28 itle syneheafzation proesss gbdsso step 322 and

synchroni zation..data taq the 25 nenpry devi ce 206 .

t KFOU ‘é*ﬁs’t‘ﬁ@1 § Pk | copotpAtiracens cﬂ#gt%F joRkcd] dpangpmitios 298vand optical

ORESAr @32 haAaO bekn Gt todvailts i |

con#rél arangtegg.tEggh tﬁﬁg%?%gkggﬁﬂé ﬁ%%ﬂf?%%B%HOfﬂwswﬂan

caemey|20par amet ers are adj usted, the menory devi ce 206

det er mi nes ether. the received electrical data )

si gnal s havdé%? s %?f'&?‘f Bﬁra’{?gﬁe{{?e%‘] tgﬁ 8P§‘fai fr@asrgiffer 208 and optical

eretedver 211 Y Bbe Hedn Bt Vith® SysteAem¥¥roR S ekdduf@Aubstantially the same process
PCT/ US2004/ 018108 10
just described to adjust the link control parameters of the optical transmitter 214 and optical

receiver 216 to optimal values and thereby synchronize the optical communication link 202
for read data transfer operations. Because the process of setting the link control parameters
of the optical transmitter 214 and optical receiver 216 is substantially the same as just
described and will be understood by those skilled in the art, this process will not, for the
sake of brevity, be described in more detail.

The times at which the system memory 200 (Figure 2) executes the
synchronization process may be varied, and may be done, for example, upon initial power

up of the system memory, periodically, or may be done in response to some other factor



appropriate value that is associated with the current
link control paraneters. An array of error signals ES
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in the array being associated with particular val ues
for the Iink control paranmeters. The process continues
executing steps 304-316 until the determnation in 5
step 316 is positive, nmeaning that all link contro
paraneters have assunmed all de$ired values. Thus,
when the optical communications |ink 202 has been
tested for all desired values of the link contro

par angt.ers,. .t.he det.erm nati.on in.step 316 |,S pPosjitive "
AR Rieg R SR Db wply” 3B P oSl Sifpronization
t BRceRMEMABME WHieH e cotfdd] fatBeteRitardhdifaely and®Blodded in which such
the array of error signals ES generated duri n%_lsteps

1

3pyameters are adjasteds mayivgryapswilk e appreciataddivehessgkillgd imehe art. In one
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parameters. The process then proceeds to step 320 and. :
t #EUTHeho 1y this pbertiment, thyssyaehraniastion pregess ay| adjyst each link control

c . : ) 20
LS O PEA R RO B A e
Fravamette EadR (nk there pachernizhtn ot tpaoekrRSingeemiddle of a “passing”
step 322 and 15 termnates, with the link control

pRPE Tl cgrespends dpvp igEup afriBgeding ESeyiemiyaion Aense@itive dnorements of
r g . \ . | .

S A Rl BB LB G 1 e
Qirde certie!] Iparakneteos staning feoma nivdse risitial§ vdlies. opltér@atively, a prioritization

transmtter 208 and tical receiver 212 have been
sagoritime catl, be &%F%%$§ tE@GY%%@c@F@@rys abL i rpdjusting the,dink control

SEHENRERC B8Sexagidld, Yh ]thnﬂ eSiitfol ?qu%{eférme B iéjf{%k%onlgmal values,

control paranetéers of the optic transmtter

dpe i senditivige ef vy ol trecedpts 282, ¥ adjsstahdirither adijeve low power
synchrani z he optical__communi.cation |ink 202 for
OGO B IRCRERV S orTer BH OF ko el (HEBiigE 8, 314 could be
SiliuisteAthekt) Svith 1K paRBlshPlind S AABECEHustf 1§Et% ePREGRR) obtain vernier
transmtter 214 and optical receiver 216 is

supsvgntehts| of petformagemgiversthe disst twd germictees  Anatheyi dpprdach would be
under st ood by, .t hos% he. art, ' rocess

.skilled in thjs

JPIHE REEY Trisfolb RBRBisalim oF Vo Kk st avlsg i sensiviy
rRaffndiérs,2hdd establish iiERrgabt Mhbd Bf bRRIng VAR I BREYpatMeter for all
(Figure 2) executes the
possible values of the other two parameters. This approach may be slow, however, given
the potentially large number of combinations to be tried.

Referring back to Figure 2, the adaptive synchronization process executed
by the system memory 200 reduces the bit error rate of the optical communication link 202
by dynamically adjusting the link control parameters of the optical transmitters 208, 214
and optical receivers 212, 216 since a final value for each parameter is dynamically
determined and thereafter utilized during normal operation of the system memory. The
process also results in lower power consumption by the system memory 200 since the

adjustment of the link control parameters optimizes the operation of the link 202 instead of



synchroni zati on process may be varied, and may be

done, for exanple, upon initial power up of the
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response to sone other factor WO 2004/111784

PCT/ US2004/ 018108 11 (e.g., voltage drifting outside
a particular range). Morreover, the specific

synchroni zation process, including which link contro
paraneters are adjusted and thé2order in which such
paraneters are adjusted, may vary, as will be

appreci ated by those skilled in the art. In one

ry_ 200 ai.n,_an .
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a%ﬂﬁwneawhbm DK whARLE var?é’sr?@ﬁgﬁ)rn%ftlﬁ%r exanpl e,

all Tink control parameters cou e set to initia
nom nal val Thesprocdsh dors eyxshtonizirtgythefoptiba aypdrhwrdbations link 202 may
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Oéléétﬁﬁic Hz&@@%ﬁhl‘é ta%ﬂsa 188k sizhdls %ﬂklﬁﬂt@& al %J With ‘%ﬁos@ dctronic data

with t pul se- shapi ng paranet er adjusted’| ast
e$1g@é& i S@hw fchrpnizatmrpresess fmpﬂ@ﬁ&ﬂbdﬂt& sighals and a clock signal was

Anot
DB BT e Bl ~fiGencryS by s BRLET Bistens ot ooy Fisure 1. In
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paraneters, and establish the |argest range o
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Clsetdécnathe BSeivied ?ng dnfli teehsmivRf N4 ing tﬁ@%ﬂ&y FicOiE ©08: Thus, the
the adaptjve synchronization process executed
synchronization process for the link control parameters may be combined with this other

synchronization process to further improve reliability of the system memory 200. For
example, the link control parameters 6f the transmitters 208, 214, and receivers 212, 216
may first be set according the above process. The values of the link control parameters may
affect the delays introduced by the transmitters 208, 214, and receivers 212, 216. Thus,
after the link control parameters are set, the transfer of data signals and clock signal can be
synchronized for the transfer of data between the memory controller 204 and the transmitter
208, receiver 216 and for the transfer of electrical data signals between the receiver 212,
transmitter 214 and the memory device 206.



by the system nenory 200 reduces the bit error rate of
the optical communication |ink 202 by dynam cally
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transmtters 208, 214 25 and optical receivers 212,

216 since a final value for each paraneter is

dynam cally determ ned and thereafter utilized during

normal operation of the system nenory. The process

also results in | ower power cobh3unption by the system

menory 200 since the adjustnment of the link contro
paraneters optinizes the operation of the |ink 202

i nst ead of 4/1 1784 2004/ 018108 12

assigning 11 colﬁtar Ctboélﬁﬁgnfé?ke gl%&ﬂ%%?rssyﬂem 400 including
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szt ensure proper operation for all configurations of
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m Hapuer %’s’ceﬁp Sob! 4145 ; € o'ilg ort 51%1\%1 Bhtlfth rde\%ge%phd)be %o@pled to the

unt of optical power,
pcnmrutdzrhammtlty HRestetl dutpus desEcasampicglyr Bdmg)li}:)nnféh ®r a video terminal.
nam C nchroni zati on process of the system nenory

Be a1 glarea t% storagp devipgset ngagee gleQ typrcally spygdledyto,the compiter circuitry
szt R%ore WA ﬁ%ﬂﬂv@ﬁ&g Ho gfteﬁ?l.rggﬁgg%gﬁd&qgotﬁs’mwh? Examples of

the opti cal communi cat 1 ons
viypigalatorage alﬂvmtes 608 oiclule inerd afild €loppydislss tdpercassettes, and compact disk

S B Bl s o B 8 B hped 0 e
adifstefil o OdfﬁllO@ Q%Bﬂ%ﬁpoﬂah BlectRInRELd, dﬁ’x’&? Cdaglagx?d %ddress busses to

signal s an acoc signals transmtte
tprewside &regitingrdata td anéreaélng dath §ronShe bystens menior;o ni zation
process for, electri dat a .si gnal E‘f*’ind a cl.ock si gnal

was 15 pr evts oL P “afseflﬁg%ﬁdw % oplgal  comuBuRigatiopy link 202 could

CIaEIME@Nbthe wditalsly %ﬁéﬁuﬁﬁ&@ﬁﬂml@@ Qe & @ &i%?llopt crbab%rﬁo such as free
system nenory 200 of Figure 2, the transter of

efbags: rM@@PV@aaldlosglgﬂul systéye ety £O@is deseriired and depicted @s including
er 216, wqul d

(e oBA O SunpRAISHs: 8 a0 i tigth e CompaR RGP isieuch as 2
g}a@g geguéiﬁy v dow e Hﬂk&ﬁﬁlﬁﬁfe viiliz&l BGH14de G- thedRtiBal communications
li The concepts described above are equally applicable for adaptively adjusting the
operational parameters of such a radio frequency, microwave, or other high speed
communications link, as will be appreciated by those skilled in the art. Even though
various embodiments and advantages of the present invention have been set forth in the
foregoing description, the above disclosure is illustrative only, and one skilled in the art
will understand various equivalents and modifications of the described components and
concepts that may be made in detail and yet remain within the broad principles of the
invention. For example, some of the components described above may be implemented

using either digital or analog circuitry, or a combination of both, and also, where



between the receiver 212 and transmtter 214 and the
menory device 206. Thus, the 20 synchroni zati on
w@e@ersissd or the |ink control paraneters nmay bBCT/US2004/018108
conmbined with this other synchronization process to
further inprove reliability of the system nenory 200.
For exanple, the link control paraneters of the
transmtters 208, 214, and receivers 212, 216 may
first be set according the abovg¢ process. The val ues
of the link control paranmeters may affect the del ays
introduced by the transmtters 208, 214, and receivers
212, 216. Thus, 25 after the link control paraneters, .
S Aratete, R b4 AR Pk 30 VAP GRENG 8 LR PG circuity.
C ReRfore, WY DRNInFSRioh ¥ to bR EindifcaRafydy RS afRhddReliMEen
the nmenory controller 204 and the transmtter 208,
receiver 216 and for the transfer of electrical data
signal s between the receiver 212, transmtter 214 and
the menory device 206. WD 2004/111784
PCT/ US2004/ 018108 13 Figure 4 is a functional bl ock
di agram of a conputer system 400 including the system
menory 200 of Figure 2. The conputer system 400
i ncl udes conputer circuitry 402 for perform ng
various conputing functions, such as executing
specific software to performspecific calculations or
tasks. In addition, the conputer system 400 incl udes
one 5 or nore input devices 404, such as a keyboard or
a nouse, coupled to the conputer <circuitry 402 to
all ow an operator to interface with the conputer
system Typically, the conputer system 400 al so
i ncl udes one or nore output devices 406 coupled to the
conputer circuitry 402, such output devices typically
being a printer or a video termnal. One or nore data
storage devices 408 are also typically coupled to the
conmputer circuitry 10 402 to store data or retrieve
data fromexternal storage nedia (not shown). Exanples
of typical storage devices 408 include hard and
fl oppy disks, tape cassettes, and conpact disk read
only nenories (CD-ROMs). The conputer circuitry 402 is
typically coupled to the system nenory 200 through a
conventional electronic control, data, and address
busses to provide for witing data to and reading
data fromthe system nenory.



15 As previously nmentioned, the optical conmunications

link 202 could include other suitable transm ssion
wore@ita1i74 pl ace of the fiber-optic cable 210 sPCHUS®04/018108

free space. Moreover, although the system nenory 200

i s described and depicted as including the optica

comruni cations |link 202, other high speed

communi cations |inks such as al5radio frequency or

m crowave |link could be utilized in place of the

opti cal comruni cations 20 |ink. The concepts descri bed

above are equally applicable for adaptively adjusting

the operational paraneters @%Aﬁ%gh a radi o frequency,

m crowave, or other high spe mruni cations |ink,

as wll be appreciated by those skilled in the art.

Even though various enbodi ments and_ advantages of the

present invéntiof wathedbeledysamicsllyr edjusting pperating parameters of a
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conmponent s %&g%:%?%%fgﬂé@nggp Teillﬁ%ertlg)é%gg%%n? lélg usi ng
ei t her di gi tralsmittingdath Signals 6 ither data Itk; a conbi nat i on
of both, and also, where WO 2004/111784

PCT/ US2004/ 1§48 %ibg thedata-signals rangpisted gysy thredatalins zed

t hr ough sof exe j ' I ro, i n
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PCT/ US2004/ 018108 . 15 CLAIMS. 1. A nethod of
dynami cal | 2408 theyglush el the finlgoonirobpasaaeierspf a

conmuni cat | tihd boghig ’ﬁﬁﬂ§P§ -

t hrough a dlg{;% F%@% t%&aﬁb?lgggiu\%%, edc i g%nglge%%leﬁw data Link to
t adinsting theevaluws df the diek cemtrdl peiamgtess;, | east one

associ ated |ink.con affects its

rqol paraneter. that )
operati on, W&}séaﬁcﬁﬁl&fi _ ithiy linls gpntrol pagamaters ifpicthe transmitter
oY feRbivBfGHRAE bp&iRticH! dfUetdrlniNPWliBther the received data signals were

successfully communicated over the data link associated with each of the adjusted values of

the link control parameters; and

setting each of the link control parameters to the determined final value.

2. The method of claim 1 wherein the communications link comprises

an optical communications link.

3. The method of claim 2 wherein the adjusted link control parameters
include a gain and a pulse shaping parameter associated with the transmitter, and an input

threshold parameter associated with the receiver.



transmtting data signals over the data |ink;
receiving the data signals transmtted over the data

wO ovk/111d84 er m ni ng whet her the received data sPOnEE®04/018108
wer e successfully comuni cated over the data |ink;
adjusting the values of the link control paraneters;
repeating the operations of trapnsmtting data signals
over the data link to adjustiﬁ@ t he val ues of the
link control parameters; determ ning final values of
the link control paraneters for the transmtter and
receiver fromthe operations of determ ning whether

t he receiveg datg sjgpals r.e ,successful | . .
communi cat e%l ovefhet lﬁjgﬁ]la togmﬁ?lﬁlkz a%%e&?ﬂla %Qpﬁﬂl foRuRuppications link
oinctudes affparsopeid cab.ues of the |ink control

paraneters; and setting each of the |ink control

paraneters to the determ ned final value. 2. The

met hod of ciaim | nications link .

conpri ses éain opfl}ec a&%do%%%cgg%én t‘Ilzlle dpe Sfﬁnaf‘?ﬁrémsnntted over the
nilheminmeise @ ipadudo 2andogy 6t phttehehagtihic i@ Gm|répbtigOpHi e,
paraneters include a gain and a pul se shapi ng

par anet er associated with the transmtter, and an

i nput threshol o] .th.t.ne .
recei ver. 208%@?%%%%8}{-’@ ﬁ%@z‘e{ﬁ%}% gll@éfﬁ g '”E"i% whether, the received
néath signal§ wereasurcsfntie ceinmunhitated pivectak depIiAkndoRirisééomparing the
[ink (ﬁyclude a fiber-oPti cable.. 5. The nethod of

e S %%%T@iﬁwtoteﬁ%e"&éit"é ugs H Megessivaddatasignalsover the

l'ink conprise a pseudo random bit pattern having a

known repeating pattern. 6. The nmethod of claiml

wher ei n det7er i rlhagmethed érclditne 1 releeéiv eddljustiag ahs ivghial & the link
wer uccessfully .co ni.cat ed over the data |ink _

S| RSl AP FEF S RBStinectue vy ofieich Paragieler 9vetm entire range of
e%mﬁgﬁﬁqmﬁ§ggﬁ§ﬁgpr the received data signals.

8. The method of claim 7 wherein determining whether the received
data signals were successfully communicated over the data link comprises generating an
error signal indicating whether the data signals were successfully captured, each error

signal being associated with particular values of the link control parameters.

9. The method of claim 8 wherein determining final values of the link
control parameters for the transmitter and receiver comprises selecting a final value for

each link control parameter that is in the middle of a passing range of the error signals for

this parameter.

10.  The method of claim 1 wherein the each link control parameter is
assigned a priority, and wherein the order in which final values for the link control

parameters is determined by the priorities assigned to the parameters, with link control



7. The method of claim 1l wherein adjusting the val ue
of the link control paraneters conprises adjusting

wo bw4nal78e of each paraneter over an entire raPQeEUS$004/018108
val ues for that paraneter. 8. The nethod of claim?7
wherei n determ ning whether the received data signals
wer e successfully conmmuni cated over the data |ink
conpri ses generating an errorlgignal i ndi cating
whet her the data signals were successfully captured,
each error signal being associated with particul ar
values of the link control paraneters. 9. The nethod

of ' erei n determ.njing.final. values.of th :

" el e Bl et oAl Pt Ry hore tink contro
I @aRiéeEs KRR lbwasassighedGhionge final value for each

1 nk control paranmeter that is in the mddle of a

passi ng range of the error signals for this

par aneter. . T hod of .cl ai.m 1,wher in%}ﬂeec

link contr oippargﬁrreegge&hol%s °9acsl%u|ngr%§1dwger|8]rni gl}el it %\?P%OT parameters
Woernpiise 4 fin eidiepulidishaping Pafaiietr asatieRd wWilthé Bendnifié and an input
control parameters is determined by the priorities
adupshaldparamsierassogiatadayitly the regpiver pdirhersintthe inpwhreshold parameter

T T T

| pkmetentrthird provi@ e dirst grivvity Beih® whdated Sginghe decond priority and the
priorities. 11. The nethod of claim 10 wherein the

| SepR0E Brenity beigg ercaier Bag thedBEdprigdya gain and a

pul se-shapi ng paraneter associated with the

transmitter and an input threshold paraneter

associ at ed 1.t h THeempthoéiof eilaimahduieer@iniprising dftepwhch of the link
threshold paranmeter is assigned a first priority, the
g SOl BargRgieRe setdo g’@@@WHn‘&P‘g S‘F?lt‘%ueaﬁaeﬁhﬁé the overall method after a

PHins e B RRRIAfe nBREREL £F i lﬁlﬂicggtgcgei:?%%%‘l&e)fs. the first

priority being greater than th priority and
the second priority being greater than the third

priority. 12. T nmet ho f cla further, conprising .
after each t E@’el H og@grﬁlaﬂlﬁi i ' gpEising %@f epeh Of the link
U 8sntde befaeitfdish dP 3 MEAUEMITRPER Vathe! RPN @k loverall method in

met hod after a
response to a system parameter.

14.  The method of claim 13 wherein the system parameter comprises a
voltage and wherein the method is repeated responsive to the voltage having a value

outside a defined range.

15. A method of dynamically adjusting link control parameters of a
communications network including a transmitter coupled through a first data link to a
receiver, each of the transmitter and receiver having at least one associated link control
parameter that affects its operation, the method comprising:

transmitting data signals over the first data link;



time T to determ ne new values for the link contro

paraneters. 13. The nmethod of claim 1l further
weowpnissng after each of the link control parEEs®04018108

is set to the determ ned final value, repeating the

overall nethod in response to a system paraneter. 14.

The nmet hod of claim 13 wherein_the system paraneter

conprises a voltage and wher eilf the nethod is

repeat ed responsive to the voltage having a val ue

outside a defined range. 15. A nethod of dynamcally

adjusting link control paranmeters of a comunications

network inc i t 1Lt ed it ugh

firer data TPAERE e SAEHIA, B SO St QRbRMghe values of the

t capiened tite sigals to @pedtvdvaliid\fonfodtsignaRsindone

associ ated |jnk contral paraneter that affects its

oper ati on, IHEURB RGBT the ilink . contral Ragmeters jo gHggsstully capture
sﬁw@nmgmfgtgp%édaqsst data |ink; WO 2004/111784

PCT/ US2004/ 01810 18 capturing the transnitted data

signal s and conparing the values of the captured data
signals to pect.ed val yes r. those signals; and _
adj usting t vgﬁ}?egleg‘f’gt‘#e{qo iffher SRMPHFING geagting gnigror signal
SHE . .

RRSRRIH, 1 CRARIE B conitfirnt @RS GtnCh Bl ah 3T o expected
evalues for gheab signads,ptbe siroe sigoaltihdicaipgrvelietten tinf caporpdditagignals are
tgua}el%lt#es oft(ihel captyured data signal.s to expected _

v orrPHies Kalussy pyf Wansmifing the °%§1§‘W;qurﬁcﬁe%°é’@idﬁ@ link.
whet her the captured data signals are equal to the

expected val ues, and transmtting the error signal

over a secod dathg nhethdd of craimTibewhee¢ih tieb setoral dutniindkGequals the first

i.n the,secapd data ljnk e ls the firs dat a
}A@aﬁiﬁﬁ% %EW}%IF ]&'Q[ ° rh Sé%nfdo‘ts u@%ﬁg?‘f?‘éﬂ ﬁ}"élﬁé%{aﬁ lak over
the first data |link. 18. The nethod of claim 15

wherein adjusting the values of the link control
par anet er s 18onprlibseuethet] of claing Sheherainueljwting dlth values of the link

p&ﬁlﬂﬂ?ﬁaﬂm&&g rcm%Bri?ers] taldjrugtir{gatﬂ %al%g of each parameter over an entire range of

values for that parameter.

19.  The method of claim 18 wherein capturing the transmitted data
signals and comparing the values of the captured data signals to expected values for those
signals comprises generating an error signal indicating whether the data signals were

successfully captured, each error signal being associated with particular values of the link

control parameters.

20.  The method of claim 19 wherein adjusting the values of the link
control parameters comprises selecting a final value for each link control parameter that is

in the middle of a passing range of the error signals for this parameter.



val ues for that paraneter. 19. The nethod of claim 18
wherein capturing the transmtted data signals and
weevpari7’eyg t he val ues of the captured data si gpel/B5S1004/018108
expected val ues for those signals conprises
generating an error signal indicating whether the data
signals were successfully captured, each error signa
bei ng associated with particul & values of the Iink
control paraneters. 20. The nmethod of claim 19 wherein
adjusting the values of the link control paraneters
conprises selecting a final value for each |ink

Fange of "t rbt-or r 0 BPBAAAE B 13 Y Erh el ik Rkl barameter i
2Q04dndd & pEBrifCIAd-RRAGA/1BLS&E88n wilclPihe 1ihR @orfRSl Pafinffers are adjusted

claim 15 wherein the each link control paraneter is
asssflejeredned by ither prigrities assigied rieithe phremstedte rwifn link icetfrol parameters

LY e YIS A p——

p&vasedstined prbdifies! i Nk control parameters having
hi gher assigned priorities being determ ned before

link control parameters having |ower assigned

priorities. %222 ﬁ&egﬁﬁo ogf ocflaiﬁll % n%vﬁéreffspﬁ{eeiliﬂkt po%trol parameters
link control "parameters conprisé a garn and a

p ubrBrise aimghdoppidsedhaping paatiert eBovibiet withethe transmitter and an input
transmtter and an_ input threshol d paraneter
adsesbpldinarnigteriestoniated awt the peceiyery anchwherpin thaviappippshold parameter

t hres; [ S, (el j kO | t .
o GSPRLEQRACOERES o RS 5Ra: LB pROAOY e e il sain
ppdrametsi a phird) prigrity atie tiest piokity being pieater than théeecbhd ptiority and the
priority being greater than the second priority and

t PrEON R HY beipg Sreptey thea thedhigd BAEY. t han the third

priority. 23. A systemnmenory, conprising: a data

link; a transmtter coupled to the data |ink and

oper abl e t 2%. eceA ywtahatnaman commiginmi cat e t he data

t hrough t hea ga%éﬁnll;i nk;

a transmitter coupled to the data link and operable to receive data and
communicate the data through the data link;

a receiver coupled to the data link to receive data from the data link and
operable to output the received data;

a memory coupled to the receiver in the communications link, the memory
operable during a synchronization mode to receive data from the receiver and compare the
received data to expected values for the data, the memory generating an error signal
responsive to the comparison; and

a memory controller coupled to the transmitter and receiver and coupled to
the memory, the memory controller operable during the synchronization mode to apply a bit /
pattern to the transmitter and to apply control signals to adjust the values of the link control

parameters of the transmitter and receiver, and the memory controller adjusting the link



a receiver coupled to the data link to receive data
fromthe data |ink and operable to output the

w0 emeilyiged dat a; a nenory coupled to the recei VECT/US2004€18108
conmuni cations link, the nenory operable during a
synchroni zation node to receive data fromthe receiver
and conpare the received data_ to expected val ues for
the data, the nenory generatinéoan error signa
responsi ve to the conparison; and a nenory controller
coupled to the transmtter and receiver and coupled to
the nmenory, the nmenory controller operable during the

S ' i 0 eto apply a bit atter o the
VAR SRABILEN RSy P00 e SoR of ARUBENLA Sl i hom v
valettegy.of the |ink control paranmeters of the

transmtter and receiver, and the nmenory controller
adjusting the Iink WO 2004/111784 PCT/ US2004/ 018108

20 control ra [.hal ~val. i.n he val ues .

of the gen e?gt e% ?s&%t?% ltﬂglfl %ﬂﬁg sOffC?dérﬁn?h‘gﬁerﬁ@r%? 3.‘“&3@]‘ COMIPIISES 2

Thkersopsit eablean®d whein theatams@Bdtenasd edcivihengisa ahioplical transmitter
rises a, fiber-optic cable and wherein the

co
tf plitereivehdespegtielVer conprise an optica

transmtter and optical receiver, respectively. 25.

The system nenory of claim 24 wherein the nenory

control ler 355  clefsygematerharyad]oldin 24 Fhérdinahe ndeniHy $6ntroller is

shapi n Iing cont[ol(ﬁaraneter_associated with the )
P e usf feaim 23 RISt Frapingdin qonfirl Regaestey) associated with the
PRARIBE! and S8 %u@%h?é\%ﬁﬂdtlﬁktcbﬁrgl %gxe&n\éﬁﬁr asso@ated Qﬁth%{g 1e8er.
menory of claim23 erein the nory conprises a

dynam ¢ random access nenory. 27. The system nenory of

cl ai m 26, erein the menory c rises a nmenory )
nodul e i ncl“Qdi n&'ﬂs Siﬁ“ﬂ?a@?@‘{ﬂ&g rg&ma?r% whergin thenmearasy somprises a
mgﬁg&kﬂﬁmk%§mmgﬁqn§ﬂ§§en1nEnDry of claim 23 wherein

the data communi cated”™ over the communi cations |ink

conpri se data, address, and control signals.

27.  The system memory of claim 26, wherein the memory comprises a

memory module including a plurality of dynamic random access memories.

28.  The system memory of claim 23 wherein the data communicated

over the communications link comprise data, address, and control signals.

29.  The system memory of claim 23 wherein the memory controller is

electrically coupled to the memory through address and control busses.

30.  The system memory of claim 29 wherein the memory controller is

electrically coupled to the memory to receive the error signal.



29. The system nenory of claim 23 wherein the nenory
controller is electrically coupled to the nenory

wao boogagtisaddr ess and control busses. 30. The SBGI/E82004/018108
menory of claim29 wherein the menory controller is
el ectrically coupled to the nenory to receive the
error signal. WO 2004/111784 PCT/ US2004/018108 21 31
The system nmenory of claim 23 wherein the data Iink
conprises a radio frequency conmuni cation |ink and
wherein the transmtter and receiver conprise a radio
frequency transmtter and radi o frequency receiver,

respecti vel 3 T . | ai m,23 . .
wherei n thetbi ¢ T ool pEPhEE it 2 aReTR deank comprises o
C oatiis fis@eeney pattdnicattundiik &Hid whatihahé) trhviiter shdkBeMer comprise a
repeati ng sequence. 33. The system nmenory of claim 23
wisifreuepey trapswitier arhiadio) Fegrensyrersiver. respectivelye of t he

val ue of each link control paraneter over an entire

range of values for that paranmeter. 34. The system

menory of c32ai mER syeememsmbiyeofaainr 33 edeieithedit pattern applied to
ag#usts the final vaIug%for each link control )

p HeAIFBSTRILCE ¢rmapripes 3 Rsepgantiom pi pathan heyag a kapwerepeating sequence.
passi ng range of the associated error signals for this
paraneter. 35. The system nenory of claim 23 wherein

each |ink c¥nt r dThepsys@meemory of aksing28e Gvharddi itley irfeytory controller

and wherein t order jn the menory controller adjusts

S T g o D e ol e of vlues
dedfr eatbaesetey the priorities assigned to the

paranmeters, with the link control paraneters having

hi gher assigned priorities being determ ned before
i nk controﬁJ4 paraneters havin assi gned
736

0 r
priorities _ esyggggit nﬁ% yilt\llg}p 73 Wihgresy themewpry controller
t fipusid hE RNV fop RbABIESBitro éiﬁét@ldtobawalﬁ@thgpﬁ% ¥he middle of a

controller conprise a gain and a pul se-shapi ng

pRAssn@ raage okibe esspeinted ewprt signalsdor thasmminidtar and an

i nput threshold paraneter associated with the

recei ver, and wherein the input threshold paraneter is

assi gned a 36 r Strhpkjs@dnh némok6F BRI M3 Wherein each link control parameter
is assigned a priority, and wherein the order in the memory controller adjusts the final
values for the link control parameters is determined by the priorities assigned to the
parameters, with the link control parameters having higher assigned priorities being

determined before link control parameters having lower assigned priorities.

36.  The system memory of claim 35 wherein the link control parameters
adjusted by the memory controller comprise a gain and a pulse-shaping parameter
associated with the transmitter and an input threshold parameter associated with the
receiver, and wherein the input threshold parameter is assigned a first priority, the gain is
assigned a second priority, and the pulse-shaping parameter a third priority, the first priority
being greater than the second priority and the second priority being greater than the third
priority.



assigned a second priority, and the pul se-shaping

paraneter a third priority, the first priority being
w@em@atier’ss han the second priority and the secoPdI/US2004/018108

priority being greater than the third priority. WO

2004/ 111784 PCT/ US2004/ 018108 22 37. The system

menory of claim 23 wherein the nenory controller and

menory periodically operate i n2¢ he synchroni zati on

node to adjust the final values of the 1link contro

paranmeters. 38. The system nenory of claim 23 wherein

the nmenory controller and nenory periodically operate

in the synchkyonigati esppnsi-ve .t 0.a..system

par anet er ﬁ)‘ adf%s%yg@we% %lg%él 0%\(/: galuﬁlg\sé T éhe?lrlnﬁrfgory controller and

C atiriopy p@Eésdioatly @perate3N thelHiAclayHiONRORY 6 ddiust thai faB8alues of the
wherein the system paraneter conprises a voltage and

mH%k@ﬂﬁ“ﬂH@WW@ﬁﬁry controll er and nenory enter the
synchroni zati on node responsive to the voltage having
a val ue outside a defined range. 40. The system nenory

of cl ai m 233§.ur tTiersystemphémory @f 3lafd QO Mherdi eHRSHéthé controller and
c%%gbed to the menmory and coupled to the data |ink,
a

sREiodal ceraryien the syshiomzetion mederespsyive to a system parameter
%%;& {8 FmaNhidd O Bk bl Ré&meérg?onput er system

conprising: a processor having a processor bus; an
‘i nput device coupled to the processor through the

processor bys adgpted to allow data to be entered
into the c c#p ut erCsPSEBhMERIPY pcai“md 8V Whereln ihe eyystey parameter

t &finpHs0¢ e;?S\Qﬂta%é" rRHI bR RhOCHSHOYy RbSrdfaPLfd méngorl{é enter the

al low data to be output fromthe conputer system
asysglyoeipatinarmooede respopsiecitotthe vdimgphadess caluboitsidé hdefined range.
system nenory including, a data |ink;

40.  The system memory of claim 23 further comprising a second

transmitter coupled to the memory and coupled to the data link, and a second receiver

coupled to the memory controller and the data link.

41. A computer system, comprising:
a processor having a processor bus;
an input device coupled to the processor through the processor bus adapted
to allow data to be entered into the computer system;
an output device coupled to the processor through the processor bus adapted
to allow data to be output from the computer system; and
a system memory coupled to the processor bus, the system memory
including,
a data link;
a transmitter coupled to the data link and operable to receive data

from the processor over the processor bus and communicate the data through the data link;



atransmtter coupled to the data |link and operable to

receive data fromthe processor over the processor
whemsandsconmuni cat e the data through the dat aP¢T/nE200W08108

2004/ 111784 PCT/ US2004/ 018108 23 a receiver coupled

to the data link to receive data fromthe data |ink

and operable to output the received data; a nenory

coupl ed to the receiver, the mé¥ory operable during a

synchroni zation node to receive data fromthe receiver

and conpare the received data to expected val ues for

the data, the nenory generating an error signa

responsive to the conpa roll .
oop o Ve fhe th urERiTRRLEe R 8 e iR cbie Rl Ry e data link
t Bl SN/ toGRRHuk melr&few@aaﬁt@bl e during the

synchronlzatlon node to ap i a bit pattern to the
transmitter overa MgB0pF o thageeair.t the desmomypoperable during a
Cgﬂ{cﬁl%mﬁﬁ&pﬁlo?e{o re@%kf% ﬁgtaiﬁrogrh ghr%arl egxfer %%1% tcgr%gaéreq e received data to
apghetctee viboIfyr thROdH, Otht @fienddly Yshérfithe b elrbn Klgﬁﬂnieﬁlﬂinswe to the
paraneters to final values usi ng the val ues of the
gEPTBPHISeY adr or signals fromthe nemory. 42. The

conmputer systempo h k .
conprises a fi be?leg%ﬁ% (@:?) Igt}%\ép%s@é&\/\;]erﬁlgdﬁ&{%ﬁ%&é} receiver, and the

t nene, thememot) camtellsespedipdiriyy he saRhtdhddation mode to apply a bit
transmtter and optical receiver, respectively. 43

TREtED e @?ﬂ%@%réwrothe BrosesTPUS e F%@?Yeloﬁéoﬁ’@?bﬂ%ﬂals to adjust the
C oL {)1} fle 1iAdLIRLP ggrag{%ie?s ap %u K mucrseﬁx%pfeggv%xj %d the memory
control paran}eter assocl ated MAf transmt

accht@iler Hrlju&tmghheéinkl @nirbnparametersolo figdl aniies rusing the values of the
associated w %ﬁg é eceiver. 44. The conputer system
0BT AILPY SRS HPR hy@CHERbry conprises a dynanic

random access nenory. 45. The conputer system of claim

44 wherein the nmenory conprises a nenory nodul e

i ncl udi ng a&2pl urldeicompoter systeandfclriandbwhaeiteths data link comprises a

anmr | ?S. . . . . . .
iber-optic cable and wherein the transmitter and receiver comprise an optical transmitter

=
72

and optical receiver, respectively.

43.  The computer system of claim 42 wherein the memory controller
adjusts a gain and a pulse shaping link control parameter associated with the transmitter,

and an input threshold link control parameter associated with the receiver.

44.  The computer system of claim 41 wherein the memory comprises a

dynamic random access memory.

45.  The computer system of claim 44 wherein the memory comprises a

memory module including a plurality of dynamic random access memories.



WD 2004/ 111784 PCT/ US2004/ 018108 24 46. The conputer
systemof claim4l further conprising a second

WO e@nam784 er coupled to the nenory and coupl edP€DUB1DE4/018108
data |ink, and a second receiver coupled to the
menory controller and the data |ink. 47. The conputer
systemof claim46 wherein the_error signal is coupled
to the menory controller throu%ﬁ t he second
transmtter, data |link, and second receiver. 48. The
conmput er system of claim41l wherein the nenory
controller is electrically coupled to the nmenory

t hr ough add SS d co
system of ¢ 6ZI m@% mﬁrﬁﬁﬁt S¥S?e nen%erlg/n é%n 8[3‘] ggmpﬂsmg a second

e breshtittéraddupled AU the thenfory Bad FBUPNd/ td ther ®EL1IME dddea second receiver
error SI nal. 50. The nethod of claim15 further

merperycantgaller ael Badaia itk a cl ock signal to
the transn1tter; transferring data and a cl ock signa
fromthe receiver; and adjusting respective del ays
bet ween t hedTat allerdnpues Kyssingofdisint 46 @hekeinrtbererrétigenal is coupled
trapsmtter and receiver. 51. The nethod of claim50
M?éﬂ%nﬁnp%cqnﬁﬁue%w%t he segondirprsytiary data nk. gad sepongreceiver.
final values, and wherein the del ays between the data
and cl ock signal are adjusted after the link contro
paranmet ers 4% e dijeushmpdtet oystdneof clhinmdl wikteie the memory controller is

electrically coupled to the memory through address and control busses.

49.  The computer system of claim 48 wherein the memory controller is

electrically coupled to the memory to receive the error signal.

50.  The method of claim 15 further comprising:

transferring data and a clock signal to the transmitter;

transferring data and a clock signal from the receiver; and l

adjusting respective delays between the data and clock signals to and from

the transmitter and receiver.

~ 51.  The method of claim 50 wherein the link control parameters are
adjusted to final values, and wherein the delays between the data and clock signal are

adjusted after the link control parameters are adjusted to their final values.



