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transmitter and the receiver are impedance matched to the cable linking them. If such a

match is not accomplished, some of the signal will be reflected back to the transmitter and
15  again to the receiver at a later point in time where it will add error to the signal being sent.
Manufacturing variation in both semiconductor circuit arrangements and a cable
interconnecting the same, make calibration a necessary part of low-cost, high performance
communications. Many techniques are available for providing the necessary calibration
for a transmitter. They rely on sending a signal of some sort down the wire and looking at
20  what is reflected back. This works wonderfully for transmitters, but is not easily
implemented on a receiver. To implement such a function on a receiver, a transmitter may
be added to the receiver inputs. This adds cost, complexity and capacitance to the
receiver, all of which are non-desirable.
What is needed is a lower cost, simplistic, lower impedance arrangement to effect
25  receiver impedance calibration.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and a better understanding of the present invention will become
apparent from the following detailed description of example embodiments and the claims

when read in connection with the accompanying drawings, all forming a part of the
I
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a bl ock/schematic diagr an exanp enbodi nent having an advant ageous
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FIG. 3 is a flowchart showing example operations with respect to the
disadvantageous FIG. 2 example embodiment, for calibrating host and peripheral devices
to interfacing impedances in the full duplex communication system;

15 FIG. 4 is a block/schematic diagram of an example embodiment having an
advantageous arrangement for calibrating host and peripheral devices to interfacing
impedances in a full duplex communication system; and

FIG. 5 is a flowchart showing example operations with respect to the advantageous
FIG 4. example embodiment, for calibrating host and peripheral devices to interfacing

20  impedances in the full duplex communication system.

DETAILED DESCRIPTION

Before beginning a detailed description of the subject invention, mention of the
following is in order. When appropriate, like reference numerals and characters may be
used to designate identical, corresponding or similar components in differing figure

25  drawings. Well known power/ground connections to ICs and other components may not
be shown within the FIGS. for simplicity of illustration and discussion, and so as not to

obscure the invention. Further, arrangements may be shown in block diagram or

o



25 drawi ngs. Well known power/ground connections to |ICs and ot her conponents
may not be shown within the FIGS. for sinplicity of iIIustrationQapg; 2065
di scussion, and so as not to obscure the invention. Further, arr rfean
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pair 20 sig4ehiséloh fgthlsAch ighapedn dXperichce ukdesirqidieffedtSsude el f@fabfleion.
transm ssion to the peripheral device fromthe host, and the other is
dedi cat ed Tl wm;b@f\fillhglpﬂmwmhaiqaéomﬂmah tvowirhéntethosiectednitdgeateche
transm ssion nediu H, are manufactured with a goal to have a
pr edet er mi %éfﬂlt%ﬂ‘&?)d‘élléﬁ P%@@.t%lliuﬁ%a&rf@@mbé% and exgmplgpgbpdiments; ahthgpglct i ce,
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P 9 prabtlce oﬂhe present invention is not limited to the same. More particularly, referencing

FIG. 1 for background discussion, shown is a host integrated circuit (IC) labeled ICy, a
peripheral IC labeled ICp, and duplex transmission mediums My.p, Mpy (e.g., coaxial
cables), connected to input/output terminals and providing full duplex signal transmission
paths therebetween. The host communicates with a receiver over a two differential pair

20  signal wires to the peripheral. One pair is dedicated to transmission to the peripheral
device from the host, and the other is dedicated to receiving from the peripheral to the
host. While the transmission mediums Myp, Mp_y, are manufactured with a goal to have a
predetermined characteristic impedance, e.g., 50 ohms (0), in practice, providing an exact
impedance is prohibitively/non-competitively expensive, and accordingly, some

predetermined variation in impedance is tolerated in a trade-off for affordably priced
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items.



i npedance i s prohibitively/non-conpetitively expensive, and accordi ngl v
sonme 25 predeterm ned variation in inpedance is tolerated in a traﬂd&é%@ 285
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transm Y&P¥Wthin 1 CE, outputs a signal SIG from an i npdYBRPGEO¥1/ 0)
termnal onto transm ssion nmedium MH p, such signal SIGw Il travel along
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REXT (FI Ggubh rdRYtQERPFOW ha6kiRLSs BREIe YRk &L skl sHen@h of fhe !sféﬂﬂctq@ce mat ch
the 1/0 termnal to the transm ssion line. An inpedance is illustrated only

on the hosid/os rdpesseito hoisa KEheGignal SIG rhyy Asdtefdce vadkyfronNEHf s0dbndtnpedance
matching, little 15 discontinuity and thus mnimal reflections are

exper i enceuatpleddo thedraabmisgjors ligmiaipedance, lagaie tadsenaig signel dtiength afidler pr obl em wi t h
this approach is that typically a respective precision inpedance (e.qg.,
resi stor) FRCHEEARBOFDr f‘é@%‘ﬁm@é fseised {‘)Pé!Y%tChsfﬁﬂ??“B? 8k3 sgeph 19 Mpedances  bei ng
relatively high in cost. Further, manufacturing costs, tinme and conplexity
are intreW&FBEcause the precision inpedances nust be connected to the

respective UO saingrlﬂétﬂﬂil 5 avor -Sllé staan{tltirnS%i’anéePﬁérﬁégcﬁraﬂ%p%déﬁ?eﬂﬁ?@%& ake up
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val uabl e space , real estat on a printed crrcuit” b , Wwhich
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nore and nore dense and conpacted apparatus (e.g., conputers, servers,
etc.). match the I/O terminal to the transmission line. An impedance is illustrated only on the
host side, for sake of clarity and brevity. With such impedance matching, little
15  discontinuity and thus minimal reflections are experienced by a traveling signal at the end
of the line. The problem with this approach is that typically a respective precision
impedance (e.g., resistor) is needed for each I/O terminal, such precision impedances
being relatively high in cost. Further, manufacturing costs, time and complexity are
increased because the precision impedances must be connected to the respective /O
20  terminals. Still further, the external impedances take up valuable space (aka, real estate)
on a printed circuit board (PCB), which is disadvantageous in the present trend of the
computer industry to provide more and more dense and compacted apparatus (e.g.,
computers, servers, etc.)-.
While it would be nice to be able to provide precision resistors internally (i.e., on-
25  die) within an IC, IC manufacturing processes vary substantially from manufacturing lot to

manufacturing lot, and as a result of such manufacturing variations, IC components

correspondingly vary making it very difficult and/or cost prohibitive to provide/guarantee
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particularly, referencing FIG 2, shown is the host, peripheral and

t ransm ssi ox/or oe dignatgraMhibyiol\fatikd, chmige v verminer dvaing perdpeatisn of antapparitost and
peri pheral shown in greater detail. Mre specifically, further illustrated
are a host andraserséingly eany pratchingarfangemeng shoplddiayq the aikiist o de caatiquouslper i pher al

transm tter TP, and a peripheral receiver/transmtter RTp. Typical inputs
and out'put sadé?tg’es??oi}\‘ﬂ”g?g% ioé{F‘gtH“‘?Nith the various transnmitters and

receivers, but Spegl feSinGRRGS! AbRde BERadD ULt AURYLS ARG, We! | known
SSG(& N I|a or s &

‘wthin the art and thus are’no I'SC efa ake of brevity.

Shown assogiosd Rticar, deRPedRSFIGLZ, 3RS & tiRhodtbdripheral@sittrah§rdiidH tter
calibration inpedance ZTM and a host 20 recelver/transmtter calibration

i npedance @Riking Myshbiag, @ils onératl @drtiont 6f thdieshositperipecaish@rd inrcerasam t t er RTH.
Simlarly, calibration inpedances ZTP and ZRTp are il lustrated
detail. More specifically, further illustrated are a host transmitter Ty, host
15  receiver/transmitter RTy, a peripheral transmitter Tp, and a peripherall receiver/transmitter
RTp. Typical inputs and outputs are shown associated with the various transmitters and
receivers, but specifics concerning such inputs and outputs are well known within the art
and thus are not discussed in detail for sake of brevity. Shown associated with the host
transmitter Ty is a host transmitter calibration impedance Zry, and a host
20  receiver/transmitter calibration impedance Zgty is shown associated with the host
receiver/transmitter RTy. Similarly, calibration impedances Ztp and Zgrtp are illustrated
within the peripheral. More particularly, as one non-limited example, the Fig. 2 (and
Fig.4) arrangement can represent a configuration where the host represents a motherboard,
where the peripheral represents a hard drive, and where the transmission medium (e.g.,a

25  cable) allows a serial transmission of data/instructions between the motherboard and the

hard drive according to a serial ATA protocol.



within the peripheral. Mre particularly, as one non-limted exanple, the
Fig. 2 (and Fig.4) arrangenent can represent a configuration where the host
represents a notherboard, where the peripheral represents a hard {ki FEB b

wher e t Qg bi/asm ssion nedium (e.g., a 25 cable) allows FEEii@le90s
transm ssion of data/instructi ons between the notherboard and the hard

drive according to a serial ATA protocol. 5 WD '02/19521 0 4 FEB 2005

PCT/ US01/ 26905 Fig. 3 is an exanple flow chart show ng exanpl e operations
W th respect t d&igd.Beas adéesagiaiidagacisiowing exdngx apgrhtéone Mxb déspedito the. e., for
calibrating host and peripheral devices to interfacing inpedances in the
full dupl edsadvintagapesdtischexgygtcembodiment beisfor paltbiaing host anépergbewhet ry are
known in the art _an& nuner oys met g}ods of calibrating the 5 calibration
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brevity, 0ds ¢ rng Meangement  as
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detail ed di scussi own I's an exanple w 10 chart 300. After

a "start" acéirdidghy| §ekifid®3f suah hdthb@iOar®fiotGaciidde oy @ik sake sfeevi9Shuthnansm tter
i npedance ZTH to the interfacing i npedance (i.e., the inpedance of the

t ransm ssisoch matadduaing-hpplicable tbhhesFig Reamphgmens apeelt artopdictidtofahedl ock 304, a
tuning or calibration of the peripheral receiver inpedance ZRTP to the
i nt erfaci r§SERpBTERHER (again the inpedance of the transmission medi um M4 P)

is perforned. Sim.larly, jin blocks 306 and 308, there is a 1 uni ng or

cal i bration of UFFE“%)B‘?\X%@FQF cgpﬁﬁ% QUESIoN 9fiie da phay AT pR %Wpfaréovﬁost

receiv i n ] No) r.faci i i he i npedance
of tragllogrr]'c,i‘}ngIB gﬁ&rrégflﬁaﬁé%-effl)ta%lflﬁgb%iaéﬁnéé]%%gg %@?ﬁf’éhoﬁgz}%%’%{ageous in a
nunber of r@E@MESZ [ Mahe m‘termaﬁ% aftfed¥nce (€ tRX{RAARY SF the ARt s associ at ed

with the receivers Iin each of the host 20 and peripheral adds cost,
conpl exi t ymalie adigs, in thitdxainpieg dpadenied. @t a bioabaod,taamdeg ortoalibrhtion of the
peripheral receiver impedance Zgtp to the interfacing impedance (again the impedance of
the transmission medium Myy.p) is performed. Similarly, in blocks 306 and 308, there is a
15 tuning or calibration of the peripheral transmitter impedance Zyp and the host receiver
impedance Zgtx to the interfacing impedance (i.e., the impedance of transmission medium
Mp.u).
The Fig. 2 embodiment is disadvantageous in a number of regards. Most
importantly, the extraneous transmitters associated with the receivers in each of the host
20  and peripheral adds cost, complexity and additional impedance (e.g., capacitance) to the
receiver, all of which are undesirable. More particularly, such extraneous transmitters are
provided for the sole purpose of tuning/calibrating the associated receiver, i.e., such
transmitters are used to send out and reflect a signal from the interfacing impedance to
calibrate the receiver’s impedance. After impedance calibration, the transmitters
25  associated with the receivers are disabled. Accordingly, there is only a small amount of

usage, and thus the transmitters associated with the receivers represent inefficient use of

on-die real estate and add unnecessary cost and complexity. Further, such transmitter



receiver, all of which are undesirable. Mre particularly, such extraneous
transmtters are provided for the sole purpose of tuning/calibrating the, .
associ ated receiver, i.e., such transmitters are used to send out{ &nfEtB 2005
reflect \aogi,ga| fromthe interfacing inpedance to cali picaloiheosecei ver's
i npedance. After inpedance calibration, the transmtters 25 associated with
the receivers are disabled. Accordingly, there is only a small anount of
usage, and thus the transmitters associated with the receivers represent
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di sadvant aggedaicesiibaduldmilexddniminécatdossyaese dviore Aartmulbily, Sor ekaofye, t he

transm ssion nedium MB is provided as a bundled transm ssion_ nedi um nmeani ng
that the tbievith ankyifierprsas E@mé@ Rige disgdvaniageous gpibesdimeaivilidieckscrsad-wer e 10
manuf actured under the sanme canditi.ons or clgsel t ched such. that both
Lransn ssi o IHEGRENS (b Fasmisppmeyit e saipaded & e updrliresBeEisny ot her
characteri sti.cs) i i . E WL i m ned

t ol er ance. fi JHG% &%l“gg%aq%@ﬁgé?ﬁgﬁ%&@ Aﬁ%{&ﬁ&gﬁ‘ﬁ f P%ée‘d%%cngls&%ﬂﬁf&g%cone
appareny i Rapurgcriield Los: i@ sathd E34ARIANST clhSlyanAERAREH tHR®bihaRhsmgtignge, the
Fig. 4 advantageous enbodi nent sinplifies inpedance calibration by 15

| ever agi ngmediems s, IBieghaye iofpeduncds-(aal posxblywrtict alelrackdriates) Whick clpagly i cul arl y,
although fromlot-to-lot the characteristic inpedance of a transmtter,
recei ver, woatchartheothagyvithirapredeiegmingd todgrarioy, Ainpdeantace ahaving uplt matgh¢dt | t hese
i npedances, track very well. For exanp|e, in.a semconductor, if a device is
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15 leveraging the consistency of high-volume manufacturing. More particularly, although
from lot-to-lot the characteristic impedance of a transmitter, receiver, or cable may vary
significantly, in contrast, within a lot, these impedances track very well. For example, ina
semiconductor, if a device is determined to have a certain characteristic impedance, one
can assume that an identical device on the same die will have the same characteristic

20 impedance. Similarly, if each pair of signal wires in a serial ATA cable are manufactured
simultaneously, the likelihood is high that they also will have similar characteristic
impedances. Given this knowledge, a designer can calibrate the transmitter to an
interfacing impedance of the transmission medium (i.e., cable) and then use a copy or the
same setting or value of characteristic impedance from the calibrated device to calibrate

25  the receiver load.

More specifically, Fig. 5 shows an example flow chart showing example

operations with respect to the advantageous Fig. 4 example embodiment, i.e., for



20 inpedance. Simlarly, if each pair of signal wires in a serial ATAFJZ{CBa&bEE
are manufactured sinultaneously, the likelihood is high that theﬂ Y

have si .d)@f/lﬁf'ﬁr acteristic inpedances. G ven this know 01BecS8Si gner
can calibrate the transmitter to an interfacing inpedance of the

transm ssion nedium (i.e., cable) and then use a copy or the sane setting
or value of characteristic inpedance fromthe calibrated device to calibrate

25 the recaiivefing latland\ieriphegfldeviédsealnkatfaciggmp&landeensthafulbxpmgl e fl ow chart
show ng exanple operations with respect to tﬁe advant ageous Fig. 4 exanple
enbodi nentcommumicatibsysEn) MorEpBtiggdady, Wishiipthd 6@ S0PETeLSAL./226BI0Bk 2@3,i br at i ng
host and peripheral devices to_interfacing inpedances in the full duplex
comuni catthn s tupiagor spibeatign pt the josh Fprsmitgrimpslanseelmtohesuerfaciig er start,

t bl ock 502, there,li ' callbrati f the host fr. itt
pedance EPHRGS dffa 1 HGrRea  rsadarmpegnegor o pundhlCRimsliSgo t he

characteri sti c hppe { 1y L 8.S] 3 P&q or
exanpl esfa pnz(l;e#l‘g%Wi gﬁlnegfﬁ ngg/%i %Agg%glgﬁgrg%lgg‘fl{? %énﬁ% %%a%aﬁ%ﬁé% thelejtp%n_rly‘g#tserrnft ters
char act er i hia6teliRaFIPBERIOIE 1SR 2By Bf rRYe-Blods AdvRds- DRGE; ABKiaG6s- During
calibration (e.g., during systeminitialization) reflectonetry nethods and

an iteratieg.,dodg sseniaiidlitation)defletomang ahedeand aiterdthedeopdeyisedso shoul d be
enabl ed to achieve the ideal inpedance match with the transmtter's

di f f er ent i dglermingmalv pariyrof tieee devioss showksl be-dnaldedhtotacluinyd the alealrisipedadcd s not a
focus of this disclosure, Once the transmtters inpedance is calibrated and
set, a setT#yvsh thedragemitieps &gfelﬁavpdiswaaltpalrséw is 3 Melrae B fchaftadan be
stored,. far _ex | e... thin register REGIH (Fig. 4). An identical second
array & f‘%tciigfgguesvclsfélé'%&lsgosﬁ%éd as the load (i.e., calibration inpedance)

for the recei vesue TArEhiH:Alb&ies is BUITRALI Bl Y i8Nyl ue 15 required

to acconplish optimal match of the transmtter to the 1nterfacing i npedance

is also appkipddibEi@suck chlbationah dan bt eredeoetw@ipls Wekintragistehe recei ver
now has the sane inpedance as the transmtter. Since the transmtter and
recei ver VRE@mmigifacAnidedticabieneridiaamng ofisiode oges eusedas tHe adifict..t he
characteristics of the sane are simlar, and since .
calibration impedance) for the receiver. The setting (e.g., number of devices) or value
15 required to accomplish optimal match of the transmitter to the interfacing impedance is
also applied (Fig. 5 block 504) to the receiver such that the receiver now has the same
impedance as the transmitter. Since the transmitter and receiver were manufactured
simuitaneously together on-die and the characteristics of the same are similar, and since
the bundled transmission medium Mp match each other, the receiver now also matches its
20  impedance Zry to the interfacing impedance. That is, the value corresponding to the
transmitter’s calibrated impedance as stored within the register REGty can be transfefred
to a similar receiver’s register REGgy as indicated by the dashed arrowed line in Fig.4.
Subsequently the copied value is applied to effect the impedance calibration of the
register.
25 Similar discussions can be made with respect to the peripheral side of the Fig. 4

embodiment. More particularly, in block 506, the peripheral transmitter impedance is

tuned/calibrated to the interfacing impedance of Mg and then the value of the calibrated



t he bundl ed transm ssion medium MB nmat ch each other, the receiver now al so
mat ches its 20 inpedance Zw to the interfacing i npedance. That is, 0thdBBa7065
correspgr lépg to the transmitter's calibrated inpedance as stored Wi t hin

t he regi sq REGTH can be transferred to a similar I‘ECEIP&EW%H (é’ﬂl ster
REGBH as indicated by the dashed arrowed line in Fig.4. Subsequently the
copied value is applied to effect the inpedance calibration of the

register. ﬁgﬁgé'rdptﬂaﬁ{mx%ﬁglp%h%§ I\}gﬁ{éd?ﬁoaﬂﬂ% wapizs se&ﬁ@gfagm&ageg&v&e“ pher al

side of t ment re parti cu ar

peri pher a|lmbéc&ﬂ&melict aﬁ aih fARRGANEELOA the EXARRU 16 ikleRTEEH a OREGE, h%bh@ﬁsf acing
i npedance of MB and then the value of the calibrated 8 0 4 FEB 2005 WD

02/19521 RadwibBOE/d2680 srrgesd [pleen &lg. # (niphertittdock). nWedatheexarsplapi. 5ed (bl ock
508) to also set the peripheral receiver inpedance, e.g., again through use
of the exdlpt E0rilustiatcs the hpetaT FalévnaijE@ggnsnagmandﬁ@nn@howﬁ@y qlleavedashed
arrowed line in thr %aéerl her al Iockq) Wi le the exanple Fig. .5 flow
500 i | PustPdbeReriphErhy Iraeo laaﬁfattiehal then ieplYFSrATICtEs OB YR iB cei ver

first, fol lo?i“r% edsth@é th?? aPJ:ou?dga‘?i 6?11? |on of transmtter and then
i i |

receiver, practrice o fon1s mted thereto, i.e., the

peri pher al coulad GRbd &'éﬁ%fthte'f61§Lomﬁ@h&ﬁﬁnb@mé@@ﬂh@%!rektﬂ?mfvé’ﬁtﬁg% f@iplet he
arrangenent of the presen | nvent| on I's Si rT'p e pOV\Br In tﬁ it

hel ps enalduepéwiefid aviahiapisgitenstie theWe cdsgmenhbUbwiaktilgh-@oldmbiagdhiges f or mance
serial communications arrangenents. Mre particularly, such arrangenent 10
adds no cgstfoonanke satiahgpntrounidagonserengamentsaidore parfiadar]y, suchalkdangdneat | hood
reduces cost and | oading by the elimnation of any extraneous transmtter
associ Bt ectdglf ihcost prdeadingdp tiegpeeivenlang ihiaro il %’dﬂ\ﬁb@@é redypgseopandi cul arly, the
Fig. 4 arra erren one transmtter. ei ver gn t he host

e oo R B e BB G of 8P it b e Ao R A et el ot e 15
As an add'ctal@laa# ARRBEL ok B LRSI KT 4 BAHAC G WIST ARSATSR el i br ati on

on either o or rp eral ] esse Int respect to the
Fig. 2 dlaﬁa@ﬁafﬁcagaw&h@ﬁdswmemnlybﬁb trdtehit@nind dnk aftsvel drthe | NPedance

tuning/calibration has to
peripheral side.

15 As an additional benefit, the tl'ansmittel' and receiver impedance calibration on
either of the host or peripheral is lessened in time with respect to the Fig. 2
disadvantageous arrangement, in that only transmitter impedance tuning/calibration has to
be effected and then simply applied to the receiver, as opposed to having to perform
separate impedance calibrations for both the transmitter and receiver. Such impedance

20  calibration can be effected under any of a plurality of times or instances. For example,
impedance calibration may be made upon initialization of the system, can be made
periodically based upon expiration of a timer, can be made at a time of a transmission
medium (i.e., cable) éhange, can be made upon occurrence of a predetermined temperature
as detected by a temperature sensor, can be made by system or user request, can be made

25 responsive to detection of a change in operational voltage or average transmission

frequency, etc.



be effected and then sinply applied to the receiver, as opposed to t}ﬁ\fEﬁg 6[%
perform separate inpedance calibrations for both the transmtter | 2

recei ve{yq syl mpedance 20 calibration can be effected Ly&d(ﬁﬁ 0?}3?90@ a
plurality of times or instances. For exanple, inpedance ca |Soré 1'on may be

made upon initialization of the system can be made periodically based upon
expiration of a tiner, can be nmade at a tine of a transm ssion nedium

(i.e., cable) whatgeao nkdimibethaaeairath@RhHeHhE BAGathiRd: calilRh®sehpedinoed
tenperature as detected by a tenperature sensor, can be nade by system or

user requesd recaagr dabbmoleinsdanes poegiallembwhatdt: wahé omdEd teansthasige | n
operational voltage or average transm ssion frequency, etc. 9 0 4 FEB 2005
WO 02/ 195 2edparyprugmbeogadditippal gregaitionymanslserbe desirple. aldote pasticularlyn i ng t he

S R e e U
ddi ti I ' ' | e. | cul arl th
Cransmitt GF oAl ERSe e BherdS B8RS Wafls, IS RLRL Gl 2ngea 1o

be 5 geographicaahy osdupeentif dFREindARENS 2 s@x%eﬁfé,sﬂcpﬂoﬁninglf@tréﬁmit@:rWl|
anount of processing variations nmay occur even in differing areas of a sane

die, and frewivengoktaphicalndosettd one @&ivther meciaiizee theg Refiticdhha aharyctelistise t o one
anot her maxim zes the |ikelihood that characteristics of the transmtter
and r ecei wéthewiansmigigand|rgeermgt will omethamatchenc anbthet. heurthes gadh tranamiter t t er  and
receiver, in addition to bejng provided on a sa i e, should al so be
arranged 34 BECE: BasgLion ¢ “i‘%ﬂé"oéf‘&ﬁgo’é%%ﬁfﬁecﬂﬁré ?919 ot beaEmgFEo G t h respect

to sa t her ts,..such transmtter..and receiver, shoul.d be equally
P osa o ARbIBL 0T Sl Bilifens  FERERDE i RE LA UE AR LS |

the same |gYehinaf andQlelVROsiRUld ! QHtally d?os@?djérfvfyi tfé?thsfogrcé bhaRARardRehided

W re-interconnected envi ronnent, pr actice o e pr esent 1 nvention I's not
limted tcheabbesubjdad teharphe leveleifesaigiatdlon.g. 4, both the 15 host and

peri pheral may be provided as a sem conductor |1 C nounted on a printed
circuit board, Iwkihteadgo theaboveadesnaiiledivdre-intedionmachdd eovindrandng peacticudf boar d
traces. Again, since  the circuit board traces would |ikely be manufactured
at a same WS Preseiihgusntion fsgnot limited to cables. For example, reterencing Fig. 4, both the
15 hostand peripheral may be provided as a semiconductor IC mounted on a printed circuit
board, whereas the transmission medium Mg could be circuit board traces. Again, since
the circuit board traces would likely be manufactured at a same time under same
conditions, such traces would have corresponding characteristics (e.g., impedances). As
another example, the Fig. 4 host and peripheral might be provided as different IC regions
20  on a same die, whereas the transmission medium Mg might be provided by doped
semiconductor connection line or a deposited metallic wiring line (e.g., aluminum or
copper). Again, common manufacturing would lead to substantially common
characteristics. Accordingly, it can be seen that practice of the invention may be made
from box-to-box, chip-to-chip, inside a box, on-die, etc.
25 In closing, reference in the specification to “one embodiment”, “an embodiment”,

“example embodiment”, etc., means that a particular feature, structure, or characteristic

described in connection with the embodiment is included in at least one embodiment of

10



conditions, such traces would have correspondi ng characteristics (e.g.,

i npedances). As another exanple, the Fig. 4 host and peri pheral mﬁgm@n 05
provi ded as different 1C regions 20 on a sanme die, whereas the transm d:rq y

medi um Npo §3,94%h, be provi ded by doped sem conductor conngili@nhidje or a
deposited netallic wring line (e.g., alum numor copper). Again, conmon
manuf acturing would |l ead to substantially common characteristics.
Accordingly, it can be seen that practice of the invention nmay be made from
box- t 0- boxthe dveidnO ThB iappeatafSds D€ sidhphrasesdmvatiots plates.in & spetifdaGd 416,

reference in the specification to "one enbodi nent", "an enbodi nent",

"exanpl e et oeicaserity'all refeering tartlwreeme hmbodimpratr Fiigherawheheatatticelar ot ure, or
characteristic described in connection with the enbodinent is included in

at | east oW&CbEUTMECrigHC if desgrizedipomsepnWihFY PabodinpatTitisabmisdos t he

spoct 11 cat InCa AR TBE PLELSePF RNl BRERab P e B SR ngioat men
Furt hers V\éh%&cf%ri&%ri{i !c81me@601{]\§@%§5§’%1e§6frtﬁECJt1Woﬁimé?l'fs. characteristic is

descri bed I n connection wt odinent, 1t Is submtted that it is

Wi thin the purvitgoatiueaenhs kdsthigbniontieRRandid echiboddhéREt ARMLBN iR JtUER,
structure, or 5 characteristic in connection wth other onés of the

enbodi nent mvenfion faceac Hesdeisedt wich wtésance ptd mmbef oft iHestxasghiedendnedi nent s.
Al t hough the present invention has been described with reference to a
number of thrtepi itshuld be wrdststioddlnt sumemey st modificatiensiagd pabedidentseasod t hat

nuner ous ot her . ifications and enbodi pents.can .he devi sed by those

SR T eq i nos e b sk Sl R e At ) FTOHRTGDF ARt SR aRtef the to
princi % e.s%rQIciptl&'o?tHiQN}@Q{HOQDM&%hﬁTi&Mﬁ%} félalsl,o?icrlllly var[a%%"i?%}ﬁ%o%iﬁ/c%{id)r%talré) ns and
modi fi cations ‘are possible in the conpbnent parts and/or arrangenents of

t he subj ecfoscigRlh BRlcbRBonedf pARARIBILrafkddtnk IR st6RR oRbidalish f Or egoi ng
di scl osure, the drawi ngs and the appended clains W thout departing fromthe

spirit of #rhmgemerentithomnthe saopadftht foepoing disalosat, theidraguicks andthe hpgeatédons i n t he
conponent parts and/or arrangenents, alternative uses wll also be 15
appar ent t ¢ainsogthostdeppréing framtthespititof thegrvenpen-: tin edditen (o, vagations ard oned
previously, g.racti ce gf the invention is not limted. .
modifications in the component parts and/or arrangements, alternative uses will also be
15 apparent to those skilled in the art.
More particularly, as mentioned previously, practice of the invention is not limited
to the above-described, example cabled or wired environment, i.e., the invention may be
internally within a boxed environment, providing receiver impedance calibration wherever
needed. Further, practice of the present invention is not limited to duplex
20 communications, but instead may also be applied in triplex, multiplex communications,
and even in arrangements where there are many more (e.g., hundreds of) transmission
paths interconnected therebetween a host and peripheral. Still further, practice of the
present invention is not limited to matching a transmitter and receiver impedance to a
transmission path impedance, i.e., practice of the present invention may be used to match
25 impedances of any types of devices to any type of external iinpedances,

As another example variation, the above examples describe situation where devices

(e.g., transmitters and receivers) and/or transmission mediums have substantially matched

11



to the above-descri bed, exanple cabled or wired environnent, i.e., &hg 5
invention may be internally within a boxed environnent, providindl e %Bé@p
i mpedan li.brati on wherever needed. Further, practic £sent
inventigﬁoﬁgL%g[ limted to dupl ex 20 communi cati ons, bufpgﬁg%@@ﬁ&%hy al so
be applied in triplex, multiplex communications, and even in arrangenents
where there are many nore (e.g., hundreds of) transm ssion paths

i nt er conneghchelifirs el WaRRakedAnd cfAeRRE! HNRNRL areahldosd o tipsdandy act i ce
of the present inventionis not limted fo matching a transmtter and

recei ver imupeidanesneoofithe Hedsnbus piactivepathe praxpetdavedtion is.ndt imigdxtitree of the
present invention may be used to match 25 inpedances of any types of devices
to any typeorekangpe.erhvat’s fenpiectamayds.comtructedkivoyn oxanptharagteristansivanch arbe above -
exanpl es descri be situati on where devices ge. ., transmtters and

recei ver s)ScaEis@thst propartionrliy (Sheriasiegral ohbiie lwglgltaaﬁqmt&ﬁ plthghegised 11 WO

02/ 19121 0 ~ FEB 2005 ,PCT/USQ1/26M,ch teristi (e.qg., | d d
cqUal ot FHEEIGH Siade eI P RUPUREATL B e dARTHtSal St GO Gnes of
the devi CC%e kxg&%nolgr%%{ibﬁﬁityoéant@%al@ﬁ & Reodd? YEMd B 'of irf? %llathqht ed thereto.

For exanpl e, S recelver may be constructe nown ave

charact er i ghidpsiatdhbiig 8F EalusO IR @&M‘f&%@ﬂ@ﬁﬁdt@ﬂﬁ{chﬁg. (other than equal or
1) to the characteristics of the host's transmtter, e.g., to have tw ce
t he i npedance dWhitheclhipsdd'is transmitter. In such a situation, the known
proportionality can be taken into account to transpose or interpolate an
appropriate setting or value to the receiver for appropriate nmatching. Wat
is claimed is: 12 0 4 FEB 2005 CLAIMS 5 10 15

12



20 25 1. An inpedance calibration arrangenent conprising: a plurality of
devices, the devices having predeterm ned characteristics substangi alfE8 2005
proportional to one another by a first predetermned factor; a plurality of
interfacing arrangenents, the interfacing arrangenents having predeterm ned
i npedances substantially proportional to one another by a second
predeterm ned factor; and an inpedance matching arrangenent to match an

i npedance of a device of said pluraligdyals devices to an i npedance of an
interfacing arrangenent of said plurality of interfacing arrangenents, and
to apply a predeterm ned proportional setting of such inpedance matching to
set a different inpedance matching arrangenent of at |east another device of
said pluralitylofAndepédees chidbraticparmespenciomgrising:er f aci ng arrangenent of
said plurality of interfacing arrangenents. 2. An arrangenent as clainmed in
claim 1, wherei apbuility ¢fdeviaes, thy deficed byvinemredetasmaned Flesasteriohive subsfantislansmi tter s
and receivers, and wherein said plurality of interfacing arrangenents are
trAnsmi ssi BIPPPREENA) fasoneanothgy by s gecdetptmines fadteli ned in claim 1, wherein said
plurality of devices have substantially nmatched characteristics, wherein
said plurality 8PUyHierkineifsrneaieagqsnsntenfralpeing SrAeemsts Vg mat ched

i npedances, and wher.ei n sai d i npedance matchi ng arrangenent is arranged to
wobly an o BTN RS ST R AR ORL GO B & Ebr BRGeRaNidas
claimed in clain11, wherein said plurality of devices and said plurality of

. . factor: and . . !
interfacing arrangenents are part of a full nmultiplex comrunication system

which is at | e@lﬂmﬁ’%d%}élﬁ: lnagk‘m% géarﬁrgtgglﬁ% Gakh, Qrplrrg)\é§ E0bt shdvide Pf &P 2005 5- An
arrangenent as clained 1n clarin f, ereln sal 9] urallty (0] evices are
formed on %lu;la%ty of devices to an impedance of an interfacing arrangement of said plurality of
10 interfacing arrangements, and to apply a predetermined proportional setting of such impedance
matching to set a different impedance matching arrangement of at least another device of said

plurality of devices to a corresponding interfacing arrangement of said plurality of interfacing

arrangements.

15 2. An arrangement as claimed in claim 1, wherein said plurality of devices are at least one
of transmitters and receivers, and wherein said plurality of interfacing arrangements are

transmission mediums.

3. An arrangement as claimed in claim 1, wherein said plurality of devices have
20 substantially matched characteristics, wherein said plurality of interfacing arrangements have
substantially matched impedances, and wherein said impedance matching arrangement is

arranged to apply an equal setﬁng of said impedance matching.

4. An arrangement as claimed in claim 1, wherein said plurality of devices and said
25 plurality of interfacing arrangements are part of a full multiplex communication system which is

at least a full duplex communication system.



15 20 25 a sane die. 6. An arrangenent as clained in claim1l, wherein said
plurality of interfacing arrangenents are at |east one of. resul tang FfEB)rﬂH)ﬁ
the sane manufacturing, and physically bundled together after being
Substantially inpedance matched to one another. 7. A system conprising: an

i npedance calibration arrangenent including; a plurality of devices, the
devi ces having predeterm ned characteristics Substantially proportional to
one another by a first predetermned factor; a plurality of interfacing
arrangenments, the interfacing arrangenents having. predeterm ned inpedances
Substanti al | y p5opoirtdngéiddnt hsxlined ARQIRET wikteid s8€ pRAMUGIITRSALRLM toRtkd RCt O ;
and an i npedance matching arrangenent to match an inpedance of a device of
sai d pl urahsdne dié. devi ces to an i npedance of an interfacing arrangenent of
said plurality of interfacing arrangenents, and to apply a predeterm ned
proportional setting OF Such inpedance matching to set a different inpedance
mat ching arrari.genent of at |east another device of said plurality of
devices to a cobrespondimgt iyd@mtduichgndr weamgesadhpluofitsdiderficingal i ty of
interfacing arrangenents 8. A systemas clainmed in claim7, wherein said
pldrality afangajnéexe @ErléasfaqneIOéalﬁulf@ﬁérom the tspansenfpairingaand phiseily brilledand
wherein said Pl uralit interfacing arrangenents are transm ssion

nedi uns. 908X @@F@ﬁ“&@"@ﬁtaﬁf pdmppdagfeanaeied topneraapthersai d Plural ity of

devi ces have substantially matched characteristics, wherein said Plurality
of interfacing arrangerrents have substantially 14 0 4 FEB 2005 5 mat ched

i npedances, and %f)fs |n sai d | npedance matching arrangenent is arranged to

apply an equal |eﬂbcoo prlsmgd i npedance mat chi ng.

an impedance calibration arrangement including;
10 a plurality of devices, the devices having predetermined characteristics substantially
proportional to one another by a first predetermined factor;
a plurality of interfacing arrangements, the interfacing arrangements having predetermined
impedances substantially proportional to one another by a second predetermined factor; and
an impedance matching arrangement to match an impedance of a device of said
15 plurality of devices to an impedance of an interfacing arrangement of said plurality of interfacing
arrangements, and to apply a predetermined proportional setting of such impedance matching
to set a different impedance matching arrangement of at least another device of said plurality
of devices to a corresponding interfacing arrangement of said plurality of interfacing

arrangements.

20
8. A system as claimed in claim 7, wherein said plurality of devices are at least one of
transmitters and receivers, and wherein said plurality of interfacing arrangements are transmission
mediums.
25 9. A system as claimed in claim 7, wherein said plurality of devices have substantially

matched characteristics, wherein said plurality of interfacing arrangements have substantially

14



10. A systemas clained in claim7, wherein said plurality of devices and

said plurality of interfacing arrangenents are part of a full ﬂ g 05
comuni cation systemwhich is at |least a full duplex conmmunicatio J§?£@P

11. A systemas clained in claim7, wherein said plurality of devices are
formed on a 10 15 20 25 sane die. 12. A systemas clainmed in claim?7,
wherein said plurality of interfacing arrangenents are at |east one of.,
resultant froma same nmanufacturing, and physically bundl ed together after
being substantially inpedance natched to one another. 13. An inpedance

calibrati 0Hxaﬁﬁédhﬁ@ecﬁlﬂé@rdlﬁ'Mﬁrellpsl'aQMlng!:dlgceanﬂélﬁﬁoadr}at@el&tﬂ deNAfEES 10 dpPf adleVi ces
havi ng predeterm ned characteristics substantially proportional to one

anot her byeduaf defting opsatiliaipeddica@aichiagt or; providing a plurality of
interfacing arrangenents, the interfacing arrangenents having predeterm ned
i npedances substantially proportional to one another by a second
predeterm ned factor; and providing an i npedance matchi ng arrangenent to
mat ch an i npedahCeé\ oftem adelrineel intlagal,dvhepliruaal plarglitpbf deidec®s stid pamalitppedance
of an interfacing arrangement of said plurality of interfacing

arY angeneningerfaging anrangeippityare ppt elcelti b muitipéed cpmmpnicatioonpdtens ehich et phstsufolh

i npedance matching to set a different inpedance natching arrangenent of at

| east anot Adlexdepimueicaionsystempl urality of devices to a correspondi ng
interfacing arrangenent of said plurality of interfacing arrangenents. 15 0O
4 FEB 2005 5 to 14. A nethod as clainmed in claim 13, wherein said plurality
of devices are # Ieas tr an@nltte S. nd rec deers and, wherein

f
said plurality ﬁsms Wfaééfwgeddp 5% %ﬁ{eén R4 P luralltyo evices aré formed on a

same die.
10
12. A system as claimed in claim 7, wherein said plurality of interfacing arrangements are
at least one of: resultant from a same manufacturing, and physically bundled together after being

substantially impedance matched to one another.

15 13. An impedance calibration method comprising;:
providing a plurality of devices, the devices having predetermined characteristics
substantially proportional to one another by a first predetermined factor;
providing a plurality of interfacing arrangements, the interfacing arrangements having
predetermined impedances substantially proportional to one another by a second predetermined
20 factor; and
providing an impedance matching arrangement to match an impedance of a device of said
plurality of devices to an impedan'ce of an interfacing arrangement of said plurality of interfacing
arrangements, and to apply a predetermined proportional setting of such impedance matching to
set a different impedance matching arrangement of at least another device of said plurality of

25 devices to a corresponding interfacing arrangement of said plurality of interfacing arrangements.



transm ssion nmediuns. 15. A nethod as clainmed in claim 13, wherein said
plurality of devices have substantially matched characteristics, g’n@g%gﬁ 2005
said plurality of interfacing arrangenents have substantially match )
i npedances, and wherein said i npedance matchi ng arrangenent applies an equal
setting of said inpedance matching. 16. A nmethod as clained in claim 13,
wherein said plurality of devices and said plurality of interfacing
arrangenments are part of a full nultiplex comunication systemwhich is at

| east a full duplex comunication system 11. A nethod as clainmed in claim

13, wherein sai d4pA Wetlol by cifiined @V 158:S] 306 RerdiR AR PluRilindo rHBviSAWR: Hildst RO oR8. A
nmethod as clainmed in claim 13, wherein said plurality of interfacing

ar r angenentu@nsndft@s aid e@agts , Q@ whéreins6i8 Ylukdinf offiiteifcheSadBzeiRAyhact uri ng, and
physi cal ly bundl ed together after being substantially inpedance matched to

one anot hemrransh@ssion mediums.

3 15. A method as claimed in claim 13, wherein said plurality of devices have substantially
matched characteristics, wherein said plurality of interfacing arrangements have substantially
matched impedances, and wherein said impedance matching arrangement applies an equal

setting of said impedance matching.

10 16. A method as claimed in claim 13, wherein said plurality of devices and said plurality
of interfacing arrangements are part of a full multiplex communication system which is at least a

full duplex communication system.

17. A method as claimed in claim 13, wherein said plurality of devices are formed on a

15 same die.

18. A method as claimed in claim 13, wherein said plurality of interfacing arrangements
are at least one of: resultant from a same manufacturing, and physically bundled together after

being substantially impedance matched to one another.
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