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Field O The Invention The present invention pertains to the field of

seni condu¥PdP %8l ces. More particularly, this inventi onPSE”r“tS%/?@sgt o the
field of inpedance conpensation. 5 Background of the I nvention As silicon
process technol ogi es Ijr BRAFEECS FHPFRANCE FPMERHIATEYY FEUTER geonetries, and
wi th higher and higher levels of integration as well as increasing clock
rates on interconnections, on-die inpedance conpensation circuits take on

a nore and nore 10 prom nent r%j_gd to the factors nentioned above, it
has been found to be necessary E@Hhﬁ—?—“ﬁ—‘w 9% onpensation circuits nore
* frequently. T updates ar.e required, i rder 1 anges in
devi ce tenpergfg“ﬁpgﬁ,se‘gﬁ% 1RGP llfsétaglgff ﬁ%ﬁ&%‘%‘?@@%‘%‘%@%ﬁ%?%%? i;‘J1These
circuits_are typical.l dat rd [ j Alonperiodic

i nterval E‘f’mﬂﬁlﬁﬁ?’ tﬁ'ﬁé‘é{enﬁglﬁ(g?%%ﬁdtgltﬁ%g%lgﬁgFﬁﬁﬁ%@ﬂg‘%@qﬁé@%}sopogr ating at high

dat a Eat es, particularly for ﬁapﬂﬁ%una%fﬂﬁi h&ehfibgr f ace protocol s that
require continuous data tran T synchroni zati on. The

problemis that when the inpedance coppensation.is dated, the. .change in
i mpedance nayASSUEEN IS tg&ﬁlo sSPFOgcs Bnalier 4 o ﬁgﬁ (iuletvécrec%ﬁwgg}e?’
resulting in potential data corruption. One protoco] that requires

cont i nuoasd wihighenashhighérdavelyofonigeration anweh painereasipgeickattsa®Ron is the
Serial ATA protocol (Serial ATA Specification rev. 1.0 released June 25,
2001) . ThitgchiREQCO-dR! ihpeBaree Bevpdrsafidnarirchitt vikeontamodewd cese such as a
disk: controller and a disk drive. The Serial ATA specification provides

for %03 e;rJrio%nl'nélﬂtrglrép UGS the factors mentioned above, it has been found to be necessary to

update the compensation circuits more frequently. The updates are required in order to
account for changes in device temperature, changing voltages, and process variations.
These circuits are typically updated during device operation at periodic intervals. This
poses a potential problem for devices operating at high data rates, particularly for those

15  using interface protocols that require continuous data transmission to maintain
éynchrouization. The problem is that when the impedance compensation is updated, the
change in impedance may cause signal integrity problems on the intercormect, resulting in
potential data corruption.

One protocol that requires continuous data transmission in order to maintain

20 synchronization is the Serial ATA protocol (Serial ATA Specification rev. 1.0 released
June 28, 2001). This protocol allows communication between two devices such as a disk
controller and a disk drive. Thé Serial ATA specification provides for a serial interconnect
using differential pair signaling. The Serial ATA specification further provides for
periodic transmission of alignment primitives. The alignment primitive is a predetermined

25  pattern of bits of a predetermined length that is recognized by devices coupled to the

i



using differential pair signaling. The Serial ATA specification further
provi des hayo3meengodi c transm ssion of alignnment primtivesT/dd8osdsegnnent
primtive is a predetermned pattern of bits of a predetermned |ength
that is recognized by devices coupled to the W) 03/08-5918 PCT/ US03/ 08889
i nt er conn&derconiget. diheghigementyrinmitive wlowd davices dew hewslotthghchaugatiasio
synchroni zation to recover hit-boundary alignnment. The Serial ATA

protocol , ra@svambitlboasid a9 aEgRALARI Protocols, do not set aside any tine for
|rrpedance conpensation upaate oper ati ons. V\hat is needed is a capability of

performng inp ate op ns Wit hout adversely

di sturbing t he?ﬂ@@&ﬁ] nuougﬂﬁ‘{?(g’gﬂ/‘2181‘W eggfisémm%lo %Pt?llsi’ BPlI’SF]SEES?SlflﬁénH*%\WA ngs
The |nven%g be understood nore full fron1the det ai |l ed description
gi ven 10 BEPGRP H%F FOURENEHONIPE g paLAtines. cﬁ(’haﬁlﬁggsd@ﬂ iewbadbitignog of the

i nventi on which, however, should not be taken to limt the invention to
the speci pérborminipsdipeearics cdmpewsabem updddeibpepdtionk Qithedddveaklyistang the
understanding only. Figure | is a block diagramof one enbodi ment” of a
conput er snihessiflow siciag a serial interface controller coupled to a disk
drive. 15 Figure ? is a block diagram of one enbodi mrent of a serial
interface controller including a protocol control unit and an inpedance
conpensation control unit. Figure 3 is a timng diagram show ng i n-protocol
|npedance,cp atlon mhere t he sequence begins with a transmtter
calibrati st ie Irpwingss asserted during idle interface
oper ati ons.

The mvention will be understood more fully from the detailed description given
10 below and from the accompanying drawings of embodiments of the invention which,
however, shouid not be taken to limit the invention to the specific embodiments described,
but are for explanation and understanding only.

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

15 | Figure 2 is a block diagram of one embodiment of a serial interface controller
including a protocol control unit and an impedance compensation control uit.

Figure 3 is a timing diagram showing in-protocol impedance compensation where
the sequence begins with a transmitter calibration request signal that is asserted during idle
interface operations.

20 Figure 4 is a timing diagram showing in-protocol impedance compensation where
the sequence begins with a transmitter calibration request signal that is asserted during

transmitting operations.



Figure 4 is a timng diagram show ng in-protocol inpedance conpensation
where the se()ugnce begins with a transmtter calibration request signal
that is ad¥eP¥®B§uring transmitting operations. WD 03/ 08%g{ig03/08889

PCT/ US03/ 08889 Figure 5 is a tinning diagramshow ng in-protocol inpedance

conpensati on viper erst.hetseq‘yg.nce begins with a transmtter cal {.bra i on
request si gnal®’€W5e If 8 UEURRMR WAL I RIRIOCel I SEANSE SPBRRSALER WHFE 6 i s a
tuni ng di agram show ng in-protocol inpedance conpensation where 5 the
sequence tBesfgusnagiteging withcetiransmitteaicabratisrorequestisignal thedt dghadseriérbduring asser t ed
during idle interface operations. Figure 7 is a timng diagram show ng

i n- pr ot oaedeivinpepantensconpensati on where the sequence begins with a
receiver calibration request signal that is asserted during transmtting

operations. 1G:Ei.gur: j: J 10 | 2qr ' i.0- | pedance

“ conpensati on \%ﬁé%rgﬁltgﬁgﬂsnz%%g%g@ *‘E‘g‘é"?‘r@g\ﬂ? @ﬁ@qﬁg%n\?g?g%ﬁ%ﬁ%ﬁ% {IN AT equest
Si gnahbt t is as%erled. uri n? recei vi ng operations. Detail ed, Description
One eRbodiMSTECNSE DSBS BitfiadEer Y5 ca e pigs winrgt sispd dat dcesseipskdisingildls updat e
15 operations w thout causing potential data corruption problens includes

t aki ng adhtarfecegperations.nt er connect protocol idle periods, where

synchroni zation primtives, filler data, and alignnent primtives are being
transmtted. FogureXagpligingdliSetinahoWhf it PRIb&I! 8pedMcd aiBp&iRMdOWhGE t he
interconnect by initiating a dummy transaction. The controller can then

perform g J ARG BEANS QRGNS P La R G e QRE! AEAD Baall dsfertda dufingsSsured that

no data

transmitting operations.

10 Figure 8 is a timing diagram showing in-protocol impedance compensation where
the sequence begins with a receiver calibration request signal that is asserted during
receiving operations.

Detailed Description

One embodiment of a technique for performing impedance compensation update
15  operations without causing potential data corruption problems includes taking advantage
of interconnect protocol idle periods, ';?vhere synchronization primitives, filler data, and
alignment primitives are being transmitted. For example, a Serial ATA controller may
take control of the interconnect by initiating a dummy transaction. The controller can then
perform an impedance compensation update operation while it is assured that no data
20  transfers are occurring. After an appropriate settling time and after a transmission of an
alignment primitive, the controller can complete the dummy transaction by issuing a no-op

data frame. This process may be re-performed periodically.



20 transfers are occurring. After an appropriate settling tine and after a
transm ssion of _an alignnment primtive, the controller can conplete the
durmpy transhtY18sH8by i ssuing a no-op data frame. This pr QEIEES0RHE8Be
re-perforned periodically. W 03/085918 PCT/ US03/08889 Figure | 'is a bl ock
di agram of one_enbaodi ment of a conputer system 100 including a serial

i nterface contiP8MEdris 2dpckstiggren of enecrabedimgny af@ coBputeTispstemrl0@l i nt er f ace
controller 200 is included in an input/output hub 140 which is al so coupled
to a perilptladiak a shud idéFaceconihella@ipubeples 1S4 6iak E80e 235G OThSridlBSerficsY St em
| ogi ¢ devicel20 that is coupled to the input/output hub 140 via a hub

I nt er connwairolet200 THRicRNEd B iﬂgﬁtﬁouﬂﬁﬁ &6 ;lﬁ%ﬁ&fﬁ Ry QLSIHF&?OI’]$% rpg%% sor

110 and is also coupled to a system nenor e Seri‘a

controll GHUS%QQ is coupled to the disk drive 150 via an interconnect 147.
For this exanpl e enbodi nent, the interconnect 147 is inplenented in 10
accorgance with the Serial ATA specification. Oher enbodinents are

possi Bl e usi nghstcRBIPUler Stasn AR elso mepideere nysiem dopsc devied 100ty ipamalddeb bus
i npl enentations. For this exanple enbodinent, the interconnect 147

i ncl udes tonapui/dutmrtdnbil40 vized fubdhtesioanadt 925 Nahe seledh Yodic Satid 12035 t he
controller 200 to the disk drive 150 and another differential pair of

st gnal s hafiedle) d wStedal A ohOR LiPcslbill 1 el I0chgiag control ler 200. 5

Figure 2 is a block diagramof one e I'Ment al interface
Compensat i on QBT My 3aPoLE A0 GrerplEda e g 61 0hge Bbt rof | or 200
maybe abstracted into a Ilink laver 210 and a physical |ayer 220. The link
| ayer 218eTserIeek]47h & or Hrisrednale embodimsotiitegintetconpactiid? is mmdermanted 80 awar e
of the state of the interconnect 147. The physical |ayer 220
10 accordance with the Serial ATA specification. Other embodiments are possible using
other interconnect implementations, including parallel bus implementations. For this
example embodiment, the interconnect 147 includes one differential pair of signals that
deliver data from the controller 200 to the disk drive 150 and another differential pair of
signals that deliver data from the disk drive 150 to the controller 200.
15 Figure 2 is a block diagram of one embodiment of the serial interféce controller
200 including a protocol control unit 212 and an impedance compensation contro! unit
222. Some of the functions of the controller 200 may be abstracted into a link layer 210
and a physical layer 220. The link layer 210 handles the formation and decoding of
packets and is also aware of the state of the interconnect 147. The physical layer 220
20 provides the actual connections o the interconnect 147 and also includes impedance
compensation circuitry, For this embodiﬁlent, the protocol control unit 212 is part of the

link layer 210 and the impedance compensation control unit 222 is part of the physical

layer 220,



20 provides the actual connections to the interconnect 147 and al so

i ncl udes i npedance conpensation circuitry. For this enbodi nent, the
protocol ®She¥®r218nit 212 is part of the link layer 210 #8d/4N&0§38Hedance
conpensation control unit 222 is part of the physical |ayer 220. WO

03/ 08, 5918 PGI/ US03/ 08889 The serial interface controller 200 includes a
transmtter 23MespaEal ntedagocostrolargoy ingludgas Franwmitter 3 that wpeivesmigdies

physi cal |ayer 220. The transmitter 230 is coupled to an i npedance control
circuit 202 (ddheusEis)don tHeghided 1000 The traAbiitek 280 iswwluplbdso anr ecei ver

- 240 that delivers 5 incomng data (data in 217) to the physical |ayer 220.

The receiN8Edaddcdrnirct O4Rl;£s5ot 0 an i npedance control circuit 242. The
i npedance gontrof rgrlorcuﬂls 232 and 242 are coupled to the inpedance

conpensati on ntrol,.unit 222 [ an | npedance c nsat.ion update
operat; on,  newhe st Ueies ol Pae? Gichidhas fofeiss AL e APEERL | on
control unit 222 to the inpedance 10 control circuits 232 and 242. The
i npedéncénc@mﬂ@&(daémm&i%) togthe physicapRer@@Amihie cegcaer &4 fs coupledtoamcol

control unit-0 12 by way of a transmtter conpensation request signal (Tx

Req 221) impedahésadsitiol tieduitcizpensat i on acknow edge signal (Tx Ack 223), a
recei ver conpensation request signal (Rx Reqg 225), and a receiver

compensat | on g BN A0 IANAt RIS ALl 245, E EhlpiednlauaioNS bel ow in

connection w I'gures t hr oug et al I npedance conpensation

LpaL o oD Bl Sne P 2B ALy 200, L0 cener Al b medonec
signals values are delivered from the impedance compensation control unit 222 to the impedance
10 control circuits 232 and 242.

The impedance compensation control unit 222 communicates with the protocol
control unit 212 by way of a transmitter compensation request signal (Tx Regq 221), a
transmitter compensation acknowledge signal (Tx Ack 223), a receiver compensation
request signal (Rx Req 225), and a receiver compensation acknowledge signal (Rx Ack

15 227).

The discussions below in connection with Figures 3 through 8 will detail the
impedance compensation update operations of the controller 200. In general, the
impedance compensation control unit 222 periodically asserts one of the request signals
221 or 225 indicating a desire to perform an impedance compensation update operation.

20  The protocol control unit 212 completes any current data transmit or receive operations
then takes control of the interconnect 147 by initiating a dummy operation. The protocol

control unit 212 then asserts one of the acknowledge signals 223 or 227. The impedance

compensation contro] unit 222 then js free to deliver new values to the impedance control



1 or 225 indicating a desire to perform an inpedance corrpensafi on update

oper at i onyw2f,08kgs Protocol control unit 212 conpletes any w@@g@ﬁﬁgta

transmt or receive operations then takes control of the ct 147
by initiating a dunmy operation. The protocol control unit 212 then

asserts -0f, .1 he. acknpow edge.signal s 223 . or 227, The. i npedange

conpens aﬁ?cglﬁtg & (3)% f’l?doTHu d‘?)é\ér f‘ggwfl?ﬁa 1 iasgetﬁﬁlé%mi]?) m&‘g?ﬁtqéﬁa‘ qF a0 &ﬁgl‘ﬂfléﬂtt he

i npedance ,control WO 031085918 PCT/ US03/08889 Circuits 232 and 242. After
al | owi ngPTBH1VE te be {rppfnittedrihaintbedprasrcomgiensatign Comtral nmit| 212G riteesserts fei niti ve
to be transmtted, the |Inpedance conpensation control unit 222 deasserts
the recuegsesi siggaialThe Frodal 065} un@ ML e dbAssert? thé- kb APRISEFSSAT et he
acknow edge signal. The protocol control unit 212 then transmts a no-op.
The no- oY1 Rfnd] i 31248 ita 1-GP" HE RS QiR SEHS

regi st eﬂ& A" nuIt |- u_;l)_hat te" %?gﬁ?i‘?’.{“esia I??gf'htrh(g%%Oﬁglia%&%f%l?lﬂbg?f&)e% 2 ~of It he
regi ster_contents. e transm ssjon e, no-qp conpl et es e previously
init i%tat e‘%?“%éi F‘Fﬁiﬁ% BE? SENS RIS rf%l II%IEC;-@P%P o%#@%lﬁ@whﬁg@awég no ghargg|tp 89 ng t he
process just outlined, the serial interconnect protocol (in this exanple
case t hePfihoregistsr contbrisi fhe transiiesiorSef fhalnoApAospéates the prévicyslyi initissed t 0
create a window in which the inpedance 10 conpensati on update can occur

Wi t hout dunsrsy opersigdna N@fﬂaﬂ@%&rﬁibn fﬁ_@ﬁrs%hhﬁé‘.nBjﬂTolWiﬂ%fHe‘ﬁoé@%E‘}ﬂspned above is
generated periodically by the physical [|ayer 220. For this exanple

enbodi i L GRNER it 1 Gy ' ter er.y 256 doubl e
wor ds g}iﬂl gﬁegmﬁsé‘agu ti n%”%g{rﬂé’ﬁdcéﬁ’%?“n%%’?&% %%ES'?' ?1\1;32&,{0@008%? eﬁﬁ%ﬁ‘? ed
eration foll ow an | npedance conpensation update

oper at | S RPPEEHoRl B et GRBAIBNENE IoRbEB oA ange. |
i rrpeSance are cured before any data corruption can occur. The physi cal
| aydP 2zompersetion tpdatq ¢anlockurywithaut Giskingtdats cogoptieni.on of an al i gnnent
The alignment primitive mentioned above is generated periodically by the physical
layer 220. For this example embodiment, the alignment primitive is transmitted afier
every 256 double words of data. By waiting for an alignment primitive to be transmitted
before resuming normal operation following an impedance compensation update
15 operation, any bit-synchronization problems caused by the change in impedance are cured
before any data corruption can occur.
The physical Jayer 220 alerts the link layer 210 of the reception of an alignment
primitive at the receiver 240 by asserting an alignment detect signal 213.
Figure 3 is a timing diagram showing in-protocol impedance compensation where
20  the sequence begins with the transmitter calibration request signal 221 asserted during idle

interface operations. At time 310, the transmitter interface 230 is generating idle packets.

The transmitter compensation request signal (Tx Req 221) is asserted at time 310. The



primtive at the receiver 2-40 by asserting, an alignnent detect signal
2-13. Figure 3 is a timng diagram show ng in-protocol inpedance

conpensat WOHI3B¥I® 20 t he sequence begins with the transmAETEYSCeA$88Br at i on
request signal 221 asserted during idle interface operations. At time 310,
the transmtter interface, 230 s generating.idl ackets. .The transmtter
CompenaafREHRe] du b &2g el o) rdErSnBan OF imbudab GrEesHigheoskblRhe W)
03/ 085918 PCT/ US03/ 08889 assertion of the Tx Req signal 221 indicates that
t he i npedahdesixes hpaisie themmpaianeadontml ¢ircuZ32desi res to update the

i npedance control circuit 232. In response to the assertion of the Tx Req

si gnal 221, alﬁfeagﬁfgkftéﬁfeaewﬁhﬁmﬁmﬁ MI,h%ahﬁrﬁﬂ&ﬁ}eIaﬂﬁﬁack%trecei ver
ready packet (RX_ RDY) is received shortly thereafter. For this exanple

enbodi ne i . t e 4 et is the
di sk dri Q@X_%@?) %ﬁ%ﬁﬁﬁ@éﬁwg%ﬁgg efcggtr@‘e‘r%{sﬁ E%?‘gefdo S%Lglz control
unit _212 knows that, the control]er 200 conmands the interface 147. The
pr ot otol * b Farthis examplerepbrdinacnbthedevies 3t thgathey sndrof thpdsicanneen

acknow edge signal (Tx Ack 223) at tinme 320. 10 In response to the
assert i oddDis thhdisKxdrise k5&i Yhah t1I2ABX RPY packetdarweived e pséaedod nontmd mbitol
unit 222 perfornms the inpedance conpensati on update operation by delivering

new val Ugs) kfbvdBat thR SRRART SOMEdiRnakds!tBdlinterddd - 1470 Thoptogc R cofidl bty ti e
and following at |east one alignment primtive transm ssion, the Tx Req

The T rokp RnREERSGE EeBlec] oipendithn FIObARREO ARy AR 2A7R0Ge 10"

protocol _control unit 212 issues a no-op at tinme 340. Follow ng the

transm sstbn of the no-op, the disk drive 150 responds with a "receiver K"
packet (R OK) indicating that the no-op packet was received. The interface
147 then r esulmaesponse to the assertion of the Tx Ack signal 223, the impedance compensation

control unit 222 performs the impedance compensation update operation by delivering
new values to the impedance control circuit 232. Following a settling time and following
at least one alignment primitive transmission, the Tx Req signal 221 is deasserted at time
330. Inresponse to the deassertion of the Tx Req signal 221, the Tx Ack signal 223 is
15 deasserted and the protocol conirol unit 212 issues a no-op at time 340. Following the
transmission of the no-op, the disk drive 150 responds with a “receiver OK” packet
(R_OK) indicating that the no-op packet was received. The interface 147 then resumes
normal operation.
Figure 4 is a timing diagram showing in-protocol impedance compensation where
20  the sequence begins with the transmitter calibration request signal (Tx Req 221) asserted
during fransmitting operations. Attime 410, the transmitter interface 230 is fransmitting

data packets. The transmitter compensation request signal (Tx Req 221) is asserted at time



normal operation. Figure 4 is a timng diagram show ng in-pr ot ocol
irrpedancew%odm ) tion Where 20 the sequence begins with the transmtter
calibration request signal (Tx Reel 221) asserted duri ngPther?QﬂP’{sﬁ? ng
operations. At tinme 410, the transmitter interface 230 is transmtting

data pac S The transmtter caq tign request signal (Tx Req 221) is
assertedlﬁﬁ‘ LS Oﬁgf%sﬁﬁgeﬁgg@éggp@g@@st 3ighe RREAECEHAMNGASABIONt he Tx
Req signal 221 indicates that the inpedance conpensation control unit 222
desires tentpgaait@22 desifanpe vpdatethe dmpedince contral £ir@802232.n response to the

assertion of the Tx Req signal 221, and follow ng the reception of the R

- OK packet, ald regpiaie td @ik akRAEOH FTABK L Red XidRRV211 find FARSHS &e ig£cei ver
5 ready packet (RX_RDY) is received shorta-l y thereafter. éettrllj ?ehcgﬁhR‘%(IfRDY

Cont rol | 5 15808 Ritkeh A% RERM RS Raa AR LHN HRYT BB e, OB leet et 1 212

t hen sserg}s, t he 'Ster conpensation _acknow edge signal (Tx Ack 223)
at tite #2 .pw#e#é@ﬁ&i@% tsdesneedsaeuht theygaldar. (Weemthe waskepE3, t he

i npedance c_ond}jensati on 10 control unit 222 perforns the inpedance

conpens afscaned; plakpre taspbeantiobnnib §1 2endweethitrttje commwlleal 0@ soth@ahdiahé npedance
control circuit 232. Following a settling tine and following at |east one

al | gnmeninteaficpl7.Vehd proReB] Séifd@unit DE) f¥n BRRrS URNBsRfer oSmpgAages t od at
time 430. In response to the deassertion of the Tx Req sighal 221, the Tx

Ack si gnghn bS i r . rotocol control unit 212 issues a
no- op at t|gn\é%ﬂg%slgg%ﬁ?%%ckgigﬁéq@%dgnsn1 ssion of the no-op, the disk
drive 150 responds with a "receivyver OK' packet OKX) indicating that the

.CK R, Ok !
no-op packet WASHBEEORYAssqignohther Padek 1gmali2ianthe dupedaschermransgier at i on.

10 control unit 222 performs the impedance compensation update operation by delivering
new values to the impedance control circuit 232. Following a settling time and following
at least one alignment primitive transmission, the Tx Req signal 221 is deasserted at time
430. Inresponse to the deassertion of the Tx Req signal 221, the Tx Ack signal 223 is
deasserted and the protocol control unit 212 issues a no-op at time 430. Following the

15 transmission of the no-op, the disk drive 150 responds with a “receiver OK” packet
(R_OK) indicating that the no-op packet was received. The interface 147 then resumes
normal operation. |

Figure § is a timing diagram showing in-protocol impedance compensation where
the sequence begins with the transmitter calibration request signal (Tx Req 221) asserted
20 during receiving operations. At time 510, the recetver interface 240 is receiving data
packets. The transmitter compensation request signal (Tx Req 221) is asserted at time
510. The assertion of the Tx Req signal 221 indicates that the impedance compensation

control unit 222 desires to update the impedance control circuit 232.



Figure 5 is a timng diagramshow ng in protocol inpedance conpensati on
where the sequence begins with the transmtter calibration request signal
(Tx Req 29P)B48¥d%ted 20 during receiving operations. At PCTHSOHIB89t he
receiver interface 240 is receiving data packets. The transmtter
conpensati on request signal (Tx Rey 221) is asserted at tine 510. The
assertion of fhmsfonsRegthsiagnaiond¥thé TdReqkigsal1ra] atd@llbpeddece
conpensation control unit 222 desires to update the inpedance contr ol

circuit Weh&ska8994&, E%K%Q@ét,%ﬁ%ﬂiﬂerrrgaﬁggﬂglﬁetg?x;%ﬁg’}ﬁ%ﬁﬁﬁgnﬁ effathe Tx

Req signal 221, and fol'low ng the transm packet, a

transmtter. d ack ( Y) is transmtted, recei dy packet
(R rov) "Rt B Py e BNl erlor R oD he BAeRELY | &

recei ved, the, protocol control unit 212 knows that the controller 200
comands Pagkskisirepeiiedathe profgcol Torral usit @d 3 knews thabthewnitroifer 220 chamands er t s
the transmtter conpensation acknow edge signal (Tx Ack 223) at tinme 520.

| n r e potizanterfadehbl 7asierprotoco] @bntidlamioe 12akenSdsed ] the Bdnsrhifier soRRAMIRA
conpensation control unit 222 perfornms the i npedance conpensati on update

operatio L i Wy t he i npedance control circuit 232.
By wAly blxl%qu A&.&‘Sf%tlurﬁ%e 550,

Foll ow ng a setTtl tinme an wng 10 at | east one alignnment primtive
transm ssion, . the Tx Reqg signal 1l j.s,deasserted at ti 530. In response
to the deasseltFammss 4ile? gmﬁeéf%f*reg%ﬁc signaliita, Hig IRRRIABLE FPPSaHqTs
deasserted and the protocol control unit 212 issues a no-op at time 530.
Fol | owi ngpntiebunit 23hperfarsis dbe iptpedtncc somppnsatioreuplagkoptration Wadelivesmends wi t h
a "receiver OK' packet (R . OK) indicating that the no-op packet was
recei veduevwlhaluésitbalid mgedinte cbhiesl ciesiiOBs Fdlfowiag aRtitlaRetiat ke followdg e 6 is
a timng diagram show ng in-protocol inpedance conpensati on where
10 at ieast one alignment primitive transmission, the Tx Req signal 221 is deasserted at time
530. Inresponse to the deassertion of the Tx Req signal 221, the Tx Ack signal 223 is
deasserted and the protocol control unit 212 issues a no-op at time 530, Following the
transmission of the no-op, the disk drive 150 responds with a “receiver OK” packet
(R_OK) indicating that the no-op packet was received. The interface 147 then resumes
15  normal operation.
Figure 6 is a timing diagram showing in-protocel impedance compensation where
the sequence begins with the receiver calibration request signal (Rx Req 225) asserted
during idle interface operations. The Rx Req signal 225 is asserted at time 610. The
assertion of the Rx Req signal 225 indicates that the impedance compensation control unit
20 desires to update the impedance contro] circuit 242. In response to the assertion of the Rx

Req signal 225, the protocol control unit 212 issues a transmitter ready packet (TX_RDY).

A receiver ready packet (RX_RDY) is then received,



the sequence begins with the receiver calibration request sighal (Rx Req
225) assewdeéims%%i ng idle interface operations. The Rx Re s'gnal 225 is
asserted at Ul me 610. The assertion of the Rx Req signal PIEUREFESEt es
that the inpedance conpensation control unit 20 desires to update the

i npedance conty,Ql cidcyit 242. |n response t he ertion . of the Rx Req
si gnal 225, tﬁet?%r?eoéj&ﬂﬁe IE%%YSFS?I%WH ai%?"‘l"’%@%"é%‘g%ﬁmn@ﬁ&'ﬁis 3seeated packet
(TX_RDY). A receiver ready packet (RX_RDY) is then received. W 03/085918
PCT/ USO3MbEsEmsato thefeqeptigpot the ReX_RI¥¥ipecket. cBhd npedinne conkreosdtied gentsolgnal
(Rx Ack 227) is asserted in response to the reception of the RX_RDY
packet . TWhit 22fiedpedermomiaiidiioerofeidagbn gptﬂité oPeRAi NI ARLERE ABw an

e

i npedance conpensation update operation by livering new values to the

i npedanc ;g ot insd it . use the inpedance control circuit 242,
which is cogd;tlbetgé%ngﬁéta eercggélg}v%}r%ug%g has been updated, the inpedance
corrpeglsation gntrol, unit. nust wait,far_a settling time and pust also wait
until” an al i gnERE® hﬁﬁiIWP?‘ia\?ge FITEOL CBFWELH 2 PVhighds caimled, tr the aepeiyer 4G
deassertjng the Rx Req signal 225. Wen the align primtive is seen at

r ecei ver NgsdEen updated; esinpetiarics vempaRBtions seittod utii enat weit fored eetling tigreal 213
at tine 630. Follow ng the reception 1.0 of the alignnent primtive, the

| npedancandcmogieioatdinmtil an bli@medipkind@ve isSede R at thedBAFPE 140 teife RX Req
signal 225, which occurs at tine 640. At tine 650, a no-op packet is

transmta@agcﬁq}% - a [ Sf i . Nor mal __oper at,on then
resunes. Fi Sgur e ﬁ%Q;Rg lgé&ts%%a%zgi gdgg]r%%%& esi%‘éﬁj% ﬁbﬁé?ge %r@g?ng%t 5FC$W23 Q’n@g
conpensat.i_on er he sequence begi ns W t he receiver calibration
Fequost Rl R ohat-BS i REE dPed b It e 656 nsHinagheTpeanioR ons.
The Rx Reg signal 225 is asserted at time 710. The assertion of the Rx Req
si gnid  2fshe alignemansprimitie, thsdmpedrade noepasatrensatrobunit 222 isdicedo deassert

the Rx Req signal 225, which occurs at time 640. At time 650, a no-op packet is
transmitted and then an R_OK packet is received. Normal operation then resumes.
Figure 7 is a timing diagram showing in-protocol impedance compensation where
the sequence begins with the receiver calibration request signal (Rx Req 225) asserted
15 durng transmitting operations. The Rx Req signal 225 is asserted at time 710. The
assertion of the Rx Req signal 225 indicates that the impedance compensation control unit
desires to update the impedance control circuit 242. In response to the assertion of the Rx
Req signal 225, and following the reception of an R_OK packet indicating that the data
transmission has concluded, the protocol control unit 212 issues a transmitter ready packet
20 (TX_RDY). A receiver ready packet (RX_RDY) is then received.
At time 720, the receiver calibration acknowledge signal (Rx Ack 227) is asserted

in response to the reception of the RX_RDY packet. The impedance compensation control

10



desires to update the inpedance control circuit 242. In response to the
assertion“RL t@e Rx Req signal 2215, and followi ng the reception of an R
K packet "l %%)ﬁpﬁng that the data transnission has conclfd&E30%E?
protocol control unit 212 issues a transmtter ready packet 20 (TX_RDY). A
receiver re%ggﬁ acket (RX_RDY) is then received. At time 720, the receiver

_RDY) . (

cal i br at i"9H cglages ¥ mIsagoREomprRnsAtion updateepgpitaby deliveErpBeEe to t he
reception of the RX RDY packet. The inpedance conpensation control 10 WO
03108. 59 ¥8lueCry tisdapaRB&conhdl cik@R 24Ben perforns an i npedance conpensation
- updat e operation by delivering new values to the inpedance control circuit

242. Because HRGaiseRRARPEaeO BEARI] cibiiEMAL vt is Whiaba iSthe dkRlvaF24@ t he

recei ver 240, has been updated, the inpedance conpensation control unit
must wai ettljng ti.me and nust al so.wait until .an al i.gnment

o ¢y e 8en pRbl el B botiTon Boith Rt bt A B AL TRE req
signal 225, '"Then the align primtjve is seen at receiver 240, the

physi tal 2ndywst aisqwait yetHes aligamantinginitse sdecoivegrab thexsceiven149deioze .

Foll owi ng the reception of the alignnment primtive, the inpedance
conpensatiesseringtiredtx Reyj ¢igi22 225 sWheaehd diglaritsiavs is seheatPecdieg 2900thal 225,
whi ch occurs at tine 740. At tinme 750, a no-op packet is 10 transmtted and

then an Physf41 Rgekelo dsﬁarfseﬁ@ilig%dieltéélpﬁg@dé 2998 @hkegot P@lﬁbw{zﬁ%%@%c?ﬂﬁfeo‘ﬁ 8is a

tim ng di agram Show ng i n-protocol |npedance conpensation Where
e o S5 Bl SR 20k BB 20,
time 810fhe hequS s?ig;lrl;l i285n, which occurs at time 740. At time 750, a no-op packet is

10 transmitted and then an R_OK packet is received. Normal operation then resumes.

Figure § is a timing diagram showing in-protocol impedance compensation where
the sequence begins with the receiver calibration request signal (Rx Req 225) asserted
during receiving operations. The Rx Req signal 225 is asserted at time 810. The assertion
of the Rx Req signal 225 indicates that the impedance compensation control unit desires to

15 update the impedance control circuit 242. In response to the assertion of the Rx Req signal
225, and following the transmission of an R_OK packet indicating that the incoming data
has been received, the protocol control unit 212 issues a transmitter ready packet |
(TX_RDY). A receiver ready packet (RX_RDY) is then received.

At time 820, the receiver calibration acknowledge signal (Rx Ack 227) is asserted
20  mresponse to the reception of the RX_RDY packet. The impedance compensation control

unit 222 then performs an impedance compensation update operation by delivering new

values to the impedance control circuit 242.

11



of the Rx Req signal 225 indicates that the inpedance conpensati on control
unit desires to update the inpedance control circuit 242. In response to
t he asser W81 he Rx Req signal 225, and fol |l owi ng t h&CTUHEF/AYBEL| on of
an R OK packet indicating that the incom ng data has been received, the
protocol control unit 212 issues a transmtter ready packet (TX_RDY). A
recei ver readyDBseausethe(irredanes comniral gisenit 24% whéeh is soupledrs tBetsceivien24Geei ver
calibration acknow edge signal (Rx Ack 227) is asserted 20 in response to
t he recephasirecntuplited, Ric ipédpaekempedsaton bRRLANGR nARIWEN Fatd RR1LEGHME! unit
222 then perfornms an inpedance conpensati on update operation by delivering
new valu t | . . Gl i . .03/ 8

PCT/ US03/ %?8%88t£%a‘3§23t gﬁ ?H%gﬁé{ﬁ%kej n@gﬁﬁégf:cegvfer%caaﬁerg%?e%\%%ﬁ%%}qr% coupl ed
to the regeiver 240, as .be pdated, the ipnpedance conpensation control
uni t rmust 8\3/957’3"{”?%&‘6 4 ?IFH*E Eggngﬁ’eﬁgl?f FHERPTHNENE Faeen #iesaivaR48) thgnment
primtive is received at the receiver 240 before deasserting the Rx Req
si gnal3 22Bhysisablayeri@0zissegis therdligintdeteet signad 8&h attime 83@i Falloving the feeephion

physi cal |ayer 220 asserts the align detect signal 21 3 at time 530.

Fol | owi ngoftthe aligaegt peimitied, tHeliRipaddn@s bBperRhiidon sdn¥8] whihe27 FARLAD @Cassert
conpensation control unit 222 is free to deassert the Rx Req signal 225,
whi ch oc is 49. j nNog t is transmtted and
then an gﬁé&q%%qﬁigﬁl ?Egrvvelgéel} {)/dg ) q%lo%%ﬁcaﬁqiob%ﬁg??%ﬁdf? ﬁgholjrpeagg?ré%. The
tinting relationshi,ps sh i.n Figures 3 through 8 are not intended to be
drawn 10" F§mEes andt %mgﬁgofﬁ@ta‘él‘reglﬁ TREEYRile dNPIIa] ppEratiqrhen fEMSE quences of
events that occur with these exanple enbodinents. In the foregoing

speci fi cat i on Hedimingaeletienshipashdieein Hewes Biikcugh 8 brerreft értemizd to be drawn

10 to scale, and are merely intended to illustrate the sequences of events that occur with these
example embodiments.

In the foregoing specification the invention has been described with reference to
specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit

15 and scope of the invention as set forth in the appended claims. The Speciﬁcation and
drawings are, accordingly, to be regarded in an illustrative rather than in a restrictive sense.

Reference in the specification to "an embodiment,” "one embodiment,” “some
embodiments,” or "other embodiments" means that a particular feature, structure, or
characteristic described in connection with the embodiments is included in at least some

20  embodiments, but not necessarily all embodiments, of the invention. The various
appearances of “an embodiment,” “one embodiment,” or “some embodiments” are not

necessarily all referring to the same embodiments.
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specific exenplary enbodi nents thereof. It will, however, be evident that
vari ous &agifigations and changes may be nade thereto wi thout departing
fromthe %ﬂ@#"gpirit 15 and scope of the invention as JETYIORE 0 t he
appended cl ai ns. The specification and draw ngs are, accordingly, to be
regarded in an illustrative rather than in a restrictive sense. Reference
in the specification to "an enbodi nent, "one enbodi nent,"” "Sonme

enbodi ments," or "other enbodi nents" né%%%ﬁghat a particular feature,
struct ur egmeris chgLfgt eristic described in connection with the enbodi ments
is included Iin at Teast some 20 enbodinents, but not necessarily all
enbodi nents, of the invention. The various appearances of "an enbodi nent,"

"one enbodi nent , 4 ’ ipments” are not necessarily all refening
to the sane e 'o%?%pna{azfgﬁﬁﬁg%g / 085918 CLAI M5 What is clained is:

PCT/ U303/ 08889 1. An appar%;us, conPri sing: |5 an output unit _including an
updat 8abl e i mFBPHHYE uRK pRsd¥ERg owpdateablgiimpedancs eqraprIsetioncurgdEhsat i on
control unit coupled to the inpedance conpensation circuit; and a protocol
control unit eoippedintecohperisapmdante] wingepidid dre iapeldart comptnsatibe
protocol control. unit to determne a tinme to perform an inpedance
conpensatiroiit;update 10 operation. The apparatus of claim 1, wherein the
time to performthe inpedance

a protocol control unit coupled to the impedance compensation control unit, the
protocel control unit to determine a time to perform an impedance compensation update

10 operation.

2. The apparatus of claim 1, wherein the time to perform the impedance

compensation update operation is when no data frames are being transmitted.

15 3. The apparatus of claim 2, the impedance compensation control unit to assert a

request signal to the protocol control unit.

4. The apparatus of claim 3, the protocol control unit to assert an acknowledge
signal to the impedance compensation control unit, the impedance compensation control
20 unit to perform the impedance compensation update operation in response to the assertion

of the acknowledge signal.



conpensati on update operation is when no data frames are being transmtted.
15 3. Th g @g@% ys of claim2, the inpedance conpensation control unit to
assert ar 3’9 signal to the protocol control unit. 4. PRY §Bﬁ%ﬁs§% us of

claim3, the protocol control unit to assert an acknow edge signal to the

i npedance co n I edance co nsation.control
unit to perfm tlﬂeitaél rr{ag'%rg ggl%gﬁpﬁéir?ggg r%épﬁ%%ﬂlélpﬁ} eolﬁpiltrl“me@gonse to
t he assergl on {he acknovvl edge signal. 13 WO 03/085918 PCT/ US03/ 08889 5.
The appar fﬁgthtme ”‘Pﬁ’?ir’r‘i‘g‘ﬁo@éﬁpﬂi@ﬁ“ﬁ§0%€¢ Hpprovideiatconpensionnyitlt uni t
and the output unit to couple to an interconnect, the interconnect to
provi de ancFimmeaddesigemi th an external device. 6. The apparatus of claim5,
the protocol control unit to take control of the interconnect before
asserting the acknow edge signal. 7. The apparatus of claim®6, the protocol
control unit to take control of the interconnect by transmtting a

transmgitter r d for cei,ver read 10 packet to be
recei g‘ed. 8 g%gg‘ﬁ ﬁg?olfam&?aﬁ%ﬁp t0 Oflugoxﬁ?ﬁt%&? t"é&ﬁf”ﬁ%ﬁ’l e to wait
until an, nmsn{, rimtive is transmtted bef ore deasserting the

acknow e i“b""ﬁ’él efo%?sgm%@eé‘ﬁlﬁ&“dﬂ@ stgnak| ai m 8, the protocol control
unit to issue a no-op after deasserting the acknow edge signal. 10. A

met hod, conpri sing:

7. The apparatus of claim 6, the protocol control unit to take control of the

interconnect by transmitting a transmitter ready packet and waiting for a receiver ready

10 packet to be received.

8. The apparatus of claim 7, the protocol control unit to wait until an alignment

primitive is transmitted before deasserting the acknowledge signal.

15 9. The apparatus of claim 8, the protocol control unit to issue a no-op after

deasserting the acknowledge signal.

10. A method, comprising:

determining a period of time when no data packets are being transferred over an

20 intercomnect; and

performing an impedance compensation operation during the period of time when

no data packets are being transferred over the interconnect.
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determning a period of tinme when no data packets are being transferred
over an 20 interconnect; and perform ng an inpedance con‘gensati on

oper at i onV8IPIUBI he period of time when no data packetsPar&SBuP§ss°
transferred over the interconnect. 14 WO 03/085918 PCT/ US03/08889 11. The
met hod of claim 10, wherein determ ning a period of tinme when no data
packets are bdilndhemgiadsniciamdPevhasin daiapinng eceripd ef imsdvhenaed®a ting a
transmtter read acket over the interconnect. 12. The nethod of claim 11,
Wwher ei n getletsarabeigg arapdeiratiowat at imecovnent induded ttanspriting agransittes rendy
transferred over an interconnect farther includes receiving a receiver

ready pagkgiet olerdi infd¥Sorieéthod of claim 12, farther conprising delivering a
request signal froman 10 1 npedance conpensation control unit to a

protocol control unit, the delivering of the request to occur before
determning a period of tinme when no data packets are being transferred
over the interconnect. 14. The nethod of claim 13, further conprising

del i véring an léckhemethngeolsiagndl, whaehrdsiarmining p pededpf twamieh naiata t o t he
i npedance conpensation control unit, the delivering of the acknow edge

si gnal t padetsuire beingtriderpal dvedamintdréomBevtenhéidndlal & PesKag S radetvddei ng
transferred over the interconnect has been determ ned. 15. The net hod of

claim 14reaup§5_§ge{] perform ng the inpedance conpensation 20 operation
during the period of tine when no data packets are being transferred over

t he

13. The method of claim 12, further comprising delivering a request signal from an
10 impedance compensation control unit to a protocol control unit, the delivering of the
request to occur before determining a period of time when no data packets are being

transferred over the interconnect.

14. The method of claim 13, further comprising delivering an acknowledge signal
15 from the protocol control unit to the impedance compensation control unit, the delivering
of the acknowledge signal to occur once the period of time when no data packets are being

transferred over the interconnect has been determined.

15. The method of claim 14, wherein performing the impedance compensation
20  operation during the period of time when no data packets are being transferred over the
interconnect occurs in response to the delivering of the acknowledge signal from the

protocol control unit to the impedance compensation ¢ontrol unit.

15



i nt erconnect occurs in response to the delivering of the acknow edge signal
fromthe control unit to the inpedance conpensation control unit.
15 WO oslggfs@%%g%r/ US03/ 08889 10 15 16. A system conpri SIGIgS034s%8Y st
devi ce including an output unit including an updatcabl e inpedance

conpensati on cig cuit an i npedance conpensation control unit coupled to
t he inpedanceqéédgnﬁ%ﬁﬁfggﬁogwr%ﬂgcuit, and a protocol control unit coupled to

t he i npedance conpensatjion control unit, the protocol control unit to
determ ne a tid&s deviesr inelAingn i npedance conpensation update operati on,
and a second device coupled to the first device via an interconnect, the

i nterconnect couplaachtiuttuni isdhidibg andhdateableliielidcs bofiP¥h®Ben difeuwitl e
systemof claiml1l. 6, wherein the tine to performthe inpedance

conpensati on updat j i . bei.ng transmtted
over the inter con%lelg?ﬁ%?ﬁé:.g@%geﬁs@g@he%%ﬁ%%@?eﬁdﬁoﬁég}weg Snnect is a
seri al5 interconnect with one data , streamflowing fromthe first device to
the s@cond device and arfOFPERsaHER SUSHh @8 f1 owi ng  from the second devi ce
to the first device. 20 19. The system of claim 18, wherein the

i nterconnect is i malrEatepelagnirel unit coupled to the impedance compensation control
unit, the protocol control unit to determine a time to perform an impedance
compensation update operation; and

a second device coupled to the first device via an interconnect, the interconnect

10 coupled to the output unit of the first device.

17. The system of claim 16, wherein the time to perform the impedance

compensation update operation is when no data frames are being transmitted over the

interconnect.
15
18. The system 17, wherein the interconnect is a serjal interconnect with one data
stream flowing from the first device to the second device and another data stream flowing
from the second device to the first device.
20 19. The system of claim 18, wherein the interconnect is implemented using

differential pair signaling.

16



differential pair signaling. 16 WD 03/085918 PCT/ US03/ 08889 20. The system
of claim 19, wherein the first device is a serial interconnect controller

and t he s&QOW3§8Gice is a disk drive. 17 PCT/US03/08889

20. The system of claim 19, wherein the first device is a serial intercormect

controller and the second device is a disk drive.
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