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CONTROL Fi el\go@hodddfs | nvention The present invention pertai o og}flgssgi eld
of sem conductor devices. Mire particularly, this invention pertains to :

the field of inpedance conpensation, ackar d. of nvention As. R
'silicon process technol 55%1%&%40'3%%@3@_ @%Egﬁgglsogr’aﬁﬁﬁddevi ce geonetri es,

-and wi th hiigher and higher levels of integration as well as increasing '
~.clock rates on interconnects, on-die inpedance conpensation circuits take -

on a nore and nore 10. prom nent F%thf e 1ho fig factors mentioned above,

it has been found to be necessary—%-u-—u@ag'e—ﬁre—c_ : onpensation circuits nore

frequently. The ypclplees SRnfiGi e 1b hedleftPbe dicRBONRLCiQE. ShgBges 1N
vol tages, a

devi ce tenperature,* changl ng nd process variations. These
Ci,r cui t S .ar guiph GAldiK iMRARLE Hertlitls' 18 thedRYA 6€inGRAERI RfhpBhisales. 0di
“intervals. '%#15 hg%ses a pot eﬁ?i al problem for devices pgper ating at high

data ratgs, particularly for thgﬁﬁ{'gr&gﬁdjngIhﬂélﬁiJnace protocol s that

require contihuous data transm Ssron to malntain synchronization. The

probl emis that when the | n n [ [ : ge in
i mpedance may ca §gﬂlg%R%ﬁ?%ﬁ?@ﬁ???%ggﬁgﬁgn%ﬁ%ﬁ @gﬁgﬁg@%ﬁﬁ@g&ﬁ@é}
“resulting in ‘potential data corruption. One protocol that requires

conti nuous ¥k with kigherinddyighe ilf‘rYel'ﬁloéWe&fﬁﬁWSﬁYeéﬁF m%"ﬁa%%‘éﬂ?l%%fefé’fli onis
the Serial ATA protocol (Serial ATA Specification rev. 1.0 released June
28, 2001). ihtdreonpects,amedic ipedesccmmpensatiat coouitetekeema maee deiier®s such as a
disk controller and a disk drive. The Serial ATA specification provides
for a seyi ghroldiieat FAENDEE to theifRGorsiehsRAtbaYe, RiFtiak bSeOfbahd Rgbe Hdeessastbal

ATA specification further provides for periodic transm ssion of alignnment
primtives. up-lc-ﬂ% tﬂ‘tla %&Hﬂ%’&&i&{ &{'Eu}té 96‘8ré éeq%eﬂt'lﬁ d?ﬁeeﬁﬂﬁa{ég dre required in order fo
account for changes in device temperature, changing voltages, and process variations.
The.se 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 fransmission to.maintain
éynchronization. The problem is that when the impedance compensation is updated, the

change in impedance may cause signal integrity problems on the interconnect, resulting in

potential data corruption.

-

One protocol that requires continuous data transmission in order to miaintain
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. The‘:‘Serial ATA specification provides for a serial interconnect
usihg differential pair signaling. The Serial ATA specification further provides for.
periodic transmission of alignment primitives, The alignment primitive is a predetermined
25 péttem of bits of a predetermined length that is recognized by devices coupled to the

1




25 pattern of bits of a prédet ermined length that is recognized HQ %J@‘.“‘%@%
coupl ed to tWO9%/088193/ 085918 9 MAY 20 PCTI US03/ 08889 i nt erruimingnstsssbhe
alignnment primtive allows devices that have | ost synchronization to

fecover bi't- ndar ignment. The Serial ATA protocol, as well as sone
ot her prot oc%?eg‘:’ ng%e(‘nﬂ]e glégm%%’it BamEe allowe deviess thathetiestsynoimpeizstitn on
update operations, Wiat is needed is a capability of Performng inpedance
conpensat i orFeEyRbiEbewstant dlignment. t hout adversel y~ dist urbing the conti nuous
flow of data. Brief Description of the Drawi ngs The invention wll be

under st ood nore fiHelS¢eribr ATAtLASIEQL A I oot i hven 1 el.gqw and from
t he acconpanyi ng draw ngs ofﬂ?enbggﬂ?én"éﬁ? géj%?&tcl]ﬂgér' gé\}g%il?’glﬂ rkﬂﬁF%ﬁ?laeﬁ%Bm,
shoul d not Lot ..the § nvention to the specific enbodi nents
descri bed, qﬁﬁ{“ﬁ}grgée]m g? Ek%pﬁtag%w% WA e Oebisarripddng gapabilfyiet 1 is a
bl ock di agr amfof .one enpodi ment of a conputer systemincluding a serial
interfacé cAWPOTRR PRSERrePmRsnSationsipdate by@atics Withgut shv@rdely distatbdgkthe

di agram of one_enbodi ment of a serial interface controller - "including a
prot ocol cofeRigluounflowafidatan. i npedance conpensation control unit. Figure 3
is a timng diagram showi ng i n-protocol inpedance conpensati on where the

sequence begins with a transmtter calibration request signal that is
asserted during idle interface operations. 20 Figure 4 is a'timng diagram

showi ng i n- 3,64 ri. ] egﬁ C corrlg)ensati on where the sequence begins with
atransmtt gnal that is asserted during ‘

transmtting opeji,gtj ons, o ,
. - The mvention will be understood more fully from the detailed description given

P

10 below and from the accompanying drawings of embodiments of the invention which,
however, should not be taken to limit the invention tQ the specific embodiments described,
but are for explanation and understanding only. |

Figure 1 is a block diagram of one embodiment of a computer sysfem 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 2 protocol control unit and an-impedance compensation control unit.

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

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

transmitting operations.
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2 WD 03/085918 1 "9 trrY a"a"' PCT/US03/08889 Figure 5 is a tilfihdgiy 2003
di agr am show I n-protocol inpedance conpensation where the _sequence
begi ns vvithwcgat%?}g%gﬁtter calibration request signal that i %J&Sgﬂ'séﬁg
during receiving operations. Figure 6 is a timng di agram show ng

“in-protocol inpe [ .e . the sequence bedins w.th
recei ver calibr a??ggﬁeesr %%Eg@ﬁgg%a%% g*néprggg@rqugg%ﬂz p?rg\é\féonyvﬁ?rgr_f ace
operations. Fiﬁgure 7 is-a timng diagramshow ng in-protocol inpedance
conpensat i oftFHBIcECE beedsugh e rrBTiiei cAlbratiemreguess signal dhat spassertedidusiagr equest
signal that is asserted during transmtting operations. 10 Figure 8 is a
t1 mng di agreseivgigoperagions- pr ot ocol i npedance conpensati on where the
sequence begins with a receiver calibration request signal that is asserted
~during receivVving [ | : Gl ik W =Y: _
gﬁﬁ%o Rlltfi8e dix8lafd éff?;%ﬂ?ﬁ‘;{rbt%blq{ﬁ %c??@ﬂﬂ%ﬂeﬁﬁr aHnt I\g%%r@

t echni que for performng | npédaice conpensadti on update

wi t hout g£augi ntial .data corruption problens includes taking,
~advant ag‘t)(e: u%? Q?‘h‘@g‘%coeﬁHEc“Fglp"rIS?%‘é?ﬂCaﬁ%ﬁaﬁ%‘g@ﬂ%%éﬁgnwg S ‘ﬁﬁ‘ﬁ“gé‘i]?on
primtives, filler data, and alignment primtives are being transmtted. .
For exanpl eNiCEaCHPRAROANTA control [er may take control of the interconnect
by initiating a dumy transaction. The controller can then perform an '
i npedance conperigtrediis agidrtgediagamahbwingihipréotd] ilnpedanseé@tipdnid@ionwhalat a 20 .
‘transfers are occurring After an appropriate settling tine and after a

transmi ssi Ghe Sdqudiite REMS WA reRiddrch iMoo ﬂ@@.}%ﬁ%&ﬁ@maﬂs £ AWPLE € the

dummy transaction by rssuing a no-op data hi's process nay be

"o per f or M RRliR SRk o,

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 uﬁdate

15 operations without causing potential data corruption problems includes taking advantage
of inter?onnect protocol idle periods, Where synchronization primitives, filler data, and
alignment primitives are being Uangmitted. 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 afler a transmission of an

alignment primitive, the controller can complete the dummy transaction by issuing 2 no-op

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




3' ;1 9 MAY WD 03/ 085918 PCT/ US03/ 08889 Figure 1 is a bl ock diaghdntd¥ BEE

enbodi ment oky@pGRedyt er system 100 including a serial interface
controller 200 coupled to a disk drive 150. ‘The seri al i nt er FGUYS03/08889

controller 200 is included in an input/output hub 140 which is al so coupled
to a peripheral ' The. co er system 10Q al so includes a system

| ogi ¢ devi cel 20 t g‘#ﬁgs %g{?gfﬁgg{aﬁ%ﬁ% PPl Optcompsensystem H0a hub

i nt er connect, 23.. The ,system | ogic device 120 is coupled to a processor
110 and is dP<BYBgasFl wigrfacespriraller ABProeupladin.a dithedriver 58] Theteid acerface
controller 200 Eds coupled to the disk drive 150 via an interconnect 147.
For this exa®oplrelle00d ineltled inka mprtetgRnResia0ldifich & 41 59!
accordance with the Serial ATA speci fi?gti on. O her enﬁﬁgﬁﬁgggkﬁph&ﬁ
possi bl e usibag1g5.her interconnect inplenentations, including parallel bus

i npl enentations. For this exanple enbodi nent, the interconnect 147

i ncl udes sone differential Pai r ﬁ]f aiﬁ%?g,nal s that deljver data fromthe
control I & 200 t o tREVHREKkSYTem W0y melydesmistsm loicrdsvisatd01hatiacoupdéd to
signals that deliver data fromthe disk drive 150 to the controller 200. 15
Figure 2 is e IBPYiqutnsit hub 440 vin adnb ieicontiave 125, Ofhet Systemebpialdevios 26 RaCe
controller 200 including a protocol control unit 212 and an i npedance

conpensat i opoupdstt toal procéstor 128 2nd SAML c@ﬁpl%&%‘oih'ﬂ?éﬂﬁf&ﬁmﬂf 13dre control | er 200
maybe abstracted into a Iink |layer 210 " and a ‘physical layer 220. The |ink

of the state of The el o enenan ol ARRELRs Lo P ARETeve B5visannr ovi dos

t he -act ual noect i o the intercaonnect 147 ‘and al so includes inpedance
conpensat i olﬁ‘(‘)ég% ﬁ?tﬁ%?'. FFP—‘B %W@P@@Bmdrmm the frdergemies 17 is onplemientediin 212

is part. of the |link layer 210 and the inpedance conpensation control unit
992 is ]&ar tacgerdapge Wiy diedgrial 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 drve 150 and another differential pair of
s_ignals 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 interfa_ce controller

200 including a protocol control unit 212 and an impedance compensation control unit

B 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
' QQ provides the actual connections to the interconnect 147 and also inciudes impedance
-compensation circuitry, For this.embodi.ment, 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.




ayer 220. aaa WO 03/085918 19 MAY 2e08 PCTI US03/ 08889 The seri'?lg J«‘ Y 205
interface copntroller 200 includes a transmtter 230 that receives 0 t%m ng
dat a. (dat a otf0 U818 om t he physical |ayer 220. The transmiRGTE¥S0/E888P 5
coupled to an inpedance control circuit 232. The serial interface

control l er 200 also incl 'dga; a receiver. 240 that delivers incomng data
(data in 217) to ﬁéefﬁﬁyﬁ?r_ P confipeler Snclyges atemamitter 230 that eceiyeppWaOng an

i npedance .control circuit 242. The inpedance control circuits 232 and 242
are coupl eddais (@deout®IE)ifromeahe physiverispr 220 Tonramshitteri2B0 226bupRdtbag an
i npedance conpensati on update operation, new values are delivered fromt he .

i ipedance canpeRRsE dogRoCRRLIt@h2UNit 222 to the inpedance 10 control
circuits 232 and 242. The inpedance conpensation control unit 222

conmmuni cates w t . | _.caontrol ~unit. 212 bywa a transmtter
coénpensation r eqﬁléés%%éffélﬁééﬁ%gﬁ{“ﬂ@af iz(g)f')ls‘,o %Cngeéﬁsrﬁ%/fFY%P%Mélﬁ Y on
acknow edge. si gnal ST@ Ack 223), a _receiver conpensation request signal
(Rx Req 225ncompg data (@ataimy & 7)do thsavhysiesl dayendih olleadeivar 240 4¢ cqumied e n 15
227) . The di scussions below in connection with Figures 3 through 8 will

detail the inpedentamontraleirpein®42.i on update operations of the controller 200.
~In general, the inpedance conpensation control unit 222 periodically

asserts one of tfig RRHARE colB)Rlrduits232 QY Zzgéeicgﬁﬁlgggj tflllﬁ ifplesLd € 1O
perform an i npedance conpensation update operati on. e Brotocol control
receive t hen

e L A I R R
. pé! 3t ocol 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
: c.ontrol unit 212 by way of a transmitter compensation request signal (Tx Req 221), a
transmitter compensatidn acknowledge signal (Tx Ack 223), a receiver compensation
request signal (Rx Req 225), and é receiver compensation acknowledge signal (Rx.Ack
157 227).
The discussions below in connéction with Figures 3 through 8 will detail the
1 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 feceive 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 control unit 222 then is free to deliver new values to the impedance control




control unit 212 then asserts one of the acknow edge signals 223”39 May AN
The i npedancwo og/egxpgnsati on control unit 222 then is free tcbﬁ%%’%é@és gew
val ues to the inpedance control '119 MAY 2affi WO 03/085918 /S 8889
circuits 232 and 242. After allowng for a settling tine and after waiting

for an ali giapend 11114 | S 4 t he i npedance conpensat,i on
control unit 222233255223% )sﬁte xf}%lo@xﬁg%%es éastiuéégzine mﬁ%ﬁ%%{{l@%%&r@ﬂ%ﬁwmﬁni t
222 then deass.%rtf? tge ackhgvvl edge signal. The protocol control unit 212
then trans i PREXE [ppedpnsmitid,he BapsdapchHeomapansation gpaizalamir222 deassens thel
register or a status register. A "null-update" signifies that there is no
change to dAjuesigignahellieqydtocd conioitwent 222 thereddassarts teseakoowlrtiod Kiend10TaP
conpletes the previously initiated dummy operation. Nornal operation then

resumes. Byréiobd @vhiRg ubif @1 PIHRE §BSshitsSh no-%gi[ 'Tigg ﬁ&ei-;optn%f o] %lgi- g&&&&fa‘) nnect

protocol (in this exanple case the protoc ng-to t erial” ATA

speci fiegati 1.Sq: to create a,w ngow.in,which fhe inpedance 10
conpens gt i 0 ﬁﬁ%ﬁ)}&%ﬁe{éﬁogﬁ S%(t,udglf FERIET- h’é‘u-ﬂluﬂT”g’ﬁf‘tﬁ g™ %55 &‘6? therstis &R ."lc“}f}ﬁé to any
alignment primtive nmentioned above is generated periodically by the
physi cal  PLiferegisigr coptspis; g fré&mﬁlen@gﬁ@dmmmmms theipgevieusly mfiiadd i ve
is transmtted after every 256 double words of data. By waiting for an
al i gnnent  Srinmiytdpezatin Nermal apaniion ¢en résfies eBy sIluwWing tHirdBéss QREr at i on
foll ow ng an i npedance conpensati on update 15 operation, any
bi t - synchr oafliaed, itk ceHAIGRIRRRnGRPRRGL I Yint j o L red
before any data corruption ca%@occurowl‘lllﬁgﬁgﬁy g%&@%@@?%@ﬁ%@%@g&@ﬁe
| ink | ayer . eceptjon,of an alignnent ijative at the receiver
240 by ass%%ﬁr%f %r?‘#}:gllﬁicgtﬁo#@hﬁusgg?oe%ea@iag O JBW. é@’é‘lﬁ?d?%cea timng
di agr showi ng i.n-prqotocol inpedance conpensation where 20 the sequence
begi ns 'tT‘PDE‘H’F(%‘S‘[“}O%@E@?P@OC@HIWHh‘a@ﬁllﬂkmgé&tﬁéWBﬁmal 221 asserted during
idle interface operations. At tinme 310, the transmtter interface 230 is
generating idl eThadigetsnt prifigve mentondd sove iertrart pefodieslUesy the pBiadal ( TX
Req 221) is asserted at tinme 310. The

layer 220, For this example embodiment, the ali gnment primitive is fransmitted 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 dperation, any bit-synchronization pi-oblems caused by the change in impedance are cured
before any data corruption can occur.
The physical layer 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 transnﬁtter calibration request signal 221 asserted during idle
interface operations, Af time 310; the transmitier interface 230 is generating idle packets.

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




5 1 o MAY 2006 WO 03/085918 PCT/ US03/ 08889 assertion of the Tx Rp§ %’i&@ngﬂﬂﬁ

221 indicates thatq t he i npedance conpensation control unit 222 desires to
update the iMBEYEREE control circuit 232, In response to th@ALIPIER of
the Tx Req signal 221, a transmtter ready packet (TX RDY) is transmtted.

A receiver ket, { RX.RDY)..i S .recejVv shortly 5 thereafter or, this
exanpl e enb%%%é%?%? ﬁé‘ %CWY%&I PHicalsy ﬁ&fﬁl&ﬁlapséﬁﬁ&oweeﬁé%ﬁ%@?fw&h? is
‘the disk drjive 150. When the RX RDY packet is received, the protocol

cont rol  uni $22 despestn ppdate the impedanse penttsl Fseuit?®2. comands the i nterface 147.

The protocol control unit 212 then asserts the transmtter conpensation

acknow edge si grialrespdusefiokh@@drtian of the@x R Qignh0231N ahLReRANRErdaby piRet
assertion of the Tx Ack signal 223, the irrpeci’ance conpensati on contr ol

unit 222 pq[Tf)pth)_t Rehapgdan j el ], O elivering
néw val ues tothe _|lrgrgrggance&'cg‘ﬁférég‘fgpg%??h%&&@wgﬁé%{'%%ggwi ng tine
~and foll Wtﬂ% ﬁﬁt Eea@t&é)nepili nnment pri 91 t.ive transm ssion,, the Tx Req
signal 221 TECEEYs §8F TPXRmpiG qrebodanent, ihp dedesdiaeothsr ederfdbainiaconnsst of
the Tx Req signal 221, the Tx Ack signal 223 is 15 deasserted and the

prot ocol cor’nstheiskidriveA 50s SVhep the RE- BP Yapacketie re@4ived,Rbe potbcod cortim] unit
transm ssion of the no-op, the disk drive 150 responds with a "receiver X'

packet (R CHE knodk tat thegohireller20€ cofn@Bdne kb8 47 € TRE Yhfocol Béntiod gk f ace
147 then resunes - normal operation. Figure 4 is a timng di agram show ng

i n- pr ot ocoly b IMEAANGE (KONRR [ - j | t he
transmtter calibrati (%fr% rquﬁetz%r "2?18%%‘?“&&%8%&?%%?@ﬁ@gg?t%if%gﬁ?ﬁég
transmtti 2’ 0operati ons. At. tine 410, the transmtter interface 230 is
tirdnsmitti g’.data packets. The transmitter conpensation request signal (Tx

Req 2216 is asserted at tine 7
1 In response 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 foliowing
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
' o (R_OK) indicating that the no-op packet was received. The interface 147 then resumes
| .norma] 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 transmitting operations. At time 410, the transmitter interface 230 is transmitting

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




. 19 MAY 208
i 9 MAY 5 10 WD 03/ 085918 PCT/ US03/ 08889 410. The assertion of 'the Tx Req
signal 221 iwdiccatses t hat the i npedance conpensati on contrqjcmgmsggﬁ
desires to update the inpedance control circuit 232. In response to the
assertion of the Tx Req signal 221, and follow ng the reception of the :
R OK packet 41 TKead3si (; i : mtted. A.receiver’
ready packet ( RX_RD%)ﬂléﬁsgﬂ;tg% g?\% 8Q%ﬁ(§)1reit%1yl Eéﬁ%%&fi{ @F aﬁ%dgeaﬂcet HARESHEG
packet is Ve e.protocol .cantrgl unit 212 knows that the :
control | er écglgl%%gr %#ﬁes{'r%etoi“r?ﬁ%ﬁﬁﬁ%edgmf ance SRR cBEwEd32.control unit 212
then asserts the transmitter conpensation acknow edge signal (Tx Ack 223)
at time 420. |n Peepongsdotls assertian skthe TorRafsigtab22l add Kolkivangthe 23ptidhe
i mpedance conpensation control unit 222 perforns the inpedance

gdance

conpensat i oof thpRaOK papketpd iraiknhiterdeldy\RELSR X'!@YZ?A&' fifed NErdc&
control circuit 232. Follow ng a setc']ty?t?ng ﬁm‘a and fol %w%#g%gic%east one

al i gnmert  plebdy 44 a hSSl.an: e _Ix.Req.si | 221 .0 s..deasseried at
time 430. | nh@e%%%ﬁsaed( to tngﬂaéeeglg E&egrhoiﬁ&thgfeg{t?feq?ﬁeqé& k’ﬁjﬁ-ﬁ? POPLIS e Tx
Ack signal 223 i th dea}s%&rted and the protocol control unit 212 issues a .
no-op at time 480t EEYIPeRICAYeINEil 242 kpaws Hiatdie santedller R0 pormendstthe di sk
drive 150 responds with a "receiver OK' packet (R OK) indicating that the
no- op packébteliges ¥de dihg pbtodil eontrdl @nit 2¢ 2 tlba Asteie the' tesignmiser coRpeishtion
operation. Figure 5 is a timng diagram show ng i n-protocol inpedance

conpensat i eolwivdedege sigmel'(iﬁq&@mﬁ)laﬁmhaagw th the transmitter calibration
request signal (Tx Req 221) asserted 20 during receiving operations. At

time 510, the r ' ' I i s, r.egeivi dat a packets. The .
tyadnsmtter coﬁpﬁgﬁéggﬁsgk&?lg&%%@fo ngo ?gl}léafx (ngs%alr}%ﬁ@e i B’%‘g@ﬁ? tEPeRsatione

510. Thg a rtion the Tx, Req signal 221 indicates that the inpedance
c orrpengg ti gﬁrﬁml urt 285 performs the mglpedalgce compensation update operation by delivg'lpng

new values to the impedance control circuit 232. Following a settling time and following
at Jeast 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 ﬁansmission 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

5y normal operation,

e

Figure 5 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 receiver 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

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




control unit 222 desires to update the inpedance control circuif R¥RAY 08 1
9 MAY 2006 \%%%ggﬁQlS PCT/ US03/ 08889 In response to the assertion of the
Tx Req si gnal and following the transmission of an R &CERARESE? a
transmtter ready packet (TX RDY) is transmtted. A receiver ready packet
(RX_RDY) is recejved short|ly thereafter. Wen the RX RDY packet is
received, the prBtisHonseiodhd assertion of e IxRewignnh22 1, e fdlontingteer 200
commands 5. the interface 147. The protocol control unit 212 then asserts

the transmi trassmissimefund? iGX0 packek aohasBer Sh@ Hcké PrxA ittkdrea520.
In response to the asserti onpof *tshe Tx Ack signal tgg%,‘RPr@%?}rﬁg%ﬁggeA
conpensat i Offcej i 2 rfors. 1 he j npedance.conpen L updat e
operation by dlgléi}:}eée ipriligﬁ!{C ew-val uééﬁf@?i%oﬁwgﬁﬁgﬁ% %@Fﬁmrt 232.

. Fol I-owi ng 2%5% ttt'.l }er%% t?é'g and foll 0\/\1 ng 10 at | east one alignnent primtive
transnissi of T He oY EE%PIBFP&PI oparo] wirRl2dameyrs dipt e qontrellers290 copmands ponse
‘ eassertion of the Tx Req signal 221, the Tx Ack signal 223 is

to the _
deasser ged Aninteniase 348t Shoprotasnt capitrolimiit 2 2iRerl SsereStha taAsrAteRtorpoRBatfR0.
Fol lowi ng the * transm ssion of the no-op, the disk drive 150 responds wth

a "recei veracﬁ{dwlpdgd@gnda"mkazgjia@ﬁ;ﬂeggo_t hat the no-op packet was
received. The interface 147 then resunes 15 nornal operation. Figure 6 is

a timng di agram,saewdado ky : ' nce pgnsation where the
- sequence begins Wt R the tﬂe}'caglge\%éhc%athé gggt%?(glﬁn? eglt‘9 IEPETAICS EPMPREHIOIH &)
asserted %r%@gmi %I%E interface operations. The Rx Req signal 225 is
asserted att 8182 PerErmsle dppedgpeestonpsasation madate pppratiompsddliveingt es
that the inpedance conpensation control unit 20 desires to update the
. jimpedance é‘_ﬁWtVlaBles & the dmpedange, contro} eisuis?$e. Falldwing asseling hme ahd fdlewRyg Req
signal 225, the protocol control unit 212 issues a transmtter ready packet
(TX_RDY. atleast one alignment primitive transmission, the Tx Req signal 221 is deasserted at time |
5_30. In response 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) ipdicating that the no-op packet was received. The interface 147 then resumes
15  normal operation.
Figure 6 is a timing diagram showing in-protoco! 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 control circuit 242. In Tesponse 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.




A receiver ready packet (R} _RDY) is then received. 1 9 MAY 2008 Q’\CMAY 2008
03/ 085918 POWVOUSOSHDB889 At tine 620, the receiver cali bratip&lﬁﬁ?ﬁg) edge
signal (Rx Ack 227) is asserted in response to the reception of the RX RDY
packet. The inpedance conpensation control unit 222 then perforns an

i mpedance conpenAatiing 620 HS R0 B afibiHibn Qé’lﬂ%ﬁr}lér%g gfgﬂﬂ _ ﬁ%?lé’%%ﬁ islsars%e(oﬂe%l he

i npedance control circuit 242. 5 Because t nce contr 242,

which is co LV , ) ep, updat ed, the inpedance
conpensat i oiri:ﬂjg nt %egﬁott%{ﬁrle{: &’(rirlg’gto(%\ﬁbelzﬁ%w}%}%%ﬁt &Pﬁg”?fidﬁﬁce GoepeErion £patEohai t
until an ala@% ‘E{éi pti ve is received at the receiver 240 before
deasserti-ng CIRRG NG Al Fmpetignce prerp enkrdion ipdate ppération by délivesingnevat

recei ver 240, the physical |ayer 220 asserts the align detect signal 213
at tinme 630valwesite thaimgeddnee cetmptirant 44, of the alignment prinitive, the

i npedance conpensation control unit 222 is free to deassert the Rx Req
signal 325, whi QRecaRUhsS; | A0y - AL bl a Nos packet |
transnmitted and then an Ig?&a%d%ﬁ%&cé@gggm@ang@Fdg‘gg‘%ﬁ‘ieﬂ’ﬁr %%%n
resunes. Fi 7 1 i m ng, di agram show ng i n-protocol inpedance

- conpensat i o}%g\%ﬁeélruéadﬁ}eﬁ’e&g & ‘g’é‘ﬁ?eﬁgﬂ\ﬂﬂt‘*‘ﬂ“q"ﬂ &ng ggust vart fera seiiliag time
request si %QSIHQ%RX Req. 225% asserted 15 during transmtting operations. The
Rx Req sig ytalse wail yatilasglignmentpimitioe isthesiveiss e reotivaf240hefoRx Req
signal 225 indicates that the inpedance conpensation control unit desires
to updat e tdessentipgderRoeRepsitnai226] Whtntth@4igm ﬁﬂhiﬁ@éﬁ%@&?amcéigé &é&ﬁét I on
of the Rx Req signal 225, and follow ng the reception of an R (K Ppacket

isndi cati ngphk 11 ) I 1S . . r ot.ocol control
it 21 e N e DR 21 SR8 o U S TiEacy
acket 14 RX ! .ecei.ved. At tine 720, the receiver calibration

gc k nova1 %dgg@%ﬁﬁ%@ﬁéﬁgﬁ 'E‘\%)IWP@%EQ I(QP’?‘B'E’PS*‘?W ?C@?Bb%!égg%lstfﬁﬂélf@ é%lﬁﬂﬂ on

of the RX RD cket. The inpedance conpensation control 10
rl{leYbPﬁeq 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 dun'ng transmitting operations. The Rx Req signal 225 is assérted at time 710. The
assertion of the Rx Req signal 225 indicates that the impedance compensation control unit
? | desires to update the indpedance control circuit 242, In response to the assertion of the Rx
Req signal 225, and folloﬁdng 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
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[ o MAY 2006 5 VIO 03/ 085918 PCT/USO3/ 08889 unit 222 then perfor e af 200

i npedance coweeBeidpn update operation by delivering new vlgé °§03}0?sx%he
i npedance control circuit 242. Because the inpedance control Circul 42,

which is coupled to the receiver 240, has been updated, the inpedance

conpensati o i i or a settli ti nd pust al so wait
e o P it 903 i i TStk | GhpsdRinp o chergion B9 Jeftife 89
deasserting t'lhe Rx. Req signal 225, Wen the align primtive is seen at
recei ver 2482UEHQ thoHynsdeiee coujal cirgyib24kserts the align detect signal 213
at tine 730. Following the reception of the alignnent primtive, the
i-npedance conpenBatdvsnthednpedahcemintroPAruit242which & @BapRAeS the febiveredieq
signal 225, which occurs at tinme 740. At tinme 750, a no-op packet is 10

{Eansmi Ut edhas ek 058ua) o2 e PACK Mmoo RASLKE whih i AL 5l e S

resumes. Figure 8 is a ti I agram stdovm ng i n- 0Cco ce
conpensat i op t he .seqguence begins with the recejver calbration .

r equest ags_i g%é%ﬁ%eﬂsﬁe‘ﬁa@?g#mé - eg‘apn’&ﬁ’r"ieﬁbref’%‘(‘f@f@ithﬁreﬁﬁlé'P‘ég‘fQ)lP%‘?reThe Rx
Reg signal 225 is asserted at tine 810. The assertion of the Rx Req signal
225 i ndi cat 8¥steR#g tha &xiRegsigmak? Sc Sithenta ulignpiiitiveds sasniat redeiver 29, the 15
update the inpedance control circuit 242. In response to the assertion of
the Rx Req Bhiysival lay@ 230 amads thelaligwiictectisiz@al 713n$ WhRSi30n FeflowmdRhe¥echmideet
indicating that the incom ng data has been received, the protocol control

unit 212 i s§iRSalgmini @b aithitivel thE ﬁﬁﬂéﬁaﬂ%ﬁeﬁ{p@%ﬁoﬁﬁﬁuolﬁﬂt%ﬁii% %F‘? -trgﬁ%?:}/sert

packet (RX RDY) is then recelved.” At ti e recelver I-on

acknow edg { | ¢ RX k.227) 1S asser 20 i esponse to fhe
reception gﬁ?%?ﬁ%é%ag@.mﬁ‘%a %Eé‘z(ﬂc%t @%ﬁ%@ﬁs@%‘%%@ﬁﬂsol uni t
222 thg{é perforps an inpedance conpensation update operation by delivering
new valluedragmiticd audthsaan e QFoproket is etceiveilt Nengal operation then resumes.

—i—

Figure 8 is a timing diagram showing in-protocol impedance compensation where
the séquence 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 impedaﬁce 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  inresponse to the reception of the RX_RDY packet. The impedance compensation control
r .unit 222 then performs an impedance compensation update operation by delivering new

values to the impedance control circuit 242,

11




11 41 9 MAY 2n' WD 03/ 085918 PCT/ USO3/ 08889 Because the i npedancd SoMY &'

circuit 242, wihizggsohg coupled to the receiver 240, has beer‘b(;,k%ls'aots}agssgthe
i npedance conpensation control unit nust wait for a settling tinme and nust

also wait until an alignnment primtive is received at the receiver 240
before deassertipg.4beq FgﬂF [ 125 el the ali imtive,is seen
at receiver 240, the & tp]}%lg ca %%}E}gbl éé:gntaz\é\g’e‘plﬁlgﬁﬁcé’ugﬁﬁé&:{h&@?‘é&&‘fergf"@nal
213 at tine ﬁ%q}f‘ FOl‘%ﬁ%VgQQ%{t he reception of the alignnent primtive, the

i mpedance conpelt§atPHe 1pgpdaes gompensptionfqoiok vmitgaus seittfor 2 rstimg tivey
signal 225, which occurs at tinme 840. At tinme 850, a no-op packet is

transmitted aomusialsoaveiRmKapaigoatent primétbeiiy adeiviDiTe redBioEEt40mERiaEN
resumes. The timng relationships shown in Figures 3 through 8 are not

| ntended to Sasthiigthe B el sl 225, AN olTBS ShishidhRUERIA: IRl IR it ©

t he sequences of events that occur with thes exanpl e enbodi nent’s. t he

foregoi ng. s 0 | e_lnventi as be descrj_he ith reference to -
speci fi cgexgﬁngfg%?@g%éﬁ%gg%%gﬁ @1@ Fﬁ%‘} g%?(g S}gnaﬁfl{}' a,t%H’&vgé@e%PﬁM%mg REREP IRt
vari ous rmgaigf'hcalti ons and, changes may be nmade thereto w thout departing -
fromthe br cHdes alignment primitiygfhe sepasange eompensalien cowsrol agit 82 i fred fo deasstite
appended cl aing. The specification and draw ngs are, accordingly, to be
regar ded i n thaRk|Regsignat 235e whizh becurt botime 84@ AeBink 850, M-S patket isRef erence
in the specification to "an enbodi nent,"” "one enbodi ment,"™ ™sone

enbodi nent s tfanSnhitea e theg ik @d ORBRMcRet ig?@c_@ﬁ'e&.h%nﬁal%g%}a%&? kﬂ%{l rgs%%r?‘g re,

structure, or characteristi.C described in connecti he “emnmbodi ment s

isincluded in atpleast 20 enbodi ment s, but t necessari]y . al]l
enBodi nent s, of EIE‘% | nv%fle(tﬂr’l{%ﬁs.m SIOWEE@reépaptg%“&ﬂgﬁe BYt m'&ﬁd‘arfﬁ(?&idﬁ"é’rﬁ, "
"one en‘g dipent. " or "sone enbodiments" are not necessarily all referring
to the (grret%%l?d F‘?‘F{a‘i‘fﬁ merely miended to illustraie 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, Tt will, however, be evident that various
modifications and changes may be made théreto 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.
B ¥ Reference in the specification to "an embodiment,” "one embodiment," “some
embodiments,” or "other embodiments" means that a particular feature, structure, or
qharacteﬁstic described iﬁ 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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“12 1 9 MAY 2006 What is claimed is: 1. A controller, conprising: an
interface unit including an updateabl e i npedance conpensation circuit; .5 an
i npedance conpensation control unit coupled to the inpedance t@”ﬁéﬁsﬂmﬁon
circuit; and a protocol control unit coupled to the inpedance conpensati on
control unit, the protocol control unit to detect at |east one.seri al
interface protocol idle period when at | east one idle interface operation
is being performed over an interconnect to perform an inpedance 10
conpensat i Mpgdateioperation. 2. The controller of claim1l, wherein the
seri al inter%ace protocol idle period to performthe inpedance
conpensati on update operation is when idle packets are being transmtted
over the interconnect. 15 3. The controller of claim2, wherein the

i npedancel.conpéradvlienosompisingol unit to assert a request signal to the
protocol control unit. 4. The controller of claim3, wherein the protocol
control unit t¥ 'B€dRee pnitpcluding g RpeaiRakle SBPadpnsR 4PMRSRSTRR CTMedance

conpens atio n C%%é@dan&@oﬁgentsgt%n!cm%pl%@%?lg}?egwﬁg ?’l?pmtelié)r\%e gc%%e QAtio#aicBit

r .to
perform the i npedance conpensation u peratiron In resBonse to'the
assertionggf the- acknow edge signal. 5. The controller of claim4, further
conprising an input unit, the input unit and the interface 25 unit to

- coupl e to an iapretcbenméaiunit tdugled fat the iopadeecd compensiation cdetradurgiothaeotacdn Wi t h an
external device. 6. The controller of claim5, wherein the protocol contro
unit to teRECIEBHP defrctatlegshene serl trigpmrreipcdbidededodydsa pt ipgryoneide acknow edge

signal . ]1§terface operation is being performed over an interconnect to perform an impedance

10  compensation update operation.

2. The controller of claim 1, wherein.the serial interface protocol idle period to perform the
impedance compensation update operation is when idle packets are being transmitted over the
interconnect.

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

request signal to the protocol control unit.

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

‘acknowledge signal.

5. The controller of claim 4, further comprising an input unit, the input unit and the interface

25  unit to couple to an interconnect, the interconnect to provide a connection with an external device.

8. The controller of claim 5, wherein the protocol controt unit to take control of the

~ interconnect before asserting the acknowledge signal.

13




"1 9° MAY 2006 7. The controller of claim®6, wherein the protocol control
unit to take control of the interconnect by transmtting a transmtter
ready packet and waiting for a receiver ready packet to be fetdideddit s.
The controller of claim7, wherein the protocol control unit to wait until
an alignment primtive is transmtted before deasserting the acknow edge
signal. 9. The controller of claim8, the protocol control unit to issue a
no-op after deassertion of the 10 acknow edge signal. 10. A nethod,
conprising: detecting at |east one serial interface protocol idle period
when at |l east one idle interface operation is being perfornmed over an

i nterconnect ; aRCtoA®ILTDY BKinTE) whdleih FRPERREIR RTINS Bké &hrORERAt | on during
the detected serial interface protocol idle period once control of an

i nt er f aceintegconirest hyritaesnotinge ténsmitesreadypecket dntl. wallihg fone teeeiter odadg pakentd O,

wherein detecting the at | east one serial interface protocol idle period
further cBhSF¥%Es: 20 determining a period of time when idle packets are
being transferred over the interconnect ; and transmtting a transmtter
ready packet over the interconnect during at |east one serial interface

protocol gdl e ARIbARIerdPcidid-7, WhSeil T Iﬂ@%cgfcoﬁlloﬁurmtéﬂfalt drilr dnifgnrfeRiPr i Ses:
receiving a receiver ready packet; and detecting that the control of the

i nt er f acepringtive &dtenenitted egpdaserting tHeaei@iowietde dignal. r ecei ver ready packet. 14
1 9 MAY 2 08

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

10 acknowledge signal.

10. A method, comprising:
detecting at least one serial interface protocol idle period when at least one idle interface
operation is being performed aver an interconnect; and
15 invoking an impedance compensation operation during the detected serial interface

protocol idle period once control of an interface to the interconnect is secured.

11. The method of claim 10, wherein detecting the at least one serial interface protocol idle
period further comprises:
20 determining a period of time when idle packets are being transferred over the
interconnect ; and
transmitting a transmitter ready packet over the interconnect during at least one serial

interface protocol idle period.

25 12 The method of claim 11, further comprises:
receiving a receiver ready packet; and
detecting that the control of the interface is secure in response to receiving the receiver

ready packet.

14




'13." The nethod of claim 12, further conprising delivering a request signal
froman inpedance conpensation control unit to a protocol colrrfgtg %Awgﬁﬁs
the delivering of the request to occur detecting the at | east one seri al
interface protocol idle period when idle packets are being 5 transferred
over the interconnect. 14. The nmethod of claim 13, further conprising
delivering an acknow edge signal fromthe protocol control unit to the

i npedance conpensation control unit, the delivering of the acknow edge
signal to in response to the detecting the at |east one serial interface
protocol idle 10 period. 15. The nethod of claim 14, wherein invoking the
I npedance 18 0NPERSAdthdrbf IR 121 fulhier EdMprifigy ddieing 8 FdqQekt Sifnd rsieahen 1 dl e
packets are being transferred over the interconnect occurs in response to
t he del i visedrnce fomieasatickerotiw autfe asrapeall cofitrabunit the degiiveringobthe mamst ol unit to
t he 15 i npedance conpensation control unit. 16. A system conprising: an

i nput / out PH" ‘tef%‘:ﬂﬁ)g tg%‘?fﬂeraﬁthnéFerﬁUHeTfﬁ?ﬁ PotAcHddle peried whendfle BFCkeis Bebgnan

interface tred %nginqgcoﬁ%cppdat eabl e i npedance conpensation 20 circuit,
an i npedance conpensation control unit to update the inpedance conpensation

circuit in response to an inpedance conpensati on update operation, and a
protocol control unit coupled to the inpedance conpensation control unit,

t he prototol Temstold oliciin 18Junthet @otprisitg dethasing anekseviadgé signel o ee pr ot ocol
idle period when at | east one idle 25 interface operation is being

per f or nedPBYE canfie! unihfodhiBRpapte coaPEIRlRE RtiRbunithie delierimg ottBfpensat i on

updat e operation: .and a device coupled to the controller via an.
i ntercon n%lért?b,mgtdﬁéem?nnat B SEERT gh(? ud%*eétﬁ]giﬂﬁ g Eeg‘ﬁ W%?%'F#'ﬁt%acﬁ ﬁfof"c@fdlﬁ he
contrl | eferiod> 19 MAY 2008

18. The method of claim 14, wherein invoking the impedance compensation operation during
the period of time when idle packets are being transferred over the interconnect occurs in
response to the delivering of the acknowledge signal from the protocol control unit to the

15 impedance compensation control unit.

16. A system, comprising:
an input/output (I/0) controlier hub including:
a controller having an interface unit including an updateable impedance compensation
20  dircuit,
| an impedance compensation control unit to update the impedance compensation circuit
‘in response to an impedance compensation update operation, and
a protocol control unit coupled to the impedance compensation control unit, the protocol
control unit to detect at least one serial interface protocol idie period when at least cne idle
25 interface operation is being performed over the interconnect to invoke the impedance
compensation update operation; and
| a device coupled to the controller via an interconnect, the interconnect coupled to the

interface unit of the controller.
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'17." The system of claim 16, wherein the at |east one serial interface

protocol idle period to performthe inpedance conpensation upgahg
operation is when idle frames are being transmtted over the ¥n ¥ BiBect
5 18. The systemof claim 17, wherein the interconnect is a serial
interconnect with one data streamflowing fromthe controller to the
devi ce and anot her data streamflowng fromthe device to the controller
10 19. The system of claim 18, wherein the interconnect is inplenented
using differential pair signaling. 20. The systemof claim 19, wherein the
controller is a serial interconnect controller and the device is a disk
drive. 1617. The system of claim 16, wherein the at least one serial interface protocol idle period to

perform the impedance compensation update operation is when idle frames are being transmitted

over the interconnect.

18. The system of claim 17, wherein the interconnect is a serial interconnect with one data
stream fiowing from the controller to the device and another data stream flowing from the device

to the controller.

10 19, The system of claim 18, wherein the interconnect is implemented using differential pair

signaling.

20. The system of claim 19, wherein the controlfler is a serial interconnect controller and the

device is a disk drive.
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