;uve3de~Tn~Q 6Tn: ¢ WO ~2/ CS. ~2S7 PCTI USOL/ SO57G METHOD AND APPARATUS FOR
SHARI NG AN | NTERRUPT BETWEEN DI SK DRI VE | NTERFACES Field O The Invention
The pressvood/osuextti on pertains to the field of conputer sPETERSSL/SONDT e
particularly, 5 this invention pertains to the field of sharing interrupts
bet ween di sk drive controllers. Background of the Invention Conputer
systems typically i ncVIEHdORAND APPARNTES BB RHARINGANJAVERRLT These dri ve
devices are coupled to the systemvia controllers that are typically

enbedded in the system chi pBETWEES DiSK BRIVEUNTERFACES devi cemmmmmummﬁorted

by a single controller. Each of the 10 drives coupled to r can
signal an interrupt to the cont rRild &f Iowumtiomg an |nterrupt*l;9| ne

.become asserted. The two drives coupled to the controller sharé’d si ngl e

interrupt |ine. TRNg@seANinvéttioh petplinshashelfeRivfsbgpategste@n Moteguartleptaripandl er
routine running on a mcroprocessor determ nes which of the drives asserted

the 'ntﬁ”('rij invedtfon M%m{s ﬁQﬁ@ﬁH@éfﬁXﬂgﬂﬁﬁn%@Bét@@er{dﬁﬂc &Hvee ¢entomeist ol | ers
e

t hat provi suppor al 5 total of four drives. One interrupt is
provi ded for each dri ve contrqiace roub® st the PRMLGH Systems set aside two
interrupts for hard drive sup itten for these systens

antici pates: tha ogl . ANERE VL LA R nmrunfkb@maesose»,g&egrhgg hagd drive

controll ers. ove system performance and to reduce
system cost s, new drive interface te i es. are,bei devel o

Y Rer v © heetathag syl 148 Flel Ta kg eff@%hwsrwa&% RPRETRIE B! ol o0
with the current drive controll ers descri bed above. rorbll%g?l ists in

that in or @bipsqtobsuahy, W@\ﬁé‘f"eﬂe‘é‘ﬁﬁéﬂbﬁﬁ sgRParigd @baé‘k‘g@tco%foc“ﬁ elifent drive
controllers, either additional interrupts will be required for the drive

cont r ol I0er girives @upled rthejcantriober camsignah gn intesrupivie the/confraligr &y casg@dpts wi |l | be
required. In order to support the WO 02/ 05.t257 PCT/USO1 /s0576 new
t echnol ogi eseiil [hotobeobrde shiatdi Mhe avd drivgecaptedivd the kedrdleseanfa sigle war e, it
is nore desirable to provide circuitry for sharing interrupts between the
never and t\erreH1ineNOn dnViftef Gt hisBekf Eignaled, an interrupt handler routine running on
a microprocessor determines which of the drives asserted the interrupt line.
Many computer systems provide two drive controllers that provide support for a
5 total of four drives. One interrupt is provided for each drive controller. Most computer
systems set aside two interrupts for hard drive support. The software written for these
systems anticipates that only these two interrupts will be assigned to hard drive controllers.
In an effort to improve system performance and to reduce system costs, new drive
interface technologies are being developed. It is likely that emerging drive interface
20 technologies will need to co-exist with the current drive controllers described above. A
problem exists in that in order for the newer technologies to co-exist with the current drive

controllers, either additional interrupts will be required for the drive controllers or a

technique for sharing the two available interrupts will be required. In order to support the

IR
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WO 11 2/ (15-12;7 PCT/USOL/ 50571 Brief Description of the Drawi ngs The
invention will be understood nore fully fromthe detail ed description given
bel ow ansvg exsedte acconpanyi ng drawi ngs of enbodi ments oPCTHEIVIFENt i on
whi ch, however, should not be taken to |imt the invention to the specific
enbodi nents descri bed, S but are for explanation and understandi ng only.
Figure 1 i sewtdshuuddgicsiandtaavoist changingplates establishedbasqefl QBVAG. BisdYIR dri ve
controller unit coupled to both a parallel disk drive interconnect and a
serial di sMesitableeo provide ciuitechor shariggimerpis detavepi the newléragd thacofremine

enbodi nent of a disk drive controller unit including a parallel disk drive
control | er gapdcontrsrdrs.al di sk drive controller. 10 Figure 3 is a block

.di agram of one enbodi nent of an interrupt conditioning logic unit. Figure 4
is a block diagramof an additional enbodinent of an interrupt conditioning
logic unit. Figure 5 is a block diagram of another enbodi nent of an
.interrupt conditioning 15 logic unit. Figure 6 is a block diagramof a
further enbodi ment of an interrupt conditioning logic unit. Figure 7 is a
fl ow di agram of one enbodi nent of a method for sharing an interrupt between
two disk drive controllers. 20 3 WD 112/ US. ~2S7 PCT/ USOL/ sl | 57C Det ai | ed
Description An apparatus for sharing an interrupt between a controller for
a parallel storage device interface and a controller for a serial storage
device interface includes interrupt conditioning circuitry that nmasks an
interrupt signal comng fromthe parallel storage 5 device interface if no
storage device is coupled to the parallel storage device interface. The
maski ng of the parallel storage device interface interrupt if no storage
device is coupled to the parallel storage device interface allows the
controller for the serial storage device interface to share the interrupt
traditionally assigned to the parallel storage device interface. 10

Al t hough the enbodi nents that foll ow describe hard disk controllers and
interfaces, other enbodi ments are possible using controllers and interfaces
for other types of storage devices, including, but not limted to, optical
drives, tape drives, floppy disk drives, etc.



Figure 1 is a block diagramof a system 100 that includes a processor 110
coupled I Sto a systemlogic device |20. The systemlogic device 120 is
further swaupd/ed2370 a graphics controller 130 and a syst enPGEMSHYS03A0. The
system | ogic device 120 is also coupled to a system input/output hub | 50.
The system i nput/output hub 150 includes a drive controller unit 200 that
i s di scussdtiefBrescription\of thd Brawimgsconnection with Figure 2. The drive
controller unit 200 is coupled to a disk drive 160 via a parallel disk
drive interconnBietinvenfibn wiaDbeTinalediosé mare fuly tromtthexddtatled desctiptRO®@ives al so
coupled to a disk drive 170 via serial disk drive interconnect 175. The
di sk dri vepdioR ahs fromtth@aabmpanyini ldiaviegsafiphbodimbasofbeatnverfiogwhich? i s a bl ack
.diagramincluding the disk drive controller unit 200. The disk drive

control  unjtwdRP shdifd HASS takeR @ 1Bhik Ble iflichtiordd ithesspecind mbddanentsl@saitdda seri al
di sk drive 4 WO 112/ US.t257 PCT/1JSO hOS7l controller 220. The seri al

.di sk drikve,co 2 j hEsk &y t he disk drive 170 by way of a the
seri al isllg&c??%@gk%pﬁ%nearaég?ﬁr?}ggaﬁS ggnd'ﬂ’%l serial disk drive interface 250.

Th |lel disk dri. Ll er. 210 | Led & ' ke 160 b
wty 0f the.par ol Bu db SRREE pRanTatilnhe SUHRRRI A% REANE 0, 0

interface 240. The parallel di rive 5 interconnect. 165 i.ncl udes multiple
addr ess/ datv'ait ep{edsp %?‘gﬁé’érahlgléis'%ﬁg'v‘é'%ﬁ?‘ﬁ'lnfcé Pred §q{'ag‘$lfl§/@"‘ier@8rr° PUISE: si gnal
167. The parallel disk drive interrupt signal 167 is pull eg up to a

| ogi cal |y hi gh Figredgeablogkfiagrem af epoemppdimsnd of atigh duvsronly Jer B i sk dri ve
160 is not driving the parallel disk drive interrupt signal 167 to a

| ogi cal |y limhding  meealel distedrivelconteol sk andkra speial il drige pasttrollgist al | ed, then the
parallel disk drive interrupt signal 167 is pulled up to VCC. 10 The di sk
drive qgntrol | eFigufi3is aBkcRbmgramnafloud asbaiimembéar mgrruponodditioning legicl ogi c
unit (1 CL) 230. The ICL 230 receives the parallel disk drive interrupt
signal 167 ,ggd an interrupt pending signal 221 fromthe serial disk drive
controller 220. 1n this exanple enbodi ment, the serial disk drive

i nt erconnect 175; : I : ! i | iR@rruptnt errupts are
communi cat ed frgﬁqgﬁzlsgﬂsoﬁpg}régsig‘ cf}f?g afg(ga(tﬁﬁtlaérg%@ilrgwg{gdk dri !\)/e 15 controller
220 by way of .'.ntﬁrruigtunﬁressages delivered over the serial disk drive

i nt er conneSPNHHRMINBARRICUIL™ " e Upt message is received at the serial disk

drive controller, 220, th rial disk drive coniroller 220 serts the
interrupt pendi ABUE Sgﬁé‘lb?ofg%ag"ﬁﬁbgfjla{’fh?ﬁ 88‘#‘178@0@8 '@F%‘é‘fﬁ c?'ﬁzm%%ﬂgal | el disk
drive interrupt signal 167 when the disk drive 160 is not installed. If the
di sk drldve lagouiis install ed, then the parallel disk drive 20 interrupt
signal 167 is passed through to the parallel disk drive controller

i nterrupt input FRBte 6 Fhdldckidiagraypofpfyrkes embhedimantef pyy pterppheandiiosingnal 221
through to the parallel disk drive controller interrupt input 231. By

bl ocki ng thegipadial | el di sk drive interrupt signal 167 when no drive is
coupled to the parallel disk drive interface 240, the ICL 230 allows 5

VI O 02/ 0S- 4257 Fidlatd 1800 darh e oseasnitablinttins & adinéthed foositariog hreintePpt t o
share the parallel disk drive controller interrupt input 23l.

between two disk drive controllers.

20



.

Wthout the ICL, interrupt sharing would only be possible when both the
disk drive 160 and |70 are installed. This is due to the parallel disk
drive i nwayoupi28i gnal 167 being 5 pulled to an asserted BEBUSOMWET no
drive is installed. Typical prior conputer systens deal with the asserted
di sk drive interrupt signal when no drive is installed by masking the
interrupt at the systeminterrupt Betailed Descrintionen nore t han one di sk drive
controllers share the interrupt, however, sinply nmasking the interrupt at

t he system i nt eAn agfaratesrfor shhting anviotetraptipateses i gontiodfer fapopasalisl storag® Fi gure 3
is a block diagram of one enbodi nent of the ICL 230. The I CL 230 includes
an AND gat gev3a3anteHice@rd gabroladior asdiabstoragkden egirstréice R8Ridedtherrupthe conput er

.system 100 is first started, the system basic input/output system (Bl OS),

whi ch i's acsRfdoNfEeirREaY that Maks A inkiniphagmil oariag GomiROparglid btraghe di sk
drive interfaces to determ ne which disk drives are installed. 15 Al though

the CUfgeﬂheﬁ%ﬁfghﬂ%{\gﬂéﬁéﬁgé &%el‘is%uale@ﬁ RObArhING stbiage Bévide iftedface. i nter f aces

to determ ne rives are installed, other éenbodi nents are

possi bl e W‘}% ﬁ'nﬁgkd gt(gf;tﬁfi ;\%gﬁr:lg‘ 62l Jf&%bﬁ:%ﬁér?a‘éf ;;ﬂern@f ﬁ%@ﬁra%@?éw&t@ the polling

operations W I ntervention. no drive I ound to be

coupled to the parallel disk drive.interface 240,  the he 2 I wites a
"1" to thecﬂ‘lfiqg tPé'ﬁ@faélFPs’é%’?g.e Ki&® %ﬁr{?&e %g)%sﬁ%ecr%gﬂlperr g%ritﬂéetsé:ﬁgiss% Svert ed
and delivered to one ingat;t of the AND_gahe 233., The ot EL in%é of the AND
gate 233 r devss/ateriagedo share he dnterapg fraditionally pstenpd (9 he RArylebstoreeAeviffien ¢ he
mask register 232 contains a "1", the output of the AND gate 233 w ||

al ways shownterfdce", t hereby masking the parallel disk 6 WO 112/ 0~~2s7
PCT/USi || /sOS7(i drive interrupt 167. Wien the mask register 232 contains a
"0", then what exéthonghltheeenmtsdohednisiiat dollovmodeséribeAnid digktcon@@Briandt he par al | el
disk drive interrupt signal 167 is passed through to the OR gate 234.
Ther ef or e, ifth@ackChtheBenMiditherdd M psssibRISIngRentrollesrand piterfreesdongheaitgresl 221 to
the parallel disk drive controller interrupt input 231 and will pass the
paral l el 5 g LW&s.iRdI&di \ L6dptical drives, Rpe alive! fishps Wiskr i ve
controller °?%‘?§F?ﬂ%¥&f’6%§d'%?hto‘ﬁf 5ﬂ\ﬁ/%1detn’ tphe Bl CS F}hgs det ec(%bgg that a drive
is coupl eddtio the paral l el disk drive interface 240 and the nask register
232 i s not “S&F igure 4 is a block diagram of another enbodi nent of an |ICL

unit. This exanpl e enmbodi t may be used.inpter |

enbodi ment di sci¥SEd ﬁﬁg’i‘fgﬁ{af?gfﬁﬁy%%ﬁﬁsg% ﬁg(?]ﬁ]\?\f'tn ﬁné"i@gﬁ’?g‘%? %#@Ed 400 of
Figure 4 is based around an eight bit decoder 4| .0.%%;\he de ?er 410 receives
at its Bnpde aeystanelogicedsyies 0. s aYsiRyn Weklgyice 520 i figthet ?Pé‘P@g Q48R drive
controller 220. The B input receives the parallel disk drive inieﬁrrupt

si gnal 167.comnalenl 3wndta systeraimeaory HO. iThe systeaylogisidsyiee b0 18 als9 pquprefdpas30. | f
the BIOCS fails to detect a disk drive coupled to the parallel disk drive
interface 248emtidpato@plthib il §0. 1Ehedpstény épetioutputthhie 1$Q inpludésgsiragoonyiodet he mask
signal 431. The wite signal 432 is used to clock in the value delivered
over the magk 290 gfagls dddssed more fully below in connection with Figure 2. The drive

controller unit 200 is coupled to a disk drive 160 via a parallel disk drive interconnect 165.
20  The disk drive controller unit 200 is also coupled to a disk drive 170 via serial disk drive
interconnect 175. The disk drive 160 is optional for this example embodiment.
Figure 2 is a block diagram including the disk drive controller unit 200. The disk

drive control unit 200 includes a parallel disk drive controller 210 and a serial disk drive



if no drive is detected on the parallel disk drive interface, then the A
i nput of the decoder 410 will receive a "0" fromthe flip-flop 430. Wen
the A i nwooyeaesirves a "0" and the parallel disk drive i nPEFAUGHYSOIB/ i s
asserted, none of the decoder outputs coupled to 20 the OR gate 420 w ||
becone asserted. Ther ef ore, the parallel disk drive interrupt_ 167 is
masked. Wheonérolier 20 e Thesesiat digh driyeantiriles?grinpoupled tp thediskdrive 470 Bhayof t he
decoder outputs coupled to the OR gate 420 is guaranteed to becone
asserted. bfathhsaiahdiskdrive infeeconmecel Toupd a peiatidisk) davegneifa@250f Then t he seri al
di sk drive controller 220 is al ways passed through to 7 WO 02/ 05-42s7
PCT/ US( | 1/ 5RaiTékdiskaripaécatrordr 200 sskeotpled/@ thodith driveet60 ibpivay ot paralpadt 231 and
.the parallel disk drive interrupt 167 is passed on to the parallel disk

drive cont gk bigve l'nﬂ:t'c%hﬁéépiﬁ d?@ldtpaﬁa'ﬂ’:l)ﬁlslkfdrivbﬂ\t@fa®2m3ﬂﬁ ROtIRTkkidiRe pr esence
of a disk drlve on the parallel disk drive interface 24 Figure 5is a

-block di a &fne&QGﬁlqm tdk?lﬂ@l'u l%%&*‘éésmﬁﬁycoﬁ’t@olql'ﬂeg {de aHH‘htparaTQ‘?llsk%véoo of

Fi gure ased around mc random access nmenory | ook-up table (LUT)

2%8;:612;% P e L R B TSRS
I h LUT 510 d whet h
LSOl b e O

drive interface 240. The values stored in the LUT 510 are 10 accg sed via
t he addr esgaphgdisk drive inggreapinpgnairey 1 aogielly ooy Yolises evelr & ditkudsived QSB t he
paral l el disk drive interrupt signal 167 and the interrupt pend| ng si gnal
221, respeootingilied, ttmthvama@elplls&cienae Pt signablfi7pepullsd 1 tei¥bnds on the
states of the A 1 and AO inputs. By programm ng the LUT 510 with
appropnpat e val Tiesdisk drévelcofitrdledurda200misevisciades hreingearupt doalitidhing lagid unet
interrupt signal 167 from bei ng passed on to the parallel disk drive

control | er (th) 250.€THeULL 230 Ratkivasthe pathies disk daiesikteetuptsignias 7Taéan det ect ed on
t he parall eI d| sk drive interface 240. Further, the LUT 510 will allow the

| nterrupt ‘?rﬁ{l'ﬂlé)?gerﬁ'i%alzﬁ]} fhofth mk‘é@r}ﬁw@ﬁdmmol%zw ThiGs Bahdpld el di sk

drive contro I nt Input 231. Figure 6 is a block diagramof a
further enbo nt S. 0. The ICL
500 1 oo cadaobdERh fie s d%d’q‘a"f ﬁ%"’% 'l‘egb{?’a‘%e? Rl Rl T ML gure 6

vvorksml e t he sane fashij as, t ed embodi pent of Figure 5.
However , % J"i/ HPIRA @WWE6838%¢85P5MdH§§?§PS?fbaqg;?gﬁsvn% operation and
because the Bl OS cannot change the val ues of the ROV % the flip-flop 630
i's used5toC?ﬂﬁfﬁ”ﬁbﬁé’t@/"(%é’f\?'ﬁ?rﬁ@émﬁ?%%"éHF'é‘(ﬂ”"tdd"’F'HEe seiat gsdi¥sput s of the ROM
610 in order to access WO 112/ 0S-4257 PCT/ USOL/ 5057G di fferent storage

| ocati ons despreenticetd 76n Whes i éntermpt metsagere restivel 4 she sgual diskghiive cantrelergr j ve
coupled to the parallel disk drive interface 240. If no disk drive is

det ect ed, ©benthd keeiaRli®Siroelcomenlsr 220"agserts thetiterrupi prndbgzsignapal. t o t he
flip-flop 630. The "1" is clocked into the flipflop 630 via the wite
signal 632. TheTRetqIu23akrvieh® Hiddkphd pagglebdgk drivedeteirve sizdalt167 aheathdr ess

i nput of the ROM 610 along with the interrupt pending signal 221 and the

paral l el digpk L Y60 is %ﬁhgtwm. $f 180 sk &% 168 MEInRRINIOMER B PaiRéllisksirige | ven
fromthe out put 612 of the ROM 610 to the parallel disk drive controller

I nterr F H&pt%%&al &Y gslﬁagsez tHrétt@ Mh%‘rg{aﬁhémdﬁfq(f% c&ﬂﬁll@ﬂhf&ﬂhﬁ’iﬁﬁﬁut of a

nmet hod or SRATA A i nt'errupt drive controll ers.

bl ock 710, ation i.s is couple

to a first isﬁgﬁmsq ‘??Psé:ﬂhﬁé'ga“f‘?t pﬁndﬂ‘gsﬁg" P veh'l%g‘311 8?%%%% aglre”{ﬁ(en at bl ock
drive controller interrupt input 231. By blocking the parallel disk drive interrupt signal

167 when no drive is coupled to the parallel disk drive interface 240, the ICL 230 allows



730 a first interrupt is delivered fromthe first disk drive interface to
first disk drive controller interrupt input. If a drive is not detected at
bl ock 710 ohewn2sat bl ock 720 a mask bit is set. At bl ock PEU/USHESETT st
interrupt is prevented from being delivered fromthe first disk drive
interface to the first disk controller interrupt input. Lastly, at block
730, a 1 Stheeevaldiskririze controlier220 & shaestbaiparlisheisk ddvesontreffes jintgrfupl lput
controller to the first disk drive controller interrupt input. In the
foregoing @pecification the invention has been described with reference to
specific exenplary enbodi nents thereof. It will, however, be evident that
various nodi fi catithomstharai, ¢herngeshanay woad walyee phssitde wheni bidtiothe didk deive i ng
.fromthe broader spirit 20 and scope of the invention as set forth in the
appended cligd a&d 170hee mpeldd iThatii dwe @tk pdrafel digksdrie enterant sigdalNg? yeing 0 be
regarded in an illustrative rather than in a restrictive sense. Reference
-in the §pegyhﬂécﬁ%tah QleH&Y s"tzﬁ@wﬁém%r%ﬁﬁingtal'fe@.n?y?i@%ibﬂ&iﬁpdier'éﬁm deal

enbodi nment or "other enbodi nents" neans that a particular feature,
structure, I 05z ﬁf)pré e SNALATIS Iimsdskife gRSCri bed in
connection “ﬂhﬁﬁe ?Sﬁ%{}égr?g%éi?ﬁeem%mﬁgélﬁc ud@g) |rneat Feast ysor?tel %nbodi ment s,

but not necessarily all enbodi nent of the invention, I hous
appear anceé“tﬁTuPtﬁh%gﬁ)ﬁLem ﬁgeﬁrtu?t.contéiliee r'e{rytglgr(‘jlmr?{aen ?n'on(%rdmksdgggcge/n?f'bj%)!)'%?nent s" are
not necessari I¥ all referring.to the .sar% .embodi mﬁnt s, 10 WD 02/11 a~2a7
CLAI M5 \Whatshare thejinteru, howevar, simply pgsking thydniergypi gl the system BUSIUpS | o1 st or age
device interface; a second storage device interface, PCT/USOL/ SOS7C a first
control | er contepleeyorld make sharing impsgiblsge device interface, the first
controller including an interrupt signal input; a second controller coupled
to the I9econd sFmuagkisddlickdiagramesfiane embedinert®f the ICh289.r T I(CEF30i ti oni ng
unit to receive a first interrupt signal fromthe first storage device
interface amdudedan AND yate 2835 acORGaier2B &rand pimask tpgster 232 nWheéreths eaomuder
controller, the interrupt conditioning unit to deliver the second interrupt

signal to thgehilnfis mantarel, ey sybtohasie ibutidugiud bysteRPMBIOS), Réridhnis £1 r upt
conditioning unit further to deliver the first interrupt
software agent running on the processor 110, polls the disk drive interfaces to determine
which disk drives are installed.

15 Although the current embodiment describes the BIOS polling the disk drive
interfaces to determine which disk drives are installed, other embodiments are possible
where a state machine implemented in hardware conducts the polling operatiohs without
software intervention.

If no drive is found to be coupled to the parallel disk drive interface 240, then the

20  BIOS writes a “1” to the mask register 232. The value of the mask register is inverted and
delivered to one input of the AND gate 233. The other input of the AND gate 233 receives

the paralle! disk drive interrupt signal 167. When the mask register 232 contains a “1”, the

output of the AND gate 233 will always show a “0”, thereby masking the parallel disk



signal to the first controller interrupt signal input if a storage device
is coupled to the first 15 storage device interface, the interrupt

condi ti ONWGOR/@H2Y7 to not deliver the first interrupt signBFTASIWVHETE r st
controller interrupt signal input if no disk drive is coupled to the first
storage device interface, 2. The appar t3gs of. cl al, hl \ﬁ,herei n t he
interrupt @oMelintsrERl HYy- When thempskdessieie3s GORARS §at e MEh SNV elYate, the AND
gate having a first input coupled to the first interrupt signal and the AND
gat e havi ngelivesaddo the ANE[E@te@éEBYE*@PE‘@"%l diskdeive begrapbiisnd he/ isRaRet egi ster to
store a val ue indicating whether or not a storage device is coupled to the
first  WOtRanghlo IRSIR RAELBSCOTHesliSEl the Iy 2evidleaye phsstherintgrept panding st
.input of the OR gate coupled to an output of the AND gate and a second

i nput of t REnEIR2gas the paraptieitbktdvive bentwHerdmerriipttigmur 2t angdivgHaphss tirpaclleput  of
the OR gate coupled to the first controller interrupt signal input. ' S 3.
-The appar atdikk deive Gli@hupt signaeT Rithe pardil disk driveti conk&ldr biyertupeinpm31 pelyi ster is
inverted prior to delivery to the second input of the AND gate. 4. The

appar at us  Qfpeq b Bids havhgE&idknbhiedrfve issdousle@torBEpiael 8k HiNEhferse 246 a

parallel interface. 5. The apparatus of claim4, wherein the second

10
st orage devj i r h8idhotkil al interface. 6. The apparatus of claim
5, wherei nabﬁgles@%gﬁ%%g%n?rbﬁoer asserts the second 15 interrupt signal in

response Lo an LoLer{ Mol AE9RAdS, BELD! SRENES bF AL NG SShielarhilh o f ace.

7. A nethod, 'ng ether a storage device Is coupled to
a first storage device interface; ég settin mask bit if no storage
device is cbofisent yay h“eUSFgf!‘gFClgipg E{é”'ﬂ’e‘b? %qudwwpgﬁ'gfedo@mvgri ng a first
interrupt fromthe first storage device interface to a first, gon rol ler
i nterrult iocopuectipn withBigweesk ThetlCL 400 ot Figwe 4 ig based apgyngian eyght biv gepoder
PCT/US(11/s0S7G preventing the first interrupt from bei ng delivered from
the first stlor dhedetodércid0 reveives atdte inpot € the interrapt pesting Bgnab22li frreeupt i nput
if the mask bit is set; and delivering a second interrupt froma second
control | er deflaltdisk drive séntetiet 220! [Tae Biingue receipes theypagllel disk drive interrupt
signal 167. The A input receives the inverted output of a flip-flop 430. If the BIOS fails
to detect a disk drive coupled to the parallel disk drive interface 240, then a “1” is
15 delivered to the flip-flop 430 via the mask signal 431. The write signal 432 is used to
clock in the value delivered over the mask signal 431.
If no drive is detected on the parallel disk drive interface, then the A input of the
decoder 410 will receive a “0” from the flip-flop 430. When the A input receives a “0”
and the parallel disk drive interrupt 167 is asserted, none of the decoder outputs coupled to
20  the OR gate 420 will become asserted. Therefore, the parallel disk drive interrupt 167 is
masked. Whenever the interrupt pending signal 221 is asserted, one of the decoder outputs

coupled to the OR gate 420 is guaranteed to become asserted. In this manner, the interrupt

pending signal 221 from the serial disk drive controller 220 is always passed through to



5 8. The nmethod of claim7, further conprising delivering an interrupt
nmessage froma second storage device interface to the second controller. 9.
The met hah afiosabsai m 8, wherein delivering an interrupt neB€EYsI¥ISM a
second 10O storage device interface to the second controller includes
delivering an interrupt nessage froma serial, interface tqQ the second
control | er thej@rallal disksdrivmconsenher intsrpt inppt g3 bandtbgparaligh disk drive leapdly | ogi ¢
devi ce coupled to the processor, the system|logic device including a first
storage deVbsTis fassedpfi toctbe paralied disk drivs eonigjéer iderrupbinppit vy idéhe BIOSRed to a
second storage device, a first controller coupled to the first storage
devi ce i nt gefas@thelphgerct b4 dislodtiveain| thy paraitel disk drjveanteifadeddBupt si gnal i nput,
.20 a second controller coupled to the second storage device interface, and
an interrupt copgitd PRiabhckiabraioflag addisienaberibodiherit of &t IQpinits TyadlL f rom t he
first storage device interface and to receive a second interrupt signal
-fromthe sageRARERARLObAsEd arohitfa %ﬁnﬁl’cﬁh‘rﬂfonﬁ&@&b frie@dIIGok: B tableQLUE) i ver the
second interrupt "signal to I3 02/ (1S.t2S7 PCT/USOL/ sl | h7( the first
controller g Q.t Thd H@}L 530 g,@ﬁ:'deg T poft BE) Hat 8 hEdRibIERIAL {n'oél%’ékd?g 1§'0fala further
t he in 5nal to the f

to deliver irs errupt si Irst controller interrupt
signal inp if afir stor device | I t i tioF age
devi ce int gﬁﬁ"‘gﬁcé,esstpﬁ@%ﬁﬁt iﬁ?ﬁgfs CcaBr(fEciHSf? f%%?ﬁ%%vnaﬁgs Eogoenvg't%tefge'ﬁt?&/heﬁt e first
interrupt signal to the first contrqller [ u signal ,input if no

st or age de\ﬁilaé"’hie%e thovAbyes grecbgsedion "’ftleﬁ‘.i?f orﬂogp"ﬁﬁséh@{)‘%éeckeﬁtagir' éié'gg 11. The
system of claim 10, wherein the interrupt conaﬁiitioni ng unit includes an AND
gate and arsourtedjterthe pargiie] W@%‘E‘eﬁ%ﬁ%‘ig- The yalues stoped,| tht?gﬁ%rl ¥S the first
interrupt 10 signal and the AND gate having a second input coupled to a
mask rel§i stasegssedhia thrmaddressdfiptsekl and Ak ohe Ad apd IAPENpPUiBATE SRURRY ¢ her or not
a storage device is coupled to the first storage device interface, a first
i nput of t hardlR ¢sk drivedntpire sigoal dA7 end the tntasfupt pradingBiggal 281 aempeetivébcond

i nput of the OR gate coupled to the second interrupt signal, an output of

the OR gat eryQlaRle §thcbdordi® the olitpsi 5 10 @ependb brethe istates bf tp 1sndAdlinpurpdy. 15 12,
The systemof claiml1l |, wherein a value indicated by the mask register is

e o P LOTS b S SATAISRI Lt tbeuiBgmbe i The
parall el disk drive interrupt signal 167 from being passed on to the parallel disk drive controller
15 interrupt input 231 unless a disk drive has been detected on the parallel disk drive interface
240. Further, the LUT 510 will allow the interrupt pending signal 221 to always be passed
on to the parallel disk drive controller interrupt input 231.
Figure 6 is a block diagram of a further embodiment of an ICL based on a read-
only memory (ROM) 610. The ICL 600 includes the ROM 610 and a flip-flop 630. The
20  ICL 600 of Figure 6 works in largely the same fashion as the LUT-based embodiment of
Figure 5. However, since the ROM 610 must be programmed prior to system operation

and because the BIOS cannot change the values of the ROM 610, the flip-flop 630 is used

to manipulate the values presented to the address inputs of the ROM 610 in order to access



20 interface. 14. The system of claim 13, wherein the second storage device
interface is a serial interface. 14 WO (12/0S-42; 7 PCTI USOL/ SOS76 15. The
syst em olw@lmsnsk4, wherein the second controller assertsPCRESERHST
interrupt signal in response to an interrupt nessage being received from
the serial interface. 15 .Au?. As&6. Al & Ay. Ay&. Aa&. A

. AN. Au&. A &iffeyenp$térage l@y&lOAS deendl iR Whgther gr got ghe BIOS has detected a disk drive
zupkf a[ V] cal] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
U c"a] ca] capuptel]to ttalfacie disk drive Ujterfdee 23 &G d Oha disiadigye is dot&ted, then the BIOS

-u=l M oytoj e [V]ca]ca] ca] ca]ca] ca] ca] cha] cal] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca

] ca] ca] ca] qaliver]cal eaihe Mabicedd isglt taihe Alps Al Athg N'id Zlocked into the flip-
I'x- | wrmhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

‘Jca] ca] ca] Gi - C bf R
Lyt mme %hg%} $§£@%%ﬁa§é§%{&ﬁiﬁ%@r t;rthg’@ \‘()] g(]) c€a3]oclZ?eélgfrgg]toc?ljl]dgraﬁssca] cal ca

.] ca] ca] a]
By ) v B R ) e e e o o8l ool

a] ca] ca] calca
skl isilia i Ssshsssmnsisnistenion pipsnipe e
al ¢ al cal cal cal.ca

} gg} ca} cai Wg@@mg QJPE# W CH:LﬁaLral]r (r:rﬁ]c’(z;} fa} g:} g:} g:
ca] ca] ca] cal.ca] calca

a] ca] ca] ca] ca] cglgﬂq 1 ']5 Bl OWJG!]&?%I‘I(; ?K CWaQ]IQ(?K!aQ]E ELl(ita*ﬁJ]@rWJ& }\ggr‘"‘ haring a i at] cajeale

NKNNOOOOOPSP| wr mhe”Y] ] U] ca] ca] ca] ca] ca B}ica] cal ca] ca] ca] ca] ca] ca] ca] ca] ca

] Cﬁl Kla] ca] daiveai el disd dajecaptealersalAd &lask F Eh p daterpingppdy RIBRRIGWESRSIS T T{ T~T

NKNNOOQOOPIRkwirive & Wship e cafisedisedroeivafce] Yaldkdriva]scilecaiiobdnoabosk ca] ca] ca

] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caKii K-F

f10% & () - 1738 @%rs¥idterrubd % dBli(ered@EHYah®' flryt-disk drive interface to first disk drive

y10% &: ()-110% & ()-5910% & ()-2NR K-nl0% & ()- , 10% & ()- 310% & () -

f10% & () - c¥ntechR¥n®erfubt inpft. 1HOPArive (9 not detdddd@ sk blokck 71 ittten a) BIGGk R0(mask

bit is set. At block 740 the first interrupt is prevented from being delivered from the first
disk drive interface to the first disk controller interrupt input. Lastly, at block 750, a

15  second interrupt is delivered from a second disk drive controller to the first disk drive
controller interrupt input.

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

20  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



S'- 10% & ()- Y% 10% & ()- @& 10% & ()- 'F10% & ()- 10% & ()- 10% & ()-
gx/ 01 2 iKA7 1010 610% & ()-410% & ()-4110% & ()- /

10% & () w8 &/#:0287& () -+10% & ()- 2 3 A Q }_UKA 10 101010BCT/US01/50576

109%&' ()-910%& ()- 10%& ()- !'&I0O% ()-s910%& ()-10 ' 6XSdB_UKA 10 !vl S10%
& ()- 10%& ()- !'1109%& ()-110%& ()-!&10%&' ()-s910%& (?-6 o -u{\=_UKA 10Y
Z109& () - &hagdgerisiic deseabeg i yonneqﬂomo‘oy@&hq 9mqulments is included in at least some
Y10%°P&' () - S! Y109%&' () - Su=l dE_UKA 101 ) T109%&' (2‘- " 109%& %‘21- | %409 () -
#10%&' () - | eBbodif®@s(Hut nFtBEOSRTi(y)algnhgdiments, 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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10! "L!'10%ZbzZb& ()-!Q L! 109%®?& ()- 10 10
10S8" 109&' ()-3. 10%&' ()-+t10%&' ()- M odE_=A 10! yY109& ()- nlO% ()-F109%& () -
, @ 109& WO Q005 8257) - s10%& ()-oz!}dE =A 10! & 109%& ()- F1RPORUSIHIOMR () -
109&' ()-yl09& ()-MLO%&' ()-; NdE_=A 10! 4F10%& ()- 210%& () -
[109& ()--!1109& ()-Y¥@ 10%&' () - m@¥" 109& ()- "bCA 10!yl0%& ()- @
109%&' ()-!&10%& ()- L10%& ()- 10 10 10S8s10%& ()-1ZdEbCA 10! 109&' () - Zy
"109%& ()-Y 109%& ()-G@10%& ()-&10%& ()- 10%& ()- ] _!dEbCA 10!-M 109&' () -
+- 1098 ()-Y ) 109 ()-' 3109 ()-9%0%& (QLAMS109%& ()-! x-/012BxnbCA
10!'s910% & ()- 10 10 10S8 109&' ()-34F10%& ()- 2109 ()- OMLO%& ()-BQ
dEnmbCA 10! WHbOBocHirgd is10% & ()-Y z10% & ()-10% & ()- 10% & ()-!&10% & () -
tuttr?2'"denbCA 10'10% & ()- , 10% & () - '
10% & ()-10% & ()- " 10% & ()-F:10% & ()-"" CHd##$_$dEnbCA
10! "' Z10% & () - Y¥d0% & () - @10% & () - 9!
' 1. An apparatus, comprising:
5 a first storage device interface;
a second storage device interface;
a first controller coupled to the first storage device interface, the first controlier
including an interrupt signal input;
a second controller coupled to the second storage device interface; and
10 an interrupt conditioning unit to receive a first interrupt signal from the first storage
device interface and to receive a second interrupt signal from the second controller, the
interrupt conditioning unit to deliver the second interrupt signal to the first controller
interrupt signal input, the interrupt conditioning unit further to deliver the first interrupt
signal to the first controller interrupt signal input if a storage device is coupled to the first
15  storage device interface, the interrupt conditioning unit to not deliver the first interrupt

signal to the first controller interrupt signal input if no disk drive is coupled to the first

storage device interface.

2. The apparatus of claim 1, wherein the interrupt conditioning unit includes an
20  AND gate and an OR gate, the AND gate having a first input coupled to the first interrupt
signal and the AND gate having a second input coupled to a mask register, the mask

register to store a value indicating whether or not a storage device is coupled to the first

11



10% & ()-GL0% & ()-S10% & ()- _$v$$* 98G&JENDCA 10! 310% & ()- 1@ 10% & () -
| @10% & ()- -3"10% & ()- +10% & ()- )10% & () - 5&7&8&9&: &H&Y& #( bCA
10! 1 10%vev Q@ 92/05@510%0V' () -1 ! 109V’ () - s&10%V& ()- 10 10  PCT/USO1/50576
10° 8510% & () - #((((B))*dEbCA 10! 10%& ()-1 M 109 ()- |210%v& ()
S109V&' ()- ~10%vE ()- 109%VE ()-*Y+++= ,  dEbCA 10!-! 10%V& 9
109V&' () - 45tpragesiaiqe)intedactOn/fingt input of the LHVBALE goupled to goawpyt pt the R«ND gate  xnbCA
10! s910% & ()- 10M 10M 10M7s10%V& ()- 310%v&' ()-31 109%& ()- /- 10%WE& ()-
). .. 2/ 1] 1atddd@eontiGihfi0 UF &ie OR 4t @uplied (9 the 30p&in(e)ruptisigtala pupateFatg () -
110% & ()-/112P33374dEnbCA 10! f) 10% & ()- "' f10% & ()-3% 10% & () -
#F" 10% &' ( PR3I6o8pled to3hd 004 EnfrpHer Idtd BB SigbA5EPUNCA 10! 107 10" 10° 3
10% & ()-3110% & ()- /10% & ()- -110% & ()- +nl0% & () - 3556i 889y 9dEYNCA
5 3. The apparatus of claim 2, wherein a value indicated by the mask register is

inverted prior to delivery to the second input of the AND gate.

4. The apparatus of claim 1, wherein the first storage device interface is a parallel

interface.

10

5. The apparatus of claim 4, wherein the second storage device interface is a serial

interface.

6. The apparatus of claim 5, wherein the second controller asserts the second
15  interrupt signal in response to an interrupt message being received from the serial

interface.

7. A method, comprising:

determining whether a storage device is coupled to a first storage device interface;

20 setting a mask bit if no storage device is coupled to the first storage device

interface;

delivering a first interrupt from the first storage device interface to a first controller

interrupt input if the mask bit is not set;

12



10! 110% & ()-10% & ()-Y @0% & ()- - 10% & ()- '&10% & ()- L10% & ()-y9:1;
e; ; <a<dEYNCA 10! +10% & ()- )10% & ()- s ' F10% & ()- %40% & () - @tf
10% & () WALas82Y7) - Ga<<=f ======dYNCA 10! 10t 10t 10t, 8s10PERUSYVSAK0% & () -
110% & ()- / 10% & ()- -- 10% & ()- ===5>>>?dEYNCA 10! &10%& ()-s10%& () -
10%&' ()-3109%& ()-!&L0%& ()- 9109 ()-27? 22?#?72T?b 10'y z = |
109%& ()- 10%& () Pieyesige the firstGotgrrant frompbeing defjyares gom yherdbststospgednesenca 10! F
109%&' ()-:10%& ()-F S109%& ()-!10%& ()-F L109%& l(()b- 3MLO%&. () - n@BDAAAABBAEDLCA
10! 3% interface to the first controller interrupt input if the mask bit is set; and
109 () -#109&' ()-!'109& ()-10%& ()-109%&k ()-yZ"10%& ()- BCCkCCDxDyDzDdE:/ 10
1031098 () - 11084bivéring d ded@fiBhtedrupt fro@D9ond)cohtrdl By@s thy figt agwigllgr) -
zD{ DDDOEE" FxFxV7/

interrupt input.

8. The method of claim 7, further comprising delivering an interrupt message from

a second storage device interface to the second controller.

9. The method of claim 8, wherein delivering an interrupt message from a second
10  storage device interface to the second controller includes delivering an interrupt message

from a serial interface to the second controller,

10. A system, comprising:
a processor; and
15 a system logic device coupled to the processor, the system logic device including
a first storage device interface,
a second storage device interface coupled to a second storage device,
a first controller coupled to the first storage device interface, the first
controller including an interrupt signal input,
20 a second controller coupled to the second storage device interface, and
an interrupt conditioning unit to receive a first interrupt signal from the first
storage device interface and to receive a second interrupt signal from the second

controller, the interrupt conditioning unit to deliver the second interrupt signal to

13
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10xFFFFFGGaB7/ 10F % 109%& ()-'& 109Kk ()-& 10%&' ()-Y @O%& () -

109 () - WADAZRS¢IS7 GCGHVHaHHHHaB7/ 10 10, 810%& () -! 2 PCT/US01/50576

109 ()-&0910% ()--GlO%& ()-1 +109%& ()- | ):10%& ()-HHHH | 111

JmV &@0%&' ()-3 109& ()-10%& ()-1 10%& ﬁ) - 1109 () - &10%& (gl- 10 10

JJaJJIKK} KaBmiV thedli Goaaigl i¢r)interrapygignal-inpuf, tapipterrypt condjtigning unt further to

z109%&' ()-'Y, 109 () -} KKKKLeLLdEMN &@0% f) 109%&k ()- L'L10%& g) - F%

109%&' () - #s! 10%8defiyerYhd fi3ifitefrppl signalDoghe(fjrsticoniuel fok/RmerupNeiB®ml input if a first

10810%&' ()-!3%0%Vv& ()- 1Y10%& ()- 3 /109%&' ()--z 109%&' ()-|I

+10%&' () - * N+N, NtdWdNXXENoup 8kAbi&difs) storage device interface, the interrupt

conditioning unit to not deliver the first interrupt signal to the first controller

5 interrupt signal input if no storage device is coupled to the first storage device

interface.

11. The system of claim 10, wherein the interrupt conditioning unit includes aﬁ
AND gate and an OR gate, the AND gate having a first input coupled to the first interrupt
10  signal and the AND gate having a second input coupled to a mask register, the mask
register to store a value indicating whether or not a storage device is coupled to the first
storage device interface, a first input of the OR gate coupled to an output of the AND gate
and a second input of the OR gate coupled to the second interrupt signal, an output of the
OR gate coupled to the first controller interrupt signal input.
15
12. The system of claim 11, wherein a value indicated by the mask register is

inverted prior to delivery to the second input of the AND gate.

13. The system of claim 10, wherein the first storage device interface is a parallel

20 interface.

14. The system of claim 13, wherein the second storage device interface is a serial

interface.

14



, 109 ()- @O0%& ()- 109%& ()-!&109%& ()- &10%& ()- 10 100OPSPPQARIEMN
&&810%0%&' ()-myl0%&' ()- 10%& ()- F y310%&' ()- 3 | MLO%&' ()-, 109& () -
WRZRRR>SWESBASMS7 &&10% 1, 109%&' ()--z10%& ()- +10%&' ()- s' ROPARSEIY50K76

Y% 109& () -f#109& () - SSSSSSSSThC &&10%- : 109%& ()-! &10%& ()- &10%& ()- 10
10 10810%& ()-34: 109%& ()-TpT{T~TbC &&10% :10%& ()-!&L0%& ()- &10%& () -
8109%& ()-& 10%&' ()-10%& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33] ¢c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Headi ng BB]TieAysiépebheihim Fawhenemphe Roondxootwollep asserts the second
<ZAE+KP~QVXZ\ 2 bdf hj | npr A o- (5@HSP~T: ; <=>?@\Bg2 uM! B

" $5&H#(*, . intefAlpy 8 gt RilrespoBse D RiChiterrupt message being received from the serial

- J} KL* NONRST~TCDEFCGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopq6Ti nes New
RomanAri al adtfacer New'h Root EntryWsr dDocunent n

I"#$9& ()*+,-./0123456789: ;

+ <=>? @\BEDEFCGHI JKLMNOPQRSTUWIKYZ[ \ ] ~_" abcdef ghi j kI mmopqr st



