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: 20  buscard, a tester might reproduce the bus environment by including a complete '
synchronous bus to which the UUT connects.
Certain characteristics of synchronous busses make ATE testing of
synchronous bus cards problematic. A primary limitation of synchronous busses is
that in order to operate at high speed they must generally be kept short.” Synchronous
25  busses that operate at 33 MHz and above are seldom more than one foot long. The
need to keep synchronous busses short forces the entire bus with all of its
accompanying hardware and cooling into a location near the tester interface. The area
around the tester interface tends to be crowded already, however. In addition to being
the focal point of most of the tester’s resources, the tester interface typically also
30  includes test adapters, auxiliary equlpment and handlers for loadmg and unloading
- UUTs. Therefore, the need to keep synchronous busses short conﬂlcts w1th the lack B
of available space near the tester interface.
Synchronous busses also tend to suffer from poor fault 1solat10n Defects on
one card can appear as failures on other cards, and can cause an entire bus to
35 malfunction. A benchmark of successful ATE is the ability to isolate faunlts. The lack
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25 Fig. 1 identifies “Tprop” as the time required for data signals to travel down the
bus and settle. Tprop is a finite delay related to a number of factors, including the bus’
physical length, its impedance, the impedance of devices on the bus, inductive and
capacitive loading, and bus terminations. If the period of the master clock 114 is
much longer than Tyrop, data signals from device 122 have adequate time to travel

30  down the bus and settle at device 126 before the next clock edge. If Tprop approaches
or exceeds the clock period, however, device 126 receives its clock edge before the
data signals settle, and invalid clocking can occur. For proper operation, Tpyop must

always be less than the clock period. The practical result of the requirement that Tprop
be less than the clock period is that very fast synchronous busses tend also to be very
35 short.
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be a si npl ebusses tade P’&E‘quaén'%é ‘gfncg'?c‘t dmen %V‘%Hg‘emb
several dr awbasia to be ussful. not aII busses allow their clock periods to be
changed. Second, running a bus at reduced speed sl ows operations on 20 the
bus, and cagjowhiisDewh e Bky oughput of an entire system Third, extending a
bus adds | oading to the bus amg can _cause ri nq r&gﬁl n the cl ock si gnal ,
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a bus, but this technique has several drawbacks. First, not all busses allow their clock
periods to be changed. Second, running a bus at reduced speed slows operations on

20 the bus, and can reduce the throughput of an entire system. Third, extending a bus
adds loading to the bus and can cause ringing in the clock signal, which ringing itself
can cause false clocking. Reducing the clock peridd does not reduce the ringing. In
some circumstances, however, slowing the edges of the clock does reduce ringing. -
Slowing clock edges is difficult to achieve in practice, however. Last, testing UUTs at

25  reduced speed can fail to reveal certain types of defects. Many faults manifest
themselves only when a UUT is operated at its rated speed. Slowing the clock
sacrifices fault detection, and thus conflicts with a primary purpdse of ATE.

Bridging
Fig. 2 illustrates bus bndgmg, a commercially available technique for
30 extending synchronous busses. One product that appears to provide a form of bus
bridging is the model 2130 available from SBS Technologies, Inc., St. Paul, MN., As
shown in Fig. 2, a bridge device 218 straddles an original synchronous bus 210 and an
extended synchronous bus 212. The bridge device 218 copies signals between busses
210 and 212 and allows a remote device 216 to communicate back and forth with a

3
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20  devices. In certain implementations, the remote bus 312 is omitted, and the remote
device 320 plugs directly into the translating device 318.
Remote bus control is almost infinitely extendable, but it suffers from many
disadvantages, particularly in ATE. First, remote bus control tends to be costly
because it requires a significant amount of hardware and software to accomplish its
25 control. Second, remote bus control does not communicate with the remote card
using the remote card’s native environment. Remote bus control requires translation
into a different protocol, for example a serial bus protocol, suitable for long-distance
transmission. Remote bus control does not use the remote card’s native “device
driver.” A “device driver” is a program that manages communication between the
30  operating system of a host computer and a device. Remote bus control inserts a
different bus protocol between the operating system and the device and does not use
the native device driver to exercise the remote card. Third, remote bus control
requires the use of hardware near the UUT. Even if the remote bus 312 is eliminated,
the translating device 318 still is located near the UUT.
35
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| ocati ons of st e and ef ore Isolation. 10 To
o e"s o dpeeiB o lertedt 354 FeeSikiog sehub ieal Fromabtemols At aH5s. 5 mat hod
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Do oo e bk B S B R R R Cevr v ne Lot un' sl Gusl o rom
‘the remdte devi cha aosaedanggwith angther esnechof thetinveRtien, petethod of exterdéng @ ncl udes
establ i shin gynamlaﬁélﬂwi ﬁsmguneéxmuer debicé ﬁﬁt%hys@eﬁly'eﬁ#&eﬁﬁe sﬁx@méﬁédsl ing time of
the ret 5' 5 n gus%n&uc?ds momqorupgD t&m Irlloeus gst tlcj) rdgtegtl aqpa%sasctlgxg) w1th a remote .
device. The transaction mcludes contents that encode a configuration of the remote
device. The method further includes storing the contents of the transaction with the
remote device, to maintain a local copy of the configuration of the remotc device.
In accordance with another aspect of the invention, a method of testing UUTs
25  includes building a record of configuration data for a first UUT. The method also
includes blocking a flow of power between the synchronous bus and the first UUT
until a time after a second UUT is installed. The method includes copying the record
of configuration data for the first UUT onto the second UUT before proceeding to test
the second UUT. The method thereby allows UUTs to be exchanged safely while the
30  synchronous bus remains operative.
In accordance with another aspect of the invention, a bus extender for
extending a synchronous bus facilitates the testing of synchronous bus cards. The bus
extender includes an extender device, coupled to the synchronous bus, and an
interconnect, coupled to the extender device and extending over a length to a
35 connector arranged to engage a UUT. The extender device includes a hold-off circuit,
coupled to the interconnect and the synchronous bus. The hold-off circuit includes a
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synchronous bus after the hol d- off interval elapses. In accordance with
anot her aspect of the invention,-a nmethod of.extending a synchronous bus
usi ng an ex{VEQRA63&evi ce t hat phyS| cally engages the synchrcwiuses/18720 bus
i ncl udes nonitoring the synchronous bus to detect a transaction with a
renote device. The transaction includes contents that encode a

configuration the r The net hod further includes storing
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copying the record of configuration data for the first UUT onto the second
UUT before proceeding to test the second UUT. The nethod thereby all ows
UUTs to be exchanged safely while the 30 synchronous bus remains
operative. In accordance with another aspect of the invention, a bus
extender for extending a synchronous bus facilitates the testing of
synchronous bus cards. The bus extender includes an extender device,
coupl ed to the synchronous bus, and an interconnect, coupled to the

ext ender device and extending over a length to a 35 connector arranged to
engage a UUT. The extender device includes a hold-off circuit, coupled to
the interconnect and the synchronous bus. The hold-off-circuit includes a
5 WD 01/ 06369 PCT/ US00118726 delay register for staring a hol d-off
interval, based upon the length of the interconnect, and a delay circuit.
The delay circuit prevents return signals that arrive fromthe UUT from
asserting onto the synchronous bus until the hold-off interval el apses.
Addi ti onal objects, advantages and novel features of the invention wll
becone 5 apparent froma consideration of the ensuing description and
drawi ngs. 6 WD 01/ 06369 PCT/ US00/ 18726 BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention will be better understood by, reference to the followi ng nore
detail ed description and acconpanyi ng drawi ngs i n which



S FIG 1is asinplified schematic of a conventional synchronous bus
architecture with which the invention can operate; FIG 2 is a block

di agram sWOALAE362 he prior art technique of bridgjng; FPEIUS18726 ph) ock

di agram showi ng the prior art technique of renote bus control; 10 FIG 4
is a block diagramof a bus extender, according to the invention; FIG 5
is a block diagramthat et of FIG 4, FIG 6
is a block diagramthat de q WQF CII‘CUItOf FIG 4, FIG 7 is a
bl ock diagramthat details the delay determ nation circuit FIG 6; FICGS.
8a and 8b are f| pysifivention wilbbe tietteinacierstood by tfsence ethefollopinganae readi ng 15
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the invention foflG émblgckedmm ghovingrthe pri hpjque o °?elb6‘§\charts t hat

illustrate aoﬂmlhod of testing one or nore rermte UUTs in accordance with

the inveption. Hl@é?@%gﬁﬁlf%%&ﬁi&% BI&:Q%&JB THE PREFERRED
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mai ntai ning the msvambmammmtd&mmmmoﬁnmm The bus extender

suppor s both i A 8 Phjock ARkt 80 hAS rchShaliioier . sons of a

te d t N th
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t he busisFl gnd writingd epetatiohsst airematt dedicedisigtizrbuk extender bilidGedtwheddhe 400

according t .ext ender engages a bus 110 (FI G
1), for exaﬁ%#°quevé9e|‘§ @%ﬁgﬂfbusmgetMe

utg connector 42§ int g{eﬁﬁnnect 418
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di stance t oag wﬁﬁﬁg@eﬁﬂok@fanancteﬂmwmgmusmwr of FIG. 4, when the

remote device is operating in bus initiator mode;
20 FIG. 9 is a block diagram showing a test system that includes a bus extender
according to the invention for testing a remote UUT;
FIGS. 10a-c are flowcharts that illustrate a method of testing one or more

remote UUUTs in accordance with the invention.




renote bus card is engaged. Bus terminators 420 term nate the bus signals
near renote backpl ane connector 424. 15 Preferably, the bus extender 400

t akes the fOVePBI63@ st andard bus card. In the preferred ehEHUSHEBT26 bus
extender 400 is a single-sl ot PCl card, having standard PCl  size and
shape, and can plug into any available slot of aPCl bus. Bus connector 422

Is preferably a standar n pl ane connect or
424 is preferably a st]gﬁg(%‘ﬁ)w Pat® &&%&Eﬁﬁe@ﬁgﬁb rconnect 418 is
typically a cable, 20 although a printed circuit board, flex card, or other
nul ti - signal conduqﬁa&ardamlwimthmeﬁmr@ta@c&&uaérlextea@sa’mykmalﬁnﬁﬁﬁdabl Y,

I nterconnect 418 .inclu e t.h SI n at hs., and dds ela ively
little timng gﬁ%?“ﬁ&? @Hag‘ﬂ@mgygoﬁgldést @S\ﬁ'ﬂtﬂmﬁé Veo‘?fg gnder
400 includés ghdsymchrorays bus. Theibus gxtenden supperts b@hﬁumélat@u”s(maﬁne@rané&@rg«w_’z and
a hol d-of f ci rﬁauvé) oﬂ&ﬁnoﬁbﬁa%témeflhswﬁﬂehd&%c&&n glenasd fvekion

transactions a rforns .appropr e not interface
412 transnits a@ﬂﬂgﬁ'@ ge‘g togpaﬁatglagaiﬁﬁ%mo#edsegﬁgwEfﬁ%gﬁp &Vr‘fngl gnal s
fromthe renotteebltsvi ce. The hol d-off circuit 416 waits a predeterm ned

hol d-of f interval m@fmhsmsqthbema grhm3BRA b B dxBAdErA0D hEkoRdi ltﬁeto the

bus. Th | d-.of f t I f d

Mnterval Rng SYBHE 5 o e énegﬁéésa%# G aE e 2B e TRas

ext ender and dus G¢l@eﬂ01ﬂ22hé\rpnmm@41§m@omcmthe bub exterslenars] dxtennds user f ace
412, the bus spPeRaA arbtdiilylohg &Mnceaa d rérﬁ&e BadkPLafé Eonmbdicrliol, Wilde 21 ©

manufactured t oget el 2n.a sl ng fiel. r ate array ("FPGA")
usi ng 3.3V cuvﬂ’ég?‘s '5A]ﬁ §u t§'é’éf“7t81|% 49@%)" Eﬁ{jéﬁ lg"séﬁﬂglFE %o
essential to trémote m&amﬁonnﬁﬁoe"g%l i cation-specific integrated 35 circuit
(ASIC) maysal so bePkb‘f&ﬁbl %e%'éﬂeﬁ&erqoﬁi‘dk%@e f&ﬂﬂlﬂ'ﬁ@ﬁh&ar@ﬁu&cﬁa{:@r]nﬂle

hi gh-density _d VI PGA | enent at |

per f or mance afg =" Emﬁngé)g%gn %@dﬁ)?i@g‘fgﬁ’?g@ﬁﬁ‘? M%nqgépe}erm on
2. 2 st andar ds siz¥ed shape,gnd pan plvg iatecrmty laEailahls\stos of a PEHbuss Bppemmned@or 4027 ,

64-bit PCl pefid srefribbea fihdaid el BT BifoctoRtinl Al ackplafddnh&or3g4id on 410

5 P O 920 Vil bR O S, bl ESHOE i 3
faults to2Phe ammgh@m@mcmmbbmut Sextardor ofher multirtigiaheonduesing arediung r om t he
ATE contr ol | eimayRpératereghdiyels Wwelll PREGEBH,iMtercoMietd 418 ifchiaRy BquaRiefgthdighict | Y
'paths, and adds relatively little timing skew between bus signals.
As shown in FIG. 4, bus extender 400 includes a bus “snooper” circuit 414, a
remote bus interface 412, and a hold-off circuit 416. The bus snooper circuit 414
25  decodes bus transactions and performs appropriate activities. The remote bus
interface 412 transmits and receives bus signals from the bus 110 and return signals
- from the remote device. The hold-off circuit 416 waits a predetermined hold-off
interval, after which time it applies the return signals to the bus. The hold-off interval
is preferably variable and is set to an interval long enough to allow the return signals
30 toreach the bus extender and settle.
In the preferred embodiment, the remote bus interface 412, the bus snooper
circuit 414, and the hold-off circuit 416 are manufactured together on a single field-
programmable gate array (“FPGA™) using 3.3V CMOS logic. An FPGA is used for
convenience and is not essential to the invention. An application-specific integrated
35  circuit (ASIC) may also be used, as well as discrete components or other high-density
devices. The FPGA implementation supports 33 MHz, 32-bit performance and
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with the bus 110 to report faults and receive operating instructions.
Preferably, however, the control section 410 is omtted, and the bus
ext ender WO ates in a sel f-contained fashi on, wit REUSKaERH i ng
explicit control fromoutside the bus 10 extender. Preferably, the bus
ext ender 400 does not require or use separate software. For exanple, the

bus extende fes with Ci?%&‘i:%i%dﬂ:‘ﬁ? Pdesi %’é&éﬁ&abl&ﬂ@wéﬁ?%e bus

interface 4 mar ks s transmtted to the renote

Soyr ce
devi ce and SUFBOT 66 543'!‘ h?ﬂ%ﬁmg‘?‘:ﬁﬁﬁpg‘ #Shack fromthe renote device.
In order to trarﬂpnmambecmmlsacgaa#mwpmdadmmthﬁm%mmmﬂi@w enot e

devi ce and gy ?wh%sn&drpﬁémm mmmwagars 420, the
renot e bus ace q%d% ql_é]](cegu s dance qrivers. Each
| ow i rrpe%lanieé“‘a’r‘?]\pé?l’%s o s ATEshe rocei\pe PRYFRBRESRRS of f ho. FPGA

connect ed i frompaliccATE Iconu“ﬁﬁena aﬂkltemaavelynthn cvntroltsection gominemicatehdirdetlyy | npedance

drivers pre&ﬁﬁﬁﬁyz.s*ﬂ ﬁ%dféc&%‘bﬁeraﬁh RRtaG6ns. PERrpRL S are
preferably provided W|t g{) er 20 the return

ceive and. b
S gnal s f1 oY a%aslpe 1 s, qui i s RO A0 FReritn b Act or 1 ot |
i npedance oielﬂdmamd&shmmmdtouﬂm&uangiechnmhmmngtswh&em with bus

term nafr Sextéx%@r ']ﬁé’férabl?ethé Sﬁg&ﬁ‘mﬂ&%@ﬁoss%@re&ﬂfe PabERPRRte40RwaN transm t
and recel ve_sl hout . s bstantlal Jin or. d| Stortion. The bus

ext ender 400°"& %‘BPF’HE"F cXtenders %Pg‘g#%ﬁf‘{' Vej28, coupled to 25
the renote bus |Theeemaebusmmﬁa@wd2|mﬂbrb0ﬂwlcmo¢g>f@gndﬂmnsm¢aoi vely

bl ocks and mQ%&Hﬂ&&&d@%@&e%&%yoﬁwﬁgmﬁ%mm Eéﬁﬂﬁmﬁéw&oo and the
renot e deweﬁl on e t'%p‘aal '%tl hot %\Qﬁg &qf ?ﬂ vi ded at a
hot - swap t r?F‘I‘F5° 9 AR CIYa A M Es two

di scr et¥s stdriveshe Mmd@cmbuﬂmﬁmyrs H20, theremhptebus imterface P@wer swi t chi ng
circuit blt O%KﬁraBB)’iﬁélu&eglNﬁﬁn eS{HéEﬁn@e@é“E‘a@hld@ﬂfdéﬂéﬁa&t th{?eg E;EQ@E st?t edt he400
power swi tchin r cui uct s.po ee e e,bus " extender

and the ren‘iﬁ’f‘%‘%@t?ec‘!?a 9‘}4@@ 6\@ \ﬁ?é Fféﬁ:%/eﬁ a\rﬁﬁp t OFMYEN from any
sui t abl e di minjrahm diningskewf e lcwmnsﬂ@ce drivkrgpreigrablybaveridentical givsyiter i nt er f ace
or a manualgp aﬁgfi @MOB@%@&@?Mem&?&obﬂMMﬂﬁﬁmﬁfdfé@iﬁ #@f bifie renot e

acti vatin Bf ol et BRRIANER SR E e BRRR0CT, 00T
circuit andnmn@np@oﬁthmg:t 418 and/by W&m busgmth/\bmm%m
PCT/ US00/ 18#0&earth@feniotReits,ahe Biis@krAdes A0MEanIrahdisit ikl Oécfvedipnalse t 0 pover
down or be Sﬂou{ JubStAREH %ggmg or distortion..
The bus extender 400 also includes a power swntchmg circuit 428, coupled to
25 the remote bus interface 412. The power switching circuit selectively blocks and
conducts power supply current between the extender 400 and the remote device, in
response to a digital “hot-swap” signal provided at a hot-swap terminal 430, shown in
FIG. 4. The hot-swap signal has two discrete states, OPEN and CLOSE. During the
OPEN state the power switching circuit blocks power to the remote device. During
30 the CLOSE state the power switching circuit conducts power freely between the bus
extender 400 and the remote device. The hot-swap terminal 430 may be driven from
any suitable digital source, for example, a digital bit at the tester interface or a2 manual
switch. Preferably, the low-impedance drivers of the remote bus interface 412 also
assume a high-impedance state in response to an activation of the hot-swap signal.
35  The ability of the power switching circuit and the low-impedance drivers to assume



while the bus 110 itinues to operat"fe.-' .The ¥ npl ement ati on of the power

swi tchi'ng ci ' 28 includes high-current sw tching devjg ferably

hi gh-current*ﬁ/&'}—‘éﬁ%s external to the FPGA. The 5 ci rcuitryi"?@ﬁm"ﬁé‘@ﬁ he

| ow- i npedance drivers to high-inpedance states preferably resides within

the FPGA. Optionally, the power switching circuit can be equipped wth

power sequenci kigh frhpedhidestatesefiblAREY éino6: &ﬂﬂef@ﬁéfﬂ&mp%rsaﬁg%ﬁﬂ}afiﬁéﬁ renote
[

devi ce accordi ng.,t eter i ped timng sequence. 10 FIG ustrates
t he bus snoope‘r”ﬂ%ei'?‘%ﬁ\“stohz)%fnﬁue% ot fagram form The bus snooper circuit

decodes bus transackhedmplementapen efghepovns switehinggircuit 428 incluideschighacusrent

decoder 510 costmwﬁing dteﬁcésbprewtm;lﬂig%mh gtm)smmt Tﬁgeﬁu&oitﬂ&tlgfd&@hélllf, and
exam nes s transacti.ons bet wee bus. an e [ enn evi ce. a
transactio%]i s°’%°“‘3‘2¥§?|“8&? ?%“ﬁ' e%ﬁ‘s"frﬂ?glflg%ﬁnmcﬁéwﬁgﬁﬁﬁé& vice, the
bus decoder stisfides within the EP6if. cPptionally, thepowrs seritchingicireuit ¢apipe eguippede not e
status nenory witRpowdr séqueh@ng sifduitS) for Spplfing R fefidVm poRerodPihe Aghstiction to
the renote device . the.bu dec&?er.l f.orns_a mask generator 516, which

bui l ds a data #X&eﬁaf%’r%ﬁﬁm er%’@ggg‘é?%/s,eq‘beélf% to be read back fromthe
renote device. If a transaction is one that require s a rapid response, the
bus decodero i nf or "FIGh®illueests the BIRARGSpeHEIRRItaN 2 in Blddk dixdtirs ForSC M dheS an

appropriate 2 i .2 . The bus snooper circui.t 414.stores the
contents of COS%P{'&B?%?‘#%%Q%?$E m?nﬁascg?lﬁiscat‘ﬁ ERLOTIS ARRP R %C%'t St 8B e device
in the renpte @P@geaél(?@?m%ﬁsE’ﬂb@bqsdmh@ithpm@b@dn@r&ﬂ?dilamdpxmed)us
snOOEer Ci I CUi Bus4rhdsabxas befees thebs hﬁ&h@&moeduesice.f Italdlansawlnﬁ%i nstructi OnfS
in the remote . . r. it stores only the ontents o
target WRITE |%§ﬁ%§?% ?é%?cggg %?oﬁngr?)oe{? dovice &r “sc%eﬁ?%fff’gf n"

regi sters 15 t9eatepispbthe WRITE iastructien ing remptecstatusaneniasy S e fIf a transgetion is
configurationa doﬁfﬁk&hﬁﬂrﬁR%ADandBGbﬁdiﬁb the rbfabi devicd, !ﬂﬁﬁlﬁks a&a&&?ﬁbﬁnicralwt beBI -
witten in or . bus.to gperate. As..s. known us
wites nec essgg%k\gg#ﬁéetgresolfé{”ﬁlggm adga%n"f'f?s‘gig?ﬁ’? i6h %&?%%(%&% °FAth

devi ce pl uggedafxfremitheremote dexige If atrapsaciorpisiongiat re@ires o sapid rosponses theOver

time, and explbusdédoderipfoms thelodalFesponse gehér@lor 5143%Mc§@9ﬁe@at§sta%ta?§ro ry 512

accunul at a ord of all 64 configuration registers for a renote
devi ce. %?ce rgﬁgggéls’r’%xgg the record of configuration registers can be

restored to the rerbebus eepe sircuit 414 storesdhe eontentsiof tenfignratior MRIEEdevi ce, to
configure a krimstctictisdite@tedtoaheremd device in the remote status memory 512. In the

preferred embodiment, the bus snooper circuit 414 does not store the contents of all
WRITE instructions in the remote status memory 512. Rather, it stores only the
25  contents of target WRITE instructions directed to 64 particular “configuration”
registers of the remote device. The PCI specification defines 64 configuration
registers of a PCI card. Many of these registers must be written in order for the PCI
bus to operate. As is known, the PCI bus BIOS writes necessary values of these 64
configuration registers for each device plugged into the bus, every time a PCI bus
30 reset occurs.
Over time, and explicitly upon each PCI bus reset, the remote status memory
512 accumulates a local record of all 64 configuration registers for a remote device.
Once acquired, the record of configuration registers can be restored to the remote
device, or stored to a different remote device, to configure a known, stable state. No
35  additional resets of the PCI bus are required.
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35 additional resets of the PCl bus are required. 10 WO 01/ 06369

PCTI US00/ %7&@6365@@ sters on a PCl card other than the %’r ? Pﬁgratlon

regi sters non configuration registers) are not essen
establ i shing bus operation. As desired by the user, contents of
non-configuration registers can be copied to the renDte device, using
conventi onal tar Ré&plistddRbd £PCIédrd othiér thaifthe 64 Eonfighratortrégistersi(i.g@oat i on

regi sters 5 a dtothe
emote st at (LR eﬁ&e@g{g@ Rl i ot 8Pl b fFF Bpinfis? DSBS 0, o
but the ne yasmmtfn@e perbcandiguration regigtersicam beifopicd e ¢ emotpévwgepecufucatuon
supports th§nh cﬁvéﬂt@hﬂ&rng@HnMcﬁor&;ﬁf@k&eB%ommm tegisegeor dance with

t he pref t HE fnéd Elg i shes

bet ween ﬁaerg %ﬁ@hﬂlﬁga taeV| cgz prow s‘!llieonouijaﬁrl nmenory wsupport
NUMer ous Ioél?ctal @Rﬁ%‘?"nﬁ?tﬁ’ IE‘PE'F Yiggy b Frnerartwouiqq'eenm*g &t ender 400
enpl oys a sialdaitiondlbbste (not pictured) to copy the contents of the renpte

status memory 5;ghn tm;sge%%f;]cga?q}@pg&%ﬁi leiq}ﬁ:als%:@%gs &meé@@ pef §hgr abl y

operates in res es | ndependent |y

of the bus ml@coweﬂtbﬁ@mmdfﬁ?‘@ﬂ@ é‘!ﬁ@“sé'!%efégﬁ@‘%]"s the power
switching ClisEnguishésddtwedhi diffetdnelogivhl devitps dnid provides enduichlemohietost at e machi ne

activates the rcuit 428 to block power to the renote
devi ce. V\he?lupp?‘ﬁmﬁ'h"?m &épﬁa ngg%al changes state from OPEN to CLOSED, the

stat e machi ne appithegefers dhe igsxtender 49 anploys astalemadine t he
contents of (nbhﬁcﬂumdpto&oﬁyﬁbummmme reaﬁtésia%xsummmy BE2 wahd temioteat i on

registers o er ;éhgpepatggsr ﬁﬁ%ﬁ hi ng
circuit 428£|v§1£c0 uncti o ﬁnt%%mb lﬂekn@?' R ne enggﬁéﬁ& ot s(\PNappl ng of
renot e Hevi erciatesigdependeathigf; ke sentait®pendent | y
of the bus ﬂav&rswhmmnnnm WhérethehmeﬂmpprgnalumBENMemmmge capabi lity

to busses that Qm@@f)w&'s{}v’n%%mﬁ:’]dﬂg% io ot?e%e in FIG

5, the bus Snooper SO |nc q‘éﬁ mas enerat or CI rcuit 516.
The mask geﬁé F‘a‘rWPéH“ElLﬁ‘%“gS?LWtSS‘BP’aQ%@“F %&%ﬁg"esqtgm&c WPlfS ned set of
t ar get READpowestg the rénmksddyice gadidisgrrgesghecodbia ofiths kemofhstatumsiemoryener at or 516

passes je Sl isdonkigurhtth Bk OF eGhhsibibidl6, and the hol d-of f circuit
The operation of the power switching circuit 428 in conjunction with the state '
machine enables hot-swapping of remote devices. As hot-swapping of remote devices
operates independently of the bus 110, the invention cffectively provides hot-
swapping capability to busses that do not directly support hot-swapping.

25 o
As shown in FIG. 5, the bus snooper circuit 414 also includes a mask

generator circuit 516. The mask generator circuit 516 operates in response to a
predefined set of target READ instructions by generating a data mask. The mask
generator 516 passes the data mask to the hold-off circuit 416, and the hold-off circuit
30 416 applies the mask to return signals read back from the remote device to modify the
' return signals, as required. ' '

For target READ instructions of “non-configuration” registers, the data mask
is transparent, i.e., it is arranged to pass through all data unchanged. The data mask is
operable, i.e., not transparent, only for target READ instructions of certain

35 configuration registers. Certain configuration registers store data that identifies
characteristics of a remote device that are not valid when the remote device is used in
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30 416 applies the nmask to return signals read back fromthe renote device
to nodify the return signals, as: required: For target READ instructions of
"non- conf i gWOMIE}® regi sters, the data mask is transpar PEI/USPIIST26 jt | s
arranged to pass through all data unchanged. The data mask is operabl e,
I.e., not transparent, only for target READ instructions of certain 35

conflguratlon ar ac@erl%fqggﬁ% Iﬁor%g%#lgLﬁddt&ages 'a.- é‘;ﬁgﬁmﬁ{)ﬂ) T‘&g{ ahtegat he

identifies CS 0
remote devi ce‘quca%é&“‘i“h"bf"lﬂ cXedss that they srauiveto respgnd togrpasticulas ext ended
confi gur at i ontrafsattionx b rmbEBS oltekicgeies miyamot be vdlidfih gexxénded dat a that

I ndicates a n 653]#

particul ar t?‘?r?% QB%%LE:% u%&&laxﬁ%lé H@%%kx& ggre%gmﬁrﬁ)%?&gcgo Fal i d in an
ext ended = ®onfydss rtmcewt gﬂ%ﬂdﬂ@%xmﬁa&esaw%mws@emk gengragars f er ent
nunber of cl osk6 ﬁrodquék £dath thasico®eised for modifyingithe :ﬂvamemyrmﬁrwﬂfegtaﬂesed f

ci rcunstances,, r%EE e used for
nodi fyi ng t he™t nv b &}g%&gh&ce fﬂsgﬁlgﬁigxd%*g&ieg%%ﬁ%%“%ﬁfro%%ﬁe renot e
devi ce. As anBdifafes apdoHPPQts 64V A conagpnieation. Thejinitiel. &PGanet her a
PCl card supphﬁﬁlanﬁﬁaﬂwudamﬂmaneﬁermndo'EklﬁotlsﬁpﬁottGHG MHAPe¥mmunipatRAE N at i on

of Lhe buge eXheislels dhaies ms@eﬁe&r&e%ﬁsgg%.e&gagﬁgk@%&wa&g% g,

FPGA errbodl men el nvent I on e s K K qat a
mask that foP@ioTess A BeEsIVE ESPaRS ihassure thet MH@PFWH?H E@Ownwtﬁdr ation is
not attenpted. TheThubus Sispaedircait 4 04 iHowh i FKH G\lso it hidea Idealespondencl udes a

| ocal responsgegsgga;%ﬁgtsﬁeé&%moﬁggs@qaq%sggsﬁ@m%&m Bkl f3q [ " ansact i ons

that require onses Fesponse generHor 514
produces an afsPRARERs: lﬁ’ﬁﬁldesl?snﬁe&mﬁQ@14'PF%1UPQ§@aIaPPréBIE%¢1@@1dgener ator is
used becaise mxjonssleThedoval tegpunsé gemetatordchused Béc&ﬁké)éxfeﬁdﬁd cobfifipitions eaunt ed for

i n bus speci f Ay ARs pibcduRARNAn bALGRLAERGL Gk BaredIC ac%&fmgtotgeet t he

speC|f| cation, W ress
bus initiat Ieb&ﬁéﬁ%csﬁ%@,m@gneg%m%ss@aen@ﬂrwsmﬁ%tafaeb@@rhuned time
li'm t. The bunitiatoviekpeatsake busttarpginetespandfveithina predefined ime lichin STHe®asi ng t hat

no PCl devi cejhbidy 'ﬁﬁé etEifal e t@ﬂs;%&lﬁ aggﬂgfxgﬁéﬁgt n%l BUI deJn@e %r}ns%lt i ded

configuration us targets typic annot respon h the
al-l owabl €4 i “%ggsé?qﬁ to the invention, when the renote device
operates as a bus Ihang:abndeﬂhenﬁgnwbn;mpmmaeta@memﬁéamwcm&apdnﬁs a
response to t{Rghil WS allowable time. According to the invention, when the remote device

operates as a bus target, the local response generator 514 issues a response to the bus

initiator on behalf of the remote device, within the allowable time. The local response
25  generator’s response may include asserting one or more wait states onto the bus 110.
Analogously, when the remote device operates as a bus initiator, the local response
generator’s response may include sending one or more wait states to the remote device
on behalf of the local bus target, within the time allowed for response by the PCI
specification.

30
When the remote device operates as a bus initiator, the local response
generator 514 continually applies wait states to the remote device in anticipation of an
initiator READ or WRITE instruction from the remote device. The bus extender 400
cannot wait until it receives an initiator READ or WRITE instruction from the remote
35 device before it starts asserting wait states to the remote device, because the remote
device may not receive the wait states within the time for response allowed by the PCI

- 12 -



initiator on behalf of the renote device, within the allowable tinme. The
| ocal response 25 generator's response nay include asse nor e
wai t st at SOWRH? he bus 110.  Anal ogousl y, when the re&?@gﬂg@fzge oper at es
as a bus initiator, the |l ocal response generat or's response nmay i ncl ude
sending one or nore wait states to the renote device on behalf of the

| ocal f bu St tg E&@ﬁoan&i U THiePefbr Swihdn'tRe gh.b&vaaﬁcé @erart@saaarb&@mhmdrme Baut o
specificatio e _de es at or, e

| ocal respoﬁ%s@msﬁ@ﬁ’éﬁr‘g?'oﬂ%?ie%%@?ﬁﬁs §/a§f)gtfﬁl§re€\i/§ e@?es %'ﬂ the renote
devi ce i n arnd onlyatopoassertingiwait states @@F&elm%#ﬂsmmﬂ}@ﬁlﬂ%ct ion fromthe

renot e device. Thﬁabbi&bﬁ% §, tHEBcal FRpGHeE geiator SIM prieferdbly iacladesas an
initiator READ

starts assertg °$\B5n{“:r 5 %grebgtlfﬁg%%{i%bg 'ﬁ@mgg%dz(gél(&g\gﬁ{cﬁe&?fe%te eIt

devi ce may mmgmwmmmsmsnﬁmeoiwtwtmdﬂlwmsmalrlélsponse al | oned
%ehh?hggreo erlaonesmeg&wer t es aﬁummza{%uﬁ&%p&feﬁﬁb}mﬂmé ?;Jgage
gener ator 57" "ﬁf%%??‘aw@ﬁs aléi?%l?ﬁ' tlétgé g‘% Ee"&%?e?/‘l”%lg

defaul t, anthtesfiom e bpstargetitselfi thgbtmxten@qr disabjesshe watchdog; tigaer uptil she
transac tli ON Hys e;ﬁé}mai ﬁé;]ss recbVii Waifistiers aftét WhidhiEne thé alchdu tinfie SEHIS €

generator 514 ferab y includes a 5 watchdog timer (not pictured). If
the remote &8 "is unplugged or non-functional, the vvatchdog tiner
terninates the i hehwsowtendendf pise ingludes alald-aff iciscuit 46y Fae heldoff Ggwit at i ons to

resune. The rfdeiRs Ruim SigndlHRomakeY8R6@ bub Mrfabe4 12008 altebpiedaainided a | ar ge

val ue to acconnD e t he bus extender

recei ves wailf*er gl?%‘ttn&eq}e%%meﬁgg}% r{}%&%ﬂg?&ﬁ%@m ]tlhe bus ext ender di sabl es
t he wat asdog t i nﬁ&%ﬁtmﬂﬂﬂh@'ﬂmm%& eienit416 inbleck dagmm for. A5 t st at es,
after whi ch shiwinF16. Biahehl@afficiroif inflagssasnask Cixcuiti61d, a deluy chrusit €00; ender 400

al so includes,a ki?I %%&%gﬂ% %6%;}%%]&9‘]8&@{&”&“;& gﬁﬁgl ves ret ur‘n

signal s f r orf™ 9 ge g&a tgt rm ned
i nterval of ﬂmn@emmbu&@qeéa@uﬂaa%@ﬂla%?#% ‘FEF e gk 110. 15
FI GS. 6 and géndrhtbri5li6rta imddifin the hetlutl-signhls s required. 4THe detay biraik61@iregivesn f orm  As

shown in '%ml% Qénasgiaﬁla gig%k&xtchﬁ%hsaﬂm&a@ﬁéﬁ Gieueihio Gk, a del ay

circuit 81 erm nat | on é:II‘CUIt 61 The mask circuit 616 -
recei ves retthﬁ"iﬁlaé}’ cifRuit §10 receives a strobe signal 61
As shown in FIG. 7, the delay determination circuit 612 includes a signal

sampler 710, a delay register 712, and a strobe circuit 714. The signal sampler
determines a hold-off interval related to the round-trip delay between the bus extender

25 400 and the remote device. The hold-off interval preferably includes the delay time of
bus signals from the bus extender 400 to the remote device, the response time of the
remote device, and the settling time of return signals returning from the remote
device. The delay register 712 stores the value of the hold-off interval. When the bus
extender 400 sends an instruction to the remote device, the strobe circuit 714

30 compares the elapsed time since the instruction is sent with the hold-off interval.
When the two values match, the strobe circuit 714 activates the strobe signal 614, and
the delay circuit 610 releases the return signals to the bus at the next appropriate point
in the bus cycle.

The signal sampler 710 preferably determines the hold-off interval by

35 simulating a target READ instruction to the remote device. The signal sampler

measures the time interval between the issuance of the target READ instruction and

‘n
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fromthe renote bus interface 412 and applies the data mask produced by the
mask generator 516 to nodify the réturn 'signals, as required.. The del ay
circuit 610 WRBHIHEs 20 return signals fromthe mask circuPET/HSWI8ME bl ocks
their passage to the bus 110 until the delay circuit 610 receives a strobe
signal 614. As. shown in FIG 7, the delay determ nation circuit 612

i ncl udes a si Qﬁﬂim el Qs Ay s L circuit
714. The signa sa?rp%g?hﬁé%vtzé%ﬁn%gg%@ﬁgl%?%{f%%’&ﬁ%?éﬁg%%@%? éﬁurﬁ?xgax:[ he
round-trip del2dgresennRielsardsdonstrring gasmytactupes’s JDend a rrspense timeig @ targrdvi ce.

The hol d- of f iREAD whthisuddfess. atreferablyc thd dmaltshaplesimylates aRargét READ ofsthgnal s
fromthe bus egxtepder.44p to the renote device, the response tinme of the
renot e device, and the seftling time of return signals returning fromthe

renot e devisce. Theisignglsampler 41} moritors/the retyrg signals., Ehe rgtuge signals measws|all- of f
i nterval . \Werf1tdiefire they aiiveadd setdd) OWhen e re3ponse fedsufds isGifiething lofiRr hanot e

devi ce, the st ' RO Y/ ; S <) sed ti since the

i nstruction i sa?lg‘gﬁsl’ %Vflli IE‘H{IIPﬁSeA?%’I%%fgW g rr};(ﬁ'ec?%'/%“‘.mq)e&%gn _eenqﬁ? N8fues mat ch,
the strobe ci rsignals havesetled; Vhe signal sampler signes asvalpesprrespandingitg the ¢lapsdd| ay
circuit 610 reinssifde deluy registen 712s iAG e r8mbR delice’bSpdtise tilg is1@%wnappr opri at e

point in,the I | L 1 er 710 .ar.ef.er abl erm nes the
hol d- of f %hter@%?‘?‘?&aggg%i}l%u atg ?%SI%%JFI %tarﬂgg%nyﬂglfﬁﬁﬁegiﬁ%e%mf e renote
devi ce. The sit@mﬁm&ﬁtpﬂﬂof%amhmmf ¢ remdtedeviogal bet ween the i ssuance
of the target READAcosting s ye?andilet akenatd@0thé Sigmd sdhpleG0Qpddiedsh the tine

when the retur ' I Lflcation designates a
parti cul ar aé%f’gﬂésg@(gélalggﬁo%asﬁl?%gg)o@%g%%gﬁéﬁ s'gﬁgntg)rl?gﬁaggtgmeﬁessa ¥ and a
response ti me bpl-off infgryal for epghvipstgictiony s address. Preferably, the signal
sanpl er siLBul at es @hé sigupdbarBATY10fprdférebly deremifinestad optimal Hold-off int&@als| gn?: |
sanpler 710 | : ' | S asure a "

7 betor e they amAioll 3ot €51 fheOr YR ol A1, ik eI WRRAES, 1
other than afachire mot pichyged), Alierpativelyythesignal samnler7 L Apperatss upemthecut i ve
measur enent s, isstemce of anraxtersil govaimand) afke samé holadLT ilfasvabis @bl regeateglydor St ores a

omote deyt oo mordnl AritiRiBR i the gl Srbftf ol Mot G Shiland 001 ' e
ID regi sté?), B MGund-trip delay can be determined that is independent of
the response tine Afcdrdieg toeyebsmptiste alietmative, the invention does not provide a signal
sampler, and a value of the delay register 712 is established during an initial setup of
the system. The value of the delay register 712 is based upon a manual measurement
or an estimate of the round-trip delay between the bus extender 400 and the remote
25  device. The value of the delay register is permanently established, or can be changed
from time to time. Experiments have shown that a fixed delay of two (2) 33
Megahertz bus cycles (60 nanoseconds) is sufficient to accommodate an interconnect
having a length of ten feet. _
Preferably, the signal sampler 710 measures the hold-off interval by sampling
30  the return signals at a multiple of the bus frequency, for example, at twice the bus
frequency. The higher the sampling rate of the signal sampler, the greater the
accuracy of the hold-off interval, and the lower the likelihood that the hold-off interval
will be overstated. Alternatively, the signal sampler 710 operates at a sampling rate
equal to, or slower than, the bus frequency.
35 We have recognized that other methods of determining when the return signals
stabilize could be used by the hold-off circuit with successful results. For example,

=
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According to yet another alternative, the signal sanpler 710 operates in

response | (non-sinulated) target READ instruct hGhgsee generates
a new holhg) O@Wnterval for each instruction. 15 The s*’gna sgﬂmﬁ)l er 710

preferably determ nes an optinmal hol d-off int erval automatically upon a
first use of the bus extender 400, under the direction of a state nachine
(not pi ct ur ek)holdff eircuitt couldeynpldylaaringiogeiblidtorta sgtlupan sdllatipe ired losp thaon t he

Fepoat odly {EREtbE bR aREr mm%‘u‘”%i‘ttm. SRAMY. Ph eglby WEbscBabIZ!
receives a ‘th%tg?)' ngmtg ayAééB?‘?ﬂ"ﬁﬁx‘t"EPI?fé'te g‘ﬁ%‘*‘: g&ﬁgr nati ve,
the i nvent i oould be prowided with aitiche-donminpafi¢ctonseier{TOR) cizomit for measaringaf t he del ay
registerg %rﬂgi:fﬁyh SR DeRekh 18 babledtddts 40 anf indBar@hd of the SYstem The

val ue of the I'ster 712 1's based upon a manual neasurenent . or an
esti mate of “ttﬁémtnﬁﬂ 8trip delay between the bus extender 400 and the
renote 25 devi ce The value of the delay register is permanently

establ i shed, —or ?WﬂowéMt rtbeﬂteia%&vm Yyndrave shown
that a fixed del ay 0 (.2) 33 ertz s.CY cI es nanoseconds) S
sufficient b8 %‘E’é}?ﬁ*ﬂ?ga P'PH"&T‘%%%"C‘F“" %?rart%“ PS?“M"?En feet .
Pref erabby, (dldve). SFigGn8ad illpstrapds dps m&dmeunmnu-d:sgoﬂsg koga wiget RBABr val by

sanpl i ng 39}5&9&105?& B3l S budlexndey bidvilel iPfesfoSe BUSarbHOMREMEFY, T or

exanpl e, bus frequency. The higher the sanplling rate of the
si gnal sarrpl"@F“‘mPﬂe greater the accuracy of -the hol.d-off interval, and the
| ower the likelihood that the hold-off interval wll be overstated.

ﬁ' ternat : vely, t:]ﬁme' ﬂdjﬁleb%@eia&%riob%&m&a READ ﬁmhtmomtbtes teﬂual

0, oOr silower, an I’lC ni al ot ner
met hods1of Hlé't“’é?rrﬂ“rtp?lg“svtﬁgﬁ“g ‘fls &/eg?‘{sﬁﬁlle%? éi‘%‘% be used by
t he hol d- of instrictioni tt siep ﬂl%ﬂede@étemonsmm@rwogenea@mmﬁmow 01/ 06369
PCTNS00/ 1878§beﬂam>fhﬁlréneﬂ‘efbu§ﬂafgeﬂ tHat (8 trEbt 84S ¥peRifiell Bgﬂems initehatr to set
up an osci | la%&g”%@@ﬁ%ﬁ ﬁgene or%ﬁltlh‘ﬁ? §s&%ewa‘i’#s?ateesxc} ?{)us41019 and t he

i nt er connect® ¥ osc O’Ehr onal "to the
round-trip del ayAtstep 8ot Wél ganerates g datamasky thel d be
provi deggw Hkta&xa&lti%?mﬂi@ﬁl&ttﬂﬂli b@ﬁédﬁig&ﬁﬁid{e?@ﬂ)heﬂhﬁmklsfaﬁﬁngeﬁeasurl ng a5

time of Tl geqécn(\)/gly%o gﬁﬁl&%&%ﬂa&l E)&I!Eto%tr%%%k 14(9’9 ﬂ%r}gm&ge far end of -

t he
device, which bits encode communication characteristics that do not apply in an

extended configuration. The data mask is transparent for the contents of all target
READ addresses except those for configuration registers that do not apply to the

25  extended configuration, Preferably, the mask generator 516 includes a local memory
(not pictured) that stores mask values for target addresses that require a mask. i

At step 814, the bus extender 400 transmits bus signals to the remote device,

and at step 816, the bus extender 400 begins counting down the hold-off interval. At
step 818, the return signals arrive at the bus extender 400 from the remote device, and

30 the bus extender applies the read mask that is generated at step 812. At step 820, the
hold-off interval elapses, and the bus extender 400 releases the return signals to the
bus 110 at an appropriate phiise into the bus cycle. The local response generator 514
de-asserts wait states from the bus 110 when the hold-off interval elapses, unless
additional wait states are requested. If the remote device requests additional wait

35 states beyond the expiration of the hold-off interval, the local response generator 514
appends the additional wait states to the bus 110.
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i nterconnect 418. FIGS. 8a and 8b are flowcharts that describe the
activities performed by the bus extender 400, described above, when the
renote devi oeoopmsat es as a bus. target 10 (slave). FIG 8eciruseasneat es bus
extender activities in response to a target READ instruction. FIG 8b

Il lustrates bus extender activities in response to a target WRITE
instruction. In FIG 8a, the bus extender 400 receives a target READ
instruction from asmﬂ%"wh&lémﬁrwm% {ﬁfésf%“"%s?%n%éygnooper
circuit 414 ddmeemsognieed]kowgetr, ﬂaEtﬂtEeseqn&tcbmﬁﬂicMepébmﬁeapanOFOrt he | ocal

bus Larget, t L%?‘Bf’%?‘?g?‘ggﬁg‘?%%???éﬁ‘gg‘ 5 817 ot bt Bl the ftuch Bkl ©
valid. The | odsachtieshysssendss AQ0. a?‘@f“"%’ ASt&P%QJwéE@B&bc% 6\&9?‘!"%?‘&?@%"“6% o the

bus 110. Ats step 812, the mask generator 516 generates a data nask. The

val ue of the 20 dgig émths&aaaﬁ%ﬁ{&t&‘%ﬁct&ﬁe%ﬁ?e@g ttéagﬂ% e addr ess.

The data mask is arranged S O onfiguration data
to be read badRSWUCHOR t W%V“Wéﬁ en Fom@b¥s cat i on
characteri sti ciﬁmhdoabndﬁbﬁoluna:mme bils siBopet ¥irauiitd dewaés mutaizgdtwmﬁhe dat a

Chose for ?Qﬁ?.ﬁ%‘ﬁﬂ?ﬁ . e g 3O Do ool aendrbO5ls as it Halt SIS BB THE P
conf i gur afi%n. bup] 1}, avithin the allopabletime Wit dorgeponssi6 i ncl udes a Iocal menory
(not pictured) thatAtsteplseatliﬁalaifeex&hdwsombégxﬁsabgﬂingaldd'hﬂm‘rd-bﬂ‘aiteﬂmqw re a

mask. At step rﬁ,%m;‘b “Qﬁ?é renot e
device, and z;t?&]gt ” %ﬁ?%??g%ia%ﬁﬁﬁgo | ﬁg %oun [ ?1 &%o(%/fm%t he

hol d- of f i nt er8#aFo atlg{n ei?g@tf§> the jas extenderAQ0; stasey 3510%?{1 FoRyof gpn t&ﬁ’é"mﬁns

ext ender 400. dataqurstef834. dﬁﬂte&exdﬁadexécemﬂddei%xﬂﬁlmtugﬁamebﬁesjﬂ{es&ﬁm@ es the

merval Arapsek SARRRGE Sl chbillafthiintor 3 RS MRkl <

the bus 110 essedppr opri at e phase into the bus cycle. The |ocal response
generator 514 de- msmpssﬁmbdﬁus:exmmwOmnsmﬁtebimsignmbﬂoWeeanﬁthdeﬁcﬂ d- of f

interval el apgg «ddphgis &nonaqmtﬂo@ tionswm,@{u%cﬁ uﬁe the
renote devi Ceﬁ‘%ﬁgﬁflﬁ t1o 35 states eyon t ratlon of
the hol d-of f i old-0 aHS%%HBd%‘@lﬁéW@P%WFW?I i e

addi t i onaRowaistates fimimethe bus Illﬁ)emﬂess addifional wait mﬁteaané@ﬁ;’ﬁeﬁe@(ﬂ’ ﬂxblSﬁﬂdt&8726
Steps 810 thr Qegbe f4les28aftioRNWaltUales Grerifle ADiREGH Ut ¥bId-BETRANENGE: Ve
local response generator 514 appends the requested wait states to the bus 110.
FIG. 8b illustrates steps 830, 832, 834, and 836 in sequence; however, these
steps need not occur in any particular order. Steps 830 and 832 are part of “snooping”
25  the bus 110 and can occur in any sequence, or can occur simultaneously. Similarly,
the snooping steps (832 and 834) and the step of transmitting signals to the remote
device (836) can occur in any sequence, or can occur simultaneously.

FIGS. 8c and 8d are flowcharts that describe the activities performed by the
30  bus extender 400, described above, when the remote device operates as a bus initiator
(master). FIG. 8c illustrates activities in response to an initiator READ instruction
generated by the remote device. FIG. 8d illustrates activities in response to an
initiator WRITE instruction generated by the remote device.
As shown in FIG. 8c, the bus extender 400 pre-asserts wait states to the remote
35  device at step 850. Unlike the target READ case of FIG. 8a, in which the bus
extender 400 is local to the bus initiator (i.e., the bus extender and bus initiator plug
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have recogni zed, however, that the sequence of these steps can be vari ed.

For exa data mask generated in step 812 need dy until
t he retuplr?b‘g?léna s reach the bus extender 400. Preferab y, ﬁ“(é‘g’? 810
t hrough 816 occur sinultaneously. 5 FIG 8b illustrates bus extender

activities in response to a target WRITE instruction. The bus extender 400
recei ves a timto getsaviRbusa 1i0h hereythbredsind devive dlobal’ to thebis inifiator.Ofhetbue bus 110,

tep 830, 1 HAY QP?%%&%HE‘"%% o, QanbAEls albtebhee SELBUC! The 10
Bus” 110, i £HER O iF RURMRDIed e Erespaps oo by f EChSegeatip. et tho bus
ext ender 40 @hebefoie/the kmﬂnespngsecgenmatbtﬂﬂhsdedsw&ﬁstans mrtheai'emotd deviche t ar get

R TE | NSt UGkl By aeﬁﬁpw‘:%fvgm@ms\&%&rdmasmmmﬂ@wa ne of the 64

"configuration g us exte @Gor es a l.ocal copy of
confi gurati 6ﬁ““gc?§ta usinitiafqs., bf“s exfender g SRS FRAFEROMM Ul ti pl e
| ogi cal deV|t@asunﬂatoeRMmmg1t15cesteepn8:&1blremﬂnsﬂﬁmﬁahntegg&tonf I guration
data for the | Og‘rlj?%us@ﬁﬁéh&? 46@@%,5@1 PRbdil %g e s infilarcit €P 836,
the bus ext ender trans Pﬁ Sl g&a to the: r‘geérrqote evi ge,, Both
"confi gurat |a9H’“Y£WH‘ AEES SIER P2 thebyESY difeansnitt ed.

When t heoho Irdumfsignals.t Fo wwdid ai-ar;;ﬁhsbustemndeowaits a mqlnwrsmegmuawaltocb' r 514
de-asserts e b flinjrh Si3RdIs 10Rhd St ates.
are requestwg1 T“?Qtﬁ% %@ng}e g\}%ggg%éé%&gféﬁ%&g 1ftgnal \gr%lts{gqgt es after
the expi rathﬂH 1% noge i ﬁf”é‘?’VﬂP ﬁ@th? ¥ribeher at or 514
appends theabmmﬂﬁh&bmmn@bcgmsQounudgehddurbd-aﬁ'@lterﬁal@stab!?ﬂl kst r at es st eps
830, 835 8|%fhﬂ-mgte§?a§mbmmqsmem h%ﬁvsawev&h?ﬁ&stﬁis Ciger 18R ngg oceur in
any particular or ar e bus
1 10 and®caR*%een; "}lﬁnﬁﬂ ag'éé%@ﬁc?éten‘ge?w sf’l”‘% ﬂPfgﬁnﬁﬁ]?‘F%ﬁg%ﬁgﬂ y. Sinilarly,
t he snoopi ngoﬁtdmtemzummm)'lmdoaﬂmvﬁlpeqmnnﬁlgnﬂambt iAdigrtegnal s to

the renote @ﬂuﬂé:éléi:rsed ﬂxe%ﬁye:éi&ﬂbﬁm%le&és ﬁ@&t&ﬁ@iﬁﬁal
swrultaneousl% 85265 ﬁ% arte flo harts %lp crlbe t activities
per forned by ﬁB 1% TS = ABBoP PRiR “when the rempte

devi ce operates e xatunus;gnatﬁ releaged at stf(prféétemoyle ﬂPIIGIatebREADGWQW@S
activitbes inonltBSRABERAIVRe.A0ntd Uskeril,Ahe bilsAldehdts 400 whitsor 2 @6pvasAt ed by the

VRN TE | net r 00 B o e bl Red thesid fboalled SEBIIBRAE BuPT, M5 2 NG
bus ext ende tarmah@bxgsmg@ ﬁgawalrtq wajt Hates(step 85’3@“@ 2qngs the results of the '
read instruction to the remote device (step 860). If the bus extender 400 receives one
or more wait states from the bus target, the bus extender continues to assert wait states
25  to the remote device until the bus extender stops receiving wait states from the bus
target. The bus extender 400 sends the data to the remote device when the data

arrives.

FIG. 8d illustrates bus extender activities in response to an initiator WRITE
30 instruction from the remote device. As described above, the bus extender continually
asserts wait states to the remote device whenever the bus extender detects that the
remote device is acting as a bus initiator (step 870). The bus extender 400 constantly
monitors return signals to detect an initiator READ or WRITE instruction from the
remote device. At step 872, the bus extender detects a change in the return signals.
35  As before, the bus extender waits a predetermined interval of time for the return
signals to seftle, before releasing the return signals to the bus 110. In one
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35 device at step 850. Unlike the target READ case of FIG 8a, in which the
bus extender 400 is local to the bus initiator (i.e., the bus extender and
bus initiatwoopkegd 16 WO 01/06369 PCTI US00118726 into thecrsesvendmwe 110),
here, there is no device "local" to the bus initiator. The bus initiator
Is the renote device and, in general, it cannot receive a response froma

bus target wit the allo for on S t he PC]

speci ficati on®™ g?‘gpé?'am‘%/’me“faﬁ%&gf‘%?éhe #%%‘0&6@91" %@ﬁ‘g Sr?é‘f'iéi‘%‘?“sS 14
asserts wait s>ttaﬂ®sb¢gmstdwn1mgrtb¢holdeﬁﬁmter\éilatcstepmﬁaa]&ltgmaﬂx;el)dﬂfeamkt

Pt ator. Th pnat naRER ﬁﬁ%ﬁ%&@&émﬁ"ﬁ%@fz‘?ﬁ% flg 2.0,
an initiator F?HB\%“HE‘E s;@eléﬁ;ggle ‘%@E‘B’é‘ﬁéé‘ toryal of time elspsesy ar get
The bus exs enﬂmmweﬂemsﬂmnlwsmmmmgﬂaﬁtumlmsglm(s&ptw6)jet1h€he:bus
Initiator acig“éryatg%aggm%guggwee device. At step 852, the bus extender

detects a cha rn signals. To avoid errors, the bus

;
ext ender wait “HPEG’@P%‘F ﬁﬁ“}?éﬂs‘ieh‘flg?t%l instraction from the gsppots devigendf 1 ot ur n
signal s to sethelbas tdrgdt does noeganamiengait sistes intresponssit@tha WRITE infttuctibnyshel 10. I n

one enbodi menj trgép% %ﬁ, 594“&*59&5'@“%3?28“%'%&39 184 t?d?ﬁgc” bed

above, and thgftﬁu xte I NS count1n | Ater at step
854. The 1Hol H-1B% “slt?FgEtr &?W WHH%‘%“%II the P fRypeuse gengetord 4 wasskardhe and i s
t hus | onger t fanget ibderassat wait states\befere itade-assdrts waitlsaatds ws the xéreotel devivri t s a

period of time ShOFfGa@1flﬁk%9te§§?cst§}%ﬁ%bfoﬂt@§tﬁ x@émotpgﬁjmte&ngnda@mer' ong

to allow the {,eturn Si %Hélos t predeterm val of
time el apses, OPHEIIEr re eF’é{F’é"é?éle 1lustrates PRocesses fer tegtingt he bus
110 (step 856)emcu¢UUH'§unagtheambsxspma’[IﬁGphl 'ﬂhebus extiandel 480 prgednts falllee r et urn

signals reg eaﬂ@%&&&ﬂ@@nﬁ%ﬁpﬁaﬁ@ tih§R thdbbd ADO4nd of\%%xﬁ&e;faaﬁ 20 from

he” bus ext ender 400 ts for a response

the renote devlé1 ti;letassertzg(a
fromthe bus F8PJER° SHESEBI8xt ender recei ves dat a (val ues read) from
the bus target, tAeshaym inFiGRite bieextenier 480 plogstintoithe s 106t e 858) and

??n??}et Bﬁsr giﬁitér&tﬁfactmgcoxggé’tgtd tﬁéhgéa&ena&m ahd SctERISHY &ﬂﬁ;‘r(éoﬁm@;r(ﬁzkggs%o)
target, the b g&flg?fgg’l‘s‘i \éﬁg ?15°8§’§é?‘9%?ﬁ\é¥la“§5§a “2%’1%" ®fle renote
devi ce unk@| systenbincludestanABE cantrolier 926 ¢hsit vonmectsvini the busakeaddrdOdviaa bus

target. The bb@,dﬁa&,ﬂg&rm@q&;sends the data to the renote device when the

data arrives. Fl illus tes der, activiti response to
an initiator VR Tg'l'he test system 56 operatesaﬁrst)%'ﬁ‘i] as shown at step 18?0 oanIG 10a.

As the first UUT operates, the bus extender 400 “snoops” data written to the first
UUT, and stores snooped configuration data in a local memory (step 1012). A fault

25 may occur as the test system operates the first UUT. The bus extender 400 traps the
fault and does not allow the fault to propagate to the bus 110. According to one
optional embodiment, the bus extender 400 informs the ATE controller 920 of the
fault via control line 426. According to another optional embodiment, the bus
extender 400 informs a host computer in which the bus 110 is installed of the fault

30  directly via the bus 110. At step 1018, power is removed from the first UUT by
activating the power switching circuit 428. As described above, the power switching
circuit preferably activates when the user or test program applies an OPEN level to the
hot-swap terminal 430. Preferably, activation of the hot-swaj) signal at the hot-swap
terminal 430 also configures the low-impedance drivers within the bus extender 400

35 to high-impedance states. Step 1018 may optionally block power to the first UUT
according to a predetermined timing sequence.
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30 instruction fromthe renote device. As described above, the bus extender

conti nual 30/ grts wait states to the renote device Wg LoNGns zEe bu's
Quitid oG Esst

ext ender S that the renpte device is acting as us tnitrator (step
870). The bus extender 400 constantly nonitors return si gnals to detect an
initiator READ or WRITE instruction fromthe renpote device. At step 872,

t he bus extenderAdaelsmzﬁ)(mczheh)gﬁeiﬁmthWkStmreplasémﬂissec&ﬁiIAHTbﬁfore, t he

bus ext ender,nal, Qﬁ[? n t signal s
to settle, l%heef or%%glag{é]g?ﬁ% e )rgg%%?{r?? %&Eﬂ &%ﬁfgﬁ n one 17
WO 01/ 06369 hpuding ssuipmegtaegr the tastseintrziape mp ja A the

hol d- of f i nisep\1622, debas e;hatﬂeaippuespommdtdthesdouﬁUUT@refengnn lesponss counti ng

t he hol dyof nder waits a
peri od 015 tlft?rewésﬁ%gf?}bﬁ%{a gﬁﬂﬁ% ée’t%i/qzztag@%e% C|h§nt ly | ong
to all ow t h&esorg WUT aseqyiing so '1‘?}'3 timipg. eqpqnge. P 'é‘i?é’P@’F’n’Fned interval of

tinme el apse&stalﬂlshdfanmtthe;seeaﬁcﬂtiﬁ@;thdﬁﬁk axmhdasepnesthecamofusil@ahl s to the bus

110 (step 8 a xﬂﬁ%@’l’ The return
signal s enco Pﬂ{g I ni t I at_or 3@ ?E |%s§i§%§:§m¥%g% %}ﬁgjaereﬁ%%gew ce.
the bus tar gp[savaess’e g copfiguptendag.st g locglmemary,ior the frgf UGk isyg TE

i nst r uctbon validier the semhd UEHD dn step §@26cthattast syStrh aperates gerseenddIUT steat es to
the remte GeMinGExtertier ﬁ@pﬂﬁﬁﬁs e)!l&dlﬂf 400Rfer&iR ﬁeﬁ'ﬁlgﬁﬂe fREMdREHAAT WAl t
states, the_|local res ci q{ﬂ;ﬁé 514 wal.ts fqo he tlarget tt 0 de-assert
wai t st at es USEHS3P be pq ‘ﬂé"y %‘g%‘g chznged, withqus thenged tg power ex¢le ofissstdhe g o
illustratesbasii®st system 900 for testing a renote UUT that enploys the bus
ext ender 400 ac cpidl iy Qi RratddhoWiNSRitispitem %@ec&@rs'ﬂ*dxﬂ"§fahﬁbﬁ%e%@tcesses for

testing UUTs, using.th te e, bus ext ender 400
pr event %5 Wlsﬁﬁﬁm‘g% L}ﬁ %ﬁm@%tﬂn) Op%gﬁﬁi(?l n les‘?ﬁ )é Bus 110,

and therefonwlmhcmlﬁgummdatast@'edatltdeabmeantoﬁstﬁrs ahsepd034s shown in
FIG 9, theglhs ?é&i&ﬂé%ecﬂﬂ@g&iﬁbﬁ&e ﬁér@ofmef@usuﬂrl%eﬂaﬁsystbﬂt%oconnect 418

connects to the bus ext ender stoar

addi ti onal BEUDGLGTHNE O 3?2“‘??&7“3?%@3% ﬁépmﬁ'frcyflm:gqﬁu%se H@ jﬁgl ly, the -
test 20 systisgnguiredl udes an ATE controller 920 that connects to the bus

ext endegg400 via an optional control Iine 426. The test system 900

operates a fi r st HUUJg 48O erdbodth&R, rhilierbul hitdrhive bmbBiments or

variations might be made. For example, the bus extender 400 can be built directly
into a bus and need not be implemented as a bus card. The preferred embodiment is
directed to the PCI bus; however, the bus extender according to the invention can be

25  implemented on any synchronous bus, for example, Cardbus or AGP.

Numerous bus extenders may be provided on a single bus to simultaneously

extend numerous bus cards to remote locations. The bus extender 400 may be used in
a variety of applications. Engineers and technicians frequently need to observe bus
cards in actual use. Strict limitations on bus length prohibit the use of “extender

30 cards,” that is, cards that conduct bus signéls out of the plane of the bus to provide
access to the front and back of a bus card. The bus extender 400 may be used in this
situation to extend a bus card to a convenient debugging location, without violating
bus timing requirements. The invention may also be useful in computer stores, where
the invention can be used to demonstrate operations of different bus cards. The

35  invention allows bus cards to be readily swapped, for consumer comparison, without
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As the first UUT operates, the bus extender 400 "snoops" data witten to
the first UUT, and stores snooped configuration data in | % nory
(step 1012) WOGO8IP: o5 npy occur as the test systentoperi?gﬁ%ﬁ i rst
UUT. The bus extender 400 traps the fault and does not allowthe fault to
propagate to the bus 110. According to one optional enbodinent, the bus
ext ender 400 i Sl e Jova. gt rol line
426. Accordi nér&{ H‘gﬁ&ﬂgm optlﬁgﬁ%ﬁ ?&%{waﬁu E%rétxtender 400
inforns a host"ellf’e 6 CHRPYST ORFG 2 REY PRI IRJRPISD s installed of the fault 30

directly via the bnsmnﬂ&refémbsmqbrstﬂdﬂqythmhlle&mwdddnms,he first UUT
by activat i ngefeiensP R hoditalich bEhfaﬁé‘totthé‘él%?:‘:@&erﬂE&Erﬁ qescabaye, the
en

power smntchlng CIFCUI pre era acy | ser or test program
appl i es anSOPhRFeine Witho é@?ﬂéﬁﬁ ?@f F@P&bly, activation

of the hot-swap signal at the hot - swap ternlnal 430 al so configures the

| ow-i npedance drivers within the bus extender 400 35 to hi gh-inpedance
states. Step 1018 may optionally bl ock power to the first UUT according to
a predetermned timng sequence. - 18 WD 01/06369 PCTIUSOO 18726 At step
1020 (FIG | o), the first UUT 918 is replaced wth a second UUT of the
sane type as the first UUT. A user may replace the UUT manual ly, or
speci ali zed handing equi pment near the tester interface may repl ace the
UUT automatically. At step 1022, the bus extender applies power to the
second UUT, preferably in response 5 to an activation of the hot-swap
signal. Optionally, step 1022 applies power to the second UUT according to
a predeterm ned timng sequence. Once power is established on the second
UUT, the bus extender copies the contents of its local nenory to the
second UUT at step 1024. As the first and second UUTs are both of the sane
type, the configuration data stored in the local nenory for the first UUT
is 10 valid for the second UUT. In step 1026, the test system operates the
second UUT over the bus extender 400. The bus extender 400 therefore
permts the first and second UUTs to be power cycled and exchanged,

w thout the need to power cycle or reset the bus 110. FIG |
illustrates how the test system 900 recovers froma fault on the first 15
UUT. Power is restored to the first UUT at step 1030. At step 1032, the bus
extender copies the configuration data stored in its |local nmenory to the
first UUT at step 1034,
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thereby restoring the configuration registers of the first UJUT. The test
system 900 resunes testing H" (r"ﬂalliu 1036. No power cycling or
resetti ng WOWA6¥IHys 110 is Ik AEIHAAN ng descri BEAUSMASEShodi nent
nunmerous al ternative enbodi nents or variations mght be made. For exanpl e,
t he bus extender.400 can be built directly into a bus and need not be

i npl enrented as a . CAk .The preferred enbodinent is directed to the PCl
bus; however, th%ﬁlg%&%ﬂ%dnl er according to the invention can be 25

i npl enented on any synchronous bus, for exanple, Cardbus or AGP. Nunerous
bus ext eanders may hehat sfexiading B synchionglisdbubdusing an extendridevieothal y ext end

numer ous ,bu %ﬁ:llr&‘&% %;Jﬁﬁ .be used in
a vari etg o?’hg%%ﬁ?g%#ﬁﬁgg ngl nee}"géjglr? tec?%ﬁ?‘gﬁgﬁgﬂlgggmﬁ%gf%%heed to
observe Bus car EEeiving gplusality pius signals from,the synchronoys bysand deving et h pr ohi bi t
t he use af ‘phirilityofbus3ignaiatocksrethotehiatice gia an imetsonnbu the imrdeomheddoisvigg gnal s out

of the pkan 't}aﬁhﬁy 1 provi de access to the front and back of a bus
card. Thé b%rslglgjite [ _erélfg%h ed in thijs sityation to _extend a bus

may, he u
card to & convenfeEFVIngEHYYS &4@‘38‘8@&3‘?@@ e¥i5p aer thednisteprpget, §s ti ni ng
r equi r enent seturhisignals havihg osetding timb that Yeriesiatlation wo tiedeygth ef thet or es, where
the invegti ?rﬂerﬁﬁﬂxe{ﬂe used to denonstrate operations of different bus cards.
The 35 invention allows byus, cards to ‘t:)!e readi |l y swapped, foiir consuner
conpari sén, vvith&‘i‘}‘lbhs}%gat;@flﬂ%;‘ 9@ @Ffﬁg@?ﬁ etms o5ty store
personneb t ceturasignalsidnd cover of a conputer, power it down, and reboot the
conputen;6 ce a ReNVihPihd rdtfnsignils RCtRe synbhrbhdus bl Wier e hE1dtsEr Mgk St ood by
those skilled in the art that additions, deletions, and nodifications can
be madelfo £#E%Pref erred enbodi ment described 5 herein, without departing
fromtha3spirit thesbyensprngthattherchmpsigukdusetlediefore thoyare wyplied 10BS69 '
11111113211 3bnMhbiks Bdb, rbgakdless bt the RAghUeaR/id@kafett. L M S Wiat is cl ai med
is: 1 1. A nethod of extending a synchronous bus using an extender device
that 2 physically engages the synchronous bus, the nmethod conprising the
ext ender devi ce:

i 2 The method of claim 1, wherein the step of establishing the hold-off interval
2 comprises the extender device:

3 activating the remote device to generate return signals; and

4 counting a number of sample clocks until the return signals settle.

i 3 The method of claim 2, wherein the step of activating the remote device to

2  generate return signals comprises issuing a READ instruction to the remote device.

1 4. The method of claim 1, wherein the step of establishing the hold-off interval
comprises setting the hold-off interval to a standard interval long enough to
3  accommodate a range of interconnect lengths.

1 S The method of claim 1, further comprising the extender device:
monitoring the synchronous bus to detect a transaction with the remote device;

3 and
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3 rece|V|ng a plurality of bus 5| nals fr synchronous bus and driving
the 4 plurality of bus signals "‘&EE via an interconnect, the
i nterconnecwo®@s3sy 5 an ar,bit h 6 I eceiROIES00/e8726 N
signals fromthe renote device over the i nterconnect, the 7 return signals
having a settling tinme that 'varies in relation to-the | ength of the 8

I nterconnect; 9 establishing a, hol | rval, at |east as long as the
settling t4ne of t¥erngthe Fransactionyyi ??mqfrf%"fi appl ying the return signals
to the synchronous bus after the hold-off interval 12 el apses, 13 thereby
ensuring that the return signals settle before they are applied to the 14
synchronous bus, regga f. the lengih of the |nte copnect, 1 2. The

met hod of laPm 1, ﬁ&@?@?‘i"ﬁ% % trapsptiondrigcted, tﬂ%ﬁ“ﬁ“‘!ﬂ"\“ gistiPer val

2 conprises tisetmmldrstrudmnrt@theréinme:devmtmdghd:ktepoi‘esmhtgthbetmnsa:ubm generate
return siggal ﬁm@%ﬁgﬁ@%&&@ﬂ%&cetﬁaetﬂsh%feteqsds&euswé the return
signals settle 3. met hod of claim 2, wherein the step of activating
the renote device to 2 generate return signals conprises issuing a READ
instruction to the renote device. 1 4. The nethod of claim1, wherein the
step of esjabyl shi g hifiod\of dliffd] whetkliéemote RUERId St bl Bk,

hol d-of f inte | to a standard interval |ong enough to 3 acconmpdate a
range of iht el COMEEIP®PEyths. 1 5. The nethod of claim1, further

conpri singdthe extrestdang the vécomt indicatiya iof the iconfigukation pfithk ramseideviceonto det ect

?I } lrfllnse/ﬁio{‘/lflﬁ‘,ic;ﬁhéﬂlﬁﬁ | v%@!ﬁ@@seconﬁr@ﬁdte%@wcé’% &ﬁﬁﬁﬁfé{r NERN L'h .
ransacti on Wi e

r enot e dev% ce’ efat‘c? sq’lﬁé’nﬁﬁ Sg g %&%c‘gm\%\ﬁe@f"égﬁntoﬁe ¥¥&nsacti on detect ed

in the nonitoring step 2 is a WRITE instruction to the renote device, and

the step of storing the transaction 3 includes building a record indicative
of a configuratio od of clai,m 6,

wherein the rénote (Zd ﬁr’t(secrlragﬁ’f ?relpg%%? qfémnét‘g Beyshys

conprising2 includes detectmg a condition on tl_1e synchronous bus to Whlch a rapid response is

3 required, and applying a rapid response to satisfy the condition on behalf of the remote
4  device.

1 9 The method of claim 1, further comprising controllably applying and removing
2  power to the remote device.

10. A method of extending a synchronous bus using an extender device that
physically engages the synchronous bus, the method comprising the extender device:
montitoring the synchronous bus to detect a transaction with a remote device,
the transaction including contents that encode a configuration of the remote device;
and
storing the contents of the transaction with the remote device, to maintain a
local copy of the configuration of the remote device.

N ool Wy e

1 11.  The method of claim 10, wherein the step of monitoring the synchronous bus
2  further comprises:
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3 restoring the record i ngiecativeof the configuration of the renote device
onto 4 one of the first re ) second renote device, to

pr econdi t iVBAOKPSI5 oper at i Ommmﬂmwuﬂ“ﬁm first renoPeTHEWIEB6and second
renote device. 1 S. The nethed ®of ¢l &8 m35, *wherein the step of nonitoring
the synchronous bus 2 includes detecting a condition on the synchronous

bus to ich a rzag%gl ?ﬂ% gq.éily id response
to satl\grgy t he condi t n?%ﬁ:ggdr}lﬁﬁleﬁﬁﬁsﬁ Jelﬁggsn%?gn& lV| C 1?98 The net hod
of cl ai mAl, eaE®Adconpri sing control | ably appl yi ng and r enovi ng 2 power
to the rsrmte dewppiying 4 rekflonsétorsetidfy the @dnditianeomchehalf of themenloteadewige. bus usi ng
an extender device that 2 physically engages the synchronous bus, the

met hod conprising the extender device: 3 nonitoring the synchronous bus to
detect a transaction with--a renote device, 4 the transaction including
cont ent st hae. endhdmeﬁodofﬂmgnﬂ%Whmnahethterdemmad'esmeanted&md 6 storing

the contgnt %P@Eﬁﬁgﬁcgw%é?éstoﬁﬂgﬂetl&al%y%?iﬁ@%&ﬁéﬁiﬁh@@ofth@m%té‘t aina 7

| ocal co y tion o he r.enot e devi.c net hod of

o m 105 wieyies optp e QA st TomgR deYiFs S A RESId FHBSHS Y BReonSatR ¢ e
conpri sea: -foxerathdaldGRad the firstirethote device and sagtiond rexdote device.| | | |

PCT/ US00118726 C L MS 3 detecting a condition on the synchronous bus to
which a rapid response is 4 required; and 5 applying a response to satisfy
the condition on behalf of the renote device. 1 12. The nmethod of claim
10, wher ei n 18he Aenethed ofdestiog UUT's that e syncheenonsdug eapds; eomprisingad f urt her

conpri si gg resto[,hﬂ}gnémrgg%mﬁgﬂu@{dmrgﬁmwm ati on of the renote 3

d t t
or econd 81 on 4. Plopkigpafay 2R BehE s e sRF AR REFRLE, GRYL 00 1°
second r enotaginteafier @ secondiGUT As instalindijansk t esti ng UUTs t hat are synchronous

bus cardg, coNpr &yt the rcditof einfiguratisredael Mr GF figst UUTHntehe setoridt a for a

e 3@ A Bgpeprecksnd o 8 SR BB, TSy

thereby allowing UUTs to be exchanged safely while the synchronous bus
8 remains operative.

1 14,  The method of claim 13, further comprising detecting a fault on a UUT and
2 informing an ATE controller that the fault has occurred.

1 15 The method of claim 14, wherein the step of informing includes
2  communicating the fault to the ATE controller via the synchronous bus.

1 16 The method of claim 14, wherein the step of informing includes
communicating the fault to the ATE controller via a channel that is physically distinct
3 from the synchronous bus. :

1 17. Abus extendef for extending a synchronous bus to facilitate the testing of
2  synchronous bus cards, comprising: :
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5 copying the record of conflvjuratlon data for the first UUT onto the

second = 6 UUT before proceedi HIM”"IE' ’mt ﬂlt;ond UUT, 7 thereby all ow ng
UUTs to be avatiamelfed safely us bus 8 rRCEHUSN/I8NREr ati ve.

1 14. The nethod of claim 13, furf corrpr|S| ng detecting a fault on a UUT
and 2 informng an ATE controller that the fault has occurred. 1 15. The

nmet hod of ¢laim 14 erel t he s t{l, | nform n I ncl udes 2 communi cating
the fault to the. t fr9eerH ?‘gmt &5Yg %E“ us. 1 16. The nethod

of claim 14, wher eammtehwngé@;moupled tof the entengler drviceddd extergiingravet g lengthdo t he
fault to tge A'Egmﬁ@i&i-éﬂidgédtoVén g3 aqlngnnel that |s phy5| cally distinct 3

fromthe synchronou exten synchr onous
bus to fac%l itate ?V?fgretnetb"t?’ﬁ dS‘fa%V?eé%Fﬁ'&[‘? Pﬂg ‘P@&ﬁf)rl sing: 23
WO 01/ 06369 | interconnetiand the| synghronous tis, thelhbldl-dff wantunclud:ngew U500/ 18726 * C L
MS 3 an estender devi cgdawgmrfo?stbhgg§uaalamﬂ@%1m§dup%a%ﬂeﬁ@h

I nt erconfl coupg?d to the ender device aiid extending over a |ength
to 5 a coﬂnector % age a UUT, 6 wherein the extender device

i ncl udes a0hol d-of f ci r%dnlayclmm r@eEventing Teturtisignalsahat errive tomethel UL
synchronoys bus, themhslestinddntoté Sichron&isbug i 1 roIeH RibervRBIapS&! f or
storing a hold-off interval based upon the length of 9 the interconnect;
and 10 a delay circuit for preventing return signals that arrive from t he
UUT 11 from asserting onto the synchronous bus until the hold-off interval
el apses. 4 18s, Thwhmeﬁteh@é}@eaaat1¢Imtefan1tﬁehstamu%u&hﬁ1daemaa£§ circuit
I ncl udes azde ql(caterm ation.circuit, conprising: 3 a signal "sanpler,
coupled to the | e 8r$ﬁ‘é%‘ c?rﬂgﬁm%ganpl es the return signals to 4 det er m ne
a nunber o} sanpl ea &igeal Ramplercoupied 19 tie intersornseithat sanpjrsths reramsignels e and 5
stores the4reaabﬁnmenahthﬂbdilefﬁvnﬁl@ﬂb&fs%quna@ﬁr@maet&ﬁ{ @b 5, and COUpl ed to

the delay feg L CU that waits until the nunber of
sanpl e cl o%kskté{eﬂh ggsqutlgﬁ’ %gia?

ore 5t gmsflter el apse, and activates the
a strobe circuit, coupled to the delay register and the delay circuit, that waits

7  until the number of sample clocks stored in the delay register elapse, and activates the
8  delay circuit to release the return signals to the synchronous bus.

19.  The bus extender of claim 17, wherein the extender device further comprises a
bus snooper circuit, the bus snooper circuit comprising:

a bus decoder, coupled to the synchronous bus that detects a transaction with
the UUT; and

a remote status memory, coupled to the bus decoder and the remote bus
interface, that stores the transaction with the UUT.

N I A X

1 20.  The bus extender of claim 17, wherein the transaction detected by the bus
decoder is a WRITE instruction to the UUT, and the remote status memory stores a
3  record indicative of a status of the UUT.

- 24 -



8 delay circuit to release the return si s to the synchronous bus. 1 19,
The bus extender of claim 17J Uﬂﬂ%&nder devi r conprises
a 2 bus 3%38H‘5‘P69ci rcuit, th IMHMM scClycuit corrpri(i’?rrﬁrﬁw’gﬁg bus

decoder, coupled to the synchronous bus that detects a transaction with 4
the UUT;, and S. a renote status nenory, coupled to the bus decoder and the

_rl_ﬁm)he bESt R, | mrﬁ?S&féﬁ;m&é??fclﬁi@!@&vh&&ﬁtﬁ{ﬂﬂ?&&i{i&ﬂw dhdithe ULJT- tﬁ 28- 5
e bus extende .cl.aim rein the transac n y the bus
decoder fs &% %ﬁev?féffm%gw%%ﬁ%ﬁﬁfﬁ%d@&%ﬁé&s at'9€ nenory
stores a3 3 sewod VT neresondition the segond UUT foroperatien. UUT. - 24 WD 01MB30 1

IH D 111111121121121121 111 PGT/US00/ 18726 C L M1 21. The bus extender of
claim 20, wherein the UUT is a first UUT, and the 2 extender device is
constructed and arranged to copy the record for the first UUT to a 3
second UUT £28. pr Ehobnsiexiender ofelaige kS figther spoipsising p docak respensejgeperatorthe  bus

ext ender 20f cehpiédo i syhdhidridgs busPiay defec3@ canditivhidn thegpetiesoug bacoat or, 2

coupled to the.synchrono 'Qﬂﬁr 9 C LLd t he synchronous
bus to mmrhéﬁ!nl.%a?] |5e|=s n;églsspo Se ?‘??@%ﬁ%@dgﬁﬁg’gg%ﬁa@é}y% api d response
to satisty twcprditloreondition. 25
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