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Certain characteristics of synchronous busses make ATE testmg 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 equipment, and handlers for loading and unloading
UUTs. Therefore, the need to keep synchronous busses short conflicts w1th the lack
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 faults. The lack




Some synchronous busses support changi ng bus cards wi th power a;@p@% 2804
can identify a new card I+ve wi thout requiring an explicit reset (a
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: ) 25 Fig. 1 identifies “Tprp” as the time required for data signals to travel down the
bus and settle. Ty 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 Tpp, 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 Tyrop approaches
or exceeds the clock period, however, device 126 receives its clock edge before the
data signals setile, and invalid clocking can occur. For proper operation, Tprop must
always be less than the clock period. The practical result of the requirement that Ty,
be Iess than the clock period is that very fast synchronous busses tend also to be very
35 - short. K o '




5 Delay tine Tprop depends not only upon a bus' physical Iength{i QUJANI Ay
upon its electrical ~toading. By reducing bus |loading, it may be possi bI e
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techni que_for 30 extengl ng synchronous busses. One product that appears to
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Technol ogi es, Asflﬁc clogk perfRidf a BN 1indiSs itsSR@NThun? 1Rk, oRe cah bkbeﬁealqﬁw ce 218
S o S g L R S o A oS LSS b oroLs bus
al | ows adsmarah radel\befige Ri1e deckimgoneniscat e back and forth with a WO 01/ 06369
5 JAN 2UA PgN\a%nméltheBcZO& period seems to be a simple and attractive way of extendmg
a bus, but this techmque 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 abus
adds loading to the bus and can cause ringing in the clock signal, which ringing itself
can cause false eieckmg. Reducing the clock Iﬁeriod does not reduce the ringing. In
some circumstances, however, slowing the edges of the clock does reduce ringing.
Slowing cloek‘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 2 UUT is operated at its rated speed. Slowing the clock

sacrifices faalt d_etectlon, and thus conflicts with a primary purpose of ATE.

Bridging .

Fig. 2 illustrates bus bridging, 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 ongmal synchronous bus 210 and an
extended synchronous bus 212. The bndge device 218 copies 31gnals between busses
210 and 212 and allows a remote device 216 to communicate back and forth with a
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| ocal device 214. Bridging effectively connects busses in seriesl BhilAN 2004

electrically isolating the busses from each ot her. Miltiple bri dge devices
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Remote bus control is almost mﬁmtely extendable, but it suffers from many
disadvantages, partlcularly in ATE. First, remote bus contro} tends to be costly
. because it requires a significant amount of hardware and software to accomphsh 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 protoéol, for example a serial bus protocol, suitable for long-distance
transmission. Remote bus control does not use the remote card’s native “device
driver.” “dévme driver” is a program that manages communication between the -
' 30 operating system of a host computer anda dev1ce Remote bus control inserts a
different bus protocol between the operatmg system and the device and does not use
the native dev1ce 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 ehmmated

 the translating device 318 still is located near the UUT.
35




Wth the for'egoi ng background in mnd, it is an object of the inEe@tJAﬂ\g Zb&b
extend a synchronoutsﬂbus an arbitrarily long di stance using the t
"bus 5 Anot her object of the inventionis to al ppi ng of
renote- @9‘%%4%3 regardl ess of whether the bus nornal Igfqﬁﬂ%}%?@?hot ‘
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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 opefative.

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 overa lengthto 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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and a delay circuit. The delay circuit prevents return signals thiath dAN Y84
fromthe UUT from asserti.ng onto the synchronous bus.until the hold-off -
interval el apses. Additional objects, advantages and novel features of thé-:
i nvent i onV‘iM'ﬂ? 63¢come apparent froma consideration of t PCTRUSWIIB G -
description and drawings. 1 5 JAN 2004 WD 01/06369 PCTI US00118726 BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention will be better understood by
reference to the following nore detail ed description and acconpanyi ng
drawi ngs i felRiregistsr tor sforing phiold-eff interval, dased aipendite length ofittetinweddriness)|
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--FIG” 6 ST Y% eéf’nd“ﬂf’ ed‘?é’csa}f'gsdef%@nﬁmaa drawings cui t of FIG 4;
FIG 7 is a block di agramthat details the delay determination circuit FI'G
6; FIGS. 8a and 8b are flowcharts that respectively descri be exanpl es of
reading 15 and witing operations of a renote device using the bus
extender of FIG 4, when the renote device is operating in bus target
node; FIGS. 8c and 8d are flowcharts that respectively describe exanpl es of
reading and witing operations of a renote device using the bus extender
of FIG 4, when the renpte device is operating in bus initiator nodes 20 .
FIG 9 is a block diagram show ng a test systemthat includes a bus

ext ender accordl ng., 1.9, the.. |nventi|,9§n J&L«s esthg,a JLEent.e. LJU'I;,\ FﬁIHG& «$Ra6
)are fl owcharts that iiTustrate a rmethod of testing one of nore rem)te UUTs
in accordance with the invention. 1 5 JAN 2004 WD 01/ 06369 PCTI US00118726
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENT | n accordance with the invention, a
bus extender extends a physically limted, synchronous bus an arbitrarily
| ong di stance, while maintaining the native protocol of 5 the synchronous
bus. The bus extender supports both "initiator" (master) and "target"”
(slave) operations of a renote device. The bus extender according to the
invention allows the renpte device to operate as if.the renpte device were
pl ugged directly into the bus. FIG 4 illustrates in block diagramforma
bus extender 400 according to the




10 invention. The bus extender engages a bus 110 (FIG 1), for gnﬂ:\@ @
PCl bus, via a bus.eonnector 422. An interconnect 418 connects t 1%

‘ext ender and extends bus signals an arbitrarily Iong-d a renote
backpl WOLB6WAc6t or 424, where a renote bus card is engé'gg’gﬁ'ﬁ’ét’gﬁ-
termnators 420 terni nate the bus signals near renote backpl ane connect or
424. 15 Preferably, the bus extender 400 takes the formof a standard bus
card. In the preferr }gw& ' 8 is a single-slot PC
card, having standar d%%é Oﬁéﬁﬁﬁéﬂgﬁ‘c‘gﬁ?@%g into any avail abl e
slot of a PCl bus. Bus connect or 422 is preferably a standard PClI card

connect or, mrfﬁggﬁt%% 3%r§ﬂ@é%§86@5¥%eﬁ lto%e%ﬂ%ﬁﬁlgymgrétandard PCl

backpl ane co conn Ica a ca although a
print ed dotailadidesdripgiod ané kecompanglingairawings in Whlchl signal conducting  medium

may %perat € eﬁ@'l'%a@ﬁnﬁlﬁwd chciﬁsa 15 80 donvEdrhC8nBRehodtlshsi Ncl udes

equal™1 engt h 'si-gna dds relatively little timng skew betvveen
bus si grmblstecm’ewaﬂnﬁhﬂﬂlm’m&wnb’ﬂgoﬁ%ﬁ@nder 400 includes a bus "snooper"

circuit 414, @g, wa%ﬁ)clzl&agrﬂh%hé tﬂéﬁnomdteamh@bwbmfﬁdgmor cuit 416. The
bus snooper g@hcsléagéﬁ %@%%ﬂ bu %{I%{I ctl ons og.n?rpgﬁ:r Qr ms
appropriate it st s and

recei vegoltsl;si gnal s fromthe bus 110 and ret ur n signals fromthe renote
devi ce. The of f r fhpof f  -interval,
aft é® whi ch h}plﬁg“ H@ﬁk%g%é?ﬁ%%\ﬁh%%wg?& fﬁ%gdgﬁg?o Rl O ot
interval is FiGebds ablopk\dm&bmtdntﬂtﬂﬁiﬂl@ﬂls Stl@pIL&hClif%Té? f\HO. fong enough to

al l ow the_ret, &Em{;, Mﬁ%ﬁﬁlﬁdﬁﬂ@m{d sgettd e.- 35 In
)t he pref errec}!‘mnnggé ?E@Jﬁﬁdl (rﬁg{r?g?%hlsom te face1 412, ?Fg& _snooper

circuit 414, I%Iﬁial7t1$1ébh§ktﬂha@ﬁmé]?qiéiﬁﬁls ¥ eFFﬁWﬂR"HE’E‘ﬁF‘é‘B &her on a
single field- FIGSOM MBI fsichafts el rdspEIBaly) desaitegxamBis GRBAdImEgi c.  An

FPGA d.f d A
ppfB c PO aReFEO R DL aneh corior ik R Ry rIgC s AN D L

as di scrr%mmmﬁenpesam'(g inthwstarigetghedisnsity devi ces. The FPGA

“inpl enent ati u Smbies of ANAR04

PO Uso01 167 Sa0SeRE i Re s conp}ﬁaﬁggpi&m}?sﬁgéﬁfcv:?ryr%?gﬁ)gﬁ% 1?0 ndards. The
desi gn iasd ewitingchpisrationp efe vesmote dgvicp using the Jusgatepfier of §3G 4, t"e}l‘-“@l Ber f or mance

on ot her, Q%%%cgpgbmdgqnmqgﬁhf@bﬁeptl on 410 is provided within the
FPGA t o communi.c te

ATE contr i ne 426.
Usi B8 cont r oifIG- ésr%MOﬁg df%‘? QVPRS tex S %gn(?%«ﬁ %TQF%F ég’g% Fgée?géurl ts to the
ATE coniaesdrimp t6 gt inventbanforitesting e seroiote&BiTyy - ‘

FIGS. 10a-c are flowcharts that illustrate a method of testing one or more

remote UUTs in accordance with the invention.




fromthe ATE controller. Alternatively, the control section conﬂb@lgANegmg
directly with the bus 110 to report faults and receive operating .

i nstruction. Preferably, however, the control section 410 is omtted, and

t he bus VQOEAEE? 400 operates in a sel f-contained fashi oPCTWSAAET26 -
requiring ecplicit control fromoutside the bus 10 extender. Preferably,

t he bus extender 400 does not require or use separate so For exanple, the
bus extender does not require its own device driver. The renote bus

interface 412 mar ks DRIGRIPRION QI THEFREFERBRED EMBOINMEND to I n order to

transmt the bus signals over a long distance to the renote device and to

15 drive the | adl anc f.the bus_ termi nators 420,. the. remte bus
interface 412 Pé‘F‘&r Mﬁﬂ’é@nqx%albﬁfﬁé’g& eHWP@%?BhYSE&HH%FHWEP npedance

dri vlelr lor @Tirﬂdlﬁ@:hqustbamsm atbtrafly ﬁﬂ;geﬁaénkcej\mwmhmml ﬁhgu{bgzdﬁ%ﬁr&amw ed in
par a 0_achi eve skew, . a d.ver

P et or Bbi g Ehiof: flsh BBl bftbRfh: S bofl ridfalof PR ARE Pt iy

provi ded ¢lave) wpetatiosREs mmoteedmrloae Tamadub ettbnder 3Ccardiag tetheinvesitignal s from
t he renot | nce of
the inter gloﬁﬁyég@wgy a&%ﬁ%&@b rrrgngr?gtlftﬁg %’E&E gggi@éw%tg{?%@e? Cgr" r%l:{r'%ﬁg?s 420
near the thenlbise devi ce, the bus "ext ender 400 can transnmt and receive
signals wt hOUT‘I@WﬁHﬁﬁBﬂeQBﬂ blbél@&hé}gnpﬁ)rrﬂ'a%%&ieﬁ&r 400 @ckidin g%ﬁﬂ:der 400
al so incl udes .a vver SWi t r qui 6%@ | ed ? 22,@& e renote bus
i nterlfoace“WfEtloﬁ'h ?"@F "cq%fi%ﬁ %‘Féd @Ilicfo¥m%P duSAE Bonduct s
power SUpbhs/ccﬁmectemzmeAmﬁércbmceﬂaafméctMﬁgagds &htiendee aRd exteeds e, lln
response t.o i, ta ed-.at. t-erm na
a0 ehoiepdls h dtviGhriny iofe BB 3 IR Ao B RIBR 4 T AR
CLOSE. Durenmge bhecaDiPiENengagade Bwecqwmrssﬁlmttcmmnge thertsisignblsorks power to
t he remtf‘enﬂﬁ%!b?&giaﬁé BH&&Q&HG CLCSE state the povver swtching circuit

conduct s power etween the bus extender 400 and the renpte device.

The A&t -swap thﬁralelm the bupgxtepder 49 takgs the dpsma af2 standasd bus eardi imthesour ce,
for exawp;brefer@dcanwoaaheﬂz, busaxtepaéeroo llh@fnfgﬁcﬂothCIacaf@-'hﬁﬁh SWinieR. PCI

Pr ef bl I d 412 al
assune o TR fﬁ%ﬁ%&ﬂﬁ%ﬂ%S@giﬂ@%%&%bﬂﬁiﬂgﬁ%ﬁfaﬁ@éﬂm?fé?ﬁr%%{wﬁéz ot - cvap.
ori gi nal .is pheféfablyastindayd BCI cdrd comwetor samdirembtechackpland donaedior 424 is

| ow | rrpeg‘%%gaﬁi Héﬁh&arh‘?(%‘%‘d@i&ﬂﬂlg coﬁne]dw 39@%0%&“@%%?&85%5}:@9 /18726

hi gh i npedance tat es ena evi ce e safely
swappéd akiongh a pEntsdsireuis begdy fov sy ,tqs o #isE st It-signal conducting medium

. may operate equally as well. Préferably, intérconnect 418 includes equat- lenigth signal
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

o ) 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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The bus extender 400 also includes a power switching circuit 428, coupled to (?e,
55 the remote bus interface 412. The power switching circuit selectively blocks and
ent between the extender 400 and the remote device, in

conducts power supply curr
response to 2 digital “hot-swap” signal provided at 2 hot-swap terminal 430, shown in
'OPEN and CLOSE. During the

FIG. 4. The hot-swap signal has two discrete states,
OPEN state the power switching circuit blocks power to the remote device. During
hing circuit conducts power freely between the bus

the CLOSE state the power switc |
from

30

extender 400 and the remote device. - The hot-swap terminal 430 may be driven

any suitable digital source, for example, a digital bit at the tester interface or 2 manual
ers of the remote bus interface 412 also

switch. Preferably, the low-impedaﬁce driv
assume a high-impedance state in response 1o an activation of the hot-swap signal.

The ability of the powei' switchin

g circuit and the low-impedance drivers to assume

35




usi ng conventional target WRITE instructions, after the 64 conf iqggrﬁghomﬁ‘
registers 5 have been restored. Alternatively, nmenory can be add’e £0" 1
renote status nenory 5%2 to store all data witten'to the renote device,
but the WENHU3&Roul d be provided at additional cost. ThePEDIUSSWHIRT26i cation
supports nultiple |ogical devices on a single PCl card. In accordance with
the preferred enbodi nent, the bus snooper circuit 414 10 di stingui shes

bet ween di gf %&glnt | ogi cal devi ces and provi des enough nmenory to support
numer ous | SEERIPCARIFE states eppblesibe semote devige tornyr deim or be safslsswanpedder 400
enpl oys a shileehdBBil0&on{imes tobsdrateed) to copy the contents of the renote

status nmenory 5 to the renpt devi ce.. The state_machi ne preferably
operates in res ﬁggp]teglepﬁlﬁoxﬁgf_ WRPSTY nga‘HEFul@zgg’écﬂ‘é‘Eeé@glhﬂi@E@Hdent ly

of the busswit€hingteviedsaprefensbin high-coarrefitVIOSFETs gt of the FPGAeTheower

sw tching gi I 1, . ); t Lgnal is OPEN the state machine
act i vatggs ?%%lﬁ%%é?/eég‘%v&h %E%F e%a}r}%eu@%% 'Bi’%eéj%ni?oﬁlf@ias ]grg?etrﬁl@yr enot e

devi ce. Wheegides withinghe EREx\. sOptinnially,thepesersvadtchingramuiDeiiNbe equifp€BED, t he
state machifig | i SQO e .

ont ent o of LV seGBendify afﬁé*‘%?r“&?‘*yf{%*E“f‘z‘@i‘*ﬁ?%gﬁii@e%%%% by

regi st er s SVIGEASCOTAME 1 agEedctaminpddingipE seaUenes- of t he power swi t chi ng
circuit 428: in conjunction with the state mnachine enabl es hot-swappi ng of

renot e devi ces. _As hot - S i of renpte devjces  operates independently
of ¢ hd%bus 110,“@3‘ﬁ'ﬂﬁ?@ﬁ%ﬁg%g‘%rsﬂi%elﬁf\%w%f%’&iﬁ%@‘ ‘ﬁ‘é@faﬁéﬁﬁi AgecMsabi 1 ity
t o busses snheperdircuio eabidesbas tyansagtions indysirfose ppprogriatd actidEtiedoabusn FI G 5,

the bus b LG bl k. tor.circuit 516. .
The s i%@%%‘iééﬂiiéﬁi S50 SR TR eI 2 R BriRR st ot

Ly el
t ar get

s itiatactions batweanthe busan the pmote deviceralfle. trafibetionska  gener ator 516
passes t heoffibaatieis WHITE il@rit8bf bk r&h t@%b&icé}t@g BEQ:?ECBB@I kgl I cireuit

30 416 applies tgﬁlﬁ%go retyrn signals rea : romi e renote device
to noHt fy SPRENSO ¢ grggaiction i aEmoteHaturgemosy §82- HrApnsaeiiondst i ons of
" non-cogf agiunﬁgmm?]nmgiri]xﬁmlrs%ﬁmheﬂﬁﬁmf&gaﬁc%i fhelbud QeRAE Rifornhs & - Iblt s
arranged tg r a a ginchanged. e.data nmask i s . operabl e,

o An9ed, biksRReRrblt 10l A HSRAR0R BodlRE TR Ral kb B0

conf i gur abednfremdherentate dedes. df a taosactiouisane dmtreqiies erapid respenst tige t hat
identifieg BaShER thCRcaf 5;@% i ] lid when the
r enot e devlilsc&%ﬁiS"used ighllcj n%EQJ\(])AN %%?%&bg’g‘ﬁ%gg 9 ‘ﬂ%ﬂ%e}% an

ext erffed “GRA8Ei on. For exanple, PCl devices store configuration data
that indi cat eThabnestependrooltath spys! s cididits bheshizamdoravRerEespond to a

particul Anstructions directed to the remote device in the remote status memory 512. In the

preferred embodiment, the bus snooper circuit 414 does not store the conterits 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 wri,ﬁen in order for the PCI
bus to operate. As is known, the PCI bus BIOS writes necessary values of these 64
configuration regi_steré fo: eaqh device plilgged into the bus, every time a PCI bus
30 reset occurs. ' ' _
Over time, and explicitly upon each PCI bus reset, the remote status memorf
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
deyice, 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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transacti on. That nunber of clock cycles may not be valid in ani éxtJANdegDs

configuration,

as the bus extender 400 may respond in a different nunber of

- clock 5 cycles to account for extender |atency. Under ' nst ances,
the MBS at or hEFRRofirRt
invalid bit or bits of the data read back fromthe renote device. As
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ying the -

a configuration register indicates whether a PCl card

supports 66 MHz conmunjcatiqn, The inifjal, . FP L npl tation of the bus
ext ender .- 400 Rgewstersen a ngﬁ%atOﬁ@Bgﬁﬁihec m&gﬁé&ﬁ?gﬂﬁggﬁg’ ﬁ#é FPGA'

enbodi ngcgﬁﬁ@}

that forces a ne
at t enpt i usgy, §ent

atfoNGre ISR et edsbatidiiorespblishiag bus Gbbationodysodssirad 9t a mask

o of FEo o SinnafufeR et pijsd R b T @er o no

Clrcul wn

al s& nc|de soivehtiondl targst PYREEE ingtrmeticnscaftet the. 64 ealigumtion EdBPIs5 10
I denti f
r espons ppropriate rapid 15 response. The | ocal
r espons &1 enseratatirdaiaswiitienitogbe rpmae desties gﬁbthé BTy P"é’f—‘fq)l?‘&plg’a bCfe%I atency

t hat

S

es trans

bavscdhgh 56

n .
the pcft %[d“%&%&#“ tign, wh O, initiat d: t PCl
Lo get L ho BhepCH ppaniaenen syfpers Biuple lapicel St i sadRpRARRED. 10,2

predefi ﬂFﬁLcB#}dﬁﬁcé Wwith the

as neanin

that no PC ice is installad i d slot. |
ot dodisdagnisa Do AL o TP A r b gF BT R 2C 0101 g Tl

t he all
operates as:.

7 esponset B BrB R mpliReic i oo PRI 90H %“‘?’é?’éggﬁ%ﬁdgﬁﬁ%ﬂ hin the

al | owab{met pictered)Tth eopytiglcopienis &f the rImOkTREIRHPISIOEY

asserti
renot e

e Sponsepareigs ndepantenbi ALHIA b hD. b igghS prpden pfRIRRRELS BECCS DT °

on beha}dw&afswiftBidgase

t he PCl

i nitiat@ftivaegsh

i
Eev

542l

ed for

Aleld, Hihdry chBL Bddel8S RS ABte ARds hiindrocal

uces an

i n bus specifications. For exanple, according to
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Henten®us 16gicalrdevitgs.t o t he i nvention, when the renote device
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35

.the

| TRe

fiéH

RN

_ & of the power switching dircait 428 & earjmationivath thestaidr response
hine enab?elzs h]b%-s%ragpiﬁé‘ %‘f 1%99)‘(5 @Jict@%lh%z-g@apping of remote devices

operates independently of the bus 1 10, the invention effectively provides hot-

swapping capability to busses that do not directly support hot-swapping.

As shown in FIG. 5, the bus snooper circuit 414 also inciudes a mask

genérator circuit 516. The mask generator circuit 516 operates in response to a
predefined set of target READ instrucﬁons by generating a data mask. The mask
generator 516 passes the data mask to the hold-off circuit 416, and the hold-off circuit

* 416 applies the mask to return signéls 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 tranéparent, 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 -
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

- 11 -




W 01/06369 ecification. Therefore, when the renote device operqtgséﬁﬁ ﬁl%-
bus id nit~e _ the default, sP response generator 514 preferably”a r g '
wait states to the renmbte eva by and only stops asserting wait states once
the i myig@logseot T ansaction is conplete. includes a To abEFUSBUB7Mang- ups; -
the | ocal response generator 514 preferably ed or non-functional, 5 :

wat chdog tinmer (not pictured). If the renote of device is wait nplugg

all ows normal bus the watchdog tinmer term nates tl[‘}tg i‘ssua&ce 0_arge
oper at i ons ettended sunigurdtin. tHorexampleoPCl Hevigesstora sonbgurgion @aMet erapl y re

i sab o5 e A o o e e s ot Get 1t el 1,
the bus emtsectidnusThakmembrsiof slask £yelee Bayngy W&?_l_t‘f %‘tae?teé‘ge,n &t er which time
e EteT & e
pr edet er ayoirsde agqopmt foR %‘#FBI@CWS t“?‘?f%é fhese 8@%@%@%%@%%%%%& us 110.
the ret usfy Sloafces alat m@sk t6 deiustcfor atodifying e ialidrbit ardits of the data
read back from the remote device. As another example, a configuration register
iﬁdicateé Whéther a PCI card supports 66 MHz communication. The initial, FPGA
implementation of the bus extender 400 does not support 66 MHz communication. In
10 the FPGA embodiment of the invention, the mask generator 516 produces a data mask
that forces a negative response, 1o assure that 66 MHz operation is not atte’rppted.
i~ e *}sstdﬂfﬂ'he ‘bus snoopet circiit 414 shown in'FIG'5 "z‘ij*sﬁ“iﬁdlti’élé'_é’“ﬁ’?o‘éﬁl Fé"sﬁqﬂéé S
.) generator 514. The bus decoder 510 identifies transactions that require rapid
responses, and the local response generator 514 produces an appropriate rapid
15  response. The local response generator is used because extended configurations add
latency that is not accounted for in bus specifications. For example, according to the
PCI bus specification, when a PCI initiator sends an address to a PCI target, the bus
initiator expects the bus target to respond within a predeﬁned time limit. The bus
initiator interprets a failure to respond as meaning that no PCI device is installed in
20 the addressed slot. - '_
- “Iti an extended configuration, rémote bus targets typically cannot respond
within the 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 stat.es 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
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shown in FIG. 6, the hold-
and a delay detcj:rmination circuit 61
from the remote bus interface 412 an
516 to modify the retum signals,
return signals from the mask circuit 616 and

generator

the delay circuit 61 _
As shown'in FIG. 7, the delay determination circuit

sampler 710,
determines a
400 and the remote device. Th

" bus signals from the bus extend
remote device, and the settling
device. The delay register 712

extender 400 sends an instruction to
ares the elapsed time since the instruction is sent wi

comp

When the two values match,
the delay circuit 610 releases the return sign

in the bus cycle. o
The signal sampler 710 preferably dete

simulating

measures the time interval be

off circuit includes a mask circuit 616, a delay circuit 610,

9. The mask circuit 616 receives return signals
d applieé the data mask produced by the mask
as required. The delay circuit 610 receives
blocks their passage to the bus 110 until
0 receives astrobe signal 614 .~

612 includes a signal

sbe circuit 714. The signal sampler

a delay register 712, and a str
hoid-off interval related 10 the round-trip delay between the bus extender

elhold-bff ir_xte;vél preferably includes the delay time of
the response time of the

er 400 to-the remote device,

time of return signals returning from the remote -

stores the value of the hold-off interval. When the bus

the remote device, the strobe circuit 714

th the hold-off interval.

the strobe circuit 714 activates the strobe signal 614, and
als to the bus at the next appropriate point

rmines the hold-off interval by |

a target READ instruction to the remote device. The signal sampler
tween the issuance of the target READ instruction and
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provi des i dentical readings for consecutive neasurenents, the return

signal s have settled. The signal sanpler stores a value corresponding to
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READ |£%§%%§ﬁ#ﬁ9m and generates a new ff interval for each instruction.
ld -0 e signal s, er._710.. efiletird Sloaslemeasuraallopt i mal

hokd- dffe sigrabsarapler lﬁﬁﬂﬁ?qqggﬁrew“%ﬁ%; it

y upo first use of .t.h t ender 400,
under ‘Ilhgb&})fe%é' aivefand satlat Whenﬁl@ﬁfﬂes@n@%%aﬁﬂf?ﬁsﬁngmg gﬁég}}%gt'i vely, the
si gnal “sanp

eame. el “ci-”&fq%ipﬁ%‘gflo E%ic?,ﬁrgg@ﬁ s R BonseSRiRIs@sabmentsetiedewm  command. The

‘epeatedly for suhs glgggmmi cations,
until & | gaakitieanfihesigag samples SOTSF AV ec°8wgﬁ'?%%%geolper ate. According
s&éﬁdsslh ! _ Lo
to ye_’_;et imf?%}q @g@e@%tf%g@# 4;1;7}?; AL réfide e vios’ s tespensedimeisdyio¥® a si gnal
T | ot o afareetREAPS AN D REAEr hﬁ‘i“éﬁ?e@ B e 712 |5 based
upon a, many Réspoffe thnk eth ramate deviehe round-1rip del ay -bet weet
I e L

JagRtender. 400 and.. the:s emmte:i25 defi e ovptiaesih the del ay
) egi.sterHigApeardngda yFiANQ éﬁllt‘?’gﬁ}e‘%: fhe S P

or, can_be chan eeg e;{{gggvti-rre to tine.
Exper i et@y&ﬂﬁﬁmsmteé)tﬂgﬁwﬂglawwﬁn@‘?gﬁgn 4 gahertz bus
cycl es&z@g&nanos%&ondars@lfiﬁ&mgg 4icient to acconmodate an interconnect ’
havi ngheldtofhigtervafiot @t eet . Pre erabl v, the Sianaloleamheival10 measures
t he hol d- of frhé sigaaheatmply 748 Bpaipraply determines an -

automatically upon a first use of the bus extender 400, under the direction of a state

* machine (not pictured). Alternatively, the signal sampler 710 'opg};ates upon the
: uance of an external command. The same hold-off interval is used repeatedly for
lss gnal sampler again receives a command to

subsequent communications, until the si
20 operate;qccording to yet another aliernative, the invention ddgs .not pro'v%d.e a signal i
sampler, and a value of the delay register 712 is established during an initial setup o t
the system. The value of the delay register 712 is based upon a manual measuremen
or an estﬁnate of the round-trip delay between the bus extend-er 400 and the }'emote ;
) 25  device. The value of the delay register is permanently established, or can be change
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
i en feet. ,
e ;::?eiz;;ihe signal sampler 710 measures the hold-off interva.ll by sampling
the return signals af a multiple of the bus frequency, for example, at twice the bus

30 '
frequency. The higher the sampling rate of the signal sampler, the greater the .
acéuracy of the hold-off interval, and the lower the likelihood that the hold-off 1nt<_3rva1
will be overstated. Alternatively, the signal sampler 710 operates at a samplmg rate

bus frequency. | 7 ' (
equal to, or slower than, the ‘ o - .
35 “We have recognized that other methods of determining when the return mggals

stabilize cotild be used by the hold-off circuit with successful results. For example,
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t ar ggistantiomnBiG-§B 1Y
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t he AR Nt TEVEF T e Iﬂgﬁ 5 -8ReeHRbed Y BHBERAl T of the r enot e bggn? ;ﬁgor

states onto the bus 1 cal response generator 51 :
10. 514 al so. a -
v 00 receives a target READ mstrucuonofronsl S§sS Wai t

in FIG. 8a, the bus extendef 4
10, and the bus snooper circuit 414 decodes the target READ
instrucfion. At step 8.'1:0, the jocal response generator 514 generates a confirmation,
on behalf of the remote bus target, that the target address specified by the bus initiator
is valid. The Jocal response gene_:rétéf 514 also asserts wait states onto the bus 110.
AL stef) 812, the mask generator 516 generates a data mask. The value of the
data mask is partlcular fo the siiéciﬁed target address. The data mask is arranged
 ectively to modify bits of configuration data 10 e read back from the remote
device, which bits encode cﬁnﬁhiiriication'char'acteri'stics' that do not apply inan
extended cdnﬁguration. The data mask is transparent for the contents of all target
READ é&dresses except those for ‘coﬁfigu_xation fegisters that do not apply to the
25 extendé‘d configuration. Preferably, the mask generafor 516 in_clude§ a local memory
(not picﬁnedj th_a’.t‘s.toi'es mask values for target éddressés that require 2 mask.
© At'step 814, the bus extender 400 transmits bus signals to the remote device,
and at step 816, the bus extender 400 begins sounting down the hold-off interval. At
step 818, the return signals arrive at the bus extender 400 from the remote device, and
ted at step 812. Atstep 820, the

30 thebus extender applies the read mask that is genera
d the bus extender 400 releases the return signals to the -

hold-off interval elapses, an ; _
bus 110 atan appropriate phas . cvele. The local response generator 5 14
de-asserts wait states from the
additional wait states are redﬁeste
35 states beyondthe Expiraﬁoii of the
appen&s'the aédiﬁé)nal wait states to the bus 110.

15 iniﬁator on the bu_S 1

20

¢ into the bus cyc
bus 110 when the hold-off interVal elapses, unless
| device reqﬁests additional wait
' ' generator 5714

d. '_If the 'rgﬁé’ie )
'hol_d-off interval, the local response
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is valid. enerates a data nmask. The value of the At step 812, #%ﬁ 23135 s
generator 516 g k is articular to the specified target address. d &Ulﬁ
mask is arranged . 2 o data mas p an selectively to nodify.bits:ef-
conflguwatmmﬁdata to be read back fromthe renpte whi cHCEmSQOIBﬁa@de b
comuni cation characteristics that do nottapply in target device, anent
for the contents extended configuration- The data nask is transpf 1 the 25
READ addr esses except those for configuration registers that n.lodes ppl .
| ocal to menor $tepeli®tu@ghdd hidrgdraani inFIGPEzdvecsbinng inlsequensk Bener at or 516

et addrespest &%hrieg,weeﬁlasg&gﬁtese gk tortrfetsygeg céﬂwvastsrrsr mask val ues -

for targ s_exten nsm-t-s _bus-si-gnals to
t heer enot exateplé.dbe data masiagenerased Busiep 8 @Géloé;?@‘ &dE e Fgmgdint i ng.

down t he hghfadihs éiteede%kﬁe Pftee U§t5p§8 DNk Sughr 916 \Redtsithilgaressigx t ender
400 fromthe renote devv e, e bus extender applies the read mask

that is generated at step 812 At step 820, the 30 hold-off interval
el apses, and thgs. lsuﬂhﬁs)ﬁh%s@es eﬁt@ﬂda’r@bﬁﬂneslmsp@semmrmmﬁltﬁw 514 bus 1

the bus TRORRIBR (NG EROFoLIe PhIrIar safr WRIAE ERIEhATnR 4 wl ™ oo 1T Om

addi ti onajmt)mﬂons:habusslh)g end thgbess Sechper ﬁlrtmwrdedméea:lhv tagetWRIBEt's ener wai.

514 stat §§ %é%%@ S?Eé&hg g%:ht)fe Oﬁéns%\% Q%Ps?ﬁ fesehtd t@xﬁﬁ‘f @%testcjﬁ?o {rrcal

response I{- states to us 110. 15 JAN
2004 M0 ouusdegﬁm w@orab@mesti@pﬁarsmonm ough .816 are drawn in FIG 8a

as occurring ix ﬁﬁ;ﬂ&lﬂﬁ%b&‘éxﬂaﬁ&x@tmﬁ&g&ty c%eﬂtm@awqte hdldMaif ihlepva eguence
" of these st eps ca var i % <o q@exar{ﬁpew&[ a awﬂ.?ﬁrrgengtzg R
ystep: 8121 “’Bﬁiﬁé’&’iﬂ}‘ BT 19 3 ¢qrdigu ares [B° Bt ext ender
400. Pr ef@r &bhﬂgurﬁﬁtﬁﬂ’&eﬁit@rs‘, theduglextthdend0fstores aiddaboanyusficpnfigir@ioBb
st RSO, G R R PRI AR MIE
a buas step 834 1nc1udes stonng conﬁguratton data for the logrcal devrce that is partlcular y
addressed
- At step 836, the bus extender 400 transrmts bus 31gnals to the remote dewce
Both “configuration™ and “non- conﬁguratron WRI'IE mstructtons are transmitted.
When the hold-off interval elapses, the local response generator 514 de—asserts wmt
20 states from the bus 110, unless addlttonal wait states are requested If the remote
device requests additional wait states after the’ explratron of the hold-off interval, the
local response generator 514 appends the requested watt states to the bus 110.
- * FIG. 8b 1IIustrates steps 830, 832, 834 and 836 in sequence however these
steps need not occur in any partlcular order Steps 830 and 832 are part of “snooping™
- ) 25  the bus 110 and can occur 1n any sequence, OF can occur simultaneously. Similarly,
' the snooping steps (832 and 834) and the step of transmitting signals to the remote
device '(836) can oceur in any sequence, or can oecur simultaneously.

FIGS. 8c and 8d are flowcharts tnat.describe the acttvities 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 10 an initiator READ instruction
generated by the remote device. FIG. 8d illustrates actwrtres in response to an
nnnator WRITE instruction generated by the remote devrce
' As shown in FIG. 8c, the bus extender 400 pre- asserts wart states to the remote
35  device at step'850. Unlike the target READ case of FIG 8a m whtch the bus o
extender 400 is local to the bus initiator (1 €. - the bus extender and bus uutlator plug
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device (step 860). If the bus extend%?%io teteives one
the bus extender continues to assert wait states

g wait states from the bus

read instruction to the remote
of nore wait states from the bus target,
e device until the bus extender stops receivin

25  to the remot
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 sta'tes.to the remote device whenever the bus extender detects that the

is acting asa ‘bus initiator (step 870). The bus extender 400 constantly
1o detect an initiator READ pr_WRITE instruction from the
872, the bus'ext_end_er.detgcts a change in the returm signals.
35  As before, the bus_;xtcnder' waits a Iﬁrédéiénﬁined interval of time for the retun

signals to settle, befdre releasing the return signals to the bus 110. Inone

remote device
monitors return signals
remote device. At step
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extender i%b(Pe-aJsgt‘?Waﬁ'sﬂﬂes\/ﬁiﬂﬁresttdﬂ—ascﬁwwﬁﬂfésf‘h ﬁrﬁiam Ehlget . The bus

5.1 he .Oab & fen tdpy foERoTS e cenplpyEticad

i 11 ustatesFEHO BReEReRct PV vmt I es Iﬂﬁoﬁéﬁﬁﬁff Bro%gggagf&ltggt g VMIE

Zcontin
the bu
deV| C eTSRRU® S Y5ty

buss exirngedur 43@ lﬁd"ﬁ $roampropegAling o fic; B

Qr hgpideoatingto the byveptien. r escr t habove,
&?Qé}%erﬁ ext enc{ﬁ %g\)gglﬁoﬂ:w ot rmaea:asextbmieméﬂt) pravgpisda E? the renote

ice Js agti ng 136 a?td efopéfnloﬁ{c@ésﬁtﬁltep 870). The
fuction signals. nonitors return

si gnal Z'S L%%ng?ﬁ gmtgoetor READ or WL2TI renote device. At step 872,
t he bu of stﬂiﬁ)thebwhl(B PheAs before, the
bus ext enderAswhpY\@ %Fi#'tegdgll‘ C?‘%%&?eél ldlgrnttoe rlggi ILndd 18, remote UUT 918. |

20

25

30

35

tender 400 an
interconnect 418 connects to the bus ex -
An additional bus device 912 may also plug into the bus 110. Opttonally, the test

system includes’ an ATE controller 920 that connects to the bus extender 400 via an

optional control Tine 426
’ The test system 900 operates a first UUT, as shown at step 1010 of FIG IOa

As the first UUT operates, the bus extender 400 “snoops” data written 10 the ir:t .
UUT, and stores snooped conﬁguratton data in a local memory (step 1Q1_2) | auth '
may occur as the test system operates the first UUT. The bus extender 400 traps
fault arid does not allow the fault to propagate to the bus 110. Accordmg t: oxftft:h )
optional embodiment, the bus-extender 400 informs the ATE controller 920 o

ontrol line 426. According to another optional embodiment, the bus p
extender 400 informs a host computer in which the bus 110 is installed cg[tjh; lt)”a t
dlrectly via the bus 110. At step 1018, power is removed from the first y
ircuit 428. As.described above, the power switching

activating 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-swap signal at the hot-swap .
terminal 430 also configures the low-lmpedance drivers w1th1n the bus extender 400
to high-impedance states. “Step 1018 may opt1onally block power to the ﬁrst UUT

according to a predeterrmned timing sequence

fault viac
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evice. At step 8tendex waits a predetermned interval of 10 return

erecel V%g%l E; 1‘9?#%;,%;%%@&0&"14%6 foethe st ates from



signals to settle, before rel easing the return signals to the brmb}s&azh
one 17 WD 01/06369 5 JAN 2004 PCTI USOO 18726 enb FIB%U0/18128i S I
time is the hold-off interval described above, the bus extender begins
* owoniME3g®t he hol d-of f interval at step 874. Alter natively, the bus Ilon
extender waits a period of tine shorter than the hol d- offmrlcgterval but
sufficiently g to' allowthe return_si selettiel UNTt@r t he
predeterm ned 1I0? @"(}a'mlgtﬂielﬁreﬂélﬁ éés%?ﬁcg twgths exteng1 8411400 rel eases the
return siyg t%w 13,38&)&1%3“1{1#1@&%0@ ppropriate point in
theﬂg@n@mgrjaceasﬂih@fﬁt nASI na s encogar qmmlahmﬂﬁmca\MIﬂiE i nstruction
fromthe rennte %wmetestdrﬁntetfﬁ@fﬂﬁ%r et does ’Pa% 9508/oRke Wait states

i S the @ égwf:{dtﬁasecnhéUUBd)é? S¥oonse, generator 514
deas r1t0§2y\ﬂilctbu§P78F Tg re Ie ?q,{)gghppﬁcsrposiﬁgto% I'f the bus
targe ﬂiehm-swalst"laﬂ S, dca respons rator 514 waits for
fhe OFHIa ‘?fatl%ﬁ%‘? ast ik ufddahmagl?}@qlﬁp%el NP ggéggfts wait states to

t he geemrﬂlEUEeﬂFF%'g ﬁ &°9 él usttél%géolﬁesttBS'comMQﬁﬁ@tﬂf‘%l t esti ngar enot e
uuT tP ﬁég)glpmssédwdw% accor di ngs (Aytdwee botherft i on. FIG 10
i1 St At es tBr ocgﬁgwfﬁrstépemﬂng’xsthéﬁﬁt@n s um&g; t}e%@ §3¢ system of

FI G memomhi® HesS endel: 400, QLfaeRs: fosallmenory Tor ¥Ht™occur " on a UUT from
propﬁlg%ynagyﬁeoth'ert@ nfiguratior an8 t her ef o% @5 ﬂ&&sémﬂdtUUT%Ffatlon of the
t est S)éﬂ. %9 Ugh dustepr 02.cthe &5t PRETLUS ext e dg&%cﬁ&g ofl Ugs into the
pus Yali IoF |nter nnﬁgg g ramommeibremﬁrmﬁé ender 00 and extends
to aﬁ{eedmteatdudﬁr X |t|8 Lgeiige poier onsle A8 Pug into the

bus i@?g lﬁﬁ@kb cleddmiqxéb@ngf @% em | ncI udes an ATE controller 920 that
‘;--jconn s Pt bus ‘extender 400 via an optional co tro%lﬁr?le 426. The

./t est bay3d@m 900 operates a_fi rélt mg@arsdmmfmmgté‘g FIG 1Ca. As

the first pidl10opdluatraiss b the 6= SEiten 3%é 4% ﬁriggp&heﬁmaﬁmeften to the
first ex”é)steeF A g)edmwld'&irs'awTsﬁt@@ fio peg on ratdomsdata in a
hecal UHE aps i he S§ ﬁl%mﬁlmanbﬂyéo em operates ~ohea to
t he gbs]tﬂecdnﬁ%‘mi}c’ﬁéi Sy one fault '_@ ﬁI nphe'alsﬂsyweflh D% ault top p
gate &geh) g# gbaﬁﬂgu;attqlilé%‘é@rse?gt er_ 400 m@ﬁgﬁ,fﬂﬁEbuATEOCOMrol | er
920 offetRe ul vnt?onggpgtdplojé ﬂéop@'@f:r%ék%ﬂﬁﬁ’g o~ anot her opti onal
enmbodiesemes teshag RSkt ender 400 i nforms a host conputer in which the bus
110 |§51Je @.led of the fault 3o directly via the bus 110. At step 1018,
power “1's“renoved fromthe first UUT by activatj n%@%&&é}}ﬁ@&r swi tching
ckocuit 428. As desgriped %%ﬁﬁneﬁth@mmmalm@’é’ﬁ
Having described one € 400 can be built directly
example, the bus extender

micht be made. For d embodiment is
variations ieed not be 1mp1emented as a bus card. The preferre o can be
imto & bus al;ﬂ PCI bus; however, the bus extender according to the ;n :
cted to the or AG
fhre ted on any synchronous bus, for example, Cardbus t slmultaneously
implemexn ders may be provided on a single bus to
tender tender 400 may be used in

Numerous bus ex e
us bus cards to remote locations. The b A
o ot ap d technicians frequen ntly need to ©

~ avariety of applications. Engineers &7 prohibit the use of “extender

ds in actual use. Strict limitations on bus length e s 0 e
o ’ i ds that conduct bus signals out of the pian e
Iy - tender 400 may be use
access to the o

nt and back of a bus card. The bus ex A e
tend abuscard to a convenient debuggmg oca
ituation to €X
. ts. The invention m

computer Stores, where
emen
‘bus timing Tequir

the invention can be used to
jnvention allows bus cards to be rea

)

ay also be useful in
s of different bus cards. The
son, without

demonstrate operation
adily swapped, for consumer compari

35

- 19 -




)

circuit preferably activates when the user or test program app{fifa ?FZW&EN'
| evel, to the hot-swap-term nal 430. Preferably, activation o @‘ o
hot - swap signal at the hot-swap term nal 430 al so: confi '

| oW i nﬁ@@&H %4rivers within the bus extender 400 35 to%@ﬁ%h‘%@gance
states. Step 1018 may optionally block power to the first UUT according to
a predetermned timng sequence. PCT1US00118726 1 5 JAN 200 WD 01/ 06369
1020 1G loh), the first tJUT 918 i,s re h a se%;)(ﬂod Ug;{dof At step

e

repl aced wi
| ace t he 'PHUIFARSAFG RErSQUPELIQIELYE g&acovgﬁﬁcascé’ﬁbwﬁ?’p%ov%g SRSt uuT. A
user may rebgotthe doniputereace hinewteasd mriniphkcer f ace may replace the UUT

automatically., r n t i i . F%f$ tep 1022. the
bus ext ender Jbgﬁfﬁ%r% %eﬁnggﬁﬁbgid;%ctgﬁ% S%E%?H?lﬁlgna [ g.‘;%@gy."fs’zz applies
power to detetiofs, nnd arpdifications rambomadhte theprefesead esbgdiment desanbed over i s
second U j . 0 b iR its lished on
the. sScomirain S g2t RORORL SHL AR s e Bl L° ' Lot of
estab menory to the second UUT at step 1024. P '~ ~e local neno ry for the
first WI is the sane type, the configuration data stored over 1026, the
test system operates the second UUT over 1lo valid for the second UUT. In
step rider 400. The bus extender 400 therefore pen-nits the first and
second reset the the bus extender wi thout the need to power cycle UUTs to
be power cycled and exchanged, bus 110  FIG | Cc illustrates how the test
system 900 recovers froma fault on e the first bus xtender 5 UU r. Power
is restored to the first UUT at step 1030. At step f1 422T at step 1034,
copi es the configuration data:stgred.in. its local. menory.ta 4 he:The test:u
system 900 thereby restoring the configuration registers of the frstT of
the bus 110 resunes testing operations at step 1036. No power cycling or
resetting is required. 20 Having described one enbodi nent, nunerous
alternative 400 can be built
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o

vari ations m ght be nmade. For exanple, the bus extender referre? fgﬂﬂ?bﬂﬁ?t
is into a bus and-need not be inplenented as & bus card. The p't

i nvention can be +the bus extender according to direct@ﬂgﬁgm% he Cl bus;
howewep 0106868 bus or AGP. 25 inplenmented on any synchr S bus, for
exanpl e, Nunerous bus extenders may be provided on a single bus to

simul taneously be used in extend nunerous bus cards to renote | ocations.
The busextender d Q may erve bus a variety of applications. Engineers and
t echni ci ans Wheatjisereimedis:pr ohi bit the use of "extender cards in actual

use. Strict limtations signals bus | of the plane of the bus to provide 30

cards," that is,_ cards that conduct bhus -~al ! is access to
the 1 roht ané mefbrd gge)gegﬁgg ea}zra:?)roﬂqgs gﬁs@éﬁ%@#_@g%ladté |§ g%ﬁ_bahby i t hout
violati ﬁicwengdﬁyﬁ{d §ictronaustbendhametwdsomprisisgdhe SHsRAGr 8RYIC%sef ul in
conput stores, . where .al g [ {Kus ahB@rivingahé i on nmay
ratidon can b@%‘é’?—ﬂ?Q@%ﬁ%ﬂ&'&ﬁ%{%ﬁé}ggﬁﬁ?hﬁﬂﬁﬁ%ﬂent bcgﬁ] cards.

het hout plBity OF e sigmalstappagie deyicecdnauinircanset, 38 IRRIAIPFSA“E Fous bus
cards to be.re dio'r?él%l? 5 JAN 2004r WO 01/ 06369 PCTI USO0/ 18726 requiring
store p¥t% Y19 enve the cover of a conput ef. 1RO éc%th@""”’ and
rebapt the cmﬁmreMGélgaalﬁ&ﬁ%g}edemgteﬁ?vﬁﬁ%g ﬁif‘&w%\fﬁnﬁ% erefore be

undey st . Sk dehififle tifhelthst varits inhalatian ¢ thedength ofieet i ons, and
nodi ic%?‘ﬁggggnéggﬁgle@r?a%e t% the preferred enbodi nent described herein,

W t Hout ingRspeieflig fromthe spirit and scope of the appendeg clainms. JAN
200k, WO 01/ 0§308ishilfed hold-off itereal, dtdeaspesTiousenthe sHINEMEChEF of ext endi ng
a synchronous .bus_usi ng_an, extender, devi ce: Lhaly-physi-cak by ‘@ngages=t he -

Ty g

e S 1S5 sy My peyereFs iy : : . .
O e tbrah the ymhrbcus Bib SRS e 481 S nterva

11 applying the return signals to the sync

12  elapses, | '
13 thereby ensuring that the return signals settle before they are applied to the.

14  synchronous bus, regardless of the length of the interconnect.

2. The method of claim 1, wherein the step of establishing the hold-off interval

1
5 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.
" ) 1 3 The method of claim 2, wherein the step of activating the remote device to

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

4. The method of claim 1, wheréin the step of establishing the hold-off interval
comprises setting the hold-off interval to a standard interval long enough to

accommodate a range of interconnect lengths.

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

and

- 21 -




receiving a plurality of bus signals fromthe synchronous bus qﬁ;i%o.lirj vi"&g{
the plurality of bus-signals to a renpte device via an intercon tAM-IZ'_

i nterconnect having an arbitrarily Iong |ength; recgpfhﬂgmi@,tﬁrn_ si gnal s
fromd hesagmot e device over the interconnect, the return signals having a
settling tinme that varies in relation to the length of the interconnect;
establishing a hold-off interval, at |east as long as the settling tine of
the 11 applying the return signals to the synchronous bus after the -
hol,d- of f i Rigeingahe tragactioapyidls he rgPRACEEY ensuring that the return signals
settle before they are applied to the 14 . synchronous bus, regardl ess of
the length of the interconnect. 10 return signals; and The nethod of claim
1, wherein the step of establishing the hold-off interval con%? ses the
exéenccjsg_r d6Mi GEthE f&gh%ﬂgﬂﬁdifinﬂlmﬂmaqmmdﬁectegla grieTR i signﬁls;
and unt i a nunper sa OLi55h fins Geltiansadtgmal s settl e.
The ndth wmﬁ@,toa}?éﬁgﬁefﬁge’step g?%%ﬁvatgna Jihe renote device to
gegera}}l&fﬁ&t%maﬁ@imadrﬂimdicqt'rViesléQCD@fWﬁgmeP BHEPFIEYi on to the renote
devi ce. e nmethod of claim1, wherein the step of establishing the

hol d-of f interval conprises setting the hold-off interval to a standard,.
interval |ong enough to accommopdate a range of iﬂmgconn‘itiaqcvtéqql r%BdThe nmet hod
of claim fur | whaginttheremdtedeidce idafirgtaremeih > 8% he
syﬁchr%noum_e%ggég@g?t%h transaction with the renote device; 21 5 JAN
204 VibriQdy @BE8BINgE ori ng the transaction with {he renpte device. .

PCT] USOOl1%&ﬁﬁxgqlememmeamame@mmmo%qhe rHRARAEEE SR e oot eduin

the nonitoring step V., .is i deOfo recotditiontfort € “evi ce, and

t het stane offthe Ff'ﬁ'g"ti’ AeviEs %‘ir;lhs%@gtcglgdnfeﬁﬁléci&@uﬁ es b?i%%’ﬁ&g a record-indicative
of & C(Q%}gltgjﬁrsa{amafﬁheﬁstre@mi@ée‘ﬂ@\ﬂ”@é?c MG of claim6, wherein the
rerfote device is a first renote device, an further conprising: restoring
the record indicative of the configuration of the renpote device onto e

S

8 The method of claim 5, wherein the step of monitoring the synchronous bus

on on the synchronous bus to which 2 rapid response 1s

includes detecting a conditi vh
required, and applying a rapid response 10 satisfy the condition on behalf of the remote

Wk

device.

9 The method of claim 1, further comprising controllably applying and removing

power to the remote device.

10. ' A method of extending a synchronous bus using an f:}ftender device th:t -
physically engages the synchronous bus, the method compr'lsmg :che extenderdev.lc :
monitoring the synchronous bus to detect a transaction with a remote e\.ncc.e,
the transaction including contents that encode a configuration of the remote device;
and ' o
storing the contents of the transaction with the remo.te device, ‘t.o maintain a

local copy of the configuration of the remote device.

d- s Wb

11 The method of claim 10, wherein the step of monitoring the synchronous bus

further comprises:
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one of the first renote device and a second.renote device, to Py ﬁcbggﬂf th[ﬁIn
~ for operation said one of the first renote device %&ﬂ@&ﬁ ngl re
/ .device. 8. The'imethod of claim5, wherein the stepP nitoring the:
SY60i/e3eus bus includes detecting a condition on the synchronous bus to
which a rapid response is required, and applying a rapid response to
satisfy the condition on behalf of the rempte de icﬁjony'ﬁ met hod of claim
1, further conprisi a‘%%ﬁ%ﬁyh&ﬁbmmmpbwwblcaﬁda?l ABRA°Ng power to the
enot e dedete@Ing AFLOD thod of extending a synchronous bus using an
ext ender. hce that physically engages th fes, the nethod
cfloinﬂ§‘|’%‘g%¥lﬁ,e exte (& 1048 the mnditiolé)ﬂpll?ahﬁ%i{y@%/gécrﬁé}glﬁgﬂs bus to detect a
tg ansact i apPlER " enot e devi ce, the transaction including contents that
encode a configuration of the renote device; d storing the contents of the
transaction with the renmote device, to maintain_a |ocal CORY of the
configuration of the r'e"%ehgf'eYﬁﬁx%-re;ﬂdte'd‘éhieemmr@otﬁld& $°10. wherein the
;%?p 10f  mamietnethodyok AR YVhMr onous bu thefcggﬁ%lﬁﬁﬁmémmel 5 JAN 2004
IUS&%%%;%gmé\ysi%/rmthﬂaloé@tcP%° condiTion on Ogﬁeémlpnous bus to
wWRi c i id réspon est% otd ESidd d a sacand IpMAL VF"&% Se to satisfy the
cgndidewioa oote |tpe e rem);thg vd(%v;jf,ﬁ%z:c&ﬂﬂeﬁhetddmNeS met hod of clai m 10,
wher el n I}}J}ﬁﬁ,ﬁgﬁ&@n&ﬁh@ﬁ%ﬁm‘% ve e 12 of the configuration of renote
afid gt ther conp device rising restoring the |local copy precondition
device onto one of the first renote device and a second o aoenot device, e
for operation said one of the first renote,devige risthgebronous '
bus. cards, cor‘gB?agf{@mgWTAthaqa@tSM%‘P“Pé’g??éﬁggﬁ%U{%? that are syn buil ding
f“)alrecb}-.db ofBon -=|--'gur"aév‘|8$n (ﬁg&%tifyﬂﬂat@fdridﬁﬂstwﬁ the first M ugtil
~-’blpcki ng abhilding 8#7e595HEt “Betneen theyﬁgmﬁgm%nbwﬁmUm after a
second UUTBiﬁkjdgsg@dWeﬂpowﬁ@eﬁ’éeepﬁbﬁt e record of configuration data for
0

L f Iaftii:&e after a sgéé)ndt@@TsiEEBﬁﬂcd; and  UUT onto the second
: ying the record of configuration data for the firs '
5 cop _ dUUT _
eding to test the secon ’ ) _ bus
¢ v betf; ) gm:ljowing UUTs to be exchanged safely while the synchronous
7 ereby _
g remains operative.

. ' ) . d
d of claim 13, further comprising detecting a fault on a UUT ant
o ; |

14. Themetho _
5 - informing an ATE controlier that the fault has occurred.

in the step of informing includes

im 14, where
The method of claim ller via the synchronous bus.

15.
5  communicating the fault tothe ATE contro

informing includes

in the step of
£ claim 14, wherein the Siep channel that is physically distinct

' do
1 16. The metho e

2 co'mmﬁni'cating the fault to the ATE controll
3 from the synchronous bus.

nding a synchronous bus to facilitate the testing of

17. A bus extender for exte

o synchronous bus cards, comprising:
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py to test the second UUT, synchronous bus W .before proceedi g 5?1%%
all owing UUTs to be -exchanged safely while the.sremains operati Ve, I'_;.%)n
a WT further conprising detecting a 14. The net hodp@I/USIABTR613, 'i'nf 6F mi ng
an wob1oed®rol l er that the fault has occurred. 15. The nethod of claim 14,
wherein the step of informng includes conununicating the fault to the ATE
controller via the synchronous bus. includes 16. The nethod of claim 14,

wherei n the svpa a,channel - hehdsyali stinct conmmuni cating the
fault to tamecAqEeE GﬁYlF%??“é?}é“ﬁr%tthé SmfBbessy

om t’he synchrono : ¥d ender for
extfsendi ng ﬁlﬁﬂ@@&mﬁa@mmtqtbeﬁ&fémﬁrfiﬂ‘&e ?W#ge#%nsd?ﬂ&?%v%fa %; synchr onous
bus cards, cog‘gri Si n?é%éa?e'a JAN 2004 PCTI GS00118726 WO 01106369 an "~
exs end eenngeier %&6 € 0 the éﬁ@ecmoz‘}%ﬁﬁ"%% c%ﬁgleamoﬁﬁterconnect,
cospl ed t owhbeiretht enttaderdeyicedn N di'ng_over a length to ctor arranged
to engage a eangtbgg%]lcmbﬁéﬁué,lﬂ&:lﬁﬂd-effdmrcuﬂemhé@ngﬂcl udes a hol d-of f .
ci T culerceniG B8 ¥3° 1 he  the {101 d-,6f fq-Ghristeival bared upomthe lengtleefonnect  and
th@'synchronousaléebyr%glﬂ&‘l%sOgélﬁster ?or storing a hold-off interval based
upon the | apghfr@hnedtgnd nterconnect; and a delay circuit for preventing:
refurn signals thaf acrj. - sigrabnhasseve from ek he -
o et r et PE reslh i

syachr onous bus? nt er I rial@lapseshe bus ext ender
O% cl ai m 1%omMgéring ontoethi syerhrenous eh E‘?}ﬁt%‘? ﬁ%@% ezitea delagy' rcuit
C

ri.sing: i , deternunation c a signal sanpler, coupled to the
I nterconnect that sanples the return signals to

i8...35The bus extender of claim 17, Wherein the hold-6ff circuit iricludes a delay
determination circuit, comprising: -
a signal sampler, coupled to the interconnect that samples the return signals to

determine a number of sample clocks required for the return signals to settle, and

i ister; and
stores the result in the delay register; ' . ’
a strobe circuit, coupled to the delay register and the delay circuit, that waits

until the number of sample clocks stored in the delay register elapse, and activates the

delay circuit to release the return signals to the synchronous bus.

0 3 ;oo W N

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 ﬂle remote bus -

o b W N P

interface, that stores the transaction with the UUT.

20 The bus extender of claim 17, wherein the transaction detectf:d by the bus
det-:oder is a-WRITE instruction to the UUT, and the remote statls memory stores a
ret;,ord indicative of a status of the UUT.




determ ne a nunber of sanple clocks required for the return si gr‘alés A@ 0
settle, and stores the result in the delay ‘register; and &,}ﬁs’%"mb él C%H #
coupled to the delay register and the del ay ci rcuit,’f'fzig‘grlts0 S until the
nu ¥} 03463 anpl e clocks stored in the delay register elapse, and activates
the delay circuit to release the return signals to the synchronous bus.
19. The bus extender of claim 17, wherein the eXtSQI eé‘i}fj \éi ce further

conpr i ies & BUS eBRRR BF cluirh Q0] whertinghd U8 Tsis adpet Utlite conprising: a bus
detodér; cg[:?pl ed to the s nc(pr NQUS 1 tihedecstatfocite fastUdhdasti on with

t he Uektenderdiesice dheanstre¢ist oo ?‘Fgrr%r ) %@le ed to the bus decoder and the
renot € c%%guﬁ'ﬁ?@bfe@@ﬁiﬁbrh&te sscwdéiéﬂf@f EEORcti on with the UUT. 20. The
bud eXtender of ¢laim 17, wherein the transaction detected by the bbu~ a
decoder is a WRITE instruction to the UUT, and the renote status nenory
record indicative of a status of the UUT. 1 5 JAN 2004 PCTIUS00118726 WO

01/ 06369 21, rTPS‘S b%%dé;)gf%ml%rlg;i:urﬁieﬁbcbmﬂtﬁhingj\hmcelWSEQ%CBEPF’?‘gr’a first UUT,
ch evice 1S

andl tRE- exihe onstructe 8 frdneuschbytot he record for
the ficbﬁﬁlewwmcsyachrwrmsuﬁq*-C@%QCE“rae%"g‘ﬁgiu%gi%ﬁf’?%ﬁse Oﬁg UUT for

operatian. 22. huss pguRedend afplies arapid BSpeRse (h EA1S rising a local
re§poﬁ@%gﬁ@1%g%ﬁ? coﬁ%‘l ed to the synchronous bus, that detects a

condi tdoadition. t he synchronous bus to which a rapid response is required and
applies a rapid response to satisfy the condition. 25
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