10 October 2006 TITLE OF THE INVENTION Testing Device and Method for Testing Backplanes and
Connectors on Backplanes FIELD OF THE INVENTION 100011 The present invention relates to the
field of evaluating pin connectors and backplanes. More specifically, the present invention provides a
testing device and methods of testing pin connectors and backplanes, e.g., iqég(pcl%g)gra% er.
BACKGROUND OF THE INVENTION [0002] Computers and their peripheral devices are used for a
wide variety of purposes including, data storage, communication, and document creation. Peripheral
Component Interconnect (PCI) is a local bus that is commonly used to connect a computer with one
or more pﬁﬁ%’ @i%\%ﬁié gT%IQUS provides a high-speed connection with peripherals and can
connect ' to the host computer. The PCI bus typically plugs into a PCI slot
on the motherbdkasting Devibostdtdethatdor(Te0dg Brokpimesod GionoPdirswaBavkpldugsed in 1995
based on the PCI standard and has since become one of the fastest-growing industrial bus
architectures to date. Initially targeted at the telecommunications and industrial control markets,

CompactEHLEKQE THHE EINNERTEMN interface and packages it into a smaller, more rugged unit. The
most noticeable i foe TRASQANHAUSUIFRIAE WARdRAR0PHMARAIIREHREIRF A hich

dimensions and” mechanical components are standardized by the Institute of Electrical and
Electronicdiacimagnas cMotrepecificolyidhe nessent invariic pEpvidasiafesting deyigsipud asthadeafly
interchang&gpé?iggm%&gt&({%gg&ﬁa&gge@mrgq,qugggrpgrthe CompactPCl is in a blade server, also
called an ultradense server. Blade servers are comprehensive computing systems that include
processor, memory, network connections, and associated electronics, all mounted on a single

motherboppixair b eNaede. THE I eENTRIN types of blades - server blades, storage blades, network

blades and more.JOOOS) The server blade, along wijth storage, net\%yorkin and.othefr blades, are
[0002]) ° Computers and their peripheral devices are used for a wide variety o

purposes including, data storage, communication, and document creation. Peripheral
Component Interconnect (PCI) is a local bus that is commonly used to connect a computer
with one or more peripheral devices. A PCI bus provides a high-speed connection with
peripherals and can connect multiple peripheral devices to the host computer. The PCI bus
typically plugs into a PCI slot on the motherboard of the host computer.

[0003]  CompactPCI or “cPCI” was introduced in 1995 based on the PCI standard
and has since become one of the fastest-growing industrial bus architectures to date. Initially
targeted at the telecommunications and industrial control markets, CompactPCI takes the
popular PCI interface and packages it into a smaller, more rugged unit. The most noticeable
change made to the architecture was the adoption of a form factor in which all dimensions and
mechanical components are standardized by the Institute of Electrical and Electronics
Engineers (IEEE). Consequently, numerous vendors can supply mechanically interchangeable
components.

[0004] One important use of the CompactPCI is in a blade server, also called an
ultradense server. Blade servers are comprehensive computing systems that include processor,
memory, network connections, and associated electronics, all mounted on a single
motherboard called a blade. There are many types of blades - server blades, storage blades,
network blades and more.

[0005] The server blade, along with storage, networking and other blades, are

typically installed in a rack-mountable enclosure that houses multiple blades that share
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typically installed in a rack-mountable enclosure that houses multiple blades that share 1 10 October
2006 common resources such as cabling, power supplies, and cooling fans. The blades are
connected into a common circuit board, called a backplane, that provides connections to and between
blades for both data and power. With its modular, hot-pluggable architecture, IB% (§absil)?@(%cessible

. . . . . . ClODCT,
blade server offers increased computing density while ensuring both  maximum scalabi ity and ease of
management. [0006] Typically, the backplane provides rows of pins, preferably configured according
to the cPCI standard, for connection to the various blades that might be installed in the blade server.

The blades each have a correspanding connector,that i clquls rece I les in which the pins
of the confeclor o the Dac Cplgmce%qlrn fggg‘\a/re%l%ﬁeesh %Heclc))l%l & fg“?hpsft% Iégg .u%geagguse of the complex
and tightlyqmetted ivicaitomihen nimyithvstd waldd adeskpliaeg thatimsyides fonestietiviesabde required

e A AN A ARGEIANG piRSC AT mdBEKE, 247 BB BIRAIES) 0T Seloaie

pins prov In each connection row on ane that might Feceive a blade. [00071 The pins
are packemsihpeesesnide adpsefernbfizdeeedind conpetioR densitn mdeeneyEdbRIB the necessary

number omggmwmgggg@m&%@ppropriate amount of real estate on the backplane. In

part because the pins are’so closely packed together, the pins are relatively thin and, therefore,

somewhat delic#8806 pin Exmicalisithedackplapaprorites io TooTPing frakibioceiisifd can occur when a
blade is ipeRGHYJMRIARY s RMAIR LCHIR MBS t63RA 78S S RO B BIAGYHNT, Storage or

shipping of the backplane. 100091 if a pin is broken or bent and fails to make a connection with an

installed fhaBadeseryadEnsanes| B bRYR I TRIBEMS. PRI BLRIERF IR EREEBGEN S the
problem apRshf MHBhANS HIAY dith@ LRGS0 JHARYbAURBI: Hie fRoskedavien@asbleduigntly, it would be

very useflilrlxsttglllgg. af?é?a%%e\/g{ It% \évglr% e?(ra?ﬂ)(iéﬂﬁ? ;t]a%}égdbc?r%tqittr)}? B}a? ;ng;oel%esrt] ’ograq)?e}/(g, a
large number of connections are required between the blade and the backplane. Consequently,
there are a relatively large number of delicate pins provided in each connection row on the
backplane that might receive a blade.

[0007] The pins are packed close together, preferably according to the cPCI
standard, to provide the necessary number of connections to each blade within an appropriate
amount of real estate on the backplane. In part because the pins are so closely packed
together, the pins are relatively thin and, therefore, somewhat delicate. A pin can easily be
bent or broken.

[0008] Damage to the pins can occur when a blade is improperly installed.
Damage to the pins can also occur during the manufacturing, storage or shipping of the
backplane.

[0009] If a pin is broken or bent and fails to make a connection with an installed
blade, the blade will likely not function properly. It may be very difficult to identify the
problem as a bent or missing pin among so many pins on the backplane. Consequently, it
would be very useful to be able to verify whether any pins have been bent or broken, or have
shorted, prior to placing the backplane in service or installing a blade. It would also be very
useful to be able to verify the proper operation of the backplane prior to assembly of the blade

SErver.



shorted, prior to placing the backplane in service or installing a blade. 1t would also be very useful to
be able to verify the proper operation of the backplane prior to assembly of the blade server. 2 10
October 2006 SUMMARY OF THE INVENTION [00101 In one of many possible embodiments, the
present invention provides a testing device for testing a backplane. The testing)q)ec\{(i)%ere%fgrably
includes an impulse board with a connector for connection to the backplane, where the Impulse board
sends test signals to the backplane; a receiver board with a connector for connection to the
backplane, where the receiver board receives the test signals; and a communication channel between
the receivgr, @@Ftli;ﬁ' through which the receiver board signals to the impulse
board resdaits of the testsignails. dditional advantages and novel features of the invention will
be set forth in tH80d@kcriptivrnevbi ohafiy fessiblsrembgdivectd s rthe ghisseti davensidhadawidp® art through
reading t . ials. Qr ficy 1%1 invention,. T [ i ay be achieved
nrough (e B B B B INGS (00121
The accorbgradyiith aicanierserifersteansqtierfeordd baskpirtieneheseohehmpghesasrdieagtitsstand are a part
of the spe '%lffémhgﬁmewg&wf%épﬂ%&%ﬂ%}ﬁg%r fhesimmpassia @tR,and explain the

principles of the present invention. The illustrated embodiments are examples of the present invention

and do noPhess s eSeBise WriasrRi R 9 6iEnals-A)d a cuRmiIisatien Fharue ieetfer that may be

tested usipgdnetihoas AadidamipescAwRddieuh VR R & Bha PipsaR bR HMipals¢00141 Fig. 2
is a block diagram of an embodiment of a backplane testing device according to an embodiment of

the preseRCTRGLTSN OfdbAEHt B18P28is a block diagram of an embodiment of a backplane testing
device accordingeeiqnothaideiohddidvaiiget Wi poeskbitires ofite. invention will be set forth

in the description which follows or may be learned by those skilled in the art through reading
these materials or practicing the invention. The advantages of the invention may be achieved

through the means recited in the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings illustrate preferred embodiments of the
present invention and are a part of the specification. Together with the following description,
the drawings demonstrate and explain the principles of the present invention. The illustrated
embodiments are examples of the present invention and do not limit the scope of the invention.

[0013] Fig. 1 is an illustration of a blade server that may be tested using methods
and devices according to embodiments of the present invention.

[0014]  Fig. 2 is a block diagram of an embodiment of a backplane testing device
according to an embodiment of the present invention.

[0015] Fig. 3 is a block diagram of an embodiment of a backplane testing device
according to another embodiment of the present invention.

[0016] Fig. 4 is a block diagram of the internal components of a backplane testing
device according to an embodiment of the present invention.

[0017] Fig. 5 is a more detailed block diagram of the internal components of an
impulse board or driver card of a backplane testing device according to an embodiment of the

present invention.



[00161 Fig. 4 is a block diagram of the internal components of a backplane testing device according
to an embodiment of the present invention. 100171 Fig. 5 is a more detailed block diagram of the
internal components of an impulse board or driver card of a backplane testing device according to an
embodiment of the present invention. 3 10 October 2006 [00181 Fig. 6 is a m&@cg)ﬁg@% 6block
diagram of the internal components of a receiver board or loopback/termination card of a backplane
testing device according to an embodiment of the present invention. [0019] Throughout the drawings,
identical reference numbers designate similar, but not necessarily identical, elements. DETAILED
DESCRIPTION gy JiE REEEERRED EMEQRIMENTS 100201 £ig,Lis an lusiaon of a blade

y be tested uSing methods and devicesaccording to embodiments of the present
invention. reeeslenbmarih dFitpopbankd amimtinticand o falmekplany pistid godavieeswooedifg00 rincludes a
backplane (101) mounted in a rack e(%02 . The backplane (101) preferably has pin connectors on both
sides for r8%91(‘3)f’\]/c}}rﬁrgl]e é}tﬁﬁ% 65 Of the ][fg e server (100). 100211 The blades connected to the
backplane (101) [@9]all b&lwbuigbostthe dimeings, identtalabfrance mumbens deigjignatersanipkides (103a)
connected to one side of the hackplane (101) may be larger than the blades (103b) connected to the
other sid(:L g?t%g ac Sﬁﬂa{%é%@dcﬁl( ﬁeerggt'he blade server (100) is assembled, the blades (103) are
connected to the backplane (101) and supported within the server rack (102). [0022] A number of
blades (1GRFAf bp snacipdineA TaEeRE ERRIS RRONHBNTS example, the backplane
(101) may have nineteen slots for blades (103) on each side of the backplane (101). [0023] Fig. 2 is a
block diagram ofl%?¥mbokignéiit Bt Hustakienie tladaigyentba %%B‘Fdﬁ%@%’%?gé?ﬁ Giment of the

present inygNieRceA 8ceBRIME #d Entbodirdis dF B¥PRRERBCinvention. As shown in Fig. 1, and as

mentioned above, a typical blade server (100) includes a backplane (101) mounted in a rack

(102). The backplane (101) preferably has pin connectors on both sides for receiving the
blades of the blade server (100).

[0021] The blades connected to the backplane (101) may all be of the same size.
Alternatively, as shown in Fig. 1, the blades (103a) connected to one side of the backplane
(101) may be larger than the blades (103b) connected to the other side of the backplane (101).
When the blade server (100) is assembled, the blades (103) are connected to the backplane
(101) and supported within the server rack (102).

[0022] A number of blades (103) can be connected to each side of the backplane
(101). For example, the backplane (101) may have nineteen slots for blades (103) on each
side of the backplane (101).

[0023] Fig. 2 is a block diagram of an embodiment of a backplane testing device
according to an embodiment of the present invention. As shown in Fig. 2, and as explained
above, the backplane (101) has a set of slots or connectors (121) on a “front” side of the
backplane (101), and a second set of slots or connectors (122) on a “rear” side of the
backplane (101). Each slot (121, 122) provides rows of pins for connection with a blade.
Preferably, the pins of the slots (121, 122) are arranged according to the cPCI standard.

[0024] Each slot (121, 122) has pins dedicated to different functions. For
example, each slot (121, 122) has data pins through which data is transmitted, power pins

through which the connected blade receives power, and ground pins for grounding the



above, the backplane (101) has a set of slots or connectors (121) on a "front" side of the backplane
(101), and a second set of slots or connectors (122) on a "Year" side of the backplane (101). Each
slot (121, 122) provides rows of pins for connection with a blade. Preferably, the pins of the slots
(121, 122) are arranged according to the cPCI standard. [00241 Each slot (121210, &%21), h%()%lns
dedicated to different functions. For example, each slot (121, 122) has data pins through which data
is transmitted, power pins through which the connected blade receives power, and ground pins for
grounding the 4 10 October 2006 connected blade. Additionally, the data pins are further categorized

by the types SLBS AL KRR S 16008 PAHOD S BPARL AR L ARy PlRgment of he

present invention, a testing device “(120) fo ane rlver card (123) (also
known as eatriedpuithe foghan perfooptshek or termination card (124) (also known as a receiver board)

and a communicigd) Chaiel 135) URUHBBRA AR chis, RS GTIEBIcaton channel

(125) can be wired (e.g., electrical cable, optical cable, etc.) or wireless (e.g., radio frequency,

infrared, &89 fpnéhe@mmmékmﬁ ’@ﬁ'éiﬁ?ﬁe@ drivey qard (iR Arks o R aR BIIP RS BP#dY Allows the
driver cargyhg %@J}ﬁléﬁmﬁ%@@ﬂ@ ERERANIGRIR e BoaRY £i@alS mdasAlaaek loop. [00261

Each card (123, 12 5 as will be illustrated later, includes a connector, preferab% a cPCI connector,

like the coiaBRSHH1B RasTerse thsdw e een A thd )| Fhe sommunisatiepitenel 613 ranthede server. As

shown in Riged (Fe Qé&ﬁ&ﬁ%ﬁ@lélgﬁddﬁ EBKIEE i RBL (2T radid it ubheyDafapéane (101), while
the Ioopback card (124) is connected to another slot (e %gf 122) of the backplane (101). [0027] With

the testin§'8avilBe((TBPEBHRR shapatliden fHrxasr bpskplane ({120 apd gligye &61) the testing
device (12ByeacasedIpsEigndorbarEN 1nptbiommiaiicil’dataladd cteaueii fyedtadi eepnce and

connected. The W dion B Beratb e Lo rEse oty B BEGERE t verity the.
proper opgréftinblph itRChackietoe, (ke 1hecsatiié@or on a blade used to connect the blade to the

backplane (101) of a blade server. As shown in Fig. 2, the driver card (123) is connected to a
slot (e.g., 121) of the backplane (101), while the loopback card (124) is connected to another
slot (e.g., 122) of the backplane (101).

[0027] With the testing device (120) connected between two slots (121, 122) of
the backplane (101), the testing device (120) can send test signal between the two cards (123,
124) to verify the presence and operability of all the pins in the connectors of the backplane
(101) to which the cards (123, 124) are connected. The test signals passing between the cards
(123, 124) can also be used to verify the proper operation of the backplane (101) and the
connections provided by the backplane (101) between blade slots (121, 122), to power and
ground lines, etc.

[0028] The driver card (123) generates the appropriate test signals that are applied
to the backplane (101) through the slot (121) to which the driver card (123) is connected.
The test signals are received (or not received) by the loopback card (124). The loopback card
(124) then signals to the driver card (123) via the communication channel (125) as to the
receipt or non-receipt of the test signals. Consequently, as will be explained further below, the
driver card (123) can then indicated to a technician whether the pins of the connectors are
present and operable, and whether the backplane (101) is functioning properly.

[0029] Fig. 3 is a block diagram of an embodiment of a backplane testing device

according to another embodiment of the present invention. As shown in Fig. 3, it is not
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connections provided by the backplane (101) between blade slots (121, 122), to power and ground
lines, etc. 10028] The driver card (123) generates the appropriate test signals that are applied to the
backplane (101) through the slot (121) to which the driver card (123) is connected. The test signals
are received (or not received) by the loopback card (124). The loopback card 16]8@,15%& égnals to the

3
driver card (123) via the communication channel (125) as to the receipt or non-recelﬁtro the test

signals. Consequently, as will be explained further below, the driver card (123) can then indicated to a
technician whether the pins of the connectors are present and operable, and whether the backplane

(101) is fupctiQni erl 291 Fig. 3.1 ck diagram of ' of ckplane
testing de\{/{l%eéga co(%gr% %OX%Ar%gt e%ag% c?&ﬁ“naér%!% %gea&@ﬁﬁ%@eﬁggﬁ%@%ﬁgﬁ ﬁﬁFig. 3, itis not
5 10 Octoband 2009 asshewsanFip RaRatharotimeanications CHh natlivethechackplandi(i@h)card (123) and

vt AV . sabrcad
e loop ;}%@8(%911"43{@%&%%&%@ £ Ey!ﬁ@m@b&a?c%&g%aj)‘wﬁeg%ﬁoaawmlEh%@ac plane (101)

can be used by the loopback card to report data to the driver card
(123). 100”04 (£73)4 is a block diagram of the internal components of a backplane testing device

acearding to an AEUYKImasy. of 1P BRLIBMANANASAN ISR of . iRiGlaN Bk the cards

(123, 124) can be logically ivided into at least three separate functions. &%0311 First, the driver card
(123) prefesish anfendingste fe srbodimentef Bie RIBH ARPRIN a4 BShoNB &gt 1B TFSrB¥nerating test
signals to gvaiualasie s ARGk eacte T X aly iR CRAEANE’paRP RAGiBAIVhIch the driver card

(123) is connected. This drive circuit (130) sends test silgr]als through the backplane via the cPCI
function pins that%03Albe FdskithsiayeneredHedpBiiminBplAescEarII B} SaHBEN is also connected
to the backpificerizdased aivihEreang i3y for@eneamg il digniBIosigiladss the pparkinaivnections (133)

corrcsportieg SIS URESTP LA STHD BHOL YA 1957 1h RE L AR G 125,
circuit (130) sends test signals through the backplane via the cPCI function pins that can be
received at the corresponding loopback card (124), which is also connected to the backplane.
Based on the receipt or non-receipt of the test signals, loopback connections (133) in the
loopback card (124) terminate the cPCI functions and report the results of the test to the
corresponding drive circuit (130) of the driver card (123) via the communication channel (125,
130).

[0032] Second, the driver card (123) preferably includes circuitry that can be
characterized as a drive circuit (131) for generating test signals to evaluate the Local Area
Network (LAN) and slot-to-slot function pins of the connector on the backplane to which the
driver card (123) is connected. This drive circuit (131) also sends test signals through the
backplane via the LAN and slot-to-slot pins that can be received at the corresponding
loopback card (124), which is also connected to the backplane. Based on the receipt or non-
receipt of the test signals, loopback and gathering connections (134) in the loopback card
(124) terminate the cPCI functions and report the results of the test to the corresponding drive
circuit (131) of the driver card (123) via the communication channel (125, 130).

[0033] Third, the driver card (123) preferably includes circuitry that can be
characterized as a drive circuit (132) for generating test signals to evaluate the hotswap and
other function pins of the connector on the backplane to which the driver card (123) is
connected. Hotswap pins allow the connectors of the backplane to receive a new blade or

release a connected blade without first shutting down the blade server. This drive circuit (132)

6



130). [00321 Second, the driver card (123) preferably includes circuitry that can be characterized as a
drive circuit (131) for generating test signals to evaluate the Local Area Network (LAN) and slot-to-slot
function pins of the connector on the backplane to which the driver card (123) is connected. This drive
circuit (131) also sends test signals through the backplane via the LAN and s{gtdgt-sr!grtﬁgé that can
be received at the corresponding loopback card (124), which is also connected to the bac plane.
Based on the receipt or non- receipt of the test signals, loopback and gathering connections (134) in
the loopback card (124) terminate the cPCI functions and report the results of the test to the

corresponding drive. circ itél 1@1;)f the driver.card, (123) via the communication cqlann | (125, 130).
e&%hgs}ésrll%réarlsclfgxf 11(%_35 e bac%g?_gxtﬁ )\/Ilﬁ] %1 gtswg a oﬁlllﬂler anctl%ne pin whic canebg

[00331 Thif pre oS GRdl ry that can aracterized as a drive
circuit (132ckivegen chatiogespending alsplmcvedubfE24) ewiothusgisandnretited fotistibackpleonf the

connector,on the backplane to which the driver card (123) is, connected. Hot ing allow the
connectors]? of Qw%ntﬁaec&%%%?eo O TecaNe §°%g§,3 ‘6’%&‘3“ (ggrrs ’?é;fé"zbs‘;‘% aaré% %‘gﬁ?gg %%Qecgvbﬁﬁout first
shutting d6l3n)tinelisldabplaskveardTh it tdvainate wie 13y ® podDthebRinctdns bsmgdestedardgnals through

the backp ape A heie VAP AR U IARRRAIRWIELAARBF of AEARA: g aggresponding

loopback card (124), which is also connected to the backplane. Based on the receipt or non-receipt of

the test si§itdhs roppBmisationchanprlihtp cb¥Pections (135) in the loopback card (124) terminate the

hotswap and othgp4pctiongelfing E%%&Q@z@ﬁ‘gréﬁ%ﬁ thaugsWR of herdesiitarbhe(e9s5aamonding drive
circuit (132) of the driver card (123) via the communication channel (125, 130). [0034] The driver card

! VIé 0). [
(123) prefSrRBRUIHARIEESAE orirramsimdhas hrdestans thrtoranstapandiad bac bgv4 beBhnician that
the tests altiiessunociios AncHoTbaskpldbaiare PEEN4 e cessfWaed (128pifRilalds birdee embodiment

Giodes (LE0SF 5 AP HE PEISEPL I8 21 BE REHRRAAT Ll RGBT UP A 2otong as the
tests of thél 86 mney termenaatly unlit and remain unlit so long as the tests of the connector and/or

backplane are successful. If any test fails, a corresponding LED (136) may then be lit to

indicate to the operator of the testing device that a failure has occurred.

[0035]  Inthe embodiment of Fig. 4, a separate LED (136) is connected to each of
the three drive circuits (130-132) described above. Thus, if a cPCI function test fails, a
particular LED (136a) will be lit by the corresponding drive circuit (130). Ifa LAN or slot-to-
slot function fails, a different LED (136b) will be lit by the corresponding drive circuit (131).
If a hotswap or other function fails, a third LED (136c) will be lit by the corresponding drive
circuit (132). In this way, the operator of the test device will have a better idea of the problem
found so that further diagnosis and corrective action can be appropriately taken.

[0036] It will be appreciated by those skilled in the art that the indicators (136)
may be any device or devices that can indicate to the device operator that test has succeeded
or failed. For example, the indicators (136) may be combined as a liquid crystal display
(LCD). The indicators (136) may include a speaker or speakers that give auditory success or
failure indications.

[0037] Additionally, the set of indicators may be configured in various ways to
serve different purposes. For example, if the testing device is designed especially to test for
the presence and operability of the pins in a cPCI pin connection, the pins of that connection
are grouped into five groups. Consequently, the bank of indicators (136) may include five

separate indicators, for example, LEDs, that correspond to the five groups of pins. If an open
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backplane are successful. If any test fails, a corresponding LED (136) may then be lit to indicate to the
operator of the testing device that a failure has occurred. [0035] In the embodiment of Fig. 4, a
separate LED (136) is connected to each of the three drive circuits (130-132) described above. Thus,
if a cPCI function test fails, a particular LED (136a) will be lit by the corresponﬂmct%ggrezg' guit (130). If
a LAN or slot-to- slot function fails, a different LED (136b) will be lit by the corresponding drive circuit
(131). If a hotswap or other function fails, a third LED (136c¢) will be lit by the corresponding drive
circuit (132). In this way, the operator of the test device will have a better idea of the problem found so

that further. diagnpsis and cotrective action can be.appropyiately taken. [0036].1t will. be appreciated by
those skilled J%%%tﬁl%%alrl}[ that ﬁiéeiﬁr(ﬂ%%i’o%gff% arrq]allsf%n %ﬂgf’(‘;‘e"\#&zﬁé’)r‘: %Jé‘\:/slgce’g]dfﬁ%fn élécr? ti‘#():iicate to the
device opefkoyr ifrtivatidyag s tiscemdsgomtiigildkD fsdit e kathislwash theneieatoro (1i6iestiagbe combined

itony s R o e e iured

various walpeperatigg\mingdifferent purposes. For example, if the testing device is designed especially to

test for the pres aﬁ?nd g&g@gig%&pﬁﬁ%ﬁ@'&% I{f%%%xﬁ@f?ﬂ@ﬁ%ﬁ%omﬁqﬂﬁﬁ(&ffqﬁat connection

are grouped into five groups. Conseque icators (136) may include five separate

indicators, fopulsebagiid or fiiysr eaed e askplatettesties flpaien acqesdigin sni¢mbedipeant ofitheOctober 2006
is detededpi@s@x’i%%ﬂﬁ%rgr%Qﬁo&lﬂﬁ?@i&?@ﬁﬂ@iﬁﬂﬂ@e%&%ﬁﬁﬂv&?@aF@ﬁﬁ%P%ﬁJ&l& indicator (136) is

activated, e.g., the corresponding LED is lit. In this way, the operator of the testing device is able to
know in wiSRIHERGE 6 o bitcoreresien fhasieh ebthe backpirethemsfesiety Jhssopradtavél pin 5100381 Fig.
S is a morgrértailsch biatkedimgetsn of the internal components of an impulse board or driver card of a

backplane testingfeyjce agcording.q an STASAmERLClTe RresenLinventon. As sheypnn Fig 5 the
(156) for controlling the operation of the impulse board (123) as test signals are generated. A
memory unit (149), preferably an electrically erasable and programmable read only memory
(EEPROM) unit, may also be provided. The memory unit (149) can contain a variety of test
algorithms that can be executed by the microprocessor (156) for different backplanes and
configurations. In this way, the testing device of the present invention can be used in a variety
of environments or can be programmed according to the specific needs of a particular
operator.

[0040] A battery (148) is preferably included to provide power for the testing
device. In this way, the testing device can be moved about and used more flexibly without
concern for maintaining an external power source. This battery (148) may be rechargeable

[0041] To generate the desired test signals, the microprocessor (156) signals a
group of series-to-parallel decoders (154). These decoders (154) take the serial signal from
the microprocessor and decode it into a parallel signal that can be sent in parallel over the
various pins or traces to be tested. As shown in Fig. 5, there may be three such decoders
(154) which correspond to the three drive circuits performing logically different functions as
described above in connection with Fig. 4.

[0042] As each serial signal is converted to a parallel signal, the decoder (154)
feeds the parallel signal to an output buffer (152). The output buffer (152) buffers the signal

until the process of converting from a series signal to a parallel signal is complete. The buffers

(152) then provide the outgoing parallel test signals through the connector (151) and into the
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connector (151) for connection to a slot of the backplane being tested. The connector (151) is
preferably a cPCI connector. [00391 The impulse board (123) also includes a microprocessor or
micro-controller (156) for controlling the operation of the impulse board (123) as test signals are
generated. A memory unit (149), preferably an electrically erasable and progr?m%l%)leer 5%89 only
memory (EEPROM) unit, may also be provided. The memory unit (149) can contain a variety of test
algorithms that can be executed by the microprocessor (156) for different backplanes and
configurations. In this way, the testing device of the present invention can be used in a variety of

environmepts, or can be programme rding.to the specific needs qf a particular ator. [00401 A
pattery (14 BB HB I Ao SO SRS TSRSt g BT S Ay e testing
device cand®gymehnmikabperhdnd.used more flexibly without concern for maintaining an external power

source. This battﬁ@%ﬁ%) glwsaa/esbc%ggggg?rge é% %QtAs'%]f;ilixo %gpgga&g et‘(q%%%,sfirﬁgcrietest signals, the

microprocessor ( ignalsa“group Serics: O-parallel de¢oders ese decoders (154) take
the serial sigadl({i24), dlesigndedirotassbe amphieboatd ({l A pimafacdbiaiksigoml Thas.canibpatsent in parallel

over the varj ins or trac te in.Eigd. 5.: . ch decoders
(154 which R o R ST s LA N BB, s
above in corethasanenFibyonglhiobe bickplardieise iesterig iers signsle aredmoniiqreddive sifynal, the
decoder Uy ANBARINFHARA RGN 3h BANAMRUIHIR oskol SOLBPHRLITEAIR2) huffers the

signal until the process of converting from a series signal to a parallel signal is complete. The buffers

(152) then provid@8#d outdbiny ¢fahalivputssioign alshp ANBrettas sdanethisrindsatesa s the B 10
October 2Q@6,HackpiaiRe Btk RSiES - ThEIAND(Zae) QONICOT BT Qi:RIR G gignal to the decoders

(154) to synchronize operations. [00431 As described above, the results of the test, as detected by the
receiver microprocessor based on whether all inputs to a particular gate are high. The AND gates

preferably include a +5 Volt AND gate (157), a -12 Volt AND gate (158) and a ground
(GND) AND gate (159). The microprocessor (156) is programmed to correctly interpret
these results and operate a bank of indicators (not shown) accordingly to indicate the results
of the test to the testing device operator.

[0045] Among the test signals, and during operation of the backplane, there are a
large number of +5 V, -12 V, and GND signals going to and from connected components. If
the pin or trace for carrying any one of these signals is non-functional, it may cause a problem.

Thus, the impulse board (123) will send a signal on each of these "rails," one at a time. The
signal is looped back by the receiver board (124) to the AND gates (157-159) on the impulse
board (123). The gates (157-159) must receive a looped back signal on ALL of the AND
Gate inputs to indicate that the voltage rails/grounds are functioning.

[0046] A reason for employing AND gates is to reduce the number of signals input
to the microprocessor (156). The microprocessor (156) is not signaled as to which pin or
trace may be faulty, but is merely signaled that all pins and traces are testing as operational,
1.e., all the inputs to the AND gates (157-159) are high, or not all pins and traces are testing
operational, i.e., not all the AND gate inputs are high.

[0047] An embodiment of the present invention could be created in which the
testing device determines and reports exactly which pin or trace is faulty. However, the

reason for simplifying is that there are probably 30+ inputs for each voltage/ground. Inputs on



board (124), are signaled back to the impulse board (123) in a feedback loop. Thus, an input buffer
(153) is connected to the connector (151) for receiving signals to the impulse board (123) that are
sent through the backplane being tested. These signals are monitored by a set of AND gates
(157-159) which, in turn, signal the microprocessor (156) of the test results. [qgltﬁlc]tolge% &%‘ the inputs
to one of the AND gates is low, this indicates a failure of some component being tested. The AND
gates (157-159) then send signals to the microprocessor based on whether all inputs to a particular
gate are high. The AND gates preferably include a +5 Volt AND gate (157), a -12 Volt AND gate (158)

and a grounc(%0 ((,9'?}83@65'\41% géaélg né%ISQ)T 'I;]Qe.trgicrg rgco%%so(r:a(l][gg)ri%gr ?Iré%mm&d ttootﬁgrrectly interpret
these resiits an operate a bank of'in |catlors'?no€fs OWn) accor mg?y 0 Indicate e results of the
test to themestprgaissacé Heiratnthd BN gatendind-1139)texbei theal §0 andivitlwihigpateration of the

backplane, thersgyiya R AU 0L Vsl N LGNS SR S00PG BATRA conected
components. If the pin or frace for gafrying any one of these signals is non-functional, it may cause a
problem. chinns] etwieap ths dnippdaeibprd) 123) saththersigivar berebdRDF o AcCOMBMITICANETSt a time. The

signal s o bl P FAMGL O T AAAMO IR ANRARES A5UATRN g mpuise board

(123). The gates (157-159) must receive a looped back signal on ALL of the A puts to
indicate tizaltHe aenmamanisatiogoodide A0Y fercersmmiication direatewith thegieesisTdiprg I®ND gates is to
reduce thg.AurBREHAL HlERAR YT R4NBTHS ANOEESRRM ek rhHuIRARUYASF BSWirekDO) is not

signaled as to which pin or_trace may be faulty, but is merely signaled that all pins and traces are
testing asP5Perelftsnat dssribed ah8¥puts to the AND gates (157-159) are high, or not all pins and
traces are testingoageratiniéie efbdihait iR hby $atadipiégricyBF) fadduhiéaiembodiment of the

present invention could he created in which the testin vice determines and reports exactly which
pin or tradS YIRS TR 8\5@?&@2%&&%&F%‘?%ﬁl%@%‘g&i&aﬂﬁ%?gya‘froe"ﬁrr‘g%lg% V3G inputs for each
voltage/gisacridd pués the GahdGNIDYpaB3GkHthe backplane chassis so that no external wire is

required. For this purpose, the communication module (150) would be an RF transceiver and

would be connected through the connector (151) to the ground pins of the backplane, as

illustrated in Fig. 5. However, in other embodiments, the communication module (150) would

not require a connection to the connector (151), but would communication directly, wirelessly

or by wire, with a corresponding communication module on the receiver board, described

below.

[0050] Fig. 6 is a more detailed block diagram of the internal components of a
receiver board or loopback/termination card of a backplane testing device according to an
embodiment of the present invention. As shown in Fig. 6, the loopback card or receiver board
(124) is very similar in structure to the impulse board (123) described above. The receiver
board (124) also preferably includes a battery (148) to provide power. This prevents the need
to supply power to the receiver board (124) from an external source or from the battery on the
impulse board.

[0051] The receiver board (124) also includes a connector (151), preferably a cPCI
connector, for connection to a backplane. Parallel signals from the pins of the backplane
connector are received through the connector (151) by output buffers (152). These buffers
(152) feed the incoming signals to one or more parallel-to-series decoders that convert the
incoming signals to serial signals that are, in turn, input to the microprocessor (156). A clock
(155) synchronizes the operation of the decoders (154). This processor (156) may also have a

10



microcontrollers are expensive. Thus, it is more economical to provide three inputs to the
microprocessor (156) from the AND gates (157-159) rather than 90 individual inputs. 100481
Additionally, as described above, there may be an external communications channel between the
impulse board (123) and the receiver board (124), i.e., a communications cham@&@gg&%g not run
through the backplane. Consequently, the impulse board (123) may include a communication module
(150) for communicating directly with the receiver board to receive signals indicative of the test results.
This communication module (150) may be wired or wireless, as described above. [00491 In one

embodiment, there may be radio frequency (RF) com ication, between the jmpulse hoard (123) and
the receivB}eB](?g(;e(‘ilﬁ%S{“ﬁ‘ﬁgo 5 %%ﬁh?dﬂ?%ﬁ%’éﬁn@g%gﬂie% %éﬁ%ﬁ@ﬂﬁﬁhﬁ’@‘&f pins in the
backplanetepasade apptbptise groigranahing enis te@ gaitels Fenkbisrotsgeosd, Sty communication module

(150) would be transceiyer gnd would be connected through the cqnnector (151) to the ground
pins of the back%?gﬁg, as ﬁﬁ%%:’g?e%elﬁlﬁ)lw feRs R ’,{fﬂed{’hcé?p %s(?ﬁﬁ%gn H?Ras SHmunication
module (1&dek wothkslinoisebpiireé that dudieatti e tndéwsscorfabatos f{ths st uAwdestditedrtaug)ication directly,
wirelessly _ar by wire, .with a,cor onding communication moedule on the recejver board, described
below. 10858 ‘l’él.lcgt}gnamr%%% Qf;@ﬂgﬁr B ocfkwdrlél%sr%i%m 1%?131 ??n (é%ﬁé (s:%?ﬁel c?ﬁrgrcl\{s of a receiver board
or loopbaskirenmminatimbetveeo fthe easiysnbeard $lidd) al/tbe inpudsingrdd Ba3) e hisoniestinn of the present

invention. 5 SBR Y il IRGAREFISOPAHARISSSERRIRLS (3 richeaiBiar in structure to

the impulse board (123) described above. The receiver board (124) also preferably includes a battery

(148) to pAsvakedaRte, PHevfRs Rdhee RIS aEPT O v hs\BTouRLPIRS e dhedeaskplansoard (124) from an
external source gjo¥9M theHRaferYpASELNS: ITHY)I5RPREAINMNHRS fest RERRACRIVRERGRIFAL 24) also

includes a connector (151), preferably a cPCI connectar, for connection to a backplane. Parallel

signals frdd IR PINEF 1bé3ﬁﬁ§l§r?e+%yr?llfé8§§)?i$‘éitr@éé?‘védlﬁlXﬁ}bﬁﬁﬁ%‘f&%‘ﬁ WA51) by output
buffers (1g2und€relyubiersrdibRkied Ko RECMINGsSioRaiHIAIA0 ene ANDY gHey alel-1ggeries decoders

that Conv%?g%? on the impulse board (123) and provide the loopback of the test signals to the impulse
board as described above.

[0054] The test circuits (161-163) output parallel signals to an output buffer (160).
The output buffer (160) sends the signals through the connector (151) and the backplane being
tested to the receiver board (123). As described above, the receiver board (123) receives
these signals through an input buffer (153) and, through the use of AND gates, evaluates the
receipt or non-receipt of the test signals to determine the success or failure of the components
being tested.

[0055] The preceding description has been presented only to illustrate and describe
the invention. It is not intended to be exhaustive or to limit the invention to any precise form
disclosed. Many modifications and variations are possible in light of the above teaching. For
example, the receiver board, instead of the impulse board could include the indicators and
could signal the results of the test without looping signals back to the impulse board. The
impulse board would signal the receiver board that a test has been initiated and the nature of
the test. With appropriate programming, the receiver board can then read the results of the
test and indicate success or failure without feeding signals back to the impulse board.

[0056] The preferred embodiments were chosen and described in order to best
illustrate the principles of the invention and its practical applications. The preceding

description is intended to enable others skilled in the art to best utilize the invention in various
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incoming signals to serial signals that are, in turn, input to the microprocessor (156). A clock (155)
synchronizes the operation of the decoders (154). This processor (156) may also have a 10 10
October 2006 memory device (not shown) like the memory device (149; Fig. 5) on the impulse board
(123) to provide appropriate programming and test patterns for the processorl(a.ggg.b%ggg&l Based on
the incoming test signals, the microprocessor (156) loops signals back to the impu?se board that
indicate the success or failure of the test. As described above, a communication module (150), wired
or wireless, may be included to supply direct communication between the receiver board (124) and

the impulse board 123%. onnection(g%et een the icati mgqul the connector
(151) maﬁlg%o%a%?}ll ed owﬁztaﬁsvadleoélgrrl%% a %?/nes,q al oﬁ%?@%%% %Lljcnlcatloﬁcg{l/%%)llﬂée}%lfound pins of
the backdlinétaeed Biaflthe senpeayithe avemtion36)defimpdide thinfodimiieg smignals to test circuitry
(161-162). Preferably, there is a +5 Volt test circuit (151), a -12 Volt test circuit (162) and a ground
(GND) test circuit (163). These test circuits correspond to the AND gates (157-159; Fig. 5) on the
impulse board (123) and provide the loopback of the test signals to the impulse board as described
above. [0054] The test circuits (161-163) output parallel signals to an output buffer (160). The output
buffer (160) sends the signals through the connector (151) and the backplane being tested to the
receiver board (123). As described above, the receiver board (123) receives these signals through an
input buffer (153) and, through the use of AND gates, evaluates the receipt or non-receipt of the test
signals to determine the success or failure of the components being tested. [00551 The preceding
description has been presented only to illustrate and describe the invention. It is not intended to be
exhaustive or to limit the invention to any precise form disclosed. Many modifications and variations
are possible in light of the above teaching. For example, the receiver board, instead of the impulse
board could include the indicators and could signal the results of the test without looping signals back
to the impulse board. The
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impulse board would signal the receiver board that a test has been initiated and the nature of the test.
With appropriate programming, the receiver board can then read the results of the test and indicate
success or failure without feeding signals back to the impulse board. [00561 The preferred
embodiments were chosen and described in order to best illustrate the princi%egc% tprez& ention and
its practical applications. The preceding description is intended to enable others skilled in the art to
best utilize the invention in various 11 10 October 2006 embodiments and with various modifications
as are suitedbAviel p&ticIMIEldde contemplated. It is intended that the scope of the invention be
defined by the following claims. 12 10 October 2006 WHAT IS CLAIMED IS: 1. A testing device (120)

for testi backpl 101 id testi ' { ising: an j Ise board (123 isi
connector for conndeton (5 EHSASNBIARE LS G BCRE Bl oty GG test ignals to

said backplateent®ig:a receiver board (124) comprising a connector for connection to said backplane

(101), said receiveshagidsehedld ?Pﬂg&'&%?é%%&i%?%&Q@rﬁ\é&‘ﬂ@?ﬁ%&f&%&%ﬂpﬁ?@'}@@b{lz& 130)

between said receiver board (124) and said impulse board (123) through which said receiver board
(124) signal$a YRR R PRACE(HeR g PnsAF Fedditalsdp sAfPRA&PBINERD2 . The testing device of claim 1,
wherein said commurtshiohahd (i) Cbap)isanpisesanmimetessecimmuaicatickplank (ietyeen said

impulse boaggiéJr \gpp??gd(%lr%z%\ég{vipgggﬂ %%@B%T testing device of claim 1, wherein said

communication channe mprises said ne (101). 4. The testing device of claim 1,
wherein said comnUFERtEHCRRRMFBNELERS, 130) between said receiver board (124) and said

impulse board (123) through which said receiver board (124) signals to said impulse board

(124) results of said test signals.

2. The testing device of claim 1, wherein said communication channel (125)
comprises a wireless communication link between said impulse board (123) and said receiver
board (124).

3. The testing device of claim 1, wherein said communication channel (130)

comprises said backplane (101).

4, The testing device of claim 1, wherein said communication channel (125)
comprises a signal cable external to said backplane, connected between said impulse board
(123) and said receiver board (124).

5. The testing device of claim 1, further comprising an indicator (136) for

indicating results of a test conducted with said test signals.

6. The testing device of claim 1, wherein said impulse board (123) further
comprises a plurality of AND gates (157, 158, 159) receiving test signals returned by said
receiver board (124), said AND gates (157, 158, 159) outputting an operational signal if all

expected test signals are received.
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comprises a signal cable external to said backplane, connected between said impulse board (123)
and said receiver board (124). 5. The testing device of claim 1, further comprising an indicator (136)
for indicating results of a test conducted with said test signals. 6. The testing device of claim 1,
wherein said impulse board (123) further comprises a plurality of AND gates %‘? 1b5e§26§69) receiving
test signals returned by said receiver board (124), said AND gates (157, 158 d) outputting an
operational signal if all expected test signals are received. 13 10 October 2006 7. A method of testing

a backplane (101), 5aid métReENebheh st brokalaae it A suifburieog 6arRP(IEP8) said backplane (101);

connecting a receivehRQarg thahhidsssidaackplane l(él&ia)arﬁﬂﬂdiﬁg test signals from said impulse
board (123) to said bac (flane 101); rec§ %E%Jsald Cmsv ith said receiver board (124); and
8

communicating resOiY B 088 &l rgf?] channel (125, 130) between said
receiver board (12$)9rahnigsteat13|g1ipl$li=r@rb@antilr(mB)Emagtﬁﬂmm@&@bk&lﬁe'ﬂ/é@mbard (124) signals to

said impulse board {1&3)Psald 1 péqg\mfﬂp@mgoewge‘ggéms(@g)cgmmunlcatlng results comprises

wirelessly communicating said results th ro%} a wireless communication link ( 1251 between said

impulse board (123CAHEVBIGRPACETIES Hoald (peignds i Rl BYURIHANE ANl élr s ditPvirelessly
commumcatbmg/\eenmareseselmbmgdramo fretpaehicyptiagboarggIa3 ubingghinsiol sadrdzackplane (101).

to. The met ing a testing device (120) comprising said impulse
board (123)% 8 ﬁ%ﬂr@i garfgfg'g% ry! )Hbgae?ﬁ'%f

8. The method of claim 7, wherein said communicating results comprises
wirelessly communicating said results through a wireless communication link (125) between

said impulse board (123) and said receiver board (124).

9. The method of claim 8, wherein said wirelessly communicating comprises

making radio frequency transmission using pins of said backplane (101).

10. The method of claim 7, further comprising powering a testing device (120)

comprising said impulse board (123) with at least one battery (148).
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