TECHNI QUES FOR CONTROLLI NG MOVEMENT OF A Cl RCU T BOARD MODULE ALONG A CARD
CACGE SLOT BACKGROUND 5 Autonmated test equi pnent (ATE) enables el ectronic
testing, in volume, of units-under-tgst (UUTs) in a reliable and consi stent
manner. Exanples of UUTs include sem conductor devices (e.g., processors,
application specific integrated circuits, field programable gate arrays,

etc.), circuit boards (e.q. t s, multi-chip
nodul es, etc.), aﬁ&@ﬂ&Ql?ﬁéFWW&@Hﬁﬁp,!Wu cli |1§sj comonly referred
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I nstrunent at i gﬂ‘gﬂﬁé@;@/ a?gg]%]}? ereinafter sinply referred to as
the instrunentation assenbly) and a conputer. The instrunentation assenbly

typically includes circuit board nodul es which vary in design and function.
For eBAPKGRAUNP nodul es specialize in driving certain types of signals

onto the UUTs (e.qg., 15 digital .skanaks, i I ko frequenc
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pe Pbor m conprRigGipneat, wifiéh 8 gomindnherefied to Ihan duopatieiestaysismTays an
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ective role in analyzing and eval uating the result esting. In

gener alsimpignestactypicaly ingludespn “FB’WBF’H%%&QGPMP@?E@%%%&QQE% which are
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power supply signals, overhead, timing, etc. Typically, the instrumentation assembly

farther includes a card cage for holding the modules and a backplane for connecting the

modules to the computer. Once an appropriate combination of these modules is properly

20 installed within the card cage of the instrumentation assernbly, the computer
communicates with these modules through the backﬁlane to coordinaie their operation
and thus perform comprehensive testing of the UUTs. The computer also plays an
effective role in analyzing and evaluating the results of such testing.

In general, mamifacturcrs attempt to provide automatic test systems which are
25 easily re-configurable for enhanced flexibility. To this end, some tester manufacturers (i)
provide the card cage of the instrumentation assembiy with universally-sized card cage
slots and (ii) size the circuit board modules to fit into any of the universally-sized card
cage slots regardless of function. As a result, customers of such automatic test systems
are then capable of installing different combinations of the circuit board modules into the

30  card cage slots and thus are capable of performing a variety of different tests using the



di fferent conbinations of nodules, e.g., different tests on the sanme UUTs,
different tests on different UUTs, etc. Al though the card cage slots of

t he above-described card cage are unidersal in size (i.e., each card cage
slot permts insertion of any circuit board nodul e regardl ess of 5
function), the configurations of backpl ane connectors within the card cage
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the area of the backplané. That is, each card cage slot has a unique physical keying

feature that enables only certain modules to fully insert into that slot. In one approach,

20  the tester manufacturer provides the backplane connectors with alignment pins and the
circuit board connectors with alignment holes (or vice versa), thus only allowing a
module to fully install into the card cage when the alignment pins properly align with the
alignment holes. If the aiignment pins do not match with the alignment holes, the
alignment pins provide mechanical interference against the module and the module is

25  incapable of fully inserting into the card cage. In another approach, the tester
manufacturer provides an alignment notch ot indentation at a particular location along the
connecting edge of the n;Lodule and an alignment tab _:along a location of the backplane
thus only allowing a moidule to fully install into the'c;ard cage when the alignment notch
location matches the alignment tab location. If the alignment notch location does not

30 match the alignment tab location, the tab provides interference against the module thus



30 match the alignment tab | ocation, the tab provides interference agai nst

the nodul e thus preventing the nodule frominserting further into the card

cage, As a result of these keying afroaches, only properly keyed nodul es

(e.g., nodules with properly located alignnment holes or alignnment notches)
- are permtted to fully insert into the card cage. Y Unfortunately, there
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the majority of the arca along the connecting edge of the module thus leaving little space

left for placement of alignment holes or alignment notches. Accordingly, there may only
20  be a few keying permutations (i.e., only a few available locations for alignment
structures) even though fhere may be many types of modules thus requiring more keys
| ) than that which are available. As a result, the above-described conventional keying
approaches may provide an inadequate number of keys for practical use.
Furthermore, even if there alignment structures are long enough and even if there
25  are an adequate number of keys, the abovc-described: conventional keying approaches do
not adequately address the possibility of insertion of a circuit board module into a card
cage slot where one or more components is too tall for that particular card cage slot.
Rather, such a clearance inadequacy is typicaily detected when contact is made between a
component and a nei gh'bforing obstruction. Unfortunately, by that time, the component

30  may have sustained damage.



30 may have sustai ned damage, Mreover, it is difficult and a design burden
to devel op and inplenent an effective physical keying subsystemwthin
ATE. In sone instances, such keying -4ubsystens are i nplenented as
afterthoughts after main devel opnent of the ATE is conplete. 5 In contrast
to the above descri bed conventional keying approaches, enbodi nents of the

I nvention are _directed techni qu t LA L@ i ility of a
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to the irst elenent has one of an_ identifier.and a sensor.

The conixite theaubdule helrer (erg:, dongi the partiewlarcasd eaged o). ePHehICRIWCE Fhed to the
T o B o el B RpoRheidirgeptier 20d the
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i ndi cat p\(iDfa VaHiety dfeftbiif beurd nibidales dat vaty in design and function but that may
cause damage if inadvcrfently allowed to substantially insert into an incorrect card cage
slot. .. (‘
One embodiment of the invention is directed to an automatic test system for
20  testing electronics, e.g., electronic devices such as semiconductor devices, circuit boards,
etc. The automatic test system includes a module to be used in conmection with testing
the electronics, a modulé holder (e.g., a card cage), and 2 control subsystem. The control
subsystem includes a first element attached to the module. The first element has one of
an identifier and a sensor. The control subsystem further includes a second element
35  attached to the module holder. The second element has the other of the identifier and the
sensor. The sensor is configured to (i) read the identifier when the module begins
insertion into the module holder and (ii) provide a sensor signal in response to reading the
identifier. The sensor signal has a value indicative of the identifier. The control
subsystemn further includes a controller which couples to the sensor. The controller is

30 configured to receive the sensor signal from the sensor and output a control signal based



subsystem further includes a controller which couples to the sensor. The
controller is 30 configured to receive the sensor signal fromthe sensor
and output a control signal based on-%he sensor signal. The control signal
i ndi cates whether the nodule is authorized to substantially insert into

=~ the nodul e holder. The control signal is capable of being used in a

variety O&P]Eg%%‘%r%zédég gf?ééb(ﬁﬂoﬁﬁgﬁdl IndBGikdswAlie i medule igauthiogized tr  soundi ng
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aut hori zechté%ﬁsubst antially insert, 10 BRI EF mﬁﬂ %Gz'TH .nDRAW NGS
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| ke r eBﬁ&SﬂE@a éafk@hécf&ﬁgﬁ'nyh&s%ﬁ% alp@sitibe thkberslee thembdulehe pasyiwhen thche

di fferent views. e draM ngs are not necessarily to scale, enphasis

i nst ead cbftrd]lGighhbinditates drat thelmeduleisianthoriped torsubgiapiadly 18§er he i nvent i on.

Fig, 1 is a block diagramof an automatic test system (i.e., automated test
equygnment) which is suitable for use by the invention. Fig. 2 is a block

di agram of a control subsystem of the automatic test systemof 20 Fig. Fig,

"3 is a PRIEPONESCRIPTION OF THEBRAWINGS of the automatic test systemof Fig.

lest syt om T5F Spegog sy el el foffel, Atad Bl RE My Bt R O €

test system a procedure which is
per f or "gﬁpé%é’nt%ﬁ% Bl BiloWing RsirpHBA of parBinlteanbalpatnsobtheRingention, 280 DETAI LED

DESCRI P
illustrated in the accompanying drawings in which like reference characters refer to the
15  same parts throughout the different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principles of the invention.
Fig, 1 is a block diagram of an automatic test system (i.e., automated test
equipment) which is suitable for use by the invention.
Fig. 2 is a block diagram of a control subsystem of the automatic test system of
20 Fig. 1. : R
Fig, 3isa perspéptive view of a card cage of the automatic test system of Fig. 1.
Fig. 4 is a perspective view of a circuit board module of the automatic test systerm
of Fig. 1. |
Fig. 5 is a flowchart of a procedure which is performed by a user of the autornatic

25  test system of Fig. L.
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Enbodi nents of the invention are directed to techniques for controlling
novenment of a circuit board nodule into a nodul e holder (e.g., a card cage
along a card case slot) which involvge-sensing an identifier of the nodul e
and electronically authorizing further insertion of the nodul e based on
the identifier. As a result, control over insertion of the nodul e does not
need to e ack end of the nodule holder (e.g., in the area
of a baéﬁ%ﬁ%ﬂ@#ﬁﬁﬁaﬁﬁgﬁfﬁggch control may take place at the front of the
modul e hol d%ﬁ%aﬁ@&&@&fmemﬁ@isxamryctmweamimmeomommg modul e i f the

nmodul e is not authorized to substantially insert into.the rIDduI e _hol der,
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i nvent i gper ikdteticnié e trioduleakbs BotsiseditoXake placs a8 theorack gnd efitheanedidust |y and

| i abl , I I tS- - (U 22, UUTs 22
| ncl uclebelda g shesuata b Ras), datier ook (ATCL S e TR B Rat oo

Fig. 1, tic .t 20y RS EMdBS: GHREIE
i Ingt r unﬂ#&gﬂ?ﬁiﬁfg@%@%ﬁfgﬁzﬁagﬁﬁo&é%%@&g@| .nserag?gﬁ&%ont rol Rﬁ?dsltﬂgm 28.
The i”%ﬁdﬂgﬁ%ﬁ:ﬁiézpﬁ B ahlly imértits thetasdile holder. Sugh ta&hmiguebarckpl ane 32

nmounted to ack 20 end 34 of the card cage 30, and a set L circuit board
mod i es wall{sujted for nse BgB3utorpatis test system (62, sptprated tesd awapmﬁ gYPB8) . The

backpl ane, 32 j ncl ude rigid .3 ' Y | nar in
Yshape, - anyerel kot bR o RIS ars pablleS & AEinR B e e BLEC Do
3S., Eaghqchpguit board nmodule 36 includes-a circuit board 42, electronic

circuitry 44~ 25 (e.g., integrated circuit conponents, disoreet conponents,
etc.) mount eflig d shbws en patginatic tesbsystemZ0 (&2 ae ugREFeh e or s 46

boar d nBeRT dsstcsia gt S SRl o e Bl i SRET i it e iyl
gfz ;i‘e ﬂs‘%{uﬁgﬁﬁfﬁg gu}’ﬂxstt?%é{dex@haﬂyie@t, APPAINmS) iR hedBOteltq UAITS) dBt ect signal s

rom us providing a robust electronic deyjice testing
envi r onBrahpled of UNTs 2rincluddscarcinductor devices ouircaithoands carddhe Bkeonf i gured to
performa s piglsﬁtlnlwzl ?r? Fi%? ir fts L&Qm%ili'g thestassystem 20 includes a test manager 24, an
instrumentation assembly 26 and a module insertion control subsystem 28. The

instrumentation assembly 26 includes a card cage 30, a backplane 32 mounted to a back

20 end 34 of the card cage 30, and a set of circuit board modules 36(1), ..., 36(8)
(collectively, circuit board modules 36). The backplane 32 includes a rigid member 38
which is substantially plémar in shape, and columns of backplane connectors 40 supported
by the rigid member 38 _

Each circuit board module 36 includes a circuit board 42, electronic circuitry 44

25  (e.g., integrated circuit components, discreet compoﬁents, etc.) mounted to the circnit
board 42, and circuit bdérd connectors 46 attached to the circnit board 42 along a leading
edge 48. The circuit board modules 36 vary in design and function and operate under
direction of the automatic test system 20 to apply signals 50 to and detect signals 52 from
the UUTs 22, thus providing a robust electronic device testing enviropment. To this end,

30 each circuit board module 36 is confignred to perform a specialized operation such as



driving digital signals onto the UUTs 22, detecting digital signals from
the UUTs 22, driving analog signhals onto the UUTs 22, detecting anal og
signals fromthe UUTs 22, providi ngpower supply signals, providing
overhead and timng, and so on. Accordingly, not all circuit board nodul es
36 are required during each test, and the particular 5 conbination of
circuit hoard, nodul es 36 whi I S g W difaDsi fthi9Re UASEs ZPepends on
the typ8r¥nsg Ea??ﬁn épﬁtowmg?bﬁssoggé%g%%s devi ces, RF conponents,
etc.) agflvidGnaibkBindf ofitdlt UUTs22l etbitiag snalobsignels frpomtie Vs 24 t her shoun
in Fig. 1, ®he cdrd cage 30 is copflgure to hold various  conbinations of
the cir grividibgpowernmgplyeipndB, providing-everhspd end Sming, SR K APSHR » To 10
this end, the card cage_ 30 jncludes | tiple 54. Sone
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si des Ofhelihge 6£1TUTE 28 €e.80 midrbplocessarswhalog devices RSt commonenty, ¢i&) ard B nanner

to the nodul es 36 housed within thg card cage 30. It should 15 be
under st typé of lelectrenig testing fq brRReroM@Ed-a t op view of the card cage 30 so that
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that dogs: 1 attach to the circuit board modules 36, sensors or electronic readers 60, actuators

62, a module insertion controller 64, and an output device 66, The sensors 60 and the

20  actuators 62 are shown closely integrated with the instrumentation assembly 26 in Fig. 1
(i.e., within the box for the instrumentation assembly 26) since the sensors 60 and the
achuators 62 attach to the card cage 30 along respective card cage slots 56. As will be
explained in further detail shortly, the circuit board element 58 attached to each module
36 has an identifier 68 {e.g., a magnetic code, an RF tag, a barcode or mafrix code pattem,

25  a character string patter:;, etc.) thus enabling the module insertion control subsystem 28 to
(i) distinguish the moduies 36 from each other as we_il as (ii) detect when a module 36 is
about to insert into the c;ard cage 30 along a particular card cage slot 56 and thus control
whether that module 36 substantially inserts into the card cage 30 along that card cage
slot 56. InFig. 1,2 sen;or 60 and actuator 62 is shown for a card cage slot 56 that does

30 ot currently hold a circuit board module 36 while the sensors 60 and the actuators 62 for



30 not currently hold a circuit board nodule 36 while the sensors 60 and
the actuators 62 for the other card cage slots 56 are hidden in Fig. 1 by
the circuit board nodules 36 currentt§- residing within the card cage 30.
It should be understood that, even though the card cage slots 56 are

- universal in size, certain card cage slots 56 may not be configured to
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flashing red light) and/or an andio warning (e.g., a bell or buzzer sound) to wam the user

that (i) the module 36 is not authorized to insert into that slot 56 and (ii) if further

20  insertion were otherwise permitted, damage to the module 36 and/or the backplane 32

could result.

| ) By way of example only, suppose that the circuit board module 36(1) has circuit
board connectors 46 which properly align with corresponding backplane connectors 40 of
the backplane 32 in the right-rnost card cage slot 56 thus enabling the module 36(1) to

25  fally insert and connect with backplane 32 in the right-most slot 56, as shown in Fig. 1.

However, further suppose that the circuit board connectors 46 of the module 36(1) do not
properly align with the backplane connectors 40 in the adjacent card cage slot 56.
Accordingly, if the module 36(1) were allowed to substantially insert into the adjacent
slot 56, damage to the connectors 40, 46 and perhaﬁs other components of the automatic

30  test system 20 could result. To prevent such damage, the module insertion control



sl ot 56, damage to the connectors 40, 46 and perhaps ot her conponents of

the automatic 30 test system 20 could result. To prevent such damage, the
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As explained earlier, the' module insertion control subsystem 28 controls whether the

module 36 is authorized to substantially insert into that card cage slot 56.
20 As shown in Fig. 2, a circuit board element 58 having an identifier 68 attaches to a
) common location 80 on the cirenit board 42 of the ci;cuit board module 36. Preferably,
) the location 80 of the cﬁwit board element 58 is near the leading edge 48 of the module
36. Similarly, the sensor 60 and the actuator 62 are also located at a location 82 near the
front opening 70 of the card cage 30 along the particular card cage slot 56. The locations
25 80, 82 of the components 58, 60 enable early sensing of the identifier 68 before the
leading edge 48 of the module 36 has substantially inserted into the card cage 30 along 2
card cage slot 56. It should be understood that, in so;11e instances, the location 80 is
somewhat offset from the leading edge 48 rather than immediately on the leading edge
due to high density placement of the circuit board connectors 46 along the leading edge



sonewhat offset fromthe | eading edge 48 rather than imredi ately on the

| eadi ng edge due to high density placenent of the circuit board connectors
46 along the |eading edge -10 48 as-ilPlrustrated in Fig. 2. If necessary,
the sensor 60 and the actuator 62 are capable of being | ocated anywhere

Wi thin the card cage 30 except the very back 34. As further shown in Fig.
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and a 15°configuration database 96. In one arrangenent, the nodul e

i nserti gdjasmbtardlchgs slobG.esi des within a conputer that further operates as
the test manager 24 thys enahli congurre ' onputer for
bot K0 oper at i Bﬁb?@ﬁéﬂ@a%ﬁ%a%%g%ﬂﬂﬁ?@e %ﬂ"ﬁ%@c@@&f@; ﬁ?ﬁ‘gﬁel:ggén eaﬁt of the
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use of & single computer for both operations. Preferably, the power source 88 is
independent of the power source that powers testing pf the UUTs 22 so that the_ module
insertion control subsystém 28 remains in operation to ﬁrotect against damage to the
20 automatic test system 20 even when there is no cm'ré';:lt testing of the UUTs 22. Further
details of the operation o'f the module insertion control subsyster 28 will now be
provided. ‘ '
When the circuit board module 36 begins insertion into the card cage 30, the
sensor 60 reads the identifier 68 from the circuit board element 58 of the module 36, and
25  provides a sensor signal f98 in response to reading thé identifier 68. The sensor signal 98
denotes the identifier 68 (e.g., a number represented by a pattern, a magnetic code, an RF
tag, etc.). The module insertion controller 64 receives the sensor signal 98 from the sensor
60 and outputs a control' signal 100 indicating whether the circuit board module 36 is
authorized to substantiaily insert into the card cage 30 along the card cage slot 56. To
30 this end, the processing circuitry 86 queries the authorization database 94 o determine



tag, etc.). The nodule insertion controller 64 receives the sensor signal
98 fromthe sensor 60 and outputs a control signal 100 indicating whether
the circuit board nodule 36 is authdli-zed to substantially insert into the
card cage 30 along the card cage slot 56. To 30 this end, the processing
circuitry 86 queries the authorization database 94 to determne - | |
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that prevents such insertion (e.g., the tab remains in a blocking orientation). Accordingly,
if the module 36 does not have authorization to substantially insert into the card cage 30
20  along the card cage slot 56, the module insertion control subsystem 28 denies further
insertion of the module élong the slot 56, Since the module 36 has not substantially
moved into the card cage along the slot 56, there is fio possibility of causing damage by
contact between the mo:dule 36 and the backplane 32. Furthermore, any tall components
on the module 36 have not had an opportunity to contact a neighboring obstruction thus
25 preventing damage to these tall c::amponcnts.
Additionally, the processing circuitry 86 stores the result of the query operation in
the configuration databz;se 96 (e.g., 2 logfile). This feature provides users of the
automatic test system 20 with an operation history. For example, a user is capable of
easily displaying the current configuration of circuit board modules 36 in the card cage 30

30 (ie., to see which modules 36 are in which slots 56) on the display moniter 52 of the



25 preventing damage to these tall conponents. Additionally, the processing
circuitry 86 stores the result of the query operation in the configuration
dat abase 96 (e.g., a logfile), This-figature provides users of the

automatic test system 20 with an operation history. For exanple, a user is
capable of easily displaying the current configuration of circuit board

nodul es 36 in the card cage 30 30 fi. : ' R ' are in
whi ch sP@%@lng"’ g)ﬁs{ﬁﬁ@q ﬁﬁvs%ﬁf&nw&&?ﬁéﬂéﬁ%&opt rgm? ’]‘gi by
subs equggcgg%ﬁ%gﬁ%ﬁgg@ﬂerﬁmﬁ, £ freticaly ARdale insettivn W, defied biydhamwodylet he

user is how frequently nodul e i naﬁr,t I on_was,.deni ed
by the wmeitod cohtpsleubéyatenc2hifor tlackioppymesss Furthesdetails oksdnyranpR &l
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directio (also see Fig.” 1). Such novenent enables conveni ent readi ng of
the i dihetcafd ege 6Bt56 arheubsstansiolly 8@tiedl. t hat card cage slot 56. By way of
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identifier 68 by the sensor 60 of that card cage slot 56. By way of example only, both the

sensors 60 and the actuators 62 are located along common bottom locations 106 of their

20 corresponding card cage slots 56 (see Fig. 3) and the circuit board elements 58 on the
circuit board modules 36 are located along a bottom side edge 84 at a common location
80 of the circuit board modules 36 (see Figs. 4 and 2). In other arrangements, the

components 58, 60, 62 of the module insertion contro] subsystem 28 are commonly

located at the top of the card cage 30 and the fop side edge 84 of the module 36.

25  Furthermore, in some aréangcments, the sensors 60 aie commonly located along one
support member 34 (e.g., the bottomn support membef 54) and the actuators 62 are
commonly located on an opposite support member 54 (e.g., the top support member 54)
to enable placement of the actuators 62 nearer the front opening 70 of the card cage 30
along their respective slots 56. -

30



conponents 58, 60, 62 of the nodul e insertion control subsystem 28 are
commonly |ocated at the top of the card cage 30 and the top side edge 84
of the nodule 36. 25 Furthernore, ipjgsone arrangenents, the sensors 60 are
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extrenely hi ghhomldbelfmﬂmmadgstnedlthatthh@mﬁfs‘éﬁ%’a’é@‘FH’&P ¥n readers
and the circuit_ board el errents I atterns
10 (e. gleCl’t“a‘I%'Tdf\Fl’FWe’Hélsééﬁ@@ edag%n ég}ﬁ?qt’ngsg%r{sb%k@rlg@?%dﬁs etc.)
t hus pr 8%%%@& %ﬁ& H:Ec' @ichi b@arh'e[Erﬁén@sSSB dBmeds thé idetittfidérs 68,gpatte8. | n

anot her he sensors 60 include magnet i c heads and the circuit
boaggl et ﬁe%’reﬁ §x@ﬁbmﬂemmagmebdas, gtingspef chigacters, Qﬁcaﬂl@“ P&%‘“E‘WS identifiers
gnetic

68, I dabl e d .
Y1 nel uaesntiabis imsigsemumien o ReRuY o oLV AEHERGD U TeBARE A" S
transm i1 ﬁ‘dg ﬂagp‘é‘@c £48 Hlﬁd)ﬂln 'cir tfa&ﬁd bﬁﬁﬁhﬁsfﬂs%au@@maﬁﬁtfbaﬂﬁ)swm&l gnat ur es

(e.q. an enployee a ge scanni ng systen). Clher simlar types
of i dengpfd Gt QdlenfiieR g8 Aiagneticellpreatatii¢ dataf bryet seother amsees b on as

vvel | . Further details of the invent,ion now b ﬁﬁ-dl Whlidte ef erence
to Fi g s@smﬂlﬁg lntﬂuﬂﬂsREﬂquB\ﬁE@Fit ‘?)‘W"é(‘“ﬁl"ﬁ’@le%ﬂf‘g‘tig%&ﬁﬁ*dg | S per?o% med by a
use h L&, Odimi1RSt@ anl etipléfeea Circuit
boa % h{fs ' &gﬂ 'tdﬁgufiar 5&%&%&?&@;&@@(@ £ Qdimi . b W
badge scanning system). Other similar types of identification mechanisms are suitable

for use by the invention as well, Further details of the invention will now be provided

with reference to Fig. 5. |
Fig. 5 is a flowchart of a procedure 120 which is performed by a user of the

20  automatic test system 20 to control insertion of a circuit board module 36 into the card

_ cage 30 along a card cage slot $6. Prior to beginning the procedure 120, it is assumed

) that the user has correctly configured the authorization database 94 of the module
insertion control subsystem 28 so that a particular identifier 68 of 2 circuit board element
58 is correctly authorized for a particular card cage slot 56.

25 In step 122, the user (e. g the manufacturer, the customer, etc.) attaches the ¢ircuit
board clement 58 havmg the identifier 58 to the cn'cult board module 36. For example, if
the circuit board element 58 is a sticker having, as the identifier 68, a pattern (e.g., 2
barcode), the user affixes the sticker to the surface of the circuit board 42 at a location
where the sticker will be easily read by the sensors 60 (also see Fig. 1). In the context of

30 an RF tag or a magnetically readable strip, the user simply fastens that device to the
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cage 30 along a card cage slot 56. Prior to beginning the procedure 120, it
Is assunmed that the user has correctly configured the authorization

dat abase 94 of the nodule insertionl4entrol subsystem 28 so that a
particular identifier 68 of a circuit board element 58 is correctly

aut horized for a particular card cage slot-56. 25 In step 122, the user

(e.g., the manufacturer, the, custoner, igugel the board
el enent cisRithagy @Oﬁﬁ@%ﬁd%ﬁﬁﬁ’fa%armggﬁf‘oﬁt e@%ﬁ%&@? ogpg%?rl%{fe 366. For
exanpl e, if .. t. ' i StdiMr intifer 68 of the kirenitboardelemant t he
I denti f?@o%%aﬁggd%g[)%r% S?g‘?’g?ﬁa Qar_éode) , the use{ ﬁ%];ig )éﬁsﬁ‘ir}‘?@t I cker
to the sgif@eRclf aitherizedns allew bamtaitiabnsarion offhemodpie todhe Hie cker
will be easi I%qread by the sensors .60 é&l&st%‘see Fig. 1). In the context of
30 an Rslot 3 u@%@l@f@ﬁﬁ@ﬁﬂ?‘i}%@@&%ﬁ P, the user sinply fastens that
device to the -14.cji rcui. | ghioahé eardeagecd0.aloxfg t he user
1 et 124, 5 s P n R O Bomoud 36 y

has 2 not cor ont1gur thorizati on ‘dat abase 94 so_that the

part i cup@lsidtdentintd REivEptitgetsienaatianofithosamsor signshBhfromse sesertt ect | y

aut horized to all ow substantial i nserltst'bon of the 'ﬁﬁéjﬁﬁmq?e bﬁhglet he

i nt endefasteskdto that sloti anddhusgsperation okt otk SEAR YT G54 is time. s In

step 124, the user. beqi ' hO lo® 3 ited Whéther ther d cage 30
%@Ier?ﬂ i(éﬁ% %ﬁ%ﬁf@’éw ?‘h@Eoﬁtﬁ? siERAUI00 inficat

al ong IMELOPGPD i ggers generation of the sensor signal

98 f I ony 1 AB1eBNE PhithbRzed/td Si¥eamiallpirishaints thptcaficagn 40 mlong thetletr 3 i on of the
control “signal” 100 fromthe nodule insertion cont :ggh\lyer (al so see Fig.
2) . 10Thebased bn alcomipgrisen dafohe ideatifie S8 Wilhhbe guthopzaiion P¥ 30 is authorized

to SUbStantiﬂLthZR Lﬁ%ﬁ%{l&%&ﬁ%%ﬁﬂﬁ%@ﬁnﬁg- WPedrBBagt! W alsy the based on

the aut hori zati on database 94. In

step 12§ %é‘%\%ﬁéﬂ{e LRNESIAE 1 0B cates it themidiule 3tisauthveizeditod cage 30 al ong
the slot 56 en the control signal 100 indicates that the,,mbdule 3 6 is
lgﬁ éj

aut hor i substantiallystabert i thelcksd dage 89 elon fls sletbdbe 4 tedier B AIPRE si ot 56
1711 R TG 8 OIS A o 0,
modl e S5 G P A e ont ol <1 cnal 100 nd cates
that thovePtiyheodif IGouef teunibeage 38 when dhaeomint signaly 0 ﬁg’éﬁ}ﬁtesi o the card
O O e e A i el g o WP S0 o 220
56. In particular, if the module 36 is suthorized for insertion into that slot 56, the control
signal 100 positions the actuator 60 at that slot 56 to move in a manner that permits
20  substantial insertion of tﬁe module 36 in the card cage 30 along the slot 56. However, if
the module 36 is not authorized, the control signal 160 directs the output device 66 to
warn the user not to move the module 36 further into the card cage 30 along the slot 56
thus avoiding the possibility of damaging the automatic test system 20 (i.e., the user
manually removes the module 36 from the card cage 30 in response to a visual and/or
25  audio warning). At this time, the coniroller 64 automatically stores this activity as
configuration data in the configuration database 96 (e.g., in a Jogfile).
In step 128, the user optionally accesses the configuration database 96 to
retrieves the conﬁguratit;n data from the configuration database 96. In particular, the user
conveniently displays the current configuration of modules 36 in the card cage 30 on a

30  slot 56 by slot 56 basis so that the user know exactly'which modules 36 are in place for



signal 100 positions the actuator 60 at that slot 56 to nobve in a nmanner
that permts 20 substantial insertion of the nodule 36 in the card cage 30
along the slot 56. However, if the-ddule 36 is not authorized, the
control signal 100 directs the output device 66 to warn the user not to
nove the nodule 36 farther into the card cage 30 along the slot 56 thus
avoi ding the possibility of damaging the automatic test system 20 (i.e.,
the uset®*"RBnual |y renoves the nodule 3 6 fromthe card cage 3 0 in
response to g q4h&itfined BEGVR] crBSodimelite ofthe mveg)ion de divaeted fo iwehnigues felont r ol | er

64 automatically stores this activity as .configuratian.data i e
conf i gurattraliing atcrbment (@ cirevigboard Fﬂoéufe 1nfod c_a%fppggé@&lw ‘W‘P}% g{(} ser

optional ] ccesses the confi Lol | t he
cgnf i guﬁ@% ﬁgﬁf’ 13"?]_?’ & ATEHE a&’gﬁ{nlﬁtéiﬁfgﬁ %@@?%ﬁeﬁgg&ﬁh%ﬁi cular, the
users cggmggk%g 2 SisRhBEOI e EMI1E 86 based Bh itigidentiften 681 Asodesds 36 in the

card” ca O slot 56 by slot 56 basis so that th ser, .kngw exact |y
whi ch neehttslvvabinaertion of fhe amaslulecit does Bot nesd fnigke n@c?@rﬁi? E?Fg%m&t?g\?g

enbodi nents of the invention are.di,ect t | L gl ling
mov enenthegrarg cage 0 e S 1) d‘r‘?‘?[ﬂfelﬂb@"]ggatfeﬁ% ga%ggg&gg%%&ggﬁgéﬁglﬁgbcard cage

slot 56 which i pyalye | | $tPirbbiisey a8 reiablyreventidimagefo died
el ectroﬁf\@‘gﬁby&Eblautﬁ%?%ﬁg&?%?%éh?r%irnser i on_of {yx modul e 36 based on
the i degiddialee36 Bthe Aodile 66 $widt authorizadrtosubsiantially nsext Along dhe $FECHGdul e 36

does not need to take place at the back end 34 t : 30 (e.qg.,
in ibe alotas of the carbease 3Ae Sush techuiques ,eg%}gﬁmggﬁéﬁ%ﬁe%ﬁ%ﬁ{o&a&%g Lce at the
front opening.70 of 30 fiat pralldes pr event
damage W‘?’ﬂgo (ﬁ‘ﬁdﬂ#gﬂggﬁﬁggfﬁ‘ggﬁ%ﬁ%ﬂ% ﬁ?g%&r{giéa%t horiged_ to .

subst anyhAktshli-eEed tardlcagesloth 6 aad (i)cageicyrfshahlsGoshatvey BglegigBage 30.
Such techni ques are well-suited for, use in tonat i em 20
(e.g., aodbmstien buithet maysayseiamegsiling Veﬂeﬁlt%égg" ‘%ﬂ% gg%sﬁfa{l%g%éé%r ovi des

uni versal ly-si zed tc%?&jcac%%f’otg ots 56 and (ii) a variety of npodules 36 that
vary i n'HRERIHOTERFFURET"On"but that may cause damage if inadvertently

al | gyed to suypgfiedtd iabéntionhasbéen partionlanly shownanddescrbediwithgefesnens 186, 15

While this invention has been particularly, shown escribed with
r ef er enpesforredoemipadiments dpreafnib willhs efm?ydebw?w?et&mqﬁ“@ﬁe ’Hﬁﬁ’@F st ood by

Lhose S ovs chiaiges 1 £t and datails may be made therein without departing from the

spirit and scope of the invention as defined by the api:ended claims.
For example, it should be understood that the number of modules 36 and slots 56
20  shown in Figs. 1 and 3 were by way of example only, and that the various embodiments
of the invention are well-suited for protecting automatic test systems 20 having any
number of slots 56 against damage.
Additionally, it simuld be understood that module insertion control subsystem 28
was described above in the context of an automatic test system 20 by way of example
25 only. The module insertion control subsystem 28 is capable of operating as a control
system for controlling movement of a circuit board module along a card cage slot of a
card cage in a variety of other environments as well (e. g., non-tester environments) such
as card cages configured to hold circuit boards for testing those circuit boards, general

purpose computers, specialized systems, and the like.
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various changes in formand details may be nade therein w thout departing
fromthe spirit and scope of the invention as defined by the appended
clainms. For exanple, it should be und@rstood that the number of nodul es 36
and slots 56 20 shown in Figs. 1 and 3 were by way of exanple only, and
that the various enbodi mrents of the invention are well-suited for

protecting a‘{#ﬁﬁﬂ&ﬁ&e tesHouRMRh#BrsRAd MR Hegonnyl signabb@d wos descdbed 56 agai nst
i ona

damage. Addi y, 1t should be understood that npdul.e insertion control

subsyst gpavfas b uittized fdredntzdlbingan acteater G2dhatblecks furter meBinafe ¢ est

system 20 by way of exanple 25 .only. Th Leq q X subsystem
28 is cajrewit ko Wé%ﬁ%fa%aﬁvm@cﬂ“%@gﬁgﬁﬁ o?ﬁégqutgraoi i | ng%rrn%/errent of
a circuit hoard &l Ok cohtrdl si thcearolsondy vari ety

of ot hePSERN ;¥ e%sggdn\%%%ﬁ%ﬁ??esé er envi rconmarﬂ%ar such as.card cages

conf § gULEduinat BeVick 66 foqubiidewaniisgsibat deessit any controkacyaters (HUSFERAEE gener al

ur pose conputers, specialized systens, and the like. -. nore, it
Ehoﬁl d hsimpidanéimdg&tmhw&Sﬁwgéﬁﬁﬁﬁ?ttﬁgg%énsag‘iogrtlg%%‘%&%;ﬁbove as
Dei NG ULl L2l e Rt 0L LD 0D Bh KIS Blylabiihtobd T ikd daestber 1 nser ti on

of a £ f'or ‘activatrng an output device 66 to
provi de Hﬂ%g’sp a user by way of exanple only, in sonme arrangenents,
t he conP?O(;AI‘@d;‘ngna 100 controls only 5 an out put des\(%)cg] 66 &o]sor i de

war ni ngs but Miaresvangit skowd beundetsto %Ié@%??etﬁ;@ uSeSHOF tiefgug! 28R e and

| ow cost mechani sm. for, warni users._n ROSH{ ducAR nodul es 36.
In &¢ hello%ﬁli‘%éﬂ%ﬂ[’?f"c\qﬁ'ecj}iﬂgﬁfl$ %@%ipaﬁstggé%&gy%{gﬁﬂesofss g{nI; actuators 62
and doe§it1'[h‘?i5ﬁ RE QUi SR 100686\ 40a8ay BlrbRoehysitdllyahatm propedy withekib t ood t hat

there are ot her uses for the control signal 10 100 ch as for
el ect ri ewtdiyingimachbiing deimgge buphirsey b‘bﬂgﬂf’i UpRAGPTaRA U‘?“‘?S?P%“teﬂ the

situation, the connectors 46, 40, b : : i Rl grmperly
W thout corsstns . SeehaPrRatiiRRal e B el SIS Pax RIS AP

| ncompa Rl lehé& gorieh WEARS 10610 ERRACAY Allow dfid didBllovBrighalimassegp ttrowgh i ti es
can be &vor4&d usi ng the control signals 100 by allow ng the control

si gpal s cdiifeclons @al. aedngrelays,alsingiraasistons, st4)l ow si gnal passage through 15

connectors ( .%L' "tionlélsl}ir,ni s}{ﬁhﬂ}’fﬁm‘é&%&% tfn{t%'es tl:a% 85@’30%&' cie'scribcd above as
having two levels 100(A), 100(B) and that the sensors 60 and actuators 62 had bottom
locations 106 consistently on both levels 100(A), 100(B) by way of example only (also
see Fig. 3). Other manéements the locations of the sensors 60 and actuators 62 are
20  different between levels ilOO(A), 100(B). In one arrangement, the sensors 60 and 62
having bottom locations%in level 100(B) as shown in Fig. 3, but have top locations on the
on the support member 54(T) for level 100(A). Furthermore, in this arrangement, the
circuit board modules 36 insert into the slots 56 of level 100(B) in the orientation shown
in Fig, 4, but insert upside down (i.e., rotated 130 degrees) when inserting into the level
95  100(A). This arrangement alleviates congestion of sensors 60 and actuators in the
commeon support member 54(M) which provides rails 102 in both directions.
Furthermore, it should be understood fhat the' tester 20 which was descrnibed above
as providing (i) both the sensor 60 and the actuator 62 in the card cage 30 and (ii) the
clements 58 having the identifiers 68 on the modules 36 by way of example only. Other

30  configurations are suitable as well. For example, in some arrangements, the tester 20 is



Additionally, it should be understood that the card cage 30 was descri bed
above as having two |l evels 100(A), 100(B) and that the sensors 60 and
actuators 62 had bottom |ocations t38-consistently on both |evels 100(A),
100(B) by way of exanple only (also see Fig. 3). OQher arrangenents the

| ocations of the sensors 60 and actuators 62 are 20 different %eﬁtween
level s 100 0N i A8 M eleinbils S8 astksafiagaslo826 havi ng
bot t om F %%gsu%ﬁ(r'iﬁ%tg\;e @%zﬁgg@%vﬁ\ﬁm in Fig. 3, but have top.locations
on the %Eﬂ)&hégﬁ?@@:@tﬁom fhé (igdufes 36] dvthieselBHANSFMEIS) CORBE 1then ' hi s

arrangenen the circuit board nodules 36 insert. i.nfo : 56 of
| evel 1e@dBlesi3f (c.ge pads arriragey Qﬂ@ﬁ&kh’ﬁ’oﬂwsﬁhg? e%,mﬂ&col"ﬁé‘gt}l Jlt'grf)"gtlhde down

(i.e., rotated,180 deqre j 491 i 188nd B¥ chrd22pd §1666AB, Thi s
arrangeﬁ%‘f’i’t"sl’g?‘ﬂlﬂglcﬁﬁ sg@%&ﬂﬂhﬁ@%ﬁ%ﬁ%ﬁl&hﬁg}%@%%hand act uat org in the
commpn Wo{dﬁ JOWER it 164 tMopahiity) totiematinesi3di Trishaavaringtebthe mpdwes i ons.
Furthernore, 1t should be understood that the tegt 2% \/\A}-ié?slxxgg descri bed
above a36 pnablésthe gersplskask oit R &Y t-or I'n the card
the gersoysid an nEodiles 3 ta50) senep P dSpBREs o4t :

cage 30 apd (i] he. el enen > I : i it d e opihE) nodul es
36 by wﬁiltq’ﬁf’"g egmowg&genéni‘e\i?fﬁ @%ﬁ??gﬁ?‘g#gﬁgﬁ%ﬁ&sﬁ% abl ewa)s wel | .
For exag&{ Bhe k%]s A0 30 HRHRae inbdition exitmileP64 (esg., thibugbafwigrlessd such
that (i dhe Identifiers 68 reside in elenments 58 t%t tcﬁg card e slots 56
and (i hratdrsissiemshronghelectsisalhmntaat betwesrdhe cenacisof the modyles QﬂPﬁﬂ%emant s,
contacts fromth nodules 36 (e.q. ol bérgboar ds
42) 18] cumiEbier § Cbivarraste arppaements SRpORts e e I8P scaralcMonfort Raline
ral | S/Cah dn i &?&cg%%oz%&émﬂﬁfs @) @irkgle phoitiertt 0f hesllhentS58 baving theovi de

at Teast tenpo

" Ypower (

rarily) to the nodules 36. This {)o rlr}ggof t he
modul esidedfifien#8land coniacts éng.oclsctonies that wiverasansathgs! 08\3'5?50 fise the
identifiers 68 of the glots 56, as.t.he nody ' koWhth the
r espect mpdulss gb)atihe tcﬁ%ci!%tféﬁf‘ﬁ%bg} n‘é?hgén?ﬁafb’&ggﬁe{r?g tﬁeﬁgméﬁsor si gnal 98
to the godul ¢ ligerd d Gfhab@ntbnts drbinReraied & bélowd tesarious
transm g@i"g%&l%%u%%ﬁe%ﬁtﬂ%@g%%om act between the contacts of the
modyd esedfodififntsyT tdinvattbngui des 102, etc,), These arrangenents alleviate
the need for separate sensors/readers 60 on the card cage 30, and enabl es
(i) sinple placenent of the elenments 58 having the identifiers 68 and
contacts (e.g., electrodes that w pe agai nst other el ectrodes of the

nodul es 36) at the card cage slots 56 and (ii) convenient placenent of the
sensors 60 on




t he nodul es 36. Such nodi fications and enhancenents are intended to bel ong
to various 15 enbodi nents of the invention. CLAIMS What is clained is: 10
15 20 25 An automatic test system forsgt-esting electronics, the autonatic
test system conprising: -a nodule to be used in connection with testing the
el ectronics; a nodule holder; and a control subsystemincluding: a first
el enent attached to the nodul e, thg¥%$ﬁ£$ el enent havi ng one of an
identifier and a sensor, a second t attached to the nodul e hol der,
the second elenent having the other of the identifier and the sensor,
wherein the sensor is configured to (i) read the identifier when the
nodul e Iyt iScletgedriki on into the nodule holder and (ii) provide a sensor
signal in response to reading the identifier, the sensor signal. having a
value indicative of the identifier, and a controller which couples to the

The Sendor - adth SIS G dER POR ah et Enaer o1 gnal . the

t he or a ntrol s based on the sensor si gnal, the
control si gn@bmbﬂglihgati ng whether the nodule is authorized to
substantially insert into the nodule holder, 2. The automatic test system

of claim 1 wherein thfi1cRdE Red il shanedtioalwittaestmgahe electronics;

a module holder; and

a control subsystem including;
10 a first element attached to the module, the first

element having one of an identifier and a sensor,

a second element attached to the module holder, the
second element having the other of the identifier and the
éensor, wherein the sensor is configured to (i) read the

15 identifier when the module begins insertion into the module
holder and (if) provide a sensor signal in response to
reading the identifier, the sensor signal having a value
indicative of the identifier, and

a controller which couples to the sensor, the

20 controller being configured to receive the sensor signal
from the sensor and output 2 control signal based on the
sensor signal, the control signal indicating whether the
module is authorized to substantially insert into the module
holder. '

25 : :

2. The antomatic test system of claim 1 whereiﬁ the module holder includes a card
cage having a first support member defining a first set of Tails and a second
support member defining a second set of rails; wherein the first and second sets of
rails form a universal card cage slot which is sized to receive differently designed

30 modules configired to perform different functions; and wherein the second



cage having a first support nenber defining a first set of rails and a
second support nmenber defining a second set of rails; wherein the first
and second sets of rails forma unik¥®rsal card cage slot which is sized to
receive differently designed 30 nodul es configured to performdifferent

- functions; and wherein the second -19 el enent fastens to one of the first

and second support. . nenbers at..a 4 ocati ' | L 3€& Wcatidiewhighver sal
card cage sl Hﬁfaﬂ%&ﬁ?mﬁ@%?ﬁﬂﬁ%@gﬁgbgg@hﬁg%@t e card c&ge. The
automatic te tadiﬁé ivEis Al S Pcash Slo kit firbeintabeiial sefromt opening of theci rcui t
board havi ngﬁa egﬁl ngglfgt‘jrge, a ba\ge edge Iz)pposi te the |l eading edge, and

si de edges; aardcagg.cuit board connectors disposed along the |eading edge of

the circuit board, wherein the circuit board connectors are configured to
connect with 10 backpl ane connectors when the side edges of the circuit

board engage-m ' "‘a‘ﬂﬁ CORHersRlthe flodtleithdudedr m ng t he uni versal
cardéjcage sl ’Sﬁé%&r}g&\%ﬁ%ff\%}%ﬁg& no llﬁq@ sub%tant?al ly inserts into the card
cage al ong the unjyeesthosdhivingateadingtedge, ardc oppositedhe leadinge| enent

fastens to a location on the circuit board adjacent both the front edge
and one of tedgesandesidaleess: a4 The automatic test systemof claim1 wherein

t he nodul e hol der _.i nglu : ' @%&h WS HRIedbO BF T8 irkwit | er

i ncludes: a conpu?lé?lﬁ“zbeogﬁﬁ?@ggﬁégfl%g\g/@n% nory wﬁi ch stores an

aut hor i zat i Of,rglaliakasehfirfiboh’isconasuon areeafigmgd td camieetWitlwhi ch

determ nes whet her the nodule 20 is auythorized to.su stantia.llhgjinsert into

|
t helicar d cageackplang cermeatoveewhen the sidg edggsof thy ciicup bourd epgege RS, i son of
the identifigr with the entsies.of . i ' thewherein the
e e ONE P 0 G i st
“testing the ghagllabitafiallyimerns fito thdutdragaakngitenmiverdh eandreegesst ng

circuitry is configured to control testing of the el ect.ronjcs by, managi n
use of tKe aﬁiwhqginphogrséqk;uent fastens toalo%hon on tﬁe Gircutt board afjaceXt gl ng

‘both the front edée and one of the side edges.

15
4. The automatic test system of claim 1 wherein the module holder includes a card

cage, and whereih the controller includes:
a computerized circuitry having memory which stores an authorization
database of entries, and processing circuitry which determines whether the module
20 is authorized to substantially insert into the card cage along a universal card cage
slot based on a comparison of the identifier with the entries of the authorization
. ) database; wherein the memory of the computer further stores 2 variety of test
programs for testing the electronics using the module; and wherein the processing

circuitry is configured to control testing of the electronics by managing use of the

25 test programs.

5. The automatic tést system of ¢laim 1 wherein the module holder includes a card
cage having multiple universal card cage slots which are configured to receive the
module; and wherein the control subsystem has multiple sensors, including the

30 sensor, which are coupled to the controller to control insertion of the module into



") support nenbe

5. The automatic test systemof claiml| wherein the nodul e hol der includes
a card cage having nultiple universal card cage slots which are configured
to receive the nodule; and wherei n-#e control subsystem has nultiple
sensors, including the 30 sensor, which arc coupled to the controller to
control insertion of the nodule into -20 the card cage al ong each of the

mul tiple uniyers carfd_ca r indicating whether
a modul e sho ed"’@ecaigﬁgg)ﬁggg%(#ttgé%ult@égﬁﬂg&ﬁ%lcgﬁgﬁ{agﬁlgﬁcontroI system
conprising: a sensor which is configured to attach to one of a nodule and

t he nodul e hol derl, t he fepsa?‘;dgei rklxg&f urthgrhgggéh%ghggﬁé}gw&g read an

i denti f6.er oA cantrel syswent for at g svhether yaiogt and t he

nodul e hol der when Hle dul e b(te ins insertion into the nodul e hol der and
(ii) provi demgdulshe ngﬁ%ﬁ%ﬂmws ?g’ég%%ﬁ%%“ ‘0 reading the identifier, the
senspr signal denglifg, 4hRh id@Haghicd o afid 1d Onaotombdalelard thehaduleoupl es to
t he sensor, the controller being configured to receive tPg{ésensor si gnal

fromthe senkslderatis sentopbeing ferther corfigirerhtal(Diseasean identifiss of @ plEBFIS| gnal |
the control signal indicati whet her .the u i ' to

subst ant i al | §tachediothe Hﬁ’@’ ?ﬁtgemfgﬂﬂ@nﬂégwggﬂigg@e?ﬁlﬁéeg@gﬁ r o; syst em of
claim6 whergin t- ' 11 PoroRde a Gader si g a first
support rrenbg‘%ﬁncfe‘ggerﬁ@gH%@ﬁg?éﬁ%%ag%r%gﬁl)? aﬁd g. secgoﬁgﬁgl}pport menber
defining a sgpeguide &eteading ries identifidecthe sensoihsigrfal denoting thesidedifiersads of rails

forma universal card cage slot which is sized to receive differently
deslgned nodul esa gentrallghiwairhicguples foFhesaIses gﬁ&??“?ﬁﬁ&e%cg}‘hﬁwag\?\%er ein

the sensor | Roéde idlehdl fflal forh A% Rhlsdrn Bitpi a Ediftrol bighil 1aBdH GPGeNd

S ocation which 1s adjacent the universal card cage
“slot and pr ogensattsierial) fie fontrol sigpat indicating whether thermdoddgis. autlprized tthe cont r ol

systemof claim?7, further conprising.,the el enent and the nodul e, wherein
the nodul e | snbtanially insert into the module holder.

15 7 The control system of claim 6 wherein the module holder includes a card cage
having a first supi:ort member defining a first ‘:set of rails and a second support
member defining a second set of rails; wherein the first and second sets of rails
form a universal card cage slot which is sized to receive differently designed
modules conﬂgﬁfed to perform different functions; and wherein the sensor is

20 configured to fasten to one of the first and second support members at 2 location
which is adjacent the universal card cage slot and proximate to a front opening of

the card cage.

8. The contro} system of claim 7, further compri;:ing:
25 the element and the module, wherein ﬁhe module includes:
a circuit board having a leading edge, a back edge
opposite the leading edge, and side edges; and
circuit board connectors disposed along the leading
edge of the circuit board, wherein the circuit board

30 | connectors are configured to connect with backplane

{



a circuit board having a | eadi ng edge, a back edge opposite the |eading

edge, and side edges; and circuit board connectors disposed al ong the

| eadi ng edge of the circuit board, -@fterein the circuit board connectors

are configured to connect with backpl ane -21 connectors when the side edges
- of the circuit board engage wth the first and second sets of rails

form ng the universal cardcéﬁ%ﬁt&%‘ﬁﬂeﬁﬁﬁgs%%g%és%@ LR bokaehpadel al |y

inserts into the card cage rversaf card cage slot, and

wherein the el enent fastens i@ B ¢ aid &Bombhsethef raily foaning theunisersd] acent
both the front edge and one of the side edges. The contro], system of claim
6 wherein the sensor is contagurgaslotend mpdule gu Yg{% | with a

val ue indicative of the identifier éagtﬁgfﬁnﬁlfﬁ%ﬁm}#ﬂ cﬁﬁ%ggf@@t,%ﬁd novenent

of the elenment in a vicinityBhe e control systemof claim

9 whegrein the el ement defi nggerciptiicRndhefisicht & a lovatiqnadi the nircwind wher ei n
the Sensor includes a pattern reader which is configured to 15 read the
pattern defined by the el embord adjacentbethibe front edgy aRd ARt tBe Sidfh 9 wherein
the el enment includes a radio,frequency tag which is configured to provide,
as the identifier, a radio f#&d§uency signature; and wherein the sensor

I ncl udes a receiver which' is configured to receive the radio 20 frequency
signature fromthe radi o frequency tag. 12. The control systemof claim?9

wher ei ngt he Th@ﬁ&i&olizxﬁérﬂ@%laﬁnm@mihdmmnéopisWmﬁghredﬁgnm@éhﬁy stores
the identifier, and erein the sensor 'Enpl ud sog. heegd e|£\}/{\’/mi ch ﬁsqunfigured
to t@ad the sehsorsignadwithoyalegiadicatiyeafit e@FP‘F%?’ Brejeiementdn TSRS sy st em
__of claim6 wherein t ol der: pdgse@ card cage, and wherein the
"control syst@’rﬂvfﬂa‘re'%ogﬁh%@gr%ﬁs%g; t) &t °
10. The control system of claim 9 wherein the element defines, as the identifier, a

pattern; and wherein the sensor includes a pattern reader which is configured to

15 read the pattern defined by the element.

11.  The control system of claim 9 wherein the element includes a radio frequency tag
which is configured to provide, as the identifier, a radio frequency signature; and
wherein the sensor includes a receiver whick is configured to receive the radio

20 frequency signature from the radio frequency tag.

) 12.  The control system of claim 9 wherein the element includes a magnetic strip
which magnetically stores the identifier, and wherein the sensor includes a head
which is conﬂgui;ed to read the identifier from the magnetic strip.

25
13.  The control system of claim 6 wherein the module holder includes a card cage,
and wherein the control system further comprises:
an output device coupled to the controller, the output device being
configured to redeive the control signal from the controller and output a warning

30 when the control signal indicates that the module is not aufthorized to substantially



an out put device coupled to the controller, the output device being
configured to receive the control signal fromthe controller and output a
warning 30 when the control signal -2&di cates that the nodule is not
authorized to substantially -22 insert into the card cage along a card cage
slot. 10 15 20 14. The control system of claim®6 wherein the nodul e hol der

I ncl udes a card C%%%@@gﬁ%ﬁ’@@&%’%ﬁgﬁ'rOl system further conprises: an

act uat or cou;‘ﬂséﬁl I sposed adj acent an opening of the
card cage, the actuator being configured to (i) receive the control signal

from the controller and (ii) nove to one of. @ first gositi n to allow
subst anital The ecttralsysém ofi claimbavherein fegnedwle bolder inclydesd GrL 3% ard cage

sl ot when the _contyrol signal indi.cates t the nodule is authorized to
subst anti al | yn¢ ¥ nt&‘ﬁf’%‘%f‘ﬁéy%?ﬁ EOIBFIS 0 the card cage slot, and a

secopd position tg.ighihi loRtroilérpa tdispesddfadjdct amugpehiagiofit o t he
car dgcage al ong tﬁ%hgg% f%%%ga?g?ﬁgn t he csgnjtrolJ clﬁgrg?l Eéiﬂgl cates that
t he nodul e i shevaid eagbhﬁhe’iamatotbeinglmtf@ﬂmdépl()) recgivgrthe ¢ f1gRd cage
along the card cagg slaqt, 15. The cantrol systemof claim®6 wherein the
control | er i theqeatreller ag (ULmAYE I0L0€1%%n dat abase of entries: and conpare

circuitry configured to determn q‘xg%;)gggnwﬁldwgmjsgnﬁginwﬁdmﬁﬂthed to
substantially insert into the nodul e hol der based on a conparison of the

identifier with the entri esnmidulelintoahe baxd caget slong dleardbagsesiotovhendhe The

control systemof claim6 wherein the ¢controller includes, .
10 y control signal indicates that Tile modcuie 1S Githorized to

substantially insert into the card cage along the card cage
slot, and
a second position to inhibit substantial insertion of
the module into the card cage along the card cage slot when
15 | the control signal indicates that the module is not
authorized to substantially insert into the card cage along

the card cage slot.

15.  The contro! system of claim 6 wherein the controller includes:
20 an authorization database of entries; and
compare ?:ircuihy-conﬁgured to deterrhine whether the module is
anthorized to suléstantially insert into the module holder based on a comparison of

the identifier with the entries of the authorization database.

25 16.  The control system of claim 6 wherein the controller includes:
a configuration database; and
display circuitry configured to store configuration data and retrieve
configuration data from the configuration datébase, the configuration data
indicating whether module currently is substantially inserted into the module

30 holder.



Yconprises: manual I'y

a configuration database; and display circuitry configured to store
configuration data and retrieve configuration data fromthe configuration
dat abase, the configuration data inrd3cating whether nodule currently is
substantially inserted into the nodule 30 holder. -23 17. The control
systemof claim®6, further conprising: a control system power source

coupled_ to t sensar : ddig: control system power source
bei ng c&kfi g &opﬁﬁﬁy%\%&éfg&%ﬁ@%ﬁ%m%eﬁr@m and the controller

regardl ess of whethentrbheseBditver sees sepladduie sehsaayh therventrodiituthe hol der .
18. A method for authorizing insertion of a nodule into a,card cage al ong a

card cage sleohiroltsystemmtone sauermbding enpfighted 4 AT eoder 19,1hF SHBA #%| enent

to the nodule, the circuit bo enen ' thidePk el er;

begi nni ng i né@?qn&?ﬁ%regﬁgle%‘g{wd%e%%ﬁe ‘%‘H%‘agé%g‘wgg%@% onggl% he card cage
slot.to trig IALe] ion of a control signal indicating whether the
nodute is agﬁldéirl zegé}%o substantially insert into the card cage along the

card cage slot; and noving the nodule (i) further into the card cage al ong

th d l ot =~ 15 when,th trol _signal, indi dul e i
aut hor | 3801 1 ok MR R WA NS R piA BODE g P4 AR Honp BaidBgED 2 L °

slot, and (i isiotqpéglcépﬁhtlgmgggﬂgpage when the control signal indicates that

the nodul e i$ 1o oriz to substantially insert into the card cage
al ong the card cageaching a citdittardidiementtto e modus, shasineithoardeslement out put
devi ce receives the control si outputs a warning when the control signal

i ndl@at es t haavinganideatifieti s not authorized to substantially insert into

compr 1 ses: manual PYERITRIRERIAA Tacinphule Bl iRAEue WhRE T el e e ong the
card 25 cagelchtdtrightr gheRtieeoD carl vignaliindjcatingdvhether the module 1s
anthorized to substantially insert into the card cage along the card cage slot; and
moving the module (i) further into the card cage along the card cage slot
15 when the control signal indicates that the module is authorized to substantially
insert into the card cage along the card cage siot, and (ii) out of the card cage
when the control signal indicates that the module is not authorized to substantially

insert into the card cage along the card cage slot,

20 19. The method of claim 18 wherein an output device receives the control signal and
outputs a warning when the control signal indicates that the module is not
authorized to substantially insert into the card cage along the card cage slot, and
whorein the methiod further comprises: _

mannally pushing the module further into the card cage along the card
25 cage slot in absence of the warning; and

manually removing the module from the card cage in response to receipt of

1

the warning.

30



manual |y renoving the nodule fromthe card cage in response to receipt of
the warning. 30 -24 The nethod of claim 18, further conprising: storing
configuration data into a configurati2dn dat abase, the configuration data

i ndi cati ng whet her nodule currently is substantially inserted into the card
cage along the card cage slot; and retrieving the configuration data from
the configuration d se f i - a display nonitor. 21. A nethod
for conBPguri W‘ﬁﬂ%ﬂ@?%ﬁg@iﬁ% ‘0 authorize insertion of a

nodul e into a nod lé{df-iﬁ@%ﬁ’ﬁgurﬂiontdl& jatd ocaifigaration datahasecthe configureiioniod
conprising: 10 attaching a sensor to one, of a npdul.e an[g.? ﬁpd#{léie hol der,
the sensor ldsiarigdicativig whatlet mosule cureatyiisspbst Y iRsEreG i e & e nt
attached to the aother of the _du(Le and the nodul e hol der when the nodul e
begi ns inserlciizﬁﬁlf-‘li*ﬁ@etcﬂ@%ﬁﬂggm older and (ii) provide a sensor signal
In response to reg&hwn#%doﬁﬁgﬁﬁﬁéxﬁaataﬁhmthsemmguraiomhtabdwforI ng the
identifier; and 15 coupfing a Controller to the sensor, the controller

bei ng confi gudispthylon a dieglsy menitdre sensor signal fromthe sensor and output a
control signal based on the sensor signal, the control signal indicating
whet her the nodule is authorized to substantially insert into the nodul e

hol der. 21. A method for configuring an automatic test system to anthorize insertion of a
module into a module holder of the automatic test system, the method comprising:
10 attaching a sensor to one of a module and & module holder, the sensor

being configured to (i) read an identifier of an element attached to the other of the
module and the module holder when the module begins insertion into the module
holder and (ii) provide a sensor signal in response to reading the identifier, the
sensor signal denoting the identifier; and

15 coupling a controller to the sensor, the controller being cqnﬁgured to
receive the sensor signal from the sensor and output a control signal based on the
sensor signal, the control signal indicating whether the module is anthotized to
substantially insert into the module holder.



