METHOD AND MACHI NE FOR MULTI DI MENSI ONAL TESTI NG OF AN ELECTRONI C
DEVI CE ON THE BASI S OF A MONODI RECTI ONAL PROBE The invention rel ates
to a nethod and a machine fix testing an 5 el ectronic device.
Throughout the text, the expression "electronic assenbly” refers to
any integral set of electronic conmponents in a plurality of pieces,
whi ch are connected and joined to one another according to a
predeterm ned electrical circuit while nost often having external
connection termnals; this nmay, for exanple, involve 10 printed
circuit boaMETHRIBANDIMAGHRBEE FOHR MIALBIIPIMEN SN AINTIHS TRAK @3 AN
of integrated circuits (wth active conponents m'croarocessors
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i nductors, etc.) and/or mcrosystens (for exanple 141EM5)) in a
si ngl e package, the various pieces being nounted besi de one another

and/ or stacked and/or enprggegbntidnmelddsd RVEm@hoPbhgn ShEMEE UL stihpn
el ectrical 15 connections in these electronic assenblies, in
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el ectronic assenbFies can be tested, Tor various purposes, in
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assistance in design or determnation of their characteristics.
One of t Hehiknewst aembersng exigseRliONALEEPT Wenmals dhis mandpsesample, involve

suppl ying the,electrpnic devige wth. el ectri »enerngy. .and.wth "

or odedbr deGER (it B0t Rl ECDe el Esr Entd R PR S B0 i oren) of
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to the greal mniaturization and the very large integration scal es of
nmoder n elmssivenicenpleentse &resistoes, negsuitersemdscare erogt amforemicasystenhs (for

out under m croscopy. Furthernore, one of the non-destructive ,
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15 connections in these electronic assemblies, in particular between the various pieces,
may be produced by means of conductive tracks, by welding, by connection wires
("wire bonding"), by adhesive bonding ("flip-chip") etc.

It is necessary that the electronic devices such as integrated
circuits and electronic assemblies can be tested, for various purposes, in particular for

20 the detection and localization of faults, or for assistance in design or determination of
their characteristics.

One of the known methods for performing these tests consists in
supplying the electronic device with electrical energy and with predetermined input
signals (test vectors), then in carrying out measurements on the electronic device in

25 operation. Particularly, due to the great miniaturization and the very large integration
scales of modern electronic devices, the measurements are most often carried out
under microscopy. Furthermore, one of the non-destructive measurement techniques

which is envisaged consists in detecting at least one magnetic field induced in



i mredi ate proximty to the electronic device by the circul ation of
currents inside this electronic device. In particular, it is known
that it is possible to carry out imaging of the currents flowing in
the el ectronic device by nmeans of a magnetic probe (such as a

t nagnet oresi stive sensor or a SQUI D sensor: "superconducting quantum
interference device") arranged in proximty to the device. Such a
probe makes it possible to evaluate a cdnponent Hz of the nagnetic
field along a predeterm ned axis ZZ' which is fixed with respect to

t he probén{rgahgedrbyintioy tegRoANei it dedick ®yaht witichRkioaXdfsudfent@iside this
probe) and thus makes it possible to carry out two-dinensional '
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distribution of the currents flowng on this object can he eval uated
by cal Tuldaviae!i) arranged in proximity toHheederice.nBadr ma plobet makec itdpussliels to

such as electronic assenblies are ncreasingly often being desjgned in
three di YRS COBPOREH 1Be egébe PEEREE é?hdeaémérm%@?t@m%ﬁﬁ? aRis 22" which
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whi ch are far awaé fromthe probe, within the thickness of the .
el ect r oni®@mwncoeBzThe plonepitbagaril ¢h thesxibden @rile paefed Gmthsrlpsts efothis
resol this 20 problem (I NFANTE F:. "FaiJure Analysjs for stemin
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devi ce, ahprolentdlawgingronahisabjedteag bdickhlenexitbynedleidhiign.or t hogonal

axes, so as to obtain various two-dinensional .inages which, by )
conbi nation with one anofistevahd MedeRst plaetomn, dyincs wHkly @ electronic
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15 the effectiveness of which presupposes that the thickness of the measured object is

negligible compared with the distance between the probe and the object, is not suitable

for evaluating and carrying out imaging of the currents which are far away from the
probe, within the thickness of the electronic device.

The solution which has been envisaged in order to resolve this

20 problem (INFANTE F: "Failure Analysis for System in Package devices using

Magnetic Microscopy” THESIS XP009114669 (date of publication not specified);

US2003/0001596), consists in carrying out a plurality of measurements on different

faces of the electronic device, a probe being oriented along different mutually

orthogonal axes, so as to obtain various two-dimensional images which, by

25 combination with one another and reconstruction, could make it possible to obtain an

evaluation of the currents. However, such a method involving combination of two-

dimensional images does not make it possible to accommodate all the situations which

may be encountered in three dimensions inside the circuit, for example if there are a



di mensi onal images does not meke it possible to accommpdate all the
situations which may be encountered in three di nensions inside the
circuit, for exanple if there are a 3 plurality of conductive |ines
whi ch are neither coplanar nor orthogonal to one another, or
conductive lines not extending parallel to the planes detected by the
probe or in | oops, or when the electronic device is not in the shape
of a cube. Furthernore, a prerequisite flor the conduct of

measurenents al ong three orthogonal directions in front of three

or t hogongllufaéieest edndultiveliaesd wondhcardarcitber ¢&l@napaiot ioetibashal tc ompla@xther,
measur ement nmachine conprising three orthogonal probes, or successive
mani pul atdroipadoetivehéines aet evigndingendrakel; te Geddpngsodgeeisetty dief pwberar in

faces of .this electronic,device.in front, of the probg, ich. is both
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the basis of 'a nmeasurenent probe of the nonodirectional type, to

obt ai n5 a afedsee enehogoroih- Fices t el the tleetramicaldeemrponent paBzcwhrly heomplex
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pl ane parallel to this axis ZZ'. In particular, it

is an objrebablef the invention to provide such a test method and such

a machjne which nake it possible to .obtain,. wt reat r.eliabilidt

and ng hi gh preci sion, aﬁ? Bﬂ? éggwgﬂ?bsna%iop °f _o?ﬁﬂ%glvgghﬁgﬁgr&rgw g (oSt
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the currents 1n the electroni evice, solely on the basis of

measur enenbdsodisgctioas 9pt, foyomainenodaseetiennadn-pnoted tarthangat compbnentBz
of only one face of the electronic device. It is also nore

parti cul atithe arreopjiesielbemitivd ynheri¢EionidDreRi de
More particularly, it is an object of the invention to provide a test

15 method and a machine making it possible to carry out measurements allowing
evaluation of the circulation of currents not only in the plane orthogonal to the axis
Z7’ of the probe but also in at least one plane parallel to this axis ZZ’.
In particular, it is an object of the invention to provide such a test
method and such a machine which make it possible to obtain, with great reliability and
20 high precision, a representation of all three components of the magnetic field induced
by the circulation in three dimensions of the currents in the electronic device, solely on
the basis of measurements carried out by a monodirectional probe arranged in front of
only one face of the electronic device.
It is also more particularly an object of the invention to provide
25 such a method and such a machine which can be used for the detection and
localization of faults in electronic devices of the three-dimensional type, for example
electronic assemblies.

In order to achieve this, the invention provides a method for



75 such a nmethod and such a machi ne which can be used for the
detection and | ocalization of faults in electronic devices of the

t hree-di nensi onal type, for exanple electronic assenblies. 4 testing
an electronic device, in which the magnetic field emtted by at | east
one circulation of electric current in the electronic device is
measured by a nonodirectional neasurenent probe adapted to be able to
deliver a signal representative of the value of a conponent Bz of
said magnetic field along a predeterm ned axis ZZ' which is fixed

Wi th respegingt on s@bdrgi®Rvicahes ewhich the magnetic field emitttdebypapleast one
bei ng brought to a distance dOin front of one face of the electronic

devi ce, amgulatiene|adctaleniiic deuiate beithg slgsplonad deviee eiseceasaed by a
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the magnetic field Bz along the axis I's nmeasured by the probe and
r ecor ded,predetermined axis ZZ’ whichtihfired hethpresixet anshid ipeotel, dteroni c

device are displaced with respect. to one another by relatjve pivoting
about an axis XX orthogor8f Pfepa brangRrangayio &é‘&?&q’r@ierﬁ@ N3N Ogrﬁ’ﬁﬁlf&?e of
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di st ance ron € Ssane T ace O onlt c devi ce, an

the el ectgn@nizthdprderReddg il Nigeds Wpbhe@!teCinbut abrneRgsgyf aiel edctdnic
predeterm ned input signals, for each position (x, y) of the axis ZZ
wi th resplericet forsedch farsen &, S8 adritle walsuéZ Bwithofespevé te saigoiaenta Bfsttvatue

magnetic field Hz along the axis ZZ | asur ed, by t probe and
eoor taq, B Cof il ecoibnt OF i pRafio udgaFA R EE e Behein By OB e
magnetic fj n axi s YY" orthogonal to the axes ZZ' and XX

i s det errérhg‘%jg%%g&rgg%%fded on the basis of the first value Bzi and

the second val ue Bz2 whi chthbavhe gebe ahtiahsedectronic device are displaced with
Specifically, the invention is based on the observation according to .
whi ch, orfesirst basng appthendyniskaiccpEAtiag Povhan daiteXortiventalge e axis

(l'ess tnar oncording QT hbig: Bbutl drof el o uBR TR Of ot the
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orthogonal to the axis ZZ' of the probe, it is possible to calculate

t he val uedeviceabaing snpplomhpahehtctByalametdieanhgntst predftewhigded input signals, for
each position (x, y) of the axis ZZ’ with respect to said face, a second value Bz2 of the
component of the magnetic field Bz along the axis ZZ’ is measured by the probe and
recorded,

20 - then the value of a component By of the magnetic field along
an axis YY’ orthogonal to the axes ZZ’ and XX’ is determined and recorded on the
basis of the first value Bz1 and the second value Bz2 which have been obtained.

Specifically, the invention is based on the observation according
to which, on the basis of two measurements of the same component Bz of the magnetic

25 field carried out with angular different positions (less than 90° - in particular less than
45° - between them) of the electronic device with respect to the probe about an axis

XX’ orthogonal to the axis ZZ’ of the probe, it is possible to calculate the value of a

second component By of the magnetic field.



Furthernore, by pivoting the el ectronic device and the probe

spect to one another about a third axis Yl e orthogonal to the first
two (and only about this third axis 11Y', a direction which passes
through the face of the el ectronic device, and which is orthogonal to
the second axis XX being orthogonal to the axis ZZ', the electronic
devi ce not being pivoted about said second axis XX with respect to
its position for nmeasuring the first value Hz] of the conponent Bz of
the magnetic field), it is also possible to calculate the value of a

third conmponent Bx of thBurhgneirecbfisibatinghbs elathoand dgerusdnd, tie probe
met hod according to the invention is also one wherein: - the probe
and the eVikrespRpidogmgiapether abapigpihirdesriswth ardwgess! tpdhe Hrgdwo (and only

anot her by rel.ative,pivoying, abgout the.axis YN, accordi t .
anoul ar apsr T URNE BECL VP Re ARGer BRIp Bise uP TR s AL elogppgmic
di stance @QideN ahf QHticRlis bRBosGE th akE s@londNieiBCt bR Gridvgbes, toaRd axis
the el ectroni c device being Supplied with electrical energy and with

pr edet &r MAedhé¢ nlsatrosicgiralies, ndtoreiemphyqpas b dwrsa{dkscopnd aikit K&’ axitls resprect

with respect to.said face, a third value Bz3 of the co ent. . Bz of .

the 15 nﬁgdmwwrb?% raﬁwgngﬁge 5tsvapye Bz %Q%ﬁ?@aoagﬁ%%ﬂ@ﬁ@a&ww
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|eé |sdef1 ang ec on the

magneti c al ong an axis erm ne orde

basi s of fidla. Thiissadvaltageodzly] aanghddecdording ty ahaimvBaBom alto by ehbetin
obt ai ned. A test nethod according to the i
i nvention may, in particul e probe 20d trealeEGpnicHieviret @etdighacgddwvith respect

| ocalizatjion of faults i he electrical circuit«af, the electronic
devi cdd e #alithly abisbi e Msotet it MeAtonY s SN ke feutar
al so one Wislitude of less than 90°, the prodR@ HedRept GRkHEhrie BRATUE @0 ihTRAR of the
of at least a part of die electronic device is forned on the basis of
one of thendfae cbhporkctronBxdeBye, Hri,dhetdiectmagnelelwef bahg sepplicddvith
by this electronic devi ge,, as determned on the b

Vel

measur eneAe@TigrlosncaEy 2By Veith arqsieiBRIRGt gt pignait ??Sf'o%c M%Qleocﬂx(,x’ y) obithe
the axis ggs ﬁ’ W?l Férsﬁ)gc? t‘é’i §ari'd rfﬁéé?eé:rthi}c? vﬁﬂiedB%’Ccﬁ" the6component Bz of the
15 magnetic field along the axis ZZ’ is measured by the probe and recorded,

- then the value of a component Bx of the magnetic field along
an axis XX’ is determined and recorded on the basis of the first value Bzl and the
third value Bz3 which have been obtained.

A test method according to the invention may, in particular, be

20 used for the detection and localization of faults in the electrical circuit of the electronic
device.

Thus, a method according to the invention is advantageously also
one wherein:

- an image, called a measured image, of at least a part of the

25 electronic device is formed on the basis of one of the three components Bx, By, Bz of
the magnetic field emitted by this electronic device, as determined on the basis of the
measurements provided by said probe for different positions (x, y) of the axis ZZ’ of

the probe with respect to said face,



- a plurality of sinulated i mages of said part of the electronic
device are formed by sinulation, each sinulated i mage correspondi ng
to an i mage capabl e of being obtained in the sane way as the neasured
i mge, on the basis of values calculated by simulation, for each
position (x, y) of the axis Z.Z: with respect to said face, of the
correspondi ng conponent Bx., By, Bz of the magnetic field as would he
emtted by this electronic device in the presence of at |east one
fault of the circulation of current in said part of the electronic

device, - the simulated innghgalktyeoftsinmpasted iniagbs bhsaidepatioédh¢ REgeronic
This conparison may be carri ed,out%ta(1 a human user (visual 10 ,
conpar i soffyjceopreofprated ot Horulptps ovtatuilaied [1jnage SOrSKRARSIIRS 19 allsitpgge
software for, pr ssi ng.and,conparison of i es_(fur . | h :
mage. pr oveueld EaRe R Rt HETRERHER v L SRR SR ukl SRARE R 8 basis of
| magi ng (BhdaRYeul 528398 mulatiohSfdr@able pBsltied (k Ny ) dY the BRBAZ Whalrespect to
produci ng simultaneous’i mages anhd conpari ng these sinultaneous i nages

Wi th the smhfceedf theageraspiieding tcopgoseit Bxt By oBwicdtlee ayagnétic field as would
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corrpari son nmakes | 0 OVErcone neasurenent errors due to

the very principle of thisthaeasulaeneiMages arpeshpaut arittetheansasdrel ihmge.
the di stance which necessarily exists between the probe and the _
el ectronic 20 device, sidis chmperieny oty be cagimt alhdd doumasnuidsevisual

nmeasur ed i mage. and on t simul.at ed i mages. . B

oot caby SRy ShahJhs DU BRRATRR g der exumale; by eing g dor
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and accor@iIf® twnh lthe icovgrny oD AltS7e DigasulmdgingadRurofibs aCangsa).t Itok to be
the el ectronic, device; which is used faor the conpari son, corresEond

to subt r aeetEénitofthian regragethebrorofeciag r HERPBRAHY HRBFT APdoSPRIPAEAS ofhiese
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15 calculation of the strength of the current on the basis of the values of the components

of the magnetic field, a calculation which does not always have a simple analytical

solution. Furthermore, this image comparison makes it possible to overcome

measurement errors due to the very principle of this measurement, in particular errors

due to the distance which necessarily exists between the probe and the electronic

20 device, since these errors are contained both on the measured image and on the
simulated images.

By suitably selecting the various simulated images, as a function
of the nature of the electrical circuit, it is possible to localize a fault in the electrical
circuit rapidly.

25 In particular, advantageously and according to the invention, the
measured image of said part of the electronic device, which is used for the comparison,

corresponds to subtraction of an image (or the corresponding matrix) obtained on the

basis of the corresponding measured component Bx, By, Bz of the magnetic field



emtted by the entirety of a reference el ectronic device

corresponding to the electronic device to be tested but free of

faults, this conponent being neasured for each position (x, y) of the
axis ZZ' with respect to said face, and of an inage (or the
correspondi ng matri x) obtained on the basis of the correspondi ng
measur ed conponent Bx, By, Bz of the magnetic field emtted by the
entirety of the electronic device to he tested, this conponent al so
bei ng nmeasured for each position (x, y) of the axis ZZ' with respect
to sai d faseteddydtheaatiray wilhatidedoradectichid devied coyespohtiingctol tha etdcti@nic
i mage (or the corresponding matri x) obtained on the basis of values .
cal cul at etevise i batester dwt freeof dawlts, Posicompane, beyng sreasuied Axg eachzposition

with respect.tp, said e,..of the con. ondi 10. ¢ BY, ;.
B2 of |t neCmibREEREHT 625 P tashid BT RRR O PReSET RIS Birepuing
ref er encemgh B Wheith&d S8 CBasisPtheicoftBs IR fRhsurbe c6RPbESRARIIEG Bz of
matri x) obtained on the basis of values cal cul ated by sinulation, for
each pbsitheonagdretic fdldofmitted axite ZZirety vh thesivetonicodeadad td hedested, this

the corresponding:. c onent Bx, By, of. the tic.field. as
woul d be <HRRaREA? By PF geww@f%feafﬁéow@etzmﬁa & e iset £ nWithdespect to
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are free @frrd\‘zﬁbihdiﬁg AARIx3 Wit diaed od tpdbaisconotlues edldutatéd®y simulation, for

conpari son, ich I's therefore particularly sinple precise and _
rapid.  each position (x, y) ofsthenaxiardZnwitht ieepectite sast Kageg of dhpcevspronding

the u of ot her t hods, f sel ectij.n e cirguit ti,ons. to..h
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el ectronic device which are 1iable to contain at | east one fault, and
at each i thertassisoot, valoes azlcylatadt bgisimiblatibonor amadh aosviopaid, yorofahe yxonZZ’
one vol urreht.gorti on. Conversely, in the g,ase of si Ee gi rgl%itsh the .
measur ed VHAJesnest weih fasemel ReerTerRge Wﬁ;ﬁoé‘?:ﬁor“égg fd 1 the magnetic
entirety t he el roni hCe. . Y/ y rdi

t he inven l{algnag %gwgggseu?@%erqﬂ%{){rh%b@t%g%fﬁg |E %g&g%zﬁecng%?g% gfg{c%tﬁeyg%rc %%f at
a SQUIID SRASOSncAR IR INRGEarH) 83ithé bYes SERsOEletGonisedbviceadvdnhagenusifythe
al so one wherein, the electronic device being an el ectronic assenbly

in three dimepsiding, imagesrdkichtage deasafrfeuliaiate fshbisactodipne apy 10t wed in the
probe is oriented wiith the axis ZZ. orthagonal to one,of .the external
faces of ?‘prgaréioé‘ef”rh(‘)ﬂ?’c°‘tg‘%@éﬁIpﬁélcq??ﬁ)b%fgmqﬁwrﬁ‘?ls%a%far?l ‘ace (upper

or lower face of |argest gi ; bSi el emdlde of oth thod
In a method according to'? é%m%hﬁ%ﬁﬁ?(ﬁﬁ%ﬁgg}ﬁ%ﬁi vot t%e0 p?rorlgg o
and t he efedetarfing tde\circaitwdrtioisegpee sinhwatude Iatiod base, off tomplepassulib,efor
either to displace the probe with resgect to a franme on which the

el ect 2Oni exatenlecd isspassisre ftp waake BypatseysSpl Hewtions o) ¥elupsnpertigayiafghe

wWth respect, to a frame,. wth,.r ect { S : -
orientati® CtS?nlflﬁjgvh%?i \ghxfgar%glaﬁ%gco&oggaen:ﬁg‘q%gtp@‘ﬁq; fa@d?‘r‘%? F%aoCh iteration, to
di spl ace Pat ohiPQirk@aRbAP En@RIhSarRlofCiHIPNrCokle VbREnS pbldramRaNetskly, in
Wi th respect”to a comon frane. Advant ageousl y an

accor di ngtheocadee of rmimptd oircuitdether olveswemd integeebed taaghi 9udatpd énsge may
di spl aced with respect to one another by rel ative pivoting according
to an angEﬂ"ﬁ?SPQHglt?f}Eﬁj%‘ltHFtYanrtgeFLFSﬁoﬂf”deé’ﬁ%F-I ess than 45 - in

particylar lying between A@vﬁ%e%ggly and according to the invention, a measurement

probe comprising a sensor selected from a SQUID sensor and a magnetoresistive
sensor is used.

Furthermore, a method according to the invention is



i sThe invention extends to a test machine adapted to carry out a test
met hod according to the invention. The invention
thus al so provides a machine for esting an el ectroni c device,
conprising: -a nionodirectional neasurenent probe adapted to be able
to 20 deliver a signal representative of the value of a conponent Bz,
along a predeterm ned axis ZZ' which is fixed with respect to said
probe, of the magnetic field emtted in &he vicinity of the probe by
at least one circulation of electric currcnt in the electronic

devi ce, advantageously also one wher@in$ tHepdédtrdnd¢ devdcebyinggnaliesdtondd §80idly in
device, and neans for 25 supplying this electronic device with

el ect ri calhrem@imggnsing, W etdepte degasvin yed firsiprlue Bghdhe paphs iseerienied with
i nput term nals.of the electronic,.device . ; a .
mechani st SN SAe FHPERCRLEY R%H}ﬁ BEEMEhdeess ) Bk PSR dredly - in
recei ved pahitgr h SEERHARMupHERY bwdt fdaero%m?egt stR) P €hidBREABhIC assembly.
- nmeans for recording values corresponding to the signals delivered

by the5probe, wherein: In a method according watldt meehtionsm psder to pivot the

configured to ke it possible. to dify, for each position , of
the axis arzhe\raﬁh&@:aeéﬁ%ﬁn%% evife WHBIEFRSSH 4O o w,ﬂ?qrﬁét b5, Posiike ?%her to
of the pr t i i i . e : : ,

oy o a1 SRPAE O SRl S e AT ARGy 0, RORL B

accor di ngott @ aRpR0EhékleafPhict dbleceotvithesspddian a9%08mel Rethprespet beiwtdch at
kept at a distance dOin front of the sane face of the electronic

devi ce, 1Bastithe eoieptatioasofcthe eaisalZonf Hsaprobe onkerfuiieas, o5 te sk afenzoth the
and 10 probe and the electronic device simultaneously with respect to a common frame.
Advantageously and according to the invention, the probe and
the electronic device are displaced with respect to one another by relative pivoting
according to an angular amplitude of more than 10° and less than 45° - in particular
lying between 10 and 30°
15 The invention extends to a test machine adapted to carry out a
test method according to the invention.
The invention thus also provides a machine for testing an
electronic device, comprising:
- a monodirectional measurement probe adapted to be able to
20 deliver a signal representative of the value of a component Bz, along a predetermined
axis ZZ’ which is fixed with respect to said probe, of the magnetic field emitted in the
vicinity of the probe by at least one circulation of electric current in the electronic
device,
- a support for receiving an electronic device, and means for
25 supplying this electronic device with electrical energy and with predetermined input
signals applied to input terminals of the electronic device,
- a mechanism suitable for placing the probe and an electronic

device received in the reception support with respect to one another,



record, for each position (x, y) of the axis ZZ° with respect to said
face, the value of a conponent By of the magnetic field along an axis
YY' orthogonal to the axes ZZ' and XX, on the basis of a first val ue
Bzi of the conponent Bz of the nagnetic field along the axis ZZ' as
nmeasured by the probe in a first relative angular position of the
probe 15 and of the electronic device wth respect to the axis XX,
and of a second value 8z2 of the conponént Bz of the nagnetic field
along the axis ZZ' as nmeasured by the probe in a second relative
angul ar position of the pr@bgnsafor akcédldngehatissonogespontdorg wot the signals
respect to the axis XX, and at the sane distance (10, said first and
second ardflivareddusibeingplec.wi t h respect to the axis XX being separat ed
fromone another by an angle of 20 less than 900 - in particular |ess
than 45' .Y ﬂ@ghtageously and according to the invention, said

mechani smis al so configurggly teecRBKS s RASHURELS takedt hYsdible to modify,
orientation of the probe and the electronic device with respect to

one anbt her ,cably positain (g i vbithagxabddl witle raxiest Yo' thactentinng dewvican the
angul ar anplitude of |ess than 900, the, probe bei kept ,at the sane
7520 <t arCETRIAm of B Proe ARG tBa e SRVEREVEN debagh it sy rRher, by
and said l.at i fl t i :

For each ‘SaL e T A R R B R T A SR P A gl
t he val ueamplitade @fpeanin BR° ohetpiebdrbeingtiept bi eldistataend) trhéoax b thd8ame

on the basis of a first value Bzl of the conponent Bz of the nagnetic
field face of the electronic device,

10 - it comprises calculation means configured to determine and
record, for each position (x, y) of the axis ZZ’ with respect to said face, the value of a
component By of the magnetic field along an axis YY"’ orthogonal to the axes ZZ’ and
XX, on the basis of a first value Bz1 of the component Bz of the magnetic field along
the axis ZZ’ as measured by the probe in a first relative angular position of the probe

15 and of the electronic device with respect to the axis XX’, and of a second value Bz2 of
the component Bz of the magnetic field along the axis ZZ’ as measured by the probe in
a second relative angular position of the probe and of the electronic device with
respect to the axis XX’, and at the same distance d0, said first and second angular
positions with respect to the axis XX’ being separated from one another by an angle of

20 less than 90° - in particular less than 45°.

Advantageously and according to the invention, said mechanism
is also configured to make it possible to modify the orientation of the probe and the
electronic device with respect to one another, by relative pivoting about the axis YY’
according to an angular amplitude of less than 90°, the probe being kept at the same

25 distance dO in front of the same face of the electronic device, and said calculation
means are configured to determine and record, for each position (x, y) of the axis ZZ’
with respect to said face, the value of a component Bx of the magnetic field along the

axis XX’, on the basis of a first value Bzl of the component Bz of the magnetic field



10 along the axis ZZ' as neasured by the probe in a first relative
angul ar position of the probe and of the electronic device with
respect to the axis YY', and of a third value Bz3 of the conponent

13z or the magnetic field along the axis ZZ' as neasured by the probe
in a second rel ative angul ar position of the probe and of the

el ectronic device with respect to the axis wi-T, and at the sanme

di stance dO, said first and second angul Br positions with respect to
the axis VY' being separated from one another by an angle of |ess

t han 90' . along the axis ZZ’ as measurddiby hie¢ prbe, inadfisntegeotishyulanposition of the

according to the invention, said measurenent probe, coggri ses a sensor
sel ect ed Pio8maad sBhe cdeshopic dadca With raspedtiertbeiastsi Ve sambof a third value

Ad t I [ the i ' i ’ '

the i muenbront FinBRaErE BRSsRe by Fd B10nd REGRN2, AG0RLAE b9 e
gener at i Ngro®B ih &R on& aklaBde anpERAS ;;bb@i@iohr@f%e Qrobd8n®aFitbe @fecBBRiOdevice
the three conponents |13x, By, Bz of the magnetic field emtted by 15

t hi s ePecwitbriespedeto the axasY dét ardnatribe same distarsasils saifl firbleand second angular
measur enent s.provided by said pr ,for differen ositions (X, f
The” axi o DotSTs VHB Towebetunt AR oL g bEEG eBdplpcr D one anorer 6 arddngle of

- neans f gsﬁﬂ%%loati ng cal cul ated values by simulation, for each
position %x, y) of the axis ZZ' with respect to said face, of the

three conponents Bx, 20 Byrthkmode, tdieanmageaisiyc dhidebetoadingotd dhdéenvention,
emtted by said part of the electronic device in the presence of at
| east oneS#@UNEasHTETRGS RIOPE LHCRENTENSS oFf Sefor aéstectasl &ary 2paRUIbk senser and a

el ect r18ni C devti ce, .. - means for generating a
pl ur al'Pt y PGB PRSI SV §°RSkges of said part of the el ectronic device

by simulation, each sinmulglediddBe8yCaid exReRFhHGol thdNnléMaR, CANARBne
of being obtained in the sane way aS the neasured inmage, on the basis

of a set adcosding tw dieuiaseatabrc frtdteadols/canpuigeat i on, for each position
(x, y) of the axis ZZ' wth res%ect to said face, of qtghe 4
correspondi ng conponent Bx MB)S 19E 2eRCTERRE RRJAKEEC C3li%) § measured image on

Fur  her o ARVANLASEEHS Mo AN ASERIA Y, B9, BISHAYAHUNC fild emined by

- the reception support is arran e’to recei
el ect ngni ghiglewcaeniconsmee, by asteghi@etiranite asseabitye nfeakiMeatents provided by

di mensi ons, _
said probe for different positions (x, y) of the axis ZZ’ of the probe with respect to said
face,
- means for calculating calculated values by simulation, for each
position (x, y) of the axis ZZ’ with respect to said face, of the three components Bx,
20 By, Bz of the magnetic field as would be emitted by said part of the electronic device
in the presence of at least one fault of the circulation of current in said part of the
electronic device,
- means for generating a plurality of simulated images of said
part of the electronic device by simulation, each simulated image corresponding to an
25 image capable of being obtained in the same way as the measured image, on the basis
of a set of said values calculated by simulation, for each position (x, y) of the axis ZZ’
with respect to said face, of the corresponding component Bx, By, Bz of the magnetic
field.



- the nmechanismis configured to nmake it possible to orientate 5 the
probe with the axis ZZ' orthogonal to one of the external faces of an
el ectronic assenbly received in said support. In a
first variant, advantageously and according to the invention, the
support for receiving the electronic device is fixed with respect to
a frame, and said mechanismis configured to nake it possible to

pi vot the probe with respect to this 10 firane. In a second vari ant,
advant ageously and according to the invention, the probe is nounted

with respect to a frame FortAsrnicrehanantgbowsy and aeqirdinigad thé idveatiaxi s
ZZ' with respect to the franme, the mechanismis configured to neke it
possible to pivot the supp@ﬁt repgpthreéépmrhgs taﬁéanépédprbw&blejémr@éelve an
with respect to the fr he el.ectroni received in the

support i % <IBpf flg\ﬁlcﬁxgor%déinl%y %’? el&"?%‘&@é%e‘% lﬁllg rf%?HBensﬁ\)/%sntl on al so

relates to a test nethod._apd rﬂ‘éa{unmn%'csﬁﬁgmeeqa‘%ﬂeé {tosbsEMNE tabtieRtate
sone of the characteristics mentioned above or bel ow.

Ot her bbj taetspbe hatiatteemiis tAZ soimoadl envaged tbé ckteenalnfaesst pHan widdtronic
becone appar egty on I‘E&dl ng the follow ng description of several of
its pref iSEHvRE A $11dWHPRMTar e gi ven only by way of

non-limti ng exanpl es an?lﬁl rdq{rg vér ntt,hzf‘dv%ﬁtag%&nfﬁgcé LGS 1o tﬂe‘i‘{‘{'véh}?mn

- Figure 1 is a general ow c according to an

enbodi menthe@fippdre formeeditingnthe electromc device is fixed-wikh gtspectdoiasfrant,| o said
chart illustrating a nmethod according to the inve don for the
det ect i onmaplenisg ak iceafigeredoto make tl@pwlblemtgenwnﬁhsrnrs?bﬁ with respect to this

'EoFlthllbnv ﬂxppoﬁl 8 (s:gc%wgtvla(rzxa{)te %&Sgn%gée%tulﬁ A Of%c%g;[é ing ao%qhggtg?cg}cgl&gr@@g is
e Sl s ot e e s st 5
respect to the’frame the mechanism is configured to make it possible to pivot the
support for receiving the electronic device with respect to the frame, and the electronic
device received in the support is supplied by means of a twisted cable.
15 The invention also relates to a test method and machine which in
combination have all or some of the characteristics mentioned above or below.

Other objects, characteristics and advantages of the invention
will become apparent on reading the following description of several of its preferred
embodiments, which are given only by way of non-limiting examples and refer to the

20 appended figures, in which:

- Figure 1 is a general flow chart of a test method according to
an embodiment of the invention,

- Figure 2 is a flow chart illustrating a method according to the
invention for the detection and localization of faults by image comparison,

25 - Figure 3 is a schematic representation of a test machine
according to the invention,

- Figures 4a and 4b are diagrams respectively illustrating the

two positions for measurement of the values Bzl and Bz2, Figure 4b illustrating the



cal cul ation of a conponent By of the magnetic field,

- Figure 5a is a perspective diagramrepresenting an exanple of an

el ectronic assenbly, and Figure 5b is an expl oded perspective di agram
representing the electrical circuit of the same el ectronic assenbly,

- Figure 6 represents an exanple of a nmeasured i mage obtained by a

nmet hod according to the invention with the electronic assenbly of

Fi gures 5a and 5b, - BBgures 7a, 7h, 7c arc

expl oded perspective diagrans representing three exanples of fault
hypot hesealduiatidnefel @ehporeat Byigfehe naghetidifiell) el ectroni ¢ assenbly,
and Figures 8a, 8b, 8c represent exanples of correspondi ng sinmulated

i mages. - Tagwigsta iygchRTpRECHY B SHARTAY EBrospriIN &Yk Axqaple of

i | . hing, ..f | i ;
i or oscodd o b RPN aRe TREd s N B R a B oER TR Sl spmrpsopyine
t he conpany elNEEERArEBELL Séishin@ elddionidmdembBA) . this machi ne being

modi fied as indicated belowin order to carry out a nethod accordi nﬂE
to thedinvention. Consequdrighse, 6 oeprgsentseamexampleanfzcmensused dmagndbahed

specific characteristigcs of the invention arge described below, th
ot her  geriSrameding SePifing fs te iBeBHomuHtBS phetrpRC sy pb el gares 52 and
devi ces bgi ng known per Sc. A test machine 4 according to the

i nvention ¢onprises a fixed 20 main frane 41 resting on the floor by

means of |egs 42 and car s yFiggresn 7aar Th,culcarara kepliodedt akrspoctiteabdiegrds
on which a reception support 44 is nounted for receivi ng_an o
el ect r oniTePIgesAItog loree oexmnplest @fd fauthdnodifses inathso clogfrigadscigghiyphethe

oSOl oY PO, SRR ot MIRERoEh TR RF B8, Faloraing
pr obe 46,Si1inma@&{ﬁli,§gégar conprising a

A test machine according to the invention consists overall of a
known machine, for example a magnetic microscope such as that marketed under the
reference Magma C30® by the company NEOCERA (Beltsville, Maryland, USA), this
15 machine being modified as indicated below in order to carry out a method according to
the invention. Consequently, only the main characteristics and the specific
characteristics of the invention are described below, the other general characteristics of

a machine for testing electronic devices being known per se.
A test machine 4 according to the invention comprises a fixed
20 main frame 41 resting on the floor by means of legs 42 and carrying in particular a
horizontal worktable 43 on which a reception support 44 is mounted for receiving an
electronic device 39 to be tested. The frame 41 also carries an upper console 45
carrying and guiding, at a distance from and above the reception support 44, a
monodirectional magnetic-field measurement probe 46, in particular comprising a
25 SQUID sensor, with a vertical axis (orthogonal to the support table 43). The
measurement probe 46 is adapted to be able to deliver a signal representative of the
value of a component Bz along a predetermined axis ZZ’ which is fixed with respect

to said probe 46. The axis ZZ’ is preferably vertical in the embodiment, although there



25 SQUID sensor, with a vertical axis (orthogonal to the support

tabl e 43). The neasurenent probe 46 is adapted to be able to deliver

a signal representative of the value of a conponent Bz along a
predeterm ned axis ZZ' which is fixed with respect to said probe 46,
The axis ZZ' is preferably vertical in the enbodi nent, although there
is nothing to prevent the axis of the probe 46 being arranged
according to any other orientation, so I8dng as this axis ZZ' can be
secant with the reception support 44, and therefore with an

el ect r oniis ndéhihg ¢o prevangelet axistdfithe pecapt 6 deirpuppaigeddatcoridieg teahy other
machi ne 4 according to the invention also conprises a 5 mechani sm

arr anged arEnidiogppe lorg py Hue aaisdlar Pehbasecat tvth Bspeeentian grwort 44, and

ther t be..4 . t] . i ' d
ol ect r oniBESEEIB G eROBAME! G RE AR [ if BEeBl SnDon BT 24
This mechani smfirstly CORPhésteSadiON ia26kdWRARS thhinGBni@de a8 donkaes a

per se (cf for exanple the aforenentioned Magma C30(r) nachine), 10
maki ngd i tmeaweisb errogai spbacklettheplpreoivel andntateewrtb cegiteicbip suppoetherithe

with respect to one another. i.n_transl ati al.on hr ee. ort hogonal
Exes. |t hOTOpS “Po TRE pRaR ARG AR arEL K FERIAlrORica iRy Sae eivgqh and
paral | el ﬁ’&dtiﬂ%é @%Ifeﬁttiﬁlgma%r og[e&m the other hand, parallel to the

vertical axis 46. For exanple, these notorized
di spl acenent and posi ti ofhisgmeeRagshofimtlpacdmpfisdsh@otwired! medis which are
carrying the probe 46, this console 15 45 conprising a gantry-like

support Haell dgowmaenh shdcf.z &t examplagiteudfioramnesimed aMeagaw 538 &y masdine),

int | atj.on .pet t ' b - o | f
oot ot BRKEE A BPLTER b B A8 Y e SERIAPBSSULARMBI RS Pyttt o
i ncl udi ngy R ARk tfaRElaMBA bidiRl thedd sHigoRhl 408, MBORAbISEY 0B8RS Bhe hhMEin
various novenents being notoriZed on the basis of a plurality of

el ectri c arbomzantasglacs &XEd, Wi’ peratlobtr theftablei 4bemd, fopi thg ather [2@d, parallel
]E) : gﬁ;si 1Pt(())stihfeiv%?ti(?;l zttxri]seZ%er(]) Ghe %];otgehiﬁplggrnga‘%r?pl\é\f %h'ésé %?(Ptgrcltze(} 3istppa%ement
and positioning means form part of the console 45 carrying the probe 46, this console
15 45 comprising a gantry-like support having a main horizontal longitudinal bar carried
and guided in translation between two horizontal crossbars, the probe 46 itself being
guided in translation along the main longitudinal bar, and including a upright for
vertical guiding of the magnetic sensor, the various movements being motorized on the
basis of a plurality of electric motors associated with encoders for identifying the
20 precise position of the sensor of the probe 46 with respect to the frame 41.

The reception support 44 comprises a bracket 47, 48 for fixing
the electronic device, this bracket comprising two fixed bracing elements 47 which are
horizontal and mutually orthogonal allowing the electronic device to be immobilized
in the horizontal plane with respect to the reception support 44, and on the other hand

25 at least one mobile bracing element 48 mounted so that it can move horizontally with
respect to the table 43 in front of one of the fixed bracing elements 47 so as to be able

to clamp the electronic device.

This reception support 44 is furthermore carried by a mobile



The reception support 44 conprises a bracket 47, 48 for fixing the

el ectronic device, this bracket conprising two Fi xed bracing el enents
47 which are horizontal and nutually orthogonal allow ng the

el ectronic device to be inmobilized in the horizontal plane with
respect to the reception support 44, and on the other hand at | east
one nobile bracing el enment 48 nounted so that it can nove

hori zontally with respect to the table 43 in front of one of the

fixed bracing elenents 47 so as to be able to clanp the electronic
devi ce. Thate 4%6eptirQnablepiiopivoddg iadohiia fine rimpizenednksdXHY, dsibbirtied by
14 plate 49 of a first table 50 pivoting about a first horizontal

axi s XX ,the medlike plateriledf byeedrsl wblsi 92 ppicaing aboubp saceystlbprazansd| axisY Y’
i vot i t hor i | axjs YY l. t,o the. first

20" thar tREEeed DR Mo s b P P A8 BR nelBisbiotich sfsphes o

hori zont ahe RlogiRen@f pidie Jahktahkenk348ceesdingid @ Redi@sahed ThBRML, about

angl e a about 5 the horizontal axis XX and/or according to a

pr edet &r nhaeddrangtad wiis alXitantdher hordrdingt & aayisle¥eyniiped angle B about the
Each pivating gibl,e 50, 52 makes it possible to keep the angle of

i ncl i nat i §1ZRN apisof Yt he reception support 44 about the

correspondi ng hori zont al I S: >é§ 'y ki % i i t e
SO or 52 may be nmanual | yEg&(;}%?lr ol ggﬁlgﬁpbﬁjﬁif{? ersn)%j]gr Isf}é%"t%&é%@;e a‘?@le ot
el ectri c iRBlitionaddr iBSoflkrekepitn RPPoel4 about the corresponding horizbeal axis
test machine 4 according to the invention also conprises an autonated

control ukKt onY ¥'dixash Sukk aopizotiag tatdeAOral 13 mgytiremaarilbusomnsaladeditdor

of th robe 46 . and the r.eception,su rt 44 in translation and
i ncl i E%Fi%ﬂforlgrﬁﬁ%é'r?nt ECUHE HOR AR 1 g’rgﬂd?“lo\‘/"inr%ertsﬁ'e overal | operation

of the machine. This aut quatged rﬁéUPﬁr%é)h ah%%fggigitﬁ%eiiﬁv&@mem&eo@?rigésean

one hand to the neasurenent probe 46, an e other hand to a

| east oneatomaedt@nt®B uniti 40 faam be conherd edntrolliag tet ewtivos inwvdewnteof
carried in the reception support 44. This autopmated control .unit 40
conpr i sesthg REehe dbetndythgi Teaciisnm FIRAOHY 4 il pEADS|aEIgN AN da NSRRI QR rAgidyon the

o e ecerdl el 52 P RRONALDIGh b E AT el R IS o

E ﬁebie 1 ggltlgmg ?Oziﬁg%mmbﬁrtm 086 Haf&tto $hRalasurehicnh padt 46 dndesieehd Other
hand to at least one connector 53 which can be connected to an electronic device
carried in the reception support 44. This automated control unit 40 comprises a
computer device comprising in particular a bulk memory for recording values
corresponding to the signals delivered by the probe 46.

20 The automated control unit 40 is in particular configured to be
able to form predetermined test signals which are delivered to the inputs of the
electronic device received in the reception support 44. These test signals are formed as
a function of each electronic device, in a manner well known per se, for example by
using a component tester with the reference D10 marketed by the company

25 CREDENCE SYSTEM CORPORATION (Milpitas, USA), which is part of the
automated unit 40. As a variant, instrumentation driver software of the GPIB type (for

example the Labview® software marketed by the company National Instruments,

France (Le Blanc-Mesnil, France)) may be used, in association with supply circuits,



el ectronic device received in the reception support 44. These test
signals are forned as a function of each electronic device, in a
manner well known per se, for exanple by using a conponent tester
with the reference DI 0 narketed by the conpany 25 CREDENCE SYSTEM
CORPORATION (M I pitas, USA), which is part of the automated unit 40.
As a variant, instrumentation driver software of the GPIB type (for
exanpl e the Labview(r) software marketed5by the conpany Nati onal

i nstrunments, France (Le Blanc-Mestill, France)) may be used, in

associ at i tmétem, smpidters Clor @bindle aslmavi@idd1By eicscordparst Agientf Déchnologies
exanpl e as marketed by the conpany Agitent Technol ogi es France
(Massy, Hrranee(Massy, France). Furthernmore, the test machine 4

according to the inventign_ js configured to,be able t rform .
cal cul ations and digital 9}5?@%‘3_%%?118%0{?8?&%%, ili ar?CBEfﬁ?g gﬁlt_gf: 1nv¢_ent10n 18
I magi ng, MflblRedashe Me thSHdiERAtAcHalibNEREd chgit&hﬁro@mw% IpeiatioAR! in
magneti c probe 46, as iIndicated below, in order To carry out a test

met hod5 agmoticlilag imaginige donvlentbiasin. of thorsdemals debvereti sy thtbemanodinatiedal

conputer control unit 40 may be progranmed for this purpose in any,
sui t abl e TBgCtCPTORR 4P, 48315350%66 D0 B NP1k Wo@ra/c%radﬁeﬁtgm?@ww&co%mg to

I nventi O"he fvention. In order to do this, the automated computer control unit 40 may be
programmed for this purpose in any suitable way.
In the first step 10 of a method according to the invention, an

10 electronic device 39 to be tested is put in place and fixed on the reception support 44
of a test machine 4 according to the invention. The electronic device is preferably
placed so that it has a large main face oriented upward horizontally. The pivoting
tables 50, 52 are placed at angles a and B of zero, the reception support 44 and the
electronic device being horizontal.

15 The measurement probe is then brought to a distance dO from the
electronic device and, for each position of the fixed axis ZZ’ in the horizontal plane,
that is to say for each pair of coordinates (x, y) of this ZZ’, a first measurement of the
component Bz of the magnetic field emitted by the electronic device is carried out, the
latter, connected to the connector 53, being supplied with suitable test signals on its

20 inputs so as to generate currents in its electrical circuits, at least in the parts of this
electrical circuit which are intended to be tested. A first value Bzl(x, y) of the
component Bz of the magnetic field is then obtained and recorded.

The probe 46 is then displaced in the horizontal plane, by
varying x and y so as to scan the entire circuit, while keeping the same distance d0,

25 and the first value Bz1(x, y) of the component Bz of the magnetic field is measured
and recorded for each position (x, y) (step 11).

The number of measurements carried out in the plane, that is to

say the variation increments of the component x (along the axis XX’) and of the



10 electronic device 39 to be tested is put in place and fixed on the
reception support 44 of a test machine 4 according to the invention.
The el ectronic device is preferably placed so that it has a | arge

main face oriented upward horizontally. The pivoting tables 50, 52

are placed at angles n and 13 of zero, the reception support 44 and
the el ectronic device being horizontal. 15The neasurenent probe is
then brought to a distance (10 fromthe ¥l ectronic device and, for
each position of the fixed axis ZZ. in the horizontal plane, that is
to say faooediabtepaialond tieoaridivatieard seleytdd 0b ab hd Heldble t@oblaisturing step
measur enent of the conponent Hz of the mainetic field emtted by the

el ect r oni &, davihgdasis fatheiveaions tvaluchB214x.t ¥r 2 twondiaenswnabimpge 1n a plane

connector_53, hein uppl. i W th sujtable test si.gnals on it 0
mput o soT0eeBE AR PAPRNL i heler 1t PRt @Rl SRR FuliPotdt B2 of the
| east in &H%d@i}%rﬁéldoémftﬂéﬂso}ehﬁﬁataﬁt' 684 peddetdthiindthb&itioar 6 iht @rded $iRh an
he tested. first value BZ | (x, y) of the conponent Hz of the
magnet § ¢ ifagedmay techebtaoiedaimedmamakerr evovagetr se, for example by mearFhef the

probe 46 is then displaced in _the horiz al p , by .varying x and
y so as t%ﬁ)?@@éﬁuttﬁ%ra R &{qgé\?@p&ﬁ@@trﬂ Bfre’ di stance
(10, and the first val ue frne WlhGhytReeoNRONGDtn e ol ble 50 is

magnetic field is neasur d recor or 'each positi

(step 10.pivoted and the reception stippoftrberid te BRasUNieENi® gertheedoreunclimned
the plane, that is to say the variation increnents of the conponent Xx
(al ong t Hy axiredemyingg@ngle ¢ eith 1@pedioiodihaaaxés KX aMgHya taéucakt grore than

YY'), ,are, sel ected. sp as taq.be e to .obtain duri.ng step,12, on th
past s B “LherirEEbBodRead Bandert, p iR Rk PhE B ES ndatne et &F e
pl ane ortRegeRalnd Calciftidh! Butlfterfties HiltS bfifPMESAR ROy 86D thE@ppropriate
conponent Hz of the magnetic field emtted by at | east one

pr edet er ndistadcgaldt from dfe tletroniccdétice. Shaohthanothemendraf~bes obdiaianex (no

in a manner known per se, for exanple by neans of the software
i nt egr at é@ciipatipn ahoubthsr BiedtY dned Magma C130(r) nachi ne,

and the reception suppor rAISser o ‘BF anPlstRhag (PR oo b ienf HEDE the

inclined Mg@et@ﬁ@l@b@ﬁﬂ@i@@t@d@B@{/@isare}bédtbd (sﬁé%%), vildld lepngd theX¥hsor of the
with a value of nore than 10 10, preferab % etween 10' and 30'. A
hi gh val useafurememicprobsed athibe prewi distencofll tihemrtbe glactronia gevice, and while

cal culation, but interferes with bringjng th robe 46 to .
appr opr | CATRNEARCTABOTBH [he) O ot PO el Tats bl df fip be noted
hand, 11 -l o MRiMANAE ok dButdil BREBORE BBHFeshOS 184 woRkthblel 4B hibsSbe
position, the neasurenent of the conponent Bz of the
modified when the probe 46 is displaced along the axis YY”, in order to keep the probe
20 at the constant distance d0 despite the inclination a.
During step 14, a second value Bz2(x, y) of the component Bz of
the magnetic field is therefore measured and recorded for each position (x, y).
As may be seen in Figure 4b, by construction:
Bz2 = Bzl.cosa — By.sina
25 The value of the component By of the magnetic field along the
axis YY’ can therefore be deduced therefrom during step 15 for each position (x, y),

by the formula:
By = (Bzl.cosa — Bz2)/sina



15 magnetic field as indicated above is repeated (step 14), while
keepi ng the sensor of the measurenment probe 46 at the sanme di stance
JO fromthe electronic device, and while scanning the sane positions
(x, y) of the horizontal plane as in step 11. It is to be noted that
t he hei ght of the measurenment probe 46 with respect to the worktable
43 nust be nodified when the probe 46 is displaced along the axis
"1'1?-1, in order to keep the probe 20 at’ the constant distance dO
despite the inclination a. During step 14, a second

value .Bz2(x, y) of the Tampenensf Bz coingdrennBgoéthcmbgrdtit fidd is recorded
t herefore neasured and recorded for each position (x, y), As may be
seen in Fb)gﬁ\e@uﬂﬁbnatsg'u@ﬁr@tructl on: Bz2 Bz 1 .cosa By.sina ,)c The

val ue of the conponent of 1t he {i ield al i 6
t herefore he deduced t he SoRY dgHrll ?2‘? ng%u%t Stggglr?t tr}ggi (pwcg:}1ng
y), byt h@bfeosmllﬁvoted anid (tﬁfez kecepiéh sufport Ahbad wal él@ct@cfni% ﬂ@v@@@%’ﬂﬁﬁéfore

By of magnetic field is recorded by the automated unit .
Li kew §e, indunéchly am)eedﬁud:rsreqeréamgls@ewnhﬁesnehbtosthccams Yrvovithg el ef m2re

heref or dtendD; i@gfeﬁs&ﬁi%tﬁiﬁg%éf PRk g Pig e nE gt 167 biegistor of
axis ITT, h\Q‘ I‘&%guﬁ yaliye Sglcﬂgtrl@ntpﬁfe] i Q0ferdd S %J?l ierkgtt}‘i@ﬁ?rog)? ?ﬂgto the

30. A hig ue o p i ncreases preci sion of t esu

cal cul ati éppro te idist@idead(efom the diddirgindetibe (i dleeothér hand, le0 is reset (no
appropriate distance dO fromthe el ectronic device, On the other
hand, u. -inglipgfigreshwut (iraxinX hat i on about the axis XV),

10 In this position, the measurement of the component Bz of the
magnetic field as indicated above is repeated (step 17), while keeping the sensor of the
measurement probe 46 at the same distance dO from the electronic device, and while
scanning the same positions (x, y) of the horizontal plane as in step 11. The height of
the measurement probe 46 with respect to the worktable must also be modified when

15 the probe 46 is displaced along the axis XX, in order to keep the probe at the constant
distance d0 despite the inclination f.

During step 17, a third value Bz3(x, y) of the component Bz of
the magnetic field is therefore measured and recorded for each position (x, y).
As before:
20 Bz3 = Bzl.cosp — Bx.sinf}
The value of the component Bx of the magnetic field along the
axis XX’ can therefore be deduced therefrom during step 18 for each position (x, y),
by the formula:
Bx = (Bzl.cosp — Bz3)/sinf3

25 This value of the component Bx of the magnetic field is recorded
by the automated unit 40.

The calculations of the components By and Bx according to the

invention assume that the values of the magnetic field emitted by the electronic device



In this position, the neasurenent of the conponent Bz of the nagnetic
field as indicated above is repeated (step 17), while keeping the
sensor of the neasurenent probe 46 at the sane distance dO fromthe

el ectroni c device, and while scanning the same positions (x, y) of

the horizontal plane as in step 11. The hei ght of the neasurenent
probe 46 with respect to the worktable nust al so be nodified when IS
the probe 46 is displaced along the axisl8XX', in order to keep the
probe at the constant distance dO despite the inclination ft

During stap dot, ndified byveleuendBndizn o )orop. ThetheosmbodinienBaepfesédted and
magnetic field is therefore neasured and recorded for each position .
(x, y). Adespabest berepopyhidy the regeriiqn Biopertdt and therefore the electromgedevice

val ue of the.c nent .Bx, of th netic fi.eld al. t [ X' :
can"t her MEUTIRANR el kel Ro TRATP rh s Bl pbr, 6 Aot govice
(X, y), by prbRrddy RupRiedDy mcbBZbf & dRtBZSAYI&5ARerminating at the connector 53,
This val ue of the conponent Bx of the magnetic field is recorded by

t he auf onst thdt thei électfc current flowing in this cabi$h84 cakt ndtamiodHs thé magaetic field

conponent s By ang%Bx according to the invention assune that the
val ues of OVI8 RABHEIIR2EOR| d enitted by the el ectronic device are

not modified by the !ncl,\';l]lpcr{t le%g{vepembadm&lte@gg% Heng e?cgﬂee?s‘ély

and described here, in e reception suppo ere

the el ectp@nitte tekéspethareccdtivpld@ead 44narmt therelécrogénésdtefikbe in a horizontal
corresponding inclination, the electronic device is preferably ,
suppl i ed Pgnereants tofpradesd shedndistienss. ead M fROVHEGaEXeh& X 0dRdCY 8r by

r5r§ di f5 )}8? ht r(]) ) ﬁlfﬁlgftihglolerfetglfaiﬁi% CL{{{BE t%%lsﬁ;‘e)t\ﬁ‘? %ﬁ:&}lsﬂge{n‘?é p(r:(?l?é &6 %v‘&thdloe%ge&% the
frame 41, in which case this measurement probe 46 is mounted with respect to the
console 45 by pivot joints so as to be able to be inclined about these axes. In this way,
the emitted magnetic field is not modified since the electronic device is not displaced
between the various measurement steps.

15 At the end of the measurement and calculation steps 10 to 18, for
each component Bx, By, Bz of the magnetic field emitted by the electronic device, a
matrix [Bx (x, y, d0)], [By (x, y, d0)], [Bz (x, y, d0)] is obtained in which the values of
said component Bx, By, Bz are recorded for each position (x, y). Each matrix may be
visualized in the form of an image, the measured images obtained in this way for these

20 three components being representative of the current circulations in the electronic
device, while taking into account the current circulations in all three dimensions,
whatever the shapes of the conductive lines.

Such a measured image may subsequently be used in order to
detect and localize a fault in the electrical circuit of the electronic device, as described

25 below with reference to Figure 2.

During the first step 21, a reference electronic device is selected
whose electrical circuit 24, which is a reference electrical circuit, is known and fault-

free and corresponds to the designed electrical circuit of the electronic device 39 to be



In an alternative enbodi nent (not shown) it is conversely possible to
keep the reception device 44 and the electronic device fixed in a
hori zontal plane, and to produce the inclinations a and p about the
axes XX and YY' by 10 nodifying the orientation of the axis of the
measur enent probe 46 with respect to the frame 41, in which case this
measur enent probe 46 is mounted with respect to the console 45 by
pivot joints so as to be able to be incli9ned about these axes. In
this way, the emtted magnetic field is not nodified since the

el ect r oni estdeyinoghich posdibidi fapltagedniativeenbd beestadi ous neasur enent
steps. 15At the end of the neasurement and cal cul ation steps 10 to
18, for each conponent BRuBg thesuliequens signbttheaforemprfieiadistens Igyto 19

h I

Oy, aob e R RLaterBikid e e Wit B e Pt e eggpmic
Bz are regandedsd ok RACBIARSA hhix( %indya -mERGRedTRéfetehcBBMINAR 23 for each
visualized in the formof an imge, the neasured i nages obtained in

this way ¢ampdrvasBx2Byt Bred tiompgnent Beldei ng representative of the
current circulations in the el ectron evice, whil e taki i nt.o.
account the current circHREHRES] fé‘? fe ?WP@%GI&PWEF tggﬁﬁ‘( gy isyknown

t he shape H&J}W g
i mage nayghsool%}é}é%grelériwﬂﬂ%ge(hu?eédbl larte £ gnu lg%ts O%Vr‘{ oca ?Sztgg sBe
fault in fihiee elegtdnt iagallysiei soGuiaie Qfarkéted %lyethé rcofipand&SEDRA TaGroup (Meylan,
described below with reference to Figure 2 Duri ng

the fir stF@me@ Quth@cnr@ulére&m@teﬂ@twar@rﬁl@ SOV ABRTI® nswketed oy mﬁ@mpany

el ect N 4 ch . ref electrical cir

known BnaRFE G frufnand st sBnthE T55 Brang o8fghe GOpBhi Y dly. B Bz of
circuit c’ﬂ(het H%gﬁlst?@tﬂéla' &s Ci)@(‘/dll@ebe?’ge:ﬁélﬁ’tegebytﬁ1%t %fere'n@e V‘@lb@chorﬁ@séé\ﬁ’&é? are
faults are intended to be detected During t
subsequentalsileted? 2hert, Wer afaoh eamnpormne&mtm BzJl6 mmula@ed)freﬁer@CBGMage 26
met hod according to the invention arc carried out on the reference

el ect r oni eangBlg @lgbeingy Ohéa“i‘f‘éi ighaspmg Wt ¢S the Apepsarede age g cplepiaics, but on

on the balio SR Ther aFBRLRRL B BoY Paft b b BN Gith Sl proviously

and by smepas @i fled yaimbitdh, appr opriate sinulation software, such
as the Flux 3Dgi finite elenent analysis software marketed by the

conpany CEDRAT Group ( Mey% st 2friartben) cariedhmitcby adiieh aldigends swHe whatdhe

BI G S'A\V'A\R-crahr ratlorg léF tthe sim a{[t%% 15(():0 (r:]t}/that is to say that the simulated reference image

26 corresponds to the measured reference image 23. If this is not the case, the

simulation step 25 is repeated while correcting the parameters. If the comparison

20 carried out by the test 27 is considered to be correct, the result 28 of this comparison
between the two reference images 23 and 26 is recorded.

The user (human operator) then makes a certain number of
hypotheses concerning the possible presence of a fault in the electrical circuit of the
electronic device 39 to be tested. Each hypothesis is represented by a record 29 of the

25 electrical circuit in a database 30. For each record 29, a simulation step 31 identical to
the preceding simulation step 25 is carried out, but with the electrical circuit

containing a fault represented by the record 29. At the end of these simulation steps,

simulated images are obtained, namely one simulated image 32 for each fault



10 1UPPLON (Burnaby, Canada), during step 25 the various conponents

Bx, By, Bz of the magnetic field as would be emtted by the reference

el ectronic device are calculated, then, for each conponent Bx, By,

Br, a simulated reference i mage 26 capabl e of being obtained in the

same way as the neasured image is cal culated, but on the basis of the

conponents Bx., By, Bz of the magnetic field which have previously 15

been cal cul ated by simulation, 20 Atest 27 is then

carried out, by which a check is made that the calibration of the

si mul at i ofygoshed®, Keg s tot Agtfot Sadhares@d Zhat the sinul ated reference

i mge 26 corresponds to the nmeasured reference inage 23, if this is

not the case, the sinul afugheseeg, g8ring stapdArebichhnee beorarded iong befere,

paranmeters. if the cgonparison 20 carried qQut by .the test .27 i

consi der ¢ TP ﬁ’@c%“,nu?"ﬁ@nr%%?ﬁ §{’z‘§°é‘?°rtem tl88ﬁ<b§ﬁ¢?§d§ tﬂemgme test

the two r@ERIBNELoIIIRYSS tE3irdRASP atScdrBiE@Td8Yith the electronic device 39Tdebe

user (human operator) then nmakes a certai n nunber of hypot heses

concer i ngstiei o pess bblaén fheaneasaecdofimagef@ud ftthisreledimnet deticé.cal circuit

of the electronic device 39 to be %Fested. Ea%g h otp Sis i
3

represented by a record 2VTHR HESUBFKBICRT &P S0 £ Sémazqt%ia%ges 32
30. F 29 i ¥ i dentical.ta .
ot ecodt ngt SOmFER] S dmBAM A il 34SB sl SFBLFRINE QirhiMted image 32

circuit c@RichildshBe BedtadticldtRBr oS Metheurtdnigcdt,dhads tdsay heosipdrison
of these sinulation steps, sinmulated images are obtai ned, nanmely one

si mul at edresnigéosssgt toahe gestit 2&gbtaingDomyhrobires PE thet 1eagrenes elgcigagicidsvice.

each record. 29, ) . Furt hernmore ring,ste 3 which

o paBe TR Sararisnn g mey sty B cartpn gt ¢ ety b tnghER GRail Graton,
the afor egent006d o5 HRsichf, tBylﬁnQ% tWenp B Rbn e HREraCER il REmiAtbMEiC
invention are carried out V\Yth t he ?ectronlc device 39 to be tested
so as to ohhbinatibhebyreasiimesh iopegroBdssiftetihbg shaget comparis@yisoétware. For
During the subsequent step 35, each of the sjmulated inﬁges 32.is .
conpar ed #arpplehéhigetBagee gompageoBmay bes ceslede Pl Wik thherid phuIthg dppage

thar it BRsahl Sohre SRR FoRhR By Slubbhy PRRsTEIEIAULTERE Hrppty.

on thegsbaghga®f). the reference el ectronic device, 10 This conparison
35 may sinply be carried out visually by the user (human operator),
or entirely automatical |l yTHyg, ihvagee obsjraulatedninsagies wltanedpyimaking various

S O G 9 T B0 0070k s PRI detect e
Can o ot LR B o o B Mg 85l MR
invention, and to do so while obviating any analytical calculation by integration of the

20 components Bx, By, Bz of the magnetic field.

Furthermore, owing to the fact that in the scope of measuring a
magnetic field, each contribution of the circuit is added to the others, throughout the
method according to the invention it is possible to avoid measurement and/or
simulation of the parts of the electronic circuit of the electronic device which do not

25 need to be tested, in particular because these parts are necessarily fault-free.
In order to do so, it is possible in particular to calculate a

differential measured image by subtracting the measured reference image 23 from the

measured image 34 of the electronic device, and to calculate differential simulated



Thus, the use of sinulated i nages obtai ned by maki ng vari ous

hypot heses concerning the possible faults in the circuit nmakes it
possible to detect and localize a fault in an electronic device by
virtue of a test nethod according to the invention, and to do so

whi | e obviating any anal ytical calculation by integration of the 20
conponents Bx, By, Bz of the magnetic field.

Furthernore, owng to the fact that in thHe scope of neasuring a
magnetic field, each contribution of the circuit is added to the

ot hers, tiniQueghgutubthetingtthodimgleriddicfigene: thggd DY efdrhasachtsimlated image
possi bl e to avoid measurenent and/or sinulation of the parts of the

el ect r oni &,diefengi carmying pet e gompenisen déwinke ontihesk dgeisstiahiseares oltpeeven
tested, in rticul ar becau hese parts are necessaril.y..fault-free.

I or der beane 46 PriductoiTlrd MaaFe B e o Ui Peits Ob e e Al meired
di T erent jdlsTRARU 1B el {RSerBW aRHRL RRiS Rehyl G ARATIY ﬁggré;ﬁﬁ}%i%&ﬁied and
i mage 23 fromthe neasured inage 34 of the“electronic device, and to
cal cul at eaddefdrgteént i al sinul ated 21 images by subtracting the

sinmul ated reference i nage 26 from each sinulated i mage 32, before
carrying out the conpari§89“§§qdﬁly on these differential images. It

is even possible to prod i f: : t f :
differential neasured inggZhﬁhg%@&hggéhgﬁﬁegéﬁgg?S?ﬁ%@p%?ﬁ&%ﬁ?JQW§§?8‘s
t he nmet hogh bec@bgidtdsyersblFonbisedg and skicacdakesmiathngbdAMBhEs represented in
In the exanple of Figure 5a, the electronic device to be tested is an.
el ect r oni Eigass &hblliscolnsirenic mysafbly kasae kelsfenseadertrasdie angult AEpIsetted in

represented in_Figure.5b. This.electronic assenbly has a reference .
el ect 8ni ﬁlg&‘ff‘? églbg’ P éprealadionef ?elﬁ‘:ti‘@agf”ﬂﬁ? B! ﬁ%}m& %‘?r}d&lﬁﬁg? i dpssing
el ectri Ca{hr&%%ﬂﬁl%tva'riious hoglg@ng conduction lines passing through the
vari ous hoar ds. Figure 6 represents a neasured

ref erence i mage obt ai ned Rigerer di ngptescritheai meamiredn refetenca Maggem obtained

C30(r) machi ne equi pped with a SQUI D sensor, , : .
(r) accordingqto 51% invention withqaJ Magma C30® machine equipped with a SQUID

Sensor.

15 Figures 7a, 7b, 7c represent three hypotheses of a fault in the
electronic circuit, which may be formulated by the operator, each hypothesis being
represented by a record 29 of the corresponding electrical circuit in the database 30.

Figures 8a, 8b, 8¢ are the simulated images of the component Bz,
corresponding to the three hypotheses above and obtained on the one hand on the basis

20 of the Flux 3D® finite element analysis software making it possible to obtain the
various matrices of the different components of the magnetic field, which are
represented in the form of images in the same way as the measured image.

As may be seen, the simulated images can subsequently be
compared with an image measured according to the invention on a device having a
25 fault, and, on the basis of these simulated images it is possible to find the one which

corresponds best to this measured image, and therefore to the fault.



Figures 7a, 7b, 7e represent three hypotheses of a fault in the

el ectronic circuit, which may be fornul ated by the operator, each

hypot hesi s being represented by a record 29 of the correspondi ng

el ectrical circuit in the database 30. Fi gures 8a,
8b, Sc are the sinmulated i mages of the conponent Hz, corresponding to
t he three hypot heses above and obtai ned on the one hand on the basis
20 of the Flux 3D(r) finite elenent anal3sis software nmaking it
possible to obtain the various nmatrices of the different conponents

of the magnetic field, which are repCesgmed in the forn1of i mges in
the sane way as the neasured i mge. may be seen,
the simul ated i mages can éubﬁdjﬂ@h@ql fobées@éiﬁfp@? sleciionis %VIP‘?mﬁ’eWhICh the
measured accordi |nv tioon on eV|c ayvi

ond. o «RaEgag: B SphBE SRR Prdy R B LRC B o P elgptronic
the one wiigk em;neme&%db@sa nwdd'iveétlmsﬁéa@,@lrdnmaﬂ%ro@@gété)fwagfeqn@ be
to the fault. - method for testing
an el e6t rane o delware, s1gmalmmm$erttdrtwentﬁghetvahlefof€i coreponeng Bzhyf satd inegsetic

one circu nof electric curr in the electronic devic is
measur ed {33 s B BTl A 22Ut fb’?@b‘?é“{‘ﬁ%‘}’e%tofﬁp“?@slp @g%e 5
able to h ME[ @ signal representative of the value of a conponent
Bz, of sald rmagnetic field along a predeterm ned axis ZZ' which is

fixed with respect to sai dther obe (¥6)Ebeing brought to a distance d0 in frbet of one
probe (46) being brought to a distance (10 in front of one face of
t he el ectragniof theglestronigndevi¢re aordbe redﬂﬂtr@nefedﬁ:\@@e beinggupuppd ivath plegtiical

oot oSy SRS bR U6 MDAt IR R85, S
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t he probefifs#6)alwnBzlechtikedpomponent of the magnetic field Bz along the axis ZZ’
measured by the probe (46) and recorded,

- then the probe (46) and the electronic device are displaced

15 with respect to one another by relative pivoting about an axis XX’ orthogonal to the
axis ZZ’ according to an angular amplitude of less than 90°, the probe (46) being kept
at the same distance d0 in front of the same face of the electronic device, and, the
electronic device being supplied with electrical energy and with predetermined input
signals, for each position (x, y) of the axis ZZ’ with respect to said face, a second

20 value Bz2 of the component Bz of the magnetic field along the axis ZZ’ is measured
by the probe (46) and recorded,

- then the value of a component By of the magnetic field along
an axis YY’ orthogonal to the axes ZZ’ and XX’ is determined and recorded for each
position (x, y) of the axis ZZ’ on the basis of the first value Bzl and the second value

25 Bz2 which have been obtained.

2/ - The method as claimed in claim 1, wherein the value of the

component By of the magnetic field is calculated according to the formula:

By = (Bzl.cosa — Bz2)/sina.



then the probe (46) and the electronic device are displaced 15 with
respect to one another by relative pivoting about an axis XX
orthogonal to the axis ZZ' according to an angul ar anplitude of |ess
than 90", the probe (46) being kept at the sane distance dOin front
of the sanme face of the electronic device, and, the electronic device
bei ng supplied with electrical energy and with predeterm ned i nput
signals, for each position (x, y) or the&3axis ZZ' with respect to
said face, a second 20 value Bz2 of the conmponent Bz of the nagnetic

field along the axis ZZ' 3is meeshiétBed BY clah@edirobge ¢A@)inant anéQpitiettin:
- then the value of a conmponent By of the mag?neti c field al ong an

axis '1'1" orthogonal to-tthe piebs (#8) aaddhXeleqteoniedgricdctieadisplaced with
recorded for ch positio . of the,axis ZZ' ,t he sis of th
(iret vallsus 1o dnbannbes By SiaevhpRetss a3l ke Ra e Fedi i & abffar
2/ - The ”ﬁé@‘iﬂg@%f Es@h B0 den 1 SHoBE f46)MEkdptlal re'shttedi9fant &80 in front of
conponent of the nmagnetic field is’cal culated according to the
formul &: tBy semeBact of tlos electroldz Aeisienand, A8 eBéctronithdevret beuhgasipplied with
clained in one of clains |. .and 2, wherejn:

) .. - th
probe (469\ceifigak gnergy ed Mo predelerancsy wpui sigpalsefPriech pPé‘é’&é‘c(t"t’ % of the

Cher byt ol at i U . . .
onqutar ot B e Yl @G nikd SaRt) fay Y BCRRAMREL iy B he
sane di st angeetitQiéla dlsnthekisszZ he madverddsethefprbbe (49)eatirecirded,

device, and, the electronic device being supplied with electrical
energy and with predetei -ntheadhi vplite ofi gaengongnsBreat hepaeptgtisnfi¢ld along

L) R A SRR SR i Pl SR R 8t 8 SR8 ppghe
by the prohg (A8 R GBI the third value Bz3 which have been obtained.

4/ - The method as claimed in claim 3, wherein the value of the
component Bx of the magnetic field is calculated according to the formula:

Bx = (Bzl.cosP — Bz3)/sinf
15 5/ - The method as claimed in one of claims 1 to 4, wherein:

- an image, called a measured image (34), of at least a part of
the electronic device (39) is formed on the basis of one of the three components Bx,
By, Bz of the magnetic field emitted by this electronic device, as determined on the
basis of the measurements provided by said probe (46) for different positions (x, y) of

20 the axis ZZ’ of the probe with respect to said face,

- a plurality of simulated images (32) of said part of the
electronic device (39) are formed by simulation, each simulated image corresponding
to an image capable of being obtained in the same way as the measured image, on the
basis of values calculated by simulation, for each position (x, y) of the axis ZZ’ with

25 respect to said face, of the corresponding component Bx, By, Bz of the magnetic field
as would be emitted by this electronic device (39) in the presence of at least one fault
of the circulation of current in said part of the electronic device (39),

- the simulated images (32) are compared with the measured



- then the value of a conponent Bx of the magnetic field along 10 an
axis XV is determ ned and recorded for each position (x, y) of the
axis ZZ' on the basis of the first value .az I and the third val ue
az3 whi ch have been obt ai ned. 4/ - The nethod as
claimed in claim3, wherein the value of the conponent Bx of the
magnetic field is cal culated according to the fornmula: fix (Bzl
cosl 3- Bz3)/sinP 155/ - The nethod as cl@inmed in one of clains 1 to
4, wherein: -an inmage, called a nmeasured i mage
(34), of iatadeqdd). a part of the electronic device (39) is formed on
t he basis of one of the three conmponents Bx, By, 134 of the magnetic
field enmitted by th| s eI 66t r diecmebpidcas, clasnegbinegl#im el %hﬁrmeth@az@p@sured

of the measur.e e sai d rob f.or dif

post 1 oner ik oh o B6CPH IR0 RSB PR BT Snicils AL BEeBe sommarisgn.
face, corresponds to subtractRnPbihAli} a%e@btéih@@'o%t e bawoes thd2breéponding
said part of the electronic device 9) are formed by simulation,

egch sbmuéanpchdnidlye Byr Besqfd:hdlm%rtemlcaﬁeldnagmedalpwtdheaemtﬁrebelolﬁgi reference
obtained i.n the sane way as t d i - ' f

val ues ca?IEEFF%ﬂ‘%S CHipeQi A BRIURE 1F op E@&anggﬁ??won@etoaaasﬁteﬁ htalkess of
ZZ'° wth fa%ﬁ?e E&@fo%n %nﬁ’égs‘gﬁéﬁ foP ehEiy %E’ﬁi'oﬁg(s gprg)gwgetax%xzzwm

Bz of the mag’nelc e emtted tronic

devi ce (3&kptd tbhsm@riesenam of aat ithggs bbemeed anl theobasishef che aok@tpaniing
of current |n said part of the electronic device (39), - the

si mul at edcmpeeest @B32)Bwrke ebramegnsiia fickdnemivisdshy ehe eriratyi plde qlgdyonic

10 device (39) to be tested, this component also being measured for each position (x, y) of
the axis ZZ’ with respect to said face, and wherein each simulated image is formed by
subtraction of an image obtained on the basis of values calculated by simulation, for
each position (x, y) of the axis ZZ’ with respect to said face, of the corresponding
component Bx, By, Bz of the magnetic field as would be emitted by the entirety of the

15 reference electronic device, and of an image obtained on the basis of values calculated
by simulation, for each position (x, y) of the axis ZZ’ with respect to said face, of the
corresponding component Bx, By, Bz of the magnetic field as would be emitted by the
entirety of the electronic device (39) in the presence of at least one fault.

7/ - The method as claimed in one of claims 1 to 6, wherein a

20 measurement probe (46) comprising a sensor selected from a SQUID sensor and a
magnetoresistive sensor is used.

8/ - The method as claimed in one of claims 1 to 7, wherein,
the electronic device (39) being an electronic assembly in three dimensions, in order to
measure said first value Bzl the probe (46) is oriented with the axis ZZ’ orthogonal to

25 one of the external faces of this electronic assembly.

9/ - The method as claimed in one of claims 1 to 8, wherein the
probe (46) and the electronic device (39) are displaced with respect to one another by

relative pivoting according to an angular amplitude of more than 10° and less than 45°



6/ - The nethod as clained in claim5, wherein the neasured i mage of
said part of the electronic device (39), which is used for the
conparison, corresponds to subtraction of an i nage obtained on the

basi s of the correspondi ng conponent Bx, By, Bz of the magnetic field
emtted by the entirety of a reference el ectronic device

corresponding to the electronic device (39) to be tested hut free of
faults, this conponent being neasured fo%5 each position (x, y) of the
axis ZZ' with respect to said face, and of an inage obtained on the
basi s of {meparticulespongbergeenrtpand®°Bx, By, Bz of the magneti c field
emtted by the entirety of the electronic 10 device ( 2 be

tested, this conponent  all86- Hei Aepchines ufesd tr8ingeath ﬁk%} opign dsvics)) (39),
of the ax¢ %Sngnth respect to said face, and wherein each sinulated
image is for 4 y subtraction of an inmage obtained on the basis of

val ues cal cul ated by si mul athh@bdirefioRAGheaRORInd? PHroto (46) a@ﬁpt%ﬂ‘%o@é' dble
ZZ' with respect to said face, of the corespondi ng conponent” Bx,

Bz of fhetorsigheti & fsigiad apregeutativhe o8 nthet edluy of he ecummtmny B, taieng a
15 reference el ectronic_devic d of i mage obta t he basi

of val e ERPCHIHIEa 2t NG sancdrith EepROosAt] Bieopnot i TBerbhg feld
axis ZZ' r

B, By, Bo ol AREEleiil SPUHE r6E 1] byl i T EP DR BRARA 09 BRI Nycnt in
of the el getalanonidémice(382) in the presence of at |east one fault,

- The nethod as clained in one of claims | to 6, wherein a 20

measur ement probe (46) corrprﬁiu@pﬂﬁ @f%é@EdﬁC@él%ﬂ%(ﬁl‘fq&m@dS@SPd”) and

SR LT B PRty 836% oppuia gt enerey T v
el ectroni ﬁreﬁ@t‘éhﬁ?neﬁ:iﬁ%utbﬁgﬁws appIRl Betihpm terAma R tYe elecirBhR&evice (39)
di nensions, in order to neasure said first value Bzl the probe (46)

is oriented with the axis szeohammgomta‘rﬂ@ ﬁoneplatmgh&leem@vma(%)‘ andsan
of this electraoni asseng E fgl

ol ai med | FlegHRNSt dexik ao) Teesieed ithdheiTReHEn PR %) %l fsaect to one
el ectronlg(%%( i ce (39) are displaced with respect to one anot her by
relative pivoiing according to an angul ar anplitude of nore than 10"

and l'g@ss than 45 - in parhicauk @0) firngcheliveenlutd candsididingl @ the fgnals
machi ne for testing an el ectronic device (39), conprising:

- a rmnoddﬁile\wé(bhmthfm@bﬁr(é@ent probe (46) adapted to be able to
deliver a ihe%g represent ative of the value of a conponent Bz, al ong
a predeteW % axis WE which is fixed with respect to said probe of

the magnetic field em ttedghn LBghaHiGhns YnRbuicd@oPhale i A&8siHY t@tmodify,

| east one circulation of electric current inthe electronic device
(39), - afmuggbrpodiddd (ko) refcievixig 26’ elithcrespactctodeéwd ekec(rd8ic, danck, the
20 orientation of the probe (46) and the electronic device (39) with respect to one another,
by relative pivoting about an axis XX’ orthogonal to the axis ZZ’ according to an
angular amplitude of less than 90°, the probe (46) being kept at a distance d0 in front

of the same face of the electronic device (39),

- said test machine comprises calculation means (40) configured
25 to determine and record, for each position (x, y) of the axis ZZ’, the value of a
component By of the magnetic field along an axis YY" orthogonal to the axes ZZ’ and

XX, on the basis of a first value Bzl of the component Bz of the magnetic field along

the axis ZZ’ as measured by the probe (46) in a first relative angular position of the



10 neans (53,54) for supplying this electronic device (39) with

el ectrical energy and with predeterm ned input signals applied to
input termnals of the electronic device (39), - a
mechani sm suitable for placing the probe (46) and an el ectronic
device (39) received in the reception support (44) with respect to
one anot her, 15- neans (40) for recording val ues corresponding to the
signals delivered by the probe (46), whetein: -
said nechanismis configured to nake it possible to nodify, for each

posi tion geobe Y6 Phnd € tAXietechbnioMiEHce €3Peditht @spdie teltRetakBNXEK’, and of a
device, the 20 orientation of the probe (46) and the electronic ,
devi ce (3%rond tvaluceBpeof the conwoannt Rerof thy megreticvieelgiajong Hip aveAZ’ as
an axis XX ort nal to e. axis ZZ cordi to .an angul ar

ol t udegreired B9 RaRbS, (h s iBh raBfivB Nk bl e 31 Bopsdouena
in front of hbheeSRmE 8866 019) e Fés?@étft@@h@aﬁ@‘b(xe and M the same distance dO,
- said test nmachine conprises cal culfation neans (40) configured to

det er nb nesaad dirstemal sgcohdrarngatdr progidnsomitlf xespept of thehaxiaxX X’ bedg sdperated

val ue of conponent By of the gnetic field along an axis 'VC
orthogona‘am{no‘)fter%‘oélﬁsbyﬂ‘ anglgjokiess e A0he basis of a first val ue Bzl

of the conponent Bz of tg)?/ nalgr{éetr{lgc}{iﬁglzfs Y4t ie anid 46, .\Qﬁere]in said

measured by the probe (46) in a first relative angular position o

the 26 pmebeardidf)isandfighrddh® slheetir poisibldavimedi? e wiichtaties pecthet@obe
the axis XX, and of a second value Bz2 of the conponent 13z of the

magnet i ¢ (46 |agdatherajeattrmiadiesice 239 hyvitherssneddobyna arothelohe elgive; pivating
UG IR T R ARG I e —
051212 el oLyd R Bt DSLAOTR e v
t han 900 (39), and wherein said calculation means (40) are configured to determine and record,
for each position (x, y) of the axis ZZ’, the value of a component Bx of the magnetic
field along the axis XX’, on the basis of a first value Bzl of the component Bz of the
15 magnetic field along the axis ZZ’ as measured by the probe (46) in a first relative
angular position of the probe (46) and of the electronic device (39) with respect to the
axis YY’, and of a third value Bz3 of the component Bz of the magnetic field along the
axis ZZ’ as measured by the probe (46) in a second relative angular position of the
probe (46) and of the electronic device (39) with respect to the axis YY’, and at the
20 same distance d0, said first and second angular positions with respect to the axis YY’

being separated from one another by an angle of less than 90°.
12/ - The machine as claimed in one of claims 10 and 11, which

furthermore comprises:

- means for generating an image, called a measured image on
25 the basis of one of the three components Bx, By, Bz of the magnetic field emitted by
this electronic device (39), as determined on the basis of the measurements provided
by said probe (46) for different positions (X, y) of the axis ZZ’ of the probe with

respect to said face,



11,1- The machine as clainmed in claim10, wherein said nechanismis
configured to nake it possible to nodify the orientation of the probe
(46) and the electronic device (39) with respect to one another, by
relative pivoting about the axis YY" according to an angul ar

anplitude of |less than 90*, the probe (46) being kept at the sane

di stance dOin front of the sane face of the electronic device (39),
and wherein said cal culation neans (40) ZAre configured to determ ne
and record, for each position (x, y) of the axis ZW the value of a
conponent Bx of the magnetingafd @0y fal @Neulbinge axicsladd valeds Bihenhastisn, for
of a firs( value Bzi of the conponent Bz of the 15 magnetic field

al ong t heea@hlmszmn s ybreﬁgmﬁr @ds B twigh pespioet t(o4®)d faveaof thesthrecepeinparents

| d of, th t
woh reshBR: BoBerer BTRER S8 wtVEuRhbe A EEYISH BptiafuhE deHonic
conponent 4 @Bﬁ%‘f(”wgt@%%ﬁ%’& df 'a?ié%staé)&nﬁuitrtff tBX bR cdéiioRdf @@ﬁéﬁ’crlﬁ@am/part

t he probe ( relative angular position of the probe

(46) and of tht Réecedoant domntec(3d9gvi ce (39) with respect to the axis YT,

and at the 20 same distance dO, said first and eco ul ar

positions with respect to PKANHLQSSENPTAEE AP ‘é’@fﬂ éHn’f‘ #ih Brages of said

ot SRS RLG SR B gielatm oo pimyloted, Fep i Bspondin
conpri sesiy an image capable of being oFR& inQhe g@mervaaty agthammedmgeal 1Iﬁ@éd ed the
a nmeasured i mage on the basis of one of the three conponents Bx,

Bz of thebamgnthiset bf shidl estiiet edcbiptadnhy senhdstipmnios e@élmp@éltmg(y(,, yé@f the

determined .on fhe basis of th rreas renments vi ded d probe

(46) ffr #rif L ekt ﬁ%%’ief’ﬁ toniaq facey pI He ceesRRd h 3o ke R B, Biye Biqthe
respect tfhﬁﬁfc ?l - nmeans (40) for

cal cul ati hg~calcu at ed vaI ues by simulation, for each position (X, Yy)
of the axis ZZ' with respg¢t Tige ﬁlaclﬁinéaeelalmtadtiinenekmfehiimer’qﬁdnd@t wherein
Bx, By, Bz of the magnetlc field as would be emtted §/ ﬁﬁ) art of
the el ect safi prahevi@é ) (QUPTiFEst te SoPeerteleckd dfomedstSQHEDT gEpsorofnd 2
the circulation of current in said part of the electronic device

(39), Magnetoresistive SeNsOTppans for generating a plurality of

si nul gised i mages of said partTRd hbisd est cRRineddevice 68Vlaidys 10 to 13,
simul ation, each sinmulated i mage corresponding to an i mage capabl e of

bei ng obt mhreminl n the same way as the neasured i nmage, on the basis of
a set of said values cal cul ated b%/ si mul atl‘?‘ﬁ for e Cﬁg B H:?l on
y) of the 10 axis ZZ' wi th (P@EssEption sURRATH (4448 2rigpee 9% ?‘X& an
conponent i 1 three di A3/ -
The machi ﬁg)égg Idéa'l%%rrceeg(f”ﬁ]?ow 5[} glleérséfgﬁg ats%enlkﬁ,y 1\rllvherre gl F\mgrésllc()j pr obe
(46) conprises a sensor selteehadhbniom B &AAdursens atakand passible to orientate
manm et oresi stive sensor. 14/ - The machine as clained in one of
cl ai m2010the ptahe (46) with the axis ZZ’ orthogonal to one of the extemal faces of an
electronic assembly received in said support (44).
15/ - The machine as claimed in one of claims 10 to 14, wherein
the support (44) for receiving the electronic device (39) is fixed with respect to a frame
(41), and wherein said mechanism is configured to make it possible to pivot the probe
25 (46) with respect to this frame (41).
16/ - The machine as claimed in one of claims 10 to 14, wherein

the probe (46) is mounted with respect to a frame (41) so as to have a fixed orientation

of the axis ZZ’ with respect to the frame (41), wherein the mechanism is configured to



wher ei n: - the reception support (44) is arranged

to be able to receive an electronic device (39) formed by an

el ectronic assenbly in three dinensions, - the nechanismis

configured to nake it possible to orientate 20 the probe (46) with

the axis ZZ' orthogonal to one of the external faces of an electronic
assenbly received in said support (44). 15/ - The
machine as clained in one of clains 10 t¥ 14, wherein the support

(44) for receiving the electronic device (39) is fixed with respect

to a franmakdi)poseibtt wherei thessa ﬁomcm)afursmelsmgqhé egatredict deviak@9)) twith
possi ble to pivot the probe 25; wWith respect to this frame (41).

16/ - The ieapdvirie & framen@ld); An@reheeincthe pectronicodavice WAk &3Gsitaden the

probe (46 t ed res ect a ) so as to have a
fixed or.%%WPQFTg%%fSUPH G‘QQ &P?‘ﬁlslteé{sﬁg’?‘? ﬁj’] the frame (41),
wherein the mechanismis confl gured to 28 nmake it possible to pivot
the support (44) for receiving the electronic device (39) with
respect to the frane (41), and wherein the el ectronic device (39)
received in the support (44) is supplied by nmeans of a tw sted cable
(54),



