1 Method and installation for exposing the surface of an integrated circuit
The present invention relates to a nethod for exposing 5 an integrated
circuit by ablation of a polymer coating which initially covers the
integrated circuit. Integrated circuits are etched in a block of silicon
which is provided wth lateral connectians which are constructed
particularly fromcopper and allow the I0 connection of the internal circuit
to a printed circuit carrying other electronic conponents. The integrated
circuit is encapsulated in a polynmer coating which rigidly maintains the
connecti on Igﬂs w.th _the naniguLati%n of the,circgit being allowed and its
15 prot ecti on™BEPAY BREuFBEL2EA2EEERr TPE SHRP§IBIt FBSOFUFERFSN O8f 2Phe
integrated circuits, it is necgssagyatBaseiBcaases to be able to access
the integrated circuit whilst retaining its integrity and its operational
capaci ties. 20 The tprasemd, intensikmopmlatees ocal & ynetirey Hor akpasion of

t he pol.y C i | omg. ng. r t i oAk d i i be
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hi gh- poweridiasiea]l heamtard hehea yregratoad i ograndtt o 25 sweep the integrated
circuit in ord to bring about. degradatiaon of.the cpatin This nethod is
carried out in FSHETTTR THEH FRTEn CHIeti HY T HESPHI PEaPTBRCDR ¢ he

| aser to bghijdlecisedyovided reltledlatdradfh exeesst vehy Wit ge application using
the | aser beam results in an attack on the silicon and damage to the

circuit. ISPHHHSICH RAT T SUAT Hanegd” TAHRPFasEY i 3L EPPIFRE in  a noderate
nmanneryy budonsd & Sofo PHYEIBInt SN ¢ rP@OSt tE®Na printed circuit

. carrying other electronic components.

The integrated circuit is encapsulated in a polymer
coating which rigidly maintains the connection lugs, with
the manipulation of the circuit being allowed and its

15 protection being ensured.

In order to analyse the operation of the integrated
circuits, it is necessary in some cases to be able to access
the integrated circuit whilst retaining its integrity and
its operational capacities.

20 To that end, it is known to locally carry out ablation
of the polymer coating, allowing a surface of the integrated
circuit to be exposed.

In order to ablate the polymer coating, it is known to

. apply a high-power laser beam to the polymer coating and to

25 sweep the integrated circuit in order to bring about
degradation of the coating.

This method is carried out in a specific installation
allowing the application of the laser to be precisely
controlled.

30 An excessively large application using the laser beam
results in an attack on the silicon and damage to the
circuit.

In order to avoid such damage, the laser is applied in

a moderate manner, but islets of polymer remain in position



2 on the circuit, which inpairs subsequent observation of the integrated
circuit. It is further known to use a plasma in order to attack the polyner
coating in the region of the integrated circuit. 5 This attack is carried
out in a suitable sealed vessel, in which the circuit is arranged. This
vessel allows a plasma to be produced Ebove the circuit. The plasma brings
about an attack on the polyner coating. However, the action of the plasm
is very slowand 10 allows only a very small thickness of the plastics
coating oo bkerenpeedt, DeburbntimpPSi4s688b4é6dudascpbisesvatden of ftiue cutti ng
a production cogggnent which is constructed froma single material. The
devi ce coﬁB S IS%gfuéhd a plasma gun. 15 However, this |aser has too
hi gh a power | grelist Gubeheabkeowa he usedai plaisanodheottieni ¢®. atheach asm
gun is fur%her gbove all ~an auxiljar energ% g ner,at or whi ch heats the
product i oh"EoRBOKBARE FRGAGEr 100 thEUT SR O PE Eﬁid CHRE Yt TE ot be
used tp expOseadBadl hBt egiatied eutcCdint abecaus®liet seauld Raveetihe ief fect of
mel ting the,pol¥ner coating, the connection conductors_and the conponents
of the ci FBaFP. t¥ReFer6Met d8cRTE2PISESmaThHES VRSELEd éé%ﬁ@@ @h@lﬁFFﬁted

circuit m@bcgei?reghcggtabgyggﬁﬁge@irCQQtAs indicated in line 40, colum 11
of this docunent, a corona discharge, that is to say, an electric arc, is

generated i n ofBer plasprobudadshabplisar. asterkarnel Picd Y"¢c  woul d

destr oy tRBaLRLGY BLRAVEL! CHE LhehibntBie chBep1tanaAR0S AN hitleghal ed
circuit. e stream di scharge romthe 30 plasnma gun has m cr o- abr asi on
ef f ecto at alhewat onily hevely s@eAdegbénkhgsst bé tiret plgsddvisceoddsard bed in
this doc be used to expose an integrated circuit. The docunent
entitled H%ﬁﬂ%i%ﬁﬂgg%gdule packagi ng of -«

Document US 4 689 467 describes a device for cutting a

production component which is constructed from a single
material. The device comprises a laser and a plasma gun.

15 However, this laser has too high a power level to be
able to be used in microelectronics.

The plasma gun is further above all an auxiliary energy
generator which heats the production component in order to
cut it more rapidly. This gun cannot be used to expose an

20 integrated circuit because it would have the effect of
melting the polymer coating, the connection conductors and
the components of the circuit. Therefore, such a plasma gun
would damage the printed circuit which is not yet
integrated.

25 As indicated in line 40, column 11 of this document, a
corona discharge, that is to say, an electric arc, is
generated in order to produce the plasma. Such an electric
arc would destroy the integrated circuit if it were used to
expose an integrated circuit. The stream discharged from the

30 plasma gun has a micro-abrasion effect at the atomic level.

Consequently, the cutting device described in this
document cannot be used to expose an integrated circuit.

The document entitled “Multichip module packaging of

Microelectromechanical systems” describes a method for



M croel ectronmechani cal systens"” describes a nethod for 3 exposing a

m cropl ate of an el ectronechani cal m crosystem (MEMS). According to this
nmet hod, two |layers of dielectric material covering the mcroplate are
removed by ablation during the application, firstly, of a |aser beam and 5
subsequently a plasm attack. However, this docunent makes no nmention of the
m cropl ate being held on the sane support and in the same vessel during the
application of the laser and the application of the plasma. Wen the
nicroplatexpeshnged tOcabpéatehef| aseelestapperbdnicali mingokyrgem possi bl e

carry, S track, .ex at he Lo [ t aki ng
|nto conS| §|on8€§eH§P§e£§fEPh§ %%%b%ghst% 1?H8%§ gg g;?&g%%??EUIt to be
processedmaﬂekmag coVer¢ngstHermﬂbnopihEelameabbabved bypabﬂayloh 15 the

plasma, it is known to prepare th e ani call.y or chemcally
Peduc: ng CHESPHI ERRee8P Dt CRRESRpoF§ aF L babtng JPOUFIEASELGRE t he | ntegr at e
circuig. dabsbgherdly anpaggmadaa@acmnth a first enbodinent, flat polishing
of the coatlng of the inte rated circuit is 20 carried _out using a grinding

wheel , ther ebyHQVEBRF ngtBAPyIQCUBRAF| MEkPEKABsBBF 1PReOfo&fPng, which is

subsequen&lwrbﬁmvédbbynghﬁe%t baAntAk bﬁﬁepE@EﬁBrtt anBeihethe sAmeording to
anot her enbodi nment, the majority of the thickhess of the coating is renoved

by cheni cEESaela@RTiBInghe52RAL A6RE1IARIOENTEEr LREEFaRNE &PEric or sul phuric

acid. TheagGiiof9bntBe BRLURLESERTPAXN! Pns! ﬁmc@eglm gausgvedamage to the
circuit or e electrical nections to the casi Those two

- i npl etfentatten hbeehddserhiis prpvidd. f bk 1s0nprépagaﬁ|9ﬁ8§ﬂbﬂﬁetpest pi ece
pat de BgvgesaL AL pRRBLACALLAR! iEsPl aTcpLheBop sUsenent step
selected, taking into cons1deratlon the size of the portions

of the integrated circuit to be processed.

Taking into consideration the low ablation capacity of

15 the plasma, it is known to prepare the test-piece by
mechanically or chemically reducing the thickness of the
polymer coating provided above the integrated circuit.

To that end, in accordance with a first embodiment,
flat polishing of the coating of the integrated circuit is

20 carried out using a grinding wheel, thereby allowing only a
small thickness of the coating, which is subsequently
removed by the action of the plasma, to be left.

According to another émbodiment, the majority of the
thickness of the coating is removed by chemical attack using

25 an acid and in particular a nitric or sulphuric acid.

The action of the acid is complex to stop and may cause
damage to the circuit or the electrical connections to the
casing.

Those two implementation methods thus provide for

30 preparation of the test-piece outside the vessel for
application of the plasma, then a subsequent step for
processing the test-piece with the plasma in order to remove
the final thickness of polymer whilst the test-piece has

been placed in the vessel, in which the plasma is produced.



the final thickness of polynmer whilst the test-piece has been placed in the
vessel, in which the plasma is produced. 4 Such nethods take a relatively
long tine to carry out because they require the use of two different
ablation techniques. An object of the invention is to provide a nethod for
5 exposing the surface of an integrated,circuit which may be rapidly
carried out whilst allowing a satisfactory surface state of the integrated
circuit to be obtained. To that end, the invention relates to a nethod for
exposi ng an i ntSeghatmed hodsc iakeby alellattiiore lof longolbimer tol@aooat img: whi ch
initially I integr.ated.circuit har rised jn that it conprises
a conbi neggg\éps%ctg?l% n*o l%fe%hrea At idéfn tgvr?d dchftpfl%é:se%ngt taL(])D <—’H_‘elocnoati ng whi ch
initiallytechwndnsetshe i ntegrated circuit, the conbi ned application being

carried out in_the sane v | . ,15 Specifi,c enbodi nents are described in the
dependent clai'z\‘ﬁ}s.‘)b?ﬁg:%i r?&:%?ﬁeor}né(le 18 dtfesd L VHER t“besttdn%tt gd for

t he copneekipoR igenduet @is fefcecadfi Bire dmiledEatidd WilrdtitcvHish iyt ik |y
covered by a  polynmer coating conprising: 20 - an initial step of_ exposing
the int eglrélpéﬂllé’i CEETEHE €S YT H& TG &t '%%ﬁd@@t%%%ﬁrﬁ%%

descri bed sahgve orakthe itERRAtdLHirThAR & dherendiei ors which are _
exposed in this manner. 25 Finally, the invention relates to an installation

for exposing dR itheEgreaced Wier diivientiyl cablTaliddie Softa HAHIA fating which

oL SRR U SRR D PR, or TPt e orl, o

appl yilfg, cesmiingeahiicth irtid igdplyl cspviegrs ¢fhe integrated circuit,
characterised in that it comprises a combined application of
laser radiation and a plasma to the coating which initially
covers the integrated circuit, the combined application
being carried out in the same vessel.

15 Specific embodiments are described in the dependent
claims.

The invention also relates to a shear test method for
the connection conductors of an integrated circuit which is
initially covered by a polymer coating comprising:

20 - an initial step of exposing the integrated circuit
and the connection conductors by a method as described above
and

- a shear test step for the conductors which are
exposed in this manner.

25 Finally, the invention relates to an installation for
exposing an integrated circuit by ablation of a polymer
coating which initially covers the integrated circuit
comprising:

- means for applying laser radiation to the surface of

30 the integrated circuit;

- means for applying, combined with the application of
laser radiation, an attack by plasma to the coating which

initially covers the integrated circuit; and



| aser radiation, an attack by plasma to the coating which initially covers
the integrated circuit; and 5 - a plate for supporting the integrated
circuit during the processing thereof, and the application nmeans for the

| aser radiation and the application neans for the plasma are capable of
acting on the sane support plate. 5 The_invention will be better understood
froma reading of the foll ow ng descri%tion which is given purely by way of
exanple with reference to the drawings, in which: - Figure 1 is a schematic
view of a first anpbdtaefivrofupportbagathat inhefpatedposirngianduntagr at ed
circuit accordin he ipventi.o

10 to - Fiqure 2 is _a perspecti vi ew of
Che chambeh® GPTOTesSTRYc HIFEPhn BRI HGr 8O0 LOSEL g0, BESPota%t FoRchar  of
the nmet hotasisedri@iat €¥p0shA0tA8 appegeat ednchegtkt FotStheFpQuERadairs a

schematic front view of  another enbodi nent for ihe installation for
carrying oWaPhe nbtRSHiNdant FPEi §aPE SUPBOHTdPAGFEmM showi ng the successive
steps 5 for progessin@eAti8at wPl CBeCREREESI NHAEWBLEbACHFbA hNrkREing0 same
coating. The installation 10 illustrated in Figure 1 is capable of ensuring
the expos@fetde £O1b3VipdelesIPiPbiABAWBYChnlis| AL¥GRaPEESYr BYi Fa¥0AEai ned
in a pol yoRLmGoat i eh bye rSHERESSEYCL he USH G Agbaseh haapnand a plasma under
reduced 25 preessure. The circuit 12 1s cafrleg by a plate 13. This
installation conpigsee i vacauarbeaabee YdewhpEha dekbhi embadimghsdofessel

Lonny SURTIBicpabh vk skate b BremebctgLa ABFLOECBATIE | o

-and alcover R2Rewhneéntsongeneral ly of frustoconical shape underneath a fl at

.upper - Figure 2 is a perspective view of the chamber of the
installation of Figure 1;

- Figure 3 is a flowchart of the method used for
exposing an integrated circuit;

15 - Figure 4 is a schematic front view of another
embodiment for the installation for carrying out the method;
and

- Figure 5 is a diagram showing the successive steps
for processing a test-piece comprising two circuits in the

20 same coating.

The installation 10 illustrated in Figure 1 is capable
of ensuring the exposure of a test-piece 12 formed by an
integrated circuit contained in a polymer coating by
successively using a laser beam and a plasma under reduced

25 pressure. The circuit 12 is carried by a plate 13.

This installation comprises a vacuum chamber 14 which
delimits a sealed vessel 16. The chamber 14 is illustrated
in greater detail in Figure 2.

The chamber 14 has a flat bottom 18, a generally

30 cylindrical lateral wall 20 and a cover 22 which is
generally of frustoconical shape underneath a flat upper
portion 24. The upper portion 24 has a transparent window 26

which is provided perpendicularly above the central portion



portion 24. The upper portion 24 has a transparent wi ndow 26 which is

provi ded perpendi cul arly above the central portion 6 of the bottom 18, at
which the plate 13 is located in Figure 1 when it is in a position for
processing the circuit. A laser source 28 is arranged outside the chanber 14
facing the window 26 and is directed to éards the test-piece 5 12. The | aser
is, for exanple, a galvano laser, a laser of the Nd: YAG type or an Exci ner

| aser. This laser is connected by a central control unit 30 for control

t her eof . dhetlenboatomons  oht unhicBOths pbaued13fms émaapéé,ibyFigupeocessor

which is associated.with input. gnd out put _cards. g e.laser source 28 is
carried b st B2 F of P ndVPRG C AR fagePrﬁﬁaﬁFﬁﬂgt BepFéﬁguﬁ "the circuit

12 in two dlre&tl@@érwbbahc@rgsnysuakkan@eﬁpaﬁdsﬁaéatheTbnaﬁbaevement means
are connected to the central control unit ch i.s capable

control | i fRCRHe E%%lY?%ﬂ08f2§h%n@aéﬁrdéﬁﬂcﬁﬁ?cﬁngrgFlBRE EEﬁﬁnPHSCSf t he

upper ssurfacereé 148epi {6Ui fod2eRimplle haggivhRaM adhe, f rushgeenbeal wal |
22 of ; the cover is further provi ded with a transparent wi ndow 34, behind

whi ch t hetleeiNd: ReviRE Ar ndRi EXFLRGT cARBRE - 3BNWAI LASPEE bésFPPBﬁ@HeéutS|de
20 the vegsel @ndk i choherdi entedynrOrdebnt oabesE¥Eothe test- piece 12

arranged 1h the vessel e canera 36 I's connected to a view ng nonitor 38
whi ch al | ows tﬁbed@@@tb@heﬁ@nbrolh@né§p6§u¥§ 5©rmﬁ@,sﬁ©ra@éampﬂeuhby

i ntegrated é%é?&%%o£0wﬁfcﬂofgtQ£§9c1§§ h“%h a&egnan 'gHEecé
optical axis o caner a e angar |sp ace atrve tot e norwm
relative to theheilzsetr d8urtea E&i$snaanemedahyameageoa§|ﬁpramoVinglt for

‘correctin es_|i |nt§rp ed Peﬁgee canera 36, and 3 t he nonitor
38. The |ﬁ%% %%?? %??%n %IgiﬁlP 78°c3 aéF% 6t nﬁFeggn%lné n algorithmfor
processi ngiredgesnal WawtNRgare mutually perpendicular. Those movement
means are connected to the central control unit 30 which is
capable of controlling the position of the laser and which
15 allows scanning of the upper surface of the circuit 12 by
the laser beam.

The frustoconical wall 22 Jf:the cover is further
provided with a transparent window 34, behind which there is
provided a monitoring camera 36 which is positioned outside

20 the vessel and which is directed in order to observe the
test-piece 12 arranged in the vessel.

The camera 36 is connected to a viewing monitor 38
which allows the development of the exposure of the surface
of the integrated circuit to be monitored.

25 As illustrated in Figure 1, the optical axis of the
- camera 36 1is angularly displaced relative to the normal
relative to the circuit 12.

In this manner, advantageously, a circuit for

correcting images is interposed between the camera 36 and

30 the monitor 38. The image correction circuit is capable of
implementing an algorithm for pfbéessing images allowing
rectification of the image of the circuit obtained, which is
initially in the form of a trapezium, so that this image is

of rectangular shape, as if it had been viewed with an



rectification of the inmage of the circuit obtained, whichis initially in
the formof a trapezium so that this imge is of rectangular shape, as if
it had been viewed with an 7 optical axis of the canmera perpendicular to

the normal relative to the circuit. In a variant, a mrror or an assenbly
of mrrors is arranged inside the VeSSﬁ| bet ween the canera 36 and the 5
circuit 12 in order to nodify the beam between the canera and the circuit

and thereby to ensure, by correction of the angles, rectification of the

i mage. Acoptiltal] &oianof hehe echwdraepérpéndicalerasowthd ndirfnber ent angl es
are positioned,in order to.obsegve the to circuit. The inmages obtained by
the two cErE?asarkCtFaRsiHfERU t o an i mage processing unit which allows a

stereoscopi c i TR0 Pariderci achitrée be ghodysedblyAeeondirrgrkoian
advant ageous enbodi ment, the three_precedi ng approaches_are conbined. In
this manmefraiged iBStarerle “pesetoPeeXarpi EheustlBera 8fderdt 5R8btain a

StereQﬁco@ifcﬁﬂﬁgfzOint8§dé£F€Hi&o&@k&sﬁhé’b@hﬁdbééwgéﬁ t8e é&ﬁ@?baFed with
a set of mrrors or with an _inage groce33|ng unit in order to obtain a
rectifi edrrécthngel beuimgedotherebyite| eraire, Py AcKs2gE@on0CfoEhenj ecti ng

a Clea”i”Q%Qfési5r8é9¥%989ti&ﬂrBEgghéh§m3§H$tOCO”iCa' wal | 22. This nozzle

is directe towards the integrated circurt 12. The nozzle 40 is supplied
from a source H¥@cofdpnegstarasethereambadinast, Theosappeyasf withe nozzl e 40

[£om e SFECEPILEl RAILR, 108 OUSPEo a5y 50N £B1 LeSeYGLpROTTL T2l
. 42 prgj ectedcbytt hEhe nbmages 46btsinédrbgxahpl ewof oamedabyacar bon di oxi de
uhich 1o cSERARLECSR B8OMhSLAGGL NG BLELLRLSMRLChndLE 095 oL gTRYed by 30
stereoscopic image of the circuit to be produced.
According to an advantageous embodiment, the three ﬁ
preceding approaches are combined. In this manner, two
15 cameras are, for example, used in order to obtain a
stereoscopic image of the circuit whilst a third camera is
associated with a set of mirrors or with an image processing
unit in order to obtain a rectified rectangular image of the
circuit. ' B
20 A nozzle 40 for injecting a cleaning gas is provided
through the frustoconical wall 22. This nozzle is directed
towards the integrated circuit 12. The nozzle 40 is supplied
from a source 42 of pressurised cleaning gas. The supply of
the nozzle 40 from the gas contained in the source 32 is
25 controlled by the central control unit 30 which controls a
valve 44.
The gas contained in the source 42 projected by the
nozzle 40 is, for example, formed by carbon dioxide which is
capable of atomising the materials which are not removed by
30 the plasma.
The vessel further comprises means 46 for producing a
plasma at the surface of the integrated circuit 12 to be

exposed. Those means 46 comprise ‘a ring 48 for injecting a

gas which is capable of being ionised. That ring is provided



The vessel further conprises nmeans 46 for producing a plasm at the surface
of the integrated circuit 12 to be exposed. Those neans 46 conprise' a ring
48 for injecting a gas which is capable of being ionised. That ring is
provided 8 in accordance with the axis of the chanber inside the chanber
besi de the wi ndow 26. The ring 48 conprgses an assenbly of perforations
which are distributed at the periphery thereof and which are directed
towards the circuit 5 12. The ring 48 is supplied by an ionisation gas
sour ce SOinwhcchrdsnpeowitdbdtbat skde bhetbhhanhembetroiwnkiide the ring is

d_.yi I 52_whi ch_i led.b . al I [
20, 10 TretiaeBoReaFaRaelR GhabSuire’ Bel €:RY, RAacORRr Banaipl e, by an

adm xt ur eagfemsygensr apdrtarhohohet wal tnoardedisthebueadsadbther produci ng a
pl asma further conprjse a_radi of yequenc eneratqr 54 which is connected to
the pl at eP45PRETY S LBPEFOF NG BB e8! AEF BT oThat GRHEFAFoFh8ACiEoNS eapabl o
of producipg an intense el ectromagnetic field which is capable of bringing
about ionisation of the gas contained in the chanber. The generator 54 is
connected to theecEhb@at8coft FBPPLERT PB02RoLORREXESRPr GRSt REMESE. 590 | nt ake

openi ngs pRi&he; Br grbiedelinohihgigat tad dBaapaundeot RRiEBSEHBI 8684125 Those
openi ngs’ are connected to a vacuum punp 58 ichis controlled by the
central ceprrertedi vigoa vaheéeopenvhyshsesarentapabre by &hawcagtiralt he gas
cont ai ned.j,p.the,ghanpgr and the debris produced during the 25 displacenent
of the coating inder the action of the laser radiation and the pl asma. As
il lustrated i nTRegaae @ontaénpflaie £be sappoet bAgist fiermedt - fioece 13 is

mount ed 5085019, Dy ShhdhAdik- TPUaBkeo, LA LA ba-baR eherletuldsalhe

The means 46 for producing a plasma further comprise a
radiofrequency generator 54 which is connected to the plate
13 for supporting the test-piece. That generator 54 is

15 capable of producing an intense electromagnetic field which
is capable of bringing about ionisation of the gas contained
in the chamber.

The generator 54 is connected to the central control
unit 30 for the control thereof.

20 Intake openings 56 are provided in the bottom 18 around
the test-piece 12. Those openings are connected to a vacuum
pump 58 which is controlled by the central control unit 30.
The openings 56 are capable of drawing in the gas contained
in the chamber and the debris produced during the

25 displacement of the coating under the action of the laser
radiation and the plasma.

As illustrated in Figure 2, the plate for supporting
the test-piece 13 is mounted so as to be slidingly movable
relative to the chamber 14. The chamber 14 comprises, in its

30 lateral wall 20, an inlet opening 60, through which the
plate 13 supporting the test-piece 12 is mounted so as to
slide. The plate 13 is fixedly joined to a sliding member 62
which is mounted in a movable manner on two lateral slides

64 which are fixedly joined to the chamber 14. The member 62



30 lateral wall 20, an inlet opening 60, through which the plate 13
supporting the test-piece 12 is nounted sous to slide. The plate 13 is
fixedly joined to a sliding nenber 62 which is nounted in a novabl e manner
on two lateral slides 64 which are fixedly joined to the chanber 14. The
menber 62 9 is novable between a positjon for positioning the circuit, in
which the plate is substantially outsi the chanber 14, and the position
for processing the circuit, in which the plate 13 and particularly the
test-piecfsan@vémralmﬂtﬁe@er@epdstuianIyobepomathenmhngMe261r&hetplate 13

dth nber ded th h |
22aling g?“t 1€%a§%%r££0¥%0§sb%ﬁ%ﬁggpgaagigzgyhglgFapg'fghgw aértlon f or

processingndtb@etp@@Ipieﬁefoﬁhpr@basglﬁ@npnesesraﬁlanghﬁ 6ﬁltnrt&e
positioniqgathe integrated, circuit 12. Fina X rotection mask 68 is
provi ded Bbdve 1Hhedndi PREFECARATLE E%?rF%ﬁtBQ the gFatéoiﬁte#his mask

delimsts @ﬂp@ﬂ@ié@I&tYQ ﬁ@10®h§h98§§ﬁ3§w0§6the | aser beam and the plasm
perpendlcular relative to t eégortlon of the 15 |ntegrated circuit which
HO¥1

has to be expobed.Platerderand eRkposemhari ARegrate edi vithhe circuit is
first posiiipngd ﬁglﬁﬁeﬁgiéﬁeaiﬁoleQMétQQaﬂ§ﬁ§ 88, tBQeeha&ﬂgrphﬁtgo's

introduced I nto t For creating. vacuum conditions, the pressure
is subseqb@n¢m§ur%@uwb@nlthOPlhbechanﬁ@rauBDﬁgt@ﬁé ﬁgﬁpp5ece$ﬁén§urface of

the integrated. o %Eg%%e Sou?%fgggtgﬁgé{gégggggfé§?§gbggqgggtIy subj ected to

| aser radiafion ure 3. The | aser beam
used pwefpmabtyomangathementégvate@etﬂeeuiﬁ land 50 vatt It is applied for

s parti cul arf S"8b5Y 1 68 PHOBPGEFORoTaT FoR bl P  o%GFot RECVBkkPng of the.
circuit oyerctbe aﬁ@oistgaﬁfiéhebyhtnknp$atetmeremhlslﬁaskngemmmyta r esi dual
thlcknessageéggggugg ggdfor the passage of the laser beam and the
plasma perpendicularly relative to the portion of the
15 integrated circuit which has to be exposed.

In order to expose an integrated circuit, the circuit
is first positioned on the plate- 13 below the mask 68, then
the plate is introduced into the chamber. For creating
vacuum conditions, the pressure is subsequently reduced in

20 the chamber using the pump 58. The surface of the integrated
circuit which has to be exposed is subsequently subjected to
laser radiation from the source 28 in step 72 of Figure 3.
The laser beam used preferably has a power level between 1
and 50 Watt. It is applied for a period of time, for

25 example, between 5 and 30 seconds. The laser beam is
particularly applied in order to allow ablation of the
coating of the circuit over the majority of the thickness
thereof, leaving only a residual thickness between 50 and
200 pm and preferably 100 um.

30 During the processing by the laser beam, the
development of the circuit is observed via the camera 36.
The debris removed from the coating are received by the

openings 56.



200 pm and preferably 100 pm 30 During the processing by the | aser beam
the developnent of the circuit is observed via the canera 36. The debris
renoved fromthe coating are received by the openings 56. 10 After only

t he residual polyner coating remains, a plasma is produced near the circuit
12 in step 74, without the circuit ha |ng been renoved fromthe vessel 16
and whilst it is still under reduced prlessure. This plasma is 5 produced by
gas being injected fromthe ring 48 and a magnetic field being produced by
the generator BéteFhenplashae peeﬁduamlpohgmetheoahangcmemhihbcsasuitable

for ensurlgg dIS Iace nt f t he Es resg é The t gratu E Ehe

wor ki ng pP gﬂ?e Febef Hﬁa tﬁgafyé ﬁué S E d8ef SPe el §¢E§Y
accordanCEhmnthrthﬁttyaelagdbeéhlebmessdotrbaSthe lesiselappl bed for a period
of time betmﬁen 30 and 42 gutes The _presence of the Eaasna al | ows,
owing to YHt aEtFBnlslétb 1t HBOAPENFSEUC Fdr PFEFEYL Scompist 81PERBVAF of the
resi dual ppekyees b9y§aseb@mngn1h9ecuaaefgam peaet reng @k bhg aircuit and
under the copper connections. During the aggllcatlon of the plasma, periodic

atonlsat|@ﬂgn%F1€a?b@ﬁddbékpaepépﬁﬁﬁﬁghéyr Pdgesepprs@tced - 20 to be

el i m nat ed. AC@HédpmgshQ ﬁr€98§hb§9th8§ ¥Rk 8AbratherfiikstbsSkeR4B10f USing
the laser radiation is carried out st the integrated circuit is
subj ect edfes anphusng. dvﬁéhap@mﬁgtf@ﬁnahﬁorﬁélne@é§§§ny ffbe exanpl e, ow ng
to 25 th hi e h a y e covers the
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It is applied for a period of time between 30 and 240

minutes.
The presence of the plasma allows, owing to the action
15 of the ionised particles, complete removal of the residual
polymer layer even in the undercut portions of the circuit
and under the copper connections.

During the application of the plasma, periodic

atomisations of carbon dioxide allow the residues produced
20 to be eliminated.

According to a construction variant, the first step 72
of using the laser radiation is carried out whilst the
integrated circuit is subjected to a plasma.

When it is found to be necessary, for example, owing to

25 the unequal thickness of the residual polymer layer which
covers the circuit, the successive application steps 72 and
74 for a laser and a plasma are reiterated in order to allow
ablation of the residual layer in the regions in which it is
thickest by means of the laser beam, after previous action

30 by the laser and the plasma. After the second application of
the laser radiation, a final step of processing by plasma is
applied.

According to another embodiment, the plasma produced in

the chamber 16 is maintained, not by a magnetic field being



t hi ckest by nmeans of the | aser beam after previous action 30 by the |aser
and the plasma. After the second application of the |aser radiation, a
final step of processing by plasnma is applied. According to another

enbodi ment, the plasma produced in the chanber 16 is naintained, not by a
magnetic field being 11 produced omﬁng to the generator 54, but instead by
being subjected to |laser radiation ha ﬂng a suitable power |evel, that
radi ati on being suitable for ionising the gas in the chanber, but being

i nsuf fi cighdduded tSelhgt o athackehdeabopobyneputoshsbgadl bywbklinge

appreciated that, with such a thod, the, circuit be exposed ver
orec sel UM FREeD tRelFFRAI TAGLRT b PATHRS pRaSBEARhE EBHBFnba ELe of the

| aser radigdt oradidkibe Péasgbsui @ablet hersashiyeagethéughbeinr eHgces the
operations and therefore allows_an exposure nmethod which is very rapid and
easy to celRdPoit . Puhebery brsvERATheny tRdiEseeluted2tpRrekstRE bet ween the

two operatbpigefl tOyeifhe netals which constitute the circuit or the
connections of the circuit not 15 to becone oxidised with anbient air. The
conbi ned acti oft ofitheb¢ azppraciatedt thal, t Wethppushaai wehhedcohbest ep

al lows very, Sal{ STAgtOL Y- exDOSHT ol pthe: CONDEChing Kl eacWhl £ connect the

integrated circuit “itse to the conhectl o gs which protrude 20
rel ati ve aotite chsting. pThemacti on of the |aser allows the upper surface of

t hose connecti.nn w . b XPPS ' I t ow t he
connection mﬁrggerééféﬁég%d8%§ B?hggﬁg?%%§£o¥5$§%gg#§g§%? gﬁ hgg?gﬁ%e
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easy to carry out. The fact of remaining under reduced
pressure between the two operations allows the metals which
constitute the circuit or the connections of the circuit not

15 to become oxidised with ambient air.

The combined action of the laser at first and the
plasma in a second step allows very satisfactory exposure of
the connection wires which connect the integrated circuit
itself to the lateral connection lugs which protrude

20 relative to the casing. The action of the laser allows the
upper surface of those connection wires to be exposed whilst
the polymer located below the connection wires is removed by
the action of the plasma, without the connection wires
becoming damaged.

25 Such exposure of the connection wires is particularly
advantageous for a subsequent stép of shear tests of the
connection wires, the results obtained during the tensile
tests not being modified by the aggressive action used in
order to remove the polymer.

30 Figure 4 illustrates another embodiment for exposing an
integrated circuit. In this Figure, elements which are
identical or correspond to those of Figure 1 are referred to

using the same reference numerals.



tests not being nodified by the aggressive action used in order to renove
the polyner. 30 Figure 4 illustrates another enbodi nent for exposing an
integrated circuit. In this Figure, elenments which are identical or
correspond to those of Figure 1 are referred to using the sane reference
nunerals. 12 In this enbodi nent, the.plasma under reduced pressure nanely
in vacuum conditions is replaced with nospheric plasma. In this manner,
the chanber 14 is unnecessary. The test-piece 12 which is supported by the
plate 13 is, a®nStlabsvenbadimaged fheip@abhe haéer seduced2Brandureans 40,

42, 44 f 1 | f d
an’ at mspﬁarefpffﬁle%eé?g‘e@ﬂ%r?@ﬂag 1888, PR BnTr e S e ER o TR oR B gl s "

which is soaaes! etn €Ria @aﬁnéﬁprﬁﬁe182ambeghlcoméauﬁﬁeaéslaﬂyorTaa
adm xture of 10, oxygen and carbon tetrafluoride. The |laser .is used as a
sour ce fo?e%RcP%?ﬂ% LRe"REShi A c8HRROTheSr B¥r thE B}?EG aBot: R8ni sation of

the plasngpgas,; JPﬁahg@beﬂEBiﬁél@Henﬁageﬂ sBukbEs2Bnghal mahhenabs 4bdenti cal
to the one used in the installation of Figure 1, 15 the circuit 12 being

subj ect edt 4| £@¥ | ynject kB@rar adeaning JafeArsuBFe¥idddto an attack by pl asna.
Figure 5 illustratgsshbe éPCgfééhMEnﬁgéﬂsaﬁﬂésﬁEQP§b”Qasé?ecéHgﬁﬁgé gf two

|ntegrated circurts In t me casl formed by pol yner rrently, it
i s known nozatsotfat Eon pischrigynegfa phaegraged whichi ts ¢OOASCcLOOE in the

same pol ypgr, Q&s séH§£8b¥og ﬁ%&ﬂgc59§a9£8V5§g§8n % tQﬁ 8Hk¥gh?8t Qf a
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ionisation of the plasma gas.

The implementation method in this installation is
identical to the one used in the installation of Figure 1,

15 the circuit 12 being subjected firstly to laser radiation
then subjected to an attack by plasma.

Figure 5 illustrates the successive steps for exposing
the surface of two integrated circuits in the same casing
formed by polymer.

20 Currently, it is known to associate a plurality of
integrated circuits 100A, 100B in the same polymer 102,
thereby allowing the provision of the equivalent of a
miniature electronic card. Such circuits are commonly
referred to as a “system in package” (SIP) or a “multi-chip

25 module” (MCM). The integrated circuits provided in such a
casing may have upper surfaces which are located at
different levels, in particular when the integrated circuits
have different thicknesses.

According to the invention, the casing is firstly

30 subjected in step 104 to laser radiation which is intended
to remove the majority of the thickness of the covering
layer. The portion removed is designated 105. This ablation
is carried out by a plurality of passes carried out with the

laser radiation, the number of passes being greater above



have different thicknesses. According to the invention, the casing is
firstly 30 subjected in step 104 to |laser radiation which is intended to
remove the majority of the thickness of the covering |layer. The portion
renoved i s designated 105. This ablation is carried out by a plurality of
passes carried out wwth the |aser radlgtlon t he nunber of passes being
greater above 13 the circuit whose upper face is the deepest. In this
manner, the laser is applied so as to allow a residual polynmer |ayer 102
havi ng subheauirahhy whessanppehi knessst bheedrepebéhi Ad tbnseaehnefr,t he
circuits. bsequent | as .illustr ted step 10 he nt egr,at ed
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si mul t anenos hhbahgosubétahelae$yduab spmbyﬂhﬁckayes wbi ckmaemibriiabiove t he
vari ous circuitg. g%ghever t he_enbodi nent of the installation, according 10
to one paPtitafarf FaftigEoES - enbodi nent of the invention, the

protecsion maskub8eyfehBilyl abkyialastirdtpbiata sW@Ecmoss teened from pol ymer
or netal. The aperture 70.is dlrectlépprocessed the |l aser radiation from

the | aser iBBeITrReAhrirFRAREr 10PRe ABSPt AFE ?§b98§ £Foked v BL¢#SPReci sel y 15

and has ayg98m! sk%g sSabbitaehar ¥imdhenaebas LBeaRReGeSS Rbe Qfes&aaam reuit
arranged bel ow. Such adjustnent is difficult to carry out manually with

mechani caPOpBBLE| bAYAY Uhlﬁhprémaﬁﬂécé§§§§ ﬁﬁ@kvaﬁﬂouéuﬁﬁﬁﬁuﬂﬁé -processi ng
of the C'rCU'tthEeQQPeSE% e%ﬁoh?ﬁ%n?tgfrtﬁgnﬁ sQElHQ%l%hrCHongﬁﬁhgbe

studied and are covere rotection mas 8, a conplenmentary aperture
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of the | agkich is formed from polymer or metal. The aperture 70 is
directly processed by the laser radiation from the laser 28.
In this manner, the aperture is positioned very precisely
15 and has a completely satisfactory'shape for the processing
of the circuit arranged below. Such adjustment is difficult
to carry out manually with mechanical positioning of a pre-
processed mask.

If, during the processing of the circuit, it appears

20 that other zones of the circuit must be studied and are
covered by the protection mask 68, a complementary aperture
is further provided in the protection mask 68 by action of
the laser radiation from the laser 28 in order to produce
another working zone.

25 Similarly, in a variant, the initial aperture 70 is
enlarged by the action of the laser.

The plasma attack carried out during step 74 is
reactive ion etching (RIE). The plasma is produced by
generating a magnetic field in a'gas at a pressure generally

30 of from 10 mTorr to 1000 mTorr. This is a so-called low-
pressure plasma.

The magnetic field is produced by the radiofrequency
generator 54 which is connected to electrodes which are

positioned in the vessel 16 in the environment of the



The plasma attack carried out during step 74 is reactive ion etching (R E)
The plasnma is produced by generating a magnetic field in agas at a pressure
generally 30 of from 10 mforr to 1000 niforr. This is a so-called | ow
pressure plasma. The magnetic field is produced by the radi of requency
generator 54 which is connected tO‘EIeQEJodes which are positioned in the
vessel 16 in the environnment of the 14 "adm xture of oxygen and carbon
tetrafluoride at low pressure. The magnetic field ionises the nolecul es of
the gas admixture, oftokppengahieqaobonhheetrelféobraods andlbler eby creating

h I , he i d. ci ' 2 ab b h I whi ch
arc hocol BFSTBH Ry TG WRGNGEFE FLELD SBLCRAE LPC DCBRGLCRofh toBly

charged. asvedstckyuréhesprappingsthpmsoti vRkyrcbaegedoaw agdt ahietreblyi gh
concentration of ositjive ions conpared with the free electrons. OMng to
10 this i fTpoREARE Bl'FfBIBABR-of potential, positive ions nmove towards the

circuig 12 whergpet hgyvegohtiedecirtlitheor gbkdudk tpel ¥ee andcthenpol ynmer
| ocat ed bel ow the connection _conductors to be attacked chem cally. The ions

react chéhiehl pyewrErRelpE2ERS| BalhpolpaBetaRdLdpdet S8 FBALI éf of 15 the

pol ymer, MibtBnbBehegkiRGEi G engi-g¥aberBavEransier cgd. p1ibgapkiasm attack is
carried out durlng or after the “application of the |aser whilst the
Y

i nt egr at efogikéuelyighpsgelepring theisanbighppenceptapsigndothe support
late i . hpye 0 rj , e (I i f r radiation
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is carri out unti ckness of the resi ymer yer above the
i-nt egttat etdhtér tuportsnbetnEéargfoepafapdténtarlTheopdmereofionisemoaser used

PS approxkg@£§&¥ th g?%&uig519e&hggg'they collide with the residual
polymer and the polymer located below the connection
conductors to be attacked éhemically. The ions react
chemically with the residual polymer and eject a portion of

15 the polymer, with their kinetic energy being transferred.

The plasma attack is carried out during or after the
application of the laser whilst the integrated circuit 12 is
kept on the same support plate and the support plate is not
moved.

20 In a variant, the application of the laser radiation is
carried out until the thickness of the residual polymer
layer above the integrated circuit is between 200 pm and 0
pm.

The power of the laser used is approximately 0.5 Watt

25 per cm?.

According to one embodiment of the invention, the
method for exposing the sufface of an integrated circuit is
carried out in accordance with the steps described below.

The test-piece is an electronic component which has a

30 size of approximately a few cm®?. This component is coated in
a polymer-based resin (black plastics material in
appearance) . This component must be open so as to expose the
integrated circuit. During the production of this integrated

circuit, the integrated circuit is mounted on a generally



According to one enbodi nent of the invention, the nethod for exposing the
surface of an integrated circuit is <carried out in accordance wth the

st eps descri bed bel ow. The test-piece is an el ectronic conponent which has a
30 size of approximately a few cnR. This conponent is coated in a

pol ymer - based resin (black plastics material in appearance). This conponent
nmust be open so as to expose the intedrated circuit. During the production
of this integrated circuit, the integrated circuit is nmounted on a

general | ynetat-reinforcement 15cAekBLchetREgECcarBNhrrangell €het pene are
arranged the pins  (or lugs) of external connections. The connecti on between
t he integﬁ%%egu%?}cﬁfteﬁﬁﬁrFﬁé BPREEFE 18R ughteabBRRCEY 1 CRoRREWERBN

conduct or ghahi shegrer 8! dedcait088astHe phdst he pdoaher apbe agsenbly is

coated in the polyner-based resin, |eaving only the end of the connection
pi ns expoSe@nerhipRecorBUEtAgS nEhhel, arfeWPhtegr ate@nBi FédPt 2R8 FaFel y
posi tipned.pppecisely at the centre and still less so in a plane which 10 is

conpletely parallel with the surface of the coating of the conponent.
Theref ore, theThéieknenblyf iporgabedt onbeheepodpnersbaned yasfiorm over this

surface | DeQUin b01FXPRECchiCORUERBCEonALE T8N BIRYT BLAASEL CYll cpdS 1N 2
preferential manner,“an X-ray rmage i S nadé of tne conponent S0 as to
esti mat e tbetsngemefthofie theejnaegdatedr ciurtuiByieornekadyi pgstthabnXdr ay

imge with an.i e_at _.the scale_of the,conpaonent, .obtained wth
cal | br at RECGHET b4 2 LaFRF AR hESpBEr: PoRL o LERE. PRt &0r 8t BASCrr S Tcan 20 be
_measured {sopovpEvtelp padelled wephstheoputbeceappl that toatzageodf the
| aser and the plasna relative to the conponent itself. In this case, the
i ntegrat eb€i FEUPPIRES - di mensi ons of

Therefore, the thickness of polymer to be removed is
not uniform over this surface in order to expose the surface
of the integrated circuit.

15 In a preferential manner, an X-ray image is made of the
component so as to estimate the size of the integrated
circuit. By correlating that X-ray image with an image at
the scale of the component, obtained with a calibrated
optical camera, the position of the integrated circuit can

20 be measured (top view) in order to reposition the
application zone of the laser and the plasma relative to the
component itself.

In this case, the integrated circuit has dimensions of
200 pm x 200 pm.

25 The electronic component is positioned on a plate in
order to be introduced into the device according to the
invention.

The aperture serves to protect the external pins of the
test-piece. The aperture 70 of the protection mask 68 has

30 dimensions of approximately 1 mm’. In this aperture, the
combined application of the laser and the plasma is carried
out over a predefined zone of the'integrated circuit.

The positional measurement of the application zone is

thus aligned with the component positioned on the support



200 pm x 200 pm 25 The el ectronic conmponent is positioned on a plate in
order to be introduced into the device according to the invention. The
aperture serves to protect the external pins of the test-piece. The
aperture 70 of the protection mask 68 has 30 di mensions of approxinmately 1
m®. In this aperture, the conbined aR%Iication of the | aser and the plasm
is carried out over a predefined zone~0f the integrated circuit. The

posi tional neasurenent of the application zone is thus aligned with the
conponentppoisé tidnethoy pbeisippdng dén Ppéat&ritBedTbus paAsiakrooung can be
carried out in varipus nannerf, wth a netrolog% i%sten1mhich allomg
measur eneFST TS ¢ HEL YR R aF bRl PRy aFY TEST oVAI TR 81 ERKE BFAEHESHFAFeTor with

a cal i bratied @phésel okaMPEBapive OO QI rdfé¥encéaser thei plate, Sodl witarly,
the depths can be neasured with a nmetrology system (notor-driven sensor)

or' with ah FRtHPFREefePPyical sERRETRrO%i # NMAteARSFAVRRI ¢ASPE BPUFEEd with a

Ca|ibGatQ@im£@ﬁ%f&§y§ﬁénae§@ﬁsac&ﬁfﬁé ROAPOPEAt witReat hbekpesges of resins
cannot to be neasured with precision. Therefore, a zone w def than the

circuit isy$bemulB@t9r défivien, SepsSwAl chr't iethager inharpreREtrpl asma will be
appli ed. éggﬁéﬁﬁ &Psﬁ{tﬁbéaééﬁér Syﬁiéﬁtfg ¥86%ai§0w§tﬂﬁéseéhEgraﬁéﬁ pm X

220 pmso as to cover the zone 0 e Integrate circult nmeasuring 200 pm
x 200 pmd¢ptlerspsfew m nutes, the operation is stopped in order to check

the depth of resin, Fepmyedulheadent hlscpieLecably BasuLedsi Dahhecvessel

16 so as to elimnate an error rn repositioning support plate
13 i nitt hebyessaturdd withepyediéionul ThévePOreepaskzbnenwadeechhancaheel enent
towthin a few tens
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plasma will be applied.
A first laser ablation is started over a zone measuring
220 ym x 220 um so as to cover the zone of the integrated
15 circuit measuring 200 pum x 200 um. After a few minutes, the
operation is stopped in order to check the depth of resin
removed. The depth is preferably measured in the vessel 16
so as to eliminate any risk of error in repositioning the
support plate 13 in the vessel. It is very difficult to
20 reposition a mechanical element to within a few tens of
micrometres. Such repositioning would be a risk of error
which would detract from the success of opening the
component and the necessary steps would excessively extend
the total duration of the opening.
25 The measurement is carried out, for example, with a
camera 36, with the focusing being adjusted in order to have
a depth measurement.
This measurement allows an increase to the laser
ablation speed.
30 In this example, the resin thickness is 1.5 mm.
There is produced another zone which is slightly
smaller at 220 pym x 210 um so as to retain a step M1l. The
depth of the step M1l will be measured subsequently in order

to determine more precisely the laser ablation speed.



conponent and the necessary steps woul d excessively extend the total
duration of the opening. 25 The neasurenent is carried out, for exanple,
with a camera 36, with the focusing being adjusted in order to have a
dept h nmeasurenent. This neasurenment allows an increase to the |aser

abl ation speed. 30 In this exanple, ,fesin thickness is 1.5 nm There is
produced anot her zone which is sllghtI§ smal ler at 220 pm x 210 pmso as to
retain a step ML. The depth of the step ML will be measured subsequently in
order to detegimoe theeppseécisal gft hhel aiectabhati onmppeedt hds Serae t he

position of the ele onic co nent has been_ _retained, .the.l aser ablation
is starteb® H??Eﬁgrygéftﬂﬁﬁ?r gggﬁgéﬁpnéstﬁg F&? gl?ﬁgtéglgﬁ %ﬁuFlne i's
cal cul at edesdigfinyotheapea?@0 pAEOADLLESEBN 51Agalla, chheuopeedt kenaks
stopped and a neasurenent is carried out so as to better calibrate the

et chi ng speed®ard 780stBpCkpTF81iPeft. At that time, still without the

el ectrpni c cONpgaent tHé'BﬁeE&H@Mﬁdlérgﬁb edvaaaeh hBashhameRtetighing is
begun. 10 Wth a reactive ion etching ysi co-chem cal plasnma,

the typi carrEiefi AYtspeedsi §02PepheR. C¢ ébéﬁé?eghg efrpdngpapsersagdrri ed
out in a zoge suring.240 pmx 210 pmin order to calibrate the etching
speed of the ?gzﬁn mFt © a step MB. 15 The | aser ablation is started again
so as to | eaveAtfbhatekampl est200 wwtbﬁUtethﬁ edpetrangrakomponens measuri ng
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‘the inC|iBfgsag§|Ehe typical etching speed is 27 pm/h. Therefore, a
first pass is carried out in a zone measuring 210 um x 210
pm in order to calibrate the etching speed of the resin with
a step M3.

15 The laser ablation is started again so as to leave, for
example, 200 um of resin, over a smaller zone measuring 200
pm x 210 um. {

When the operation is-stopped, it is apparent that an
edge of the circuit is already visible. The laser ablation

20 has continued slightly further than expected. In this
example, the explanation involves the inclined position
(vertically) of the circuit. ,

It is therefore decided to again produce an ablation
zone in order to expose the remainder of the circuit. The

25 ablation zone is of triangular shape, passing via the three
corners which are not yet exposed.

In terms of depth, a gradient is selected so as to have
a greater depth in a corner diametrically opposed to the
corner which is exposed.

30 The ablation is restarted at that new triangular zone
in order to remove 20 um at the deepest, which is deducted
from our estimate of the gradient of the inclination in

question.



(vertically) of the circuit. It is therefore decided to again produce an

abl ation zone in order to expose the renmainder of the circuit. The 25

abl ation zone is of triangular shape, passing via the three corners which
are not yet exposed. In terns of depth, a gradient is selected so as to have
a greater depth in a corner dianetricaély opposed to the corner which is
exposed. 30 The ablation is restarted £ t hat new triangul ar zone in order
to remove 20 pm at the deepest, which is deducted fromour estimte of the
gradi ent of theubsedueaatlipn the Pguesha onted8is Subgenueatrey, at henpl asma st ep
is begun, over a zonpe jch is slightly wider in order to_nove closer to the
circuit abds elﬁe%g}%%giyovl$%ﬁ %'r%ﬁ%?riEoeﬂﬁ%geafof?rnEEegggry, | aser

abl ati on ¢Bragdt namsethe Théma Cadlet Nof Sthelr dibeuiol L ewedpbyenl asma, abl ation
until the circuit is conpletely exposed. For o ening a_second conponent of
the same type, 1t RRECRIITHIhg SPERBSHRARC BRI chF i PALBAUBFt helt P nE2edBur enent

of the steps B, rdP1aRea By HPiskXaaPleiShmiheilyehéheipegetses10 depth
bet ween the surface of the coating and the integrated circuit is neasured

at the fi?%@P%@?%hYte%mgs¢§-used as a reference for the follow ng circuits.
The ablation c éﬁfﬁ%eg.éecaﬁdt OIhﬁ@ﬂ@nta@@reﬁérrﬁaﬁéy&gQ pEhgver the

b
entire surface of the ciTcuit. 5. n accor dance W t t he tonfidence held in
rel ation echheg vepéeds | ¢ay b cabibostedopyothehéinervapsurevanbnef
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(50 pr i dgptebafwedd 20e psrfacasof otopecadeingrenduthb&l ynfegrahedpl asna.
The plas@?frg&fg féem§£§Q£89 géaéﬂgsfigggng%ghyt gnd is used as a

reference for the following circuits.

The ablation can be started so as to leave
approximately 200 um over the entire surface of the circuit.

15 In accordance with the confidence held in relation to the
variability of the position of the circuit from one
component to the next, however, it is possible, for example,
to allow a margin (250 um in place of 200 um) or,
conversely, to aim for a lower value (50 um in place of 200

20 um) so as to operate more quickly for the plasma.

The plasmas used are etching plasmas. Preferably, a
plasma of the RIE type (reactive ion etching) between those
two plasmas is used. However, an-inductive ICP type plasma
(inductively coupled plasma) would achieve very good

25 performance levels. The difference between those two plasmas
is between the preparation of the plasma which is carried
out in an external chamber. The plasma is subsequently
transferred by a tube to the chamber in which the test-piece
is located, the distance separating the two chambers

30 typically being 10 cm.

In all cases, the etching plasmas may have an etching

speed of less than 120 um per hour. Typically, when an RIE

type plasma is used, the speed is 27 um per hour.



pl asma of the RIE type (reactive ion etching) between those two plasmas is
used. However, an inductive ICP type plasma (inductively coupled plasng)
woul d achi eve very good 25 performance | evels. The difference between those
two plasmas is between the preparation of the plasma which is carried out
in an external chanber. The plasma is ngsequently transferred by a tube to
the chanber in which the test-piece is”located, the distance separating the
two chanbers 30 typically being 10 cm In all cases, the etching plasmas my
have an etching speed of |ess than L2QIp® per hour. Typically, when an RIE
type plasma is used, the speed is 27 pmper hour. 19 CLAIMS 1. Method for
exposing an integrated circuit by ablation of a polyner coating which
initially covers mé&ehod fotegrpdbeingi anuihteghatadt etirsadti bythat it
conprises a copbi ned applijcation of,Iaser,radlation}ind a glas to the

coating VRPERETARtPhIFyPROVEFE TRRCINAT YPLERAIRIFLALY FRESTRoMBFned

appl i cat i piwO@Fie§aEi&Gi OUt chiirdbeesas8BdVEsSChat (16) codPrZseMebhod
according to claim1, characterised in that it conprises, firstl a step
(72) of apPMRired|aRREicrbiPatPbnlamert hediatspBpaptad Biaaﬁﬁlypnéhs pl asma.

15 3-_N@t8ﬁgt§ﬁ§0%HiGH 19i €1 84 M 2-o6bAL acher i 5e€gkacbhatirthec st eRe(74) of
applying the plasma 1s started whilst the integrated circuit is still
subjectedC©®bf@S@raPBhi@§tb©D baingeehvriadconti kg tbeckainm Zegfeél ai m 3, 20
character% gg in that the application (72) of the laser radiation is
carried ouf until the thickness of the residual polyner coating above the
integrtated circuit is between 50 and 200 pm 25 5. Method according to any

Pne of clains g.tﬁeéhod according to claim 1, characterised in that
it comprises, firstly, a step (72) of applying laser
radiation and then a step (74) of applying a plasma.

15 3. Method according to claim 2, characterised in that
the step (74) of applying the plasma is started whilst the

integrated circuit is still subjected to laser radiation.

4. Method according to claim 2 or claim 3,
20 characterised in that the application (72) of the laser
radiation is carried out until the thickness of the residual
polymer coating above the integrated circuit is between 50

and 200 um.

25 5. Method according to any one of claims 2 to 4,
characterised in that it comprises two successive processing
steps, firstly, by application of laser radiation and then

by application of a plasma.

30 6. Method according to any one of the preceding claims,
characterised in that the application (72) of the laser
radiation is carried out whilst the integrated circuit is

subjected to the application of a plasma.



characterised in that it conprises two successive processing steps,
firstly, by application of |laser radiation and then by application of a
pl asma. 30 6. Method according to any one of the preceding clains,
characterised in that the application (72) of the laser radiationis
carried out whilst the integrated circuit is subjected to the application
of a plasma. 20 7. Method according t& any one of the precedi ng clains,
characterised in that it conprises a step of atomising a gas flow towards
t he surface of7tHnethcegaQCQddthgcubtanﬁpahéeofothdiEeegagﬁng theimesi dual

particles which are esen 5. the integrated, circui t had cordi ng
o any ondiBr St a7 Sl camnIer af e CompRL PSR r L5eH P PhaliPABpraghg 15
reduced pfessutewapiiastie é@rBac&@bbodhacﬁntdgngtéd amycome oapabaens l1to
7, charac élsed in that the g a nﬁ S an itnns heéic E asna. Met hod
accor di ngPt 0cdLASNISIBY the preledrhgPIBtLfifRs W ERr E ePF?éanFnOPhat t he
pl asne coaﬁglﬂﬁt@gyg@@da@grcgﬁtbon tetrafluoride. 11. Method according to
any one of the preceding clains, characterised in that it conprises a

precedi ng step 20 of reducing the pressure of the vessel (16) to create

vacuum and ingthatthbg X@éé?blﬁ 6)or gHBI 8§eUB@eEhéeﬁH@@leﬁ§e§§H"1ﬁsdUr' ng
t he conbi ned application of aser Tradiation and the plaSma. , 25 1

Shear testhaveaberisedt ke Ebﬁheéh?oﬁléémauéﬁoasr@ﬂucaﬁ PREEGHEEed CIrCUIt
which is b?ﬁ hal Iy covered by a polymer coating conprising: - an initial
step (72, % of exposing the integrated circuit and the connection
.condutxors by a nmethod according 30 to any one of the preceding clains and

9. Method according to any one of claims 1 to 7,

characterised in that the plasma is an atmospheric plasma.

10. Method according to any one of the preceding
15 claims, characterised in that the plasma contains oxygen and

carbon tetrafluoride.

11. Method according to any one of the preceding
claims, characterised in that it comprises a preceding step
20 of reducing the pressure of the vessel (16) to create
vacuum, and in that the vessel (16) remains under reduced
pressure during the combined application of the laser

radiation and the plasma.

25 12. Shear test method for the connection conductors of
an integrated circuit which is initially covered by a
polymer coating comprising:

- an initial step (72, 74) of exposing the integrated
circuit and the connection conductors by a method according

30 to any one of the preceding claims and

- a shear test step for the conductors which are

exposed in this manner.



- a shear test step for the conductors which are exposed in this manner. 21
13. Test nethod according to claim 12, characterised in that the application
of the plasma is capable of renoving the residual polynmer and the pol yner

| ocated on the connection conductors. 5 14. Installation for exposing an
integrated circuit by ablation of a pgéyner coating which initially covers
the integrated circuit conprising: ans (28) for applying | aser
radiation to the 10 surface of the integrated circuit; means for applying,
combi ned Wi th 1he Pppt itethod atcorasry tadéaaimnlzanchafackebyseﬁasﬂa to

th t whi ch tiall the int t ed d,-
(13) Tor SRPOTET RPEHE T Sy ot cHiei PLRFTR 35 GoPPRGC (R bPOCELEng

t hereof, the ﬁ@@id@@llp@lﬁ&@mazﬁ&%hefp&m@rlaéeaté@dbﬁt tra and the
appllcatlon means (46) for the plasma belng capable of acting on the sane
support pfeRRECHi@) copductors.

5

14. Installation for exposing an integrated circuit by
ablation of a polymer coating which initially covers the
integrated circuit comprising:

- means (28) for applying laser radiation to the

10 surface of the integrated circuit;

- means for applying, combined with the application of
laser radiation, an attack by plasma to the coating which
initially covers the integrated circuit; and

- a plate (13) for supporting the integrated circuit

15 during the processing thereof, the application means (28)
for the laser radiation and the application means (46) for
the plasma being capable of acting on the same support plate
(13).

20





