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 connections which are constructed
particularly fromcopper and all ow the 110 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
connection lugs, with the manipulation of the circuit being allowed and its

15 protecti onebRbAgJandSihedallatabileFokOerpabYng the epefatieonfohnt he
integrated circuits, it is necessary in sonme cases to be able to access
the integrated circuit whilst iBtagrr&gdi €3*FPRtEgrity and its operational
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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, 1t 1s 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 above 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 to he renpved. Dqgunent US, 4 689 467 descrébes a devicg for cutting
a  product® o @ omponEht WA thY i PRBNET r Rt BT Om RPSFhYF e et br AT . The
devi ce comprésested | @secuand a plasma gun. 15 However, this |aser has too
high a power leve] to be able to be used in mcroelectronics. The Elasna
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product i ofh&OPPORESY EFaOIR@rif Oth&Utedios e F1RPI theg TRt 8q08Nr6@NN0L be
used to expose an 20 integrated circuit because it would have the effect of
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circuit which is not yet Integrated: 5 As indicated in line 40, colum 11
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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 circuilt 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 sanme suppodt and in the same vessel during the
application of the laser and the application of the plasna When t he
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to | 'asma ackS - exact ocation t aki ng
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processed. Taking into consjderation the |ow ablatio apaci t 15 the
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reduci ng gheithi ekoaesspdfcibeonpokypetigpabing pas¥idedarbere the integrated
circuit. To that end, 1 n accordance with a first enbodinment, flat polishing
of the co%??ﬁ%q%$n¥hé PnPL@?PEeeltERFEuUit is 20 carried out using a grindi ng

wheel , therebyygldeuNge RPEYa8cumBRE! mbRESkRESReRE 1bRecE0RRENG, Which is
subsequently renmoved by the action of the plasma, to be left. According to

anot her eRboEPREAEe PoENgRNSLft gnofhehaame hpeRReES Bhdt kB Eb&t PAGSi s renoved
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selected, taking into consideration 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 1is

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 embodiment, 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

abl ation 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 satisfactéry surface state of the integrated
circuit to be obtained. To that end, the invention relates to a nethod for

exposing an ingegrated circuit by ablation,of.a polyner,. 10 _coating which
initially cove%%g?h%egg?gﬁrg?%ﬁ %iF% ?%fve%ﬁa%3%5e#¥@%dt?nc?ﬁﬁy PFgconprises
a conbi nedeappsé cabépnrofjul asetheadsat bontanddaf pbasna tblkheonoati ng which

initially  covers the integrated circuit, the conbi ned application being
carried obE“PRIER@Ssame vessel . 15 Specific enbodi ments are described in the

dependent cl ahiBopJheti BYeRhkONnAkROibEl B0t pravsheak keshoReEhed for
t he connection conductors of an integrated circuit which is initially

cover el b§xaOopbRgnere coar fagecofprisingeIvatedanirArt FarhéEBpm8Y BRposi ng

the integratedi6i £cUiicqandet NR16QPNEET LN GORYGE Q584 BY 02 yMBLEd as
descri bed above® and - a shear test step for the conductorS which are

exposed i Atehesofmhher inR8IFRAGHI gireneti Aoehei eRtaeNafes to an installation
for exposing ag tﬁé@géﬁ&edtﬁér9Hb&n@¥oﬁbk3559859E a;PRLYABH Fggatlng whi ch

initially covers e integrated circuit conpr|5|n8: - nmeans for applying
| aser radeaposnngoathénsegfatedofir80ithkeyi abégtavedofi rcpptymerneans for

applyﬁ&g’cgggykgegh¥éﬁhikygigggbi8%%%99 gge 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 cocating 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 follow ng description which is given purely by way of
exanple with reference to the drawings,”in which: - Figure 1 is a schematic
view of a first enbodinment of an installation for exposing an integrated
circuit according plettofbhesuppentian; theFiguegrates aipensgpeduirvegvi ew of
t he chanbeg of the Lnstgglatign of Fiﬂure 1; .- gigure 3is_.a flgmchart of
the met hod GsBEOFGPS1BIpbSPAGOan PRSPt BBPLLFRGEPY T62DSFEQErEPE s a
schemati c1hkent ryHewrobnanatinehe apbodiaenbnf peahberbrstakl alaghafl ake
carrying out the nethod; and - Figure 5 is a diagram show ng the successive
steps foF2pRrBeBsSEngChlngsPipfBeSaBRPFIPBPAGLt ROERrcUits in the 20 sane

coating. The ingtakhabhenohOwhihhustr atedeinufhgutecddl $reapabl@ad@hgensuring
the exposure of a test-piece 12 formed by an integrated circuit contained
in a pol yaér tEeatpPhgopynasdecesspiéry wbiag aS| G38FNbeaFrand oy pPAsAE under

reduced 2 uperpThesei-bauit + 121 kedsby;a phate.13. This
installat?é%kgg%pﬁ?gesgg %ggguﬁ1géaﬁg§rg?% wﬁggﬁ lgel!hm'ts a seal ed vessel
16. The chanber Fdgihsei Ll ust ratedempnigr gater odetaifirisn Fingodém2ntThé

chabe L35 Sal kA B SO e 8 S a0 BRSELSR, bRt | 20
upper 10  to the invention;

~ 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 towards the test-piece 5 12. The | aser
is, for exanple, a galvano laser, a lasgr of the Nd: YAG type or an Exci ner

| aser. This laser is connected by a central control unit 30 for control
thereof. The central control unit 30 is forned, for exanple, by a processor
whi ch i s agssetkabedtwnt bh8i npuit wandhouhpupleardd3 i301Pketkdsen $aguce 28 is

carried bX nEans.gZ.fOE movi ng. the l.aser beami.n thﬁ plane of the circuit
12 in two d'PERt FonsSwhPcR BPEiPlalfPy BEPHERGIEHI &7 THESE Wrovement neans
are connected nolkbBercentirak eontikokruAhtjed0owlisthel $hecapabloe rofl 4
-controlling the Eg;ition of .the | aser and which 15 allows scanni of the
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arranged by Lheckessel coligoqamia 36 ir8:CoBARLLEd @ Bo¢i ewi ng moni tor 38

whi ch al | evel opment of the exposure of the surface of the
i ntegrated circdbet ceotbelnonintarédunds A§ ilsl dstrmated fio Eixgined €1, btvhe

optical axi f a;36 i ngul.ar i ed rel ati t e nor mal
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processing%gnéaggra FS&%&& t%e prlane o@ %ke Clrcuit q% in %wo

directions which are mutually perpendicular. Those movement
means are connected to the central control unit 30 which 1is
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 of 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 1s 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 processing 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, which is 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 camera perpendicular to
the normal relative to the circuit. In a variant, a mrror or an assenbly
of mrrors is arranged inside the vessel between the canera 36 and the 5
circuit 12 in order to nodify the beambetween the canera and the circuit
and thereby to ensure, by correction of the angles, rectification of the

i mage. According to.anoth enbodi nent, twg.caneras with _different angles
are positPB%éﬂa?naé}ae?%tg£8b§%@9§atR%tpiggénggft§O¥%éeiHﬁéggﬁobtained by
the two caskaasvarecttnasoittadtto an i nage processing unit which allows a
stereoscopic inage of the circuit to be 8roduced dingeto.an

.. Accor
advant ageous enbo@i Feht 2" Fhedt RFEE°pHr BEe Pn@séﬁﬁ?5¥cﬁgsméfé gnbfned. In

this manngkrahyed 1hscagetns aeescfopeeyadnl encUsafleira gbdahdt ehebtain a
stereoscopic image of the circuit whilst a third canmera is associated with
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rectified;fgctapgul apyk FRERAOL hEPBLYCEECHAEurdD Aynedzhec#9.hobfi Rhecting a
cleaning gas is provided through tﬁe frustoconical wall 22. This nozzle is
directed anghapdsreneifiacegianediciheuimage. The nozzle 40 is supplied from

a source 42 of Ur .S L0g , su y e nozzle 40 from
t he gas contai%gég?ﬁyﬁheggo%bggnég Fggéglggﬁgfo Pédcgée{%g ggg?ral control
unit 30 wHi€hecentrehglas wakvpoddridhedgas codeai hedobretrle sbarce 42

Prol o oCBYEL0E, IREZLR.4Ra! s LETSRAPH B LOETRLpYgRagY, o 05 e which
pl asma. transmitted to an image processing unit which allows a
stereoscopic image of the circuit to be produced.

According to an advantageous embodiment, the three
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.

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 plasma 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 conprises an assenbly of perforations
which are distributed at the periphery8thereof and which are directed
towards the circuit 5 12. The ring 48 is supplied by an ionisation gas

source 50, which s provided, outsi e,_cha [ 0. Whi ch ring is
connectedei%¢%95% %ee5§lgﬁiEﬁeigxg%néfoFﬁ%dg€§m?%% %ﬁ%%ggl£ﬂ§ontrol uni t
30. 10 Thehgalsecobtaidedtha vhedswut€e BRei sifigr fredcohprisexaapl e, by an

adm xture_of o en_and carbon tetrafluoride.. The ans_46_for producing a
pl asma fu??ﬁ%@gignﬁfi%%r§OF38?8??eﬁﬁéﬂ%yaﬁﬁng+iFﬁ?ngeah?Ehtﬁg connected to
the pl at epedBphoryStupposbEngniiheht est aptegeredhatt generatocthb4ciscldbtcapabl e

of producing an intense electromagnetic field which is capable of bringing
about Joniéation of the gas contained in the chanber. The generator 54 is

connected to thgecenhgakgcopt EQp ly@Btb%Oaﬁoiohb§a€985rthtBéﬁ@@é-5@0 I nt ake
openings 56 are provided in the Botton1 8 around the test-piece 12. Those

openi ngs Whéckohpektedidedacvheudm thanphaBL Gkt choi shésht EBRI 8dNBylfhe
central c 1£130, ADee0BeN| NYS;, 5BsaLe,capable eg drawpgci-githe gas
containedegﬁﬁgéﬁggcké%b%rV%ndetﬁe degr?s %roﬁaced durin tﬁe 25 Eisplacenent
of the coathhgoundeittBe.action of the laser radiation and the plasma. As

LLusiied LIS ot IeRLale [ SupRertLa,. Rechest phece 1315
chanber 1l1dxeoppej skg, ahnadhsxture of oxygen and carbon tetrafluoride.

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 1is

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 s0 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 so as 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 position for positioning the circuit, in
which the plate is substantially outside the chanber 14, and the position
for processing the circuit, in which the plate 13 and particularly t he

test- p'ec%saﬁgv%gfétEQthQSVQenggﬁkgﬁ'¥oPe$8¥&£98n gh Iﬂ?tp'ate 13

and the nenber are provi ded seal orn f6ws f he
seal i ng ointhblchanherplﬁteOlsbeubaSanédathnouhelpéatbe|shambarpbébtlon for

processing .t t est lece The plate.co i ses_an e r.10
oot ont M8t hEe1 R eoPAsBazerf ERPECTS: 8 Par 5 b Forbhe FOA RmER 08 i s
provi ded pbeve tReangipeuticabdrisg eaértedtbyléhe pkat eod3tedhi s nask
delimts grtuge ZO fOE t he, passa the | aser beam and the plasnma
perpeﬁﬁlcﬁ?éP?g tetatFvE PRLIPHetPor¥id OBf Phe 15 integrated circuit which

has to be exposed.placerderah@ exposempari phegrat pdoginedi ithhg circuit is
first positioned on the plate 13 below the mask 68, then the plate is
i nt r oducedefht Bt helhatberh FbfOWFehbfngeaVvaBEuRT cbREi ENBRSSTt h& pPessur e

i's subseqgent} y,reduggdni PneOpiheeChanber 4 U§599t18§ PUPPL?8cefhengur face of
the integrated circuit which has to be exposed is subsequently subjected to

| aser radiaei bastrehfEhe SbBreéaks FAmBrépey2anfarigar€63forThe |aser beam
used H{ef§§§P£¥099§%ft§§“§ﬁt%§¥§£ geg¥@891é ;and 50 Watt. It is applied for

a period tirnme exa et ween and 30 seconds. The | aser beam
is particul arFynappyied pnobed9nohomabk068abbapronldédthboveoahbng of the

circuit over th orlt of .t he h kne s, there | eavin a residual
th|cknesscbef gnagé éﬁd rrleg %ﬁ ate Tg. Qgis mask ge? Xt

an aperture 70 for the passage of the laser beam and the
plasma perpendicularly relative to the portion of the
15 dintegrated 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 1s 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 having been renmoved fromthe vessel 16
and whilst it is still under reduced pressure. This plasma is 5 produced by
gas being injected fromthe ring 48 and a magnetic field being produced by
the generator 54. The plasma preferably has the characteristics suitable

for ensuring di apkacenenty ohet hesidseh poégentr. cPhéingemperandrea the

wor ki ng pressure lL.evel and the type,of 10 gases.,used are | ect. in
accordancep;FFWatﬁé PypEUSHd “Fﬁ%oﬁRSSSlSFgﬁﬁsﬁ%.lPtS§§paZEVi¥&%%8Pta peri od
of time betweeni3dBuandhd4dngnoruhesemdhedpresancacofekBe lpllaseadal | ows,

owing to the action . 15 of the ionised particles, conplete renoval of the
resi dual HBP}ﬁErlFa9érsé%éh Pﬁdﬁﬁerﬁﬂ&@?éuPrﬁﬁﬁPFSng%gFStﬁéaépﬁcﬁﬁt and

under the goppareg80RpeghisoRsinBULhAactRe apphi eati eanaf 48hanpl asma, periodic
atom sations of carbon di oxi de allow the residues produced 20 to be
el i mi nat edMagpesidi Agetd RedpAsPraerir6A Par tast IepRELPEsP4step 72 of using

the laser radi atbh@nyh§sgar bre¢eQulb1Yhbst thRecnhRhegeatd 16isr GUlitabie |
subjected to a plasma. Wen it is found to be necessary, for exanple, ow ng
to 25 thefomegnabrthgckiepsacktmehe pésicdaalepohypeeskeayer TWei ch covers the

circuit, t@%m§898%8§iY?tﬁ8p %%ﬂﬁk%” ?%%Bﬁr 2,804, Zﬁdf%%eat'?ge%fa”d a

pl asma are refterated’in order fo aPr 6w "abl ation 6f the redrdual | ayer in

t he regbongaseswhisel iBtrei selected in accordance with the type and
thickness of resin.

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 owing to the generator 54, but instead by
being subjected to |aser radiation hawing a suitable power |evel, that
radi ati on being suitable for ionising the gas in the chanber, but being
insufficient .in itself to attack the o] r coating. It wll be

appr eci at BECTHAES AR stdh %@n%?%%ﬁ?é?geéxg??%ﬁi%nﬁgga%eb§¥%8§%% very
preci sel ysowagté® tbeldsoal raacsit oonohathegphasontadhe powbrneédvase of the
| aser radiation and the plasma 10 égithe sane, vesse| further reduces the

oper at i on§"&@hdr2¢hat £PorReARY R BAP e pbStir LOMEE B8 WAT B2 FsiUeFySrapi d and

easy to CahiMp&H} .bUbhepéagy ohshefpbnbng uRderseeducedatprersune between the
two operations allows the netals which constitute the circuit or the

connect i opglyret heodt#Rdit not 15 to becone oxidised with anbient air. The

combi ned actiopcof;ihe,LaggrratifELgt cRRM, tHEhPLASARLI ReBNEGCOPHST €D
al lows very satisfactory exposure of the connection w res which connect the

i ntegrat edlefrebimayipeetkppocthectat eratisohreeviod tagshanhifeénaprotrude 20
relative sing. T ction of the laser allows the upper surface of
t hose con%gg%ggngﬁjtgg ?%Qgggéxposed whil st the polyner |ocated bel ow the
connecti on w resei someimmeeduby of hehaclasarofadhetpbasand whehpléshhe

connection_w res becomn a .25 Such exposure of .the connection wres
is pa éich?2$P§ S%ﬁ%aﬁ?ig%gugggggeﬁ §%§ggaﬁeﬁgeS?E%r8£lgﬂ§a?n ests of the
connecti obh#treesSret Aelvesubhseppbainedmduroagwhhent easikey rapid and

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 step 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 1In this enbodi ment, the plasm under reduced pressure nanely
in vacuum conditions is replaced with atnospheric plasma. In this manner,
the chanber 14 is unnecessary. The test-piece 12 which is supported by the
plate 13 is, 5 apove, arraqﬁed facgggathe | aser source 28 and neans 40,

42, 44 for infectihy FRPSHRATRY ghLe PPOVIHEE TR neRnk $or “bF oduci ng

an at nosphgfié Ty | aseracomprésedariowzzi € 401 d0d dis sehasghagpie pl @asma gas
which is connected to a gas source 102 whi ch contains oxggen or _an
adni xt ur PbFSTMD- oy gl AnfPeR® bont et FRITREF i . 1 TheNPESe?SfEY usEdas a

source fofegxchiddy iheyQashi Diestsoife@reerci® pring apous, honisation of
the plasma gas. The inplenentation nethod in this installation is identical
to the onePesed dhrameed ntrai nat ton biseE gieeras 29sanfenesheut?r 192 bei ng

subj ectedy f1sE! yoioct Asgraradialion qlbensubjeriadato an attack by plasme.

Figure 5 illustrates the successive eps for exposing the surface of two
i ntegrat ed ci rthe tredms t her sanedeasiggan f athesphyr pol yaser eoncursently, it

s K LAt ; oo ! : 5inth
same pol yhErEREoTO%, Pl BLMAMLEY e BILER AL ShICHILS c0Mer oot e
m ni at ur etel cgaonscuras dl0Sughichrcontsims eoxpgemndy anedémirdute as a

CSYSURL B Reckags; (SR Orop  PLLIhiPig® rodl ol (MO g I carat od
| ocat ed agoudiéfesenéxtevehs, the pasticubateahen dheetrntegpaied shocuits
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
renove the nmajority of the thickness of the covering |ayer. The portion
renoved is designated 105. This ablation is carried out by a plurality of
passes carried out wwth the |aser radiation, the nunber of passes being
greater above 13 the circuit whose uppér face is the deepest. In this
manner, the laser is applied so as to allow a residual polynmer |ayer 102

havi ng supstantially the sanme thigckness to repain behind n_each of the
Crreurt o DBt STbE LTSS B L EEPEr B Pt TBrPa0E! Phlet AT c BEPatn
circuits 400A a$OPBi arepslbiectedasota plaswea whs chudii pgsyaboul ayde

si mul t ane abl ation of the, residual ol yner | ayer which remai ns, above the
vhrous oy E TS Tt EheL BROBAT rERe oL RS Y Ret b | SETON BERSRd ng o
to one paphicutrrdy adyvantageous.enbodi nent of the invention, the
protection mask 68 is initially a solid plate which is fornmed from pol yner

or netlal. The 2aperedne by sasditbesltyaprdckistbeBy the FA%er radiation from

the laseri@28.qrdfedhi s 8RDNSI 1000 APGELYFE beppPOstihopsdavelyspieci sely 15
and has a conpletely satisfactory shape for the processing of the circuit

arranged ®Beie bSiehs agpast nbhe Psmditaneans apbathpryobuthaahgaliyadhith
mechani ¢ i3 oni - - c Kk ur.i - processi ng
?¢%8?§§£iggggﬂ Qﬁléhggg?%g§9 %ﬁé@@ RS va#i?ﬁg £ipgutpe. oo

of the c pears ot her zones o e circuit nust
st udi ed and ar@hatcever edhbyenhedprnenecof onhensksB8]latconpl eneardiygapert ure

cadi al onteroniha Faser okl 0 grhkT e B8 ied nabi R8: Shsrid ng sone. 25
Simlarlyinvenaivayiang, ptbeechidhahaapeb8uie ¥0itsalenl argetlibyptheeacti on
of the 'aﬁﬁich 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 1s 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 plasma is produced by generating a magnetic field in a gas at a
pressure generally 30 of from 10 niforr to 1000 mTorr. This is a so-called

| ow pressure plasma. The nagnetic field is produced by the radi of requency
generator 54 which is connected to el ectrodes which are positioned in the
vessel 16 in the environnment of the 14 adm xture of oxygen and carbon
tetrafluoride at low pressure. The magifetic field ionises the nolecul es of
the gas adm xture, stripping themof their electrons and thereby creating

the pl asrf%dm%gt}%ei ntegrated chucihthl2 absenks ubhedkr g8 elgctrons  which
are accel erated by the gnetic field so that it becones negatively
charged. Comversel-yThehaaghasie ifdelgodionively tokamgdd coviesg otfo tihes hi gh
concentratiqQn . it I o] e ' the fr l.ectr : ihg to
10 this | Haor Font R S e T oA G HRdT Ie are s TSk t he
circuit 12rehérnegt ey cdklsinde with the residual polynmer and the pol yner

| ocat ed bel ow e connecti.o conductor,s to be attacked chem cally. The ions
react glcherrical% ﬁpﬁﬁgfﬁéegesﬁ&&gﬁ%pgﬁyﬁeﬁogﬁﬁ é%gcgrgepgrff%§°8% 15 t he
pol ymer, whtikkht belker akicrekire terebgy thel nggheansf €rired. soThéapl dsma attack is

carried out during or after the application of the |aser whilst the

i nt egr at e®SEPFES; Pegatitye Weﬁga6ﬁ eC§§ﬁ§r§ﬁgﬁorﬁ%ﬁl & 38/d ‘t*he support
plate i s pelsithR¥ey. A0 rhRdaovahicail, ithehappl icealdeon roft ildhe draser radiation
is carried out until the thickness of the residual polyner |ayer above the
i nt egr at e@OSiLEATRL HO§ ShEOMBar e200 15 &G G resme leRé 1odwer BEhé A aser used

i's apppoxicaiel hp@r Vet 141 22 ROCHE: potential, positive ions move
towards the circuit 12 where they collide with the residual
polymer and the polymer located below the connection
conductors to be attacked chemically. 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 um and 0
um.

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 surface 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



Accordi ng to one enpodl nent of the invention, the nmethod 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
must be open so as to expose the integrated circuit. During the production
of this integrated circuit, the integrated circuit is nounted on a
generally 15 netal reinforcenment, on which there are arranged the pins (or
lugs) of gxternalk;aepreckkars. ohhNgnhGeRNeskir-anabet weeangkle that gghat ed
circuit and the pins is brought about by connection conductors which are
wel ded at (efelypde aAderhernslorrapecthengssehBl ¢onsecsarad Pehvere

pol yﬁer-b%ﬁe_diﬁ%%g@ £ Be@%'r@_ﬂignla)ﬁdt hgeepdnaf iEh%r%Q?;'ﬂ%Cta'b%%_tpb@/s exposed.
In the coating tﬁog, the integrated circuit is rarely positioned

preci sel ycannehéicencradandosti Whikcdssrsovweadadphranenghiséhel@nds téenpl et el y
paraIIQI %k% rthe surface of the coating of the conponent. Therefore, the

t hi ckness “"of "pol yner to be renoved is not uniformover this surface in
order to expos&hthessembage isokokhed nheghat edlymectbtsets rlesia,pref erenti al

manner, an X-ray i e.is made of the conponent so as to estimate,the size
of the' | REGVATTACTaT: Gt Sy oRoF Bl SPTRGCERE Rofgy SrRRSei T She mage. at
the scal ecobtthg sempeasentheohhicned tett Riacoaki hsatrade 1gpipiosdl: ioarer a, the
position of the inte%rated circuit can 20 bg nmeasured (to viegﬂyin order to
r eposi t i ORTERS SCAYpPItc & FoRCPERE 6% RE1LAserSEndCt HE B BsRECr &

4Cifve to the
conmpongnt ;ist sekbiekR1ihbsrgase) When rhedkatedcel beUithehasdiimgnsgirons of

200 pm x 200 pm
the component.

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 uym x 200 um.

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



25 The el ectronicconponent 15 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 nensions of approximately 1 mmz. In this
aperture, the conbined application of the |aser and the plasma is carried
out over a predefined zone of the integrated circuit. The positional

measur enent of the application zone is 14hus aligned with the conponent
positioned on the support 16 pIate 13. This positioning can be carried out

in vari ouz} 1 78NRer s oy A 1Mt gln)ég%g?)t e'@a‘é"}'l%r& %I £OWs, MEasygnent of

t he di nensions relative oare the plate, or wth a “al i brat ed
opti cal caremarer, &ifbt ar ﬂ@rdnodrmglyawst@ot mrlherch % 1Siowid arelays,urtelnezrrteprhs can
be rreasur%giwith a metrol Oq\ﬁi svystem(rrot r- drive §nsor Qr Vé)/lrthl
interfero PITENSEERS FE AR T 52 [Carfera Wiicdlr S & pr \Ai & St ¥ e "dA br at ed
dept h systaemalk@raa efd I’oiitlmfl])m@ira tdte at hiccknestdseof resimpdanrat. 10 be
measured w. th pr Therefore, a zone w der .than the ircuit is

Ci Si
f avour abl y idefiaf gféf' tg‘ev\/l‘?ierﬂ‘?htshéalna§§r MeAFHFES e Eplra it Wa499%e applied. A

first |asef salhat (it drs gtiafdred My )a ZORE tRASUNint@ r 220 220 pm so as
to cover the zone of the integrated 15 circuit neasuring 200 pm x 200 pm

After a f&WSHNUt &F, Wiftd 2oFermaifon i hsteppedvitest aerth @ éif’écli@ftaﬁ?@ddepth

of resin Jemved.s+the depth is preferably nmeasured in the vessel 16 so as
to elimnate any risk of error in repositioning the support plate 13 in the
vessel . It is Very adifflfns(tulqontn@r@oltr,epo@ ttihe s ka epsetsarti fc e sdlnensannad wi t hi n

o e oS g TS SN Laposut g v e 8 g il e
necessary cstreps twasl d aexceesdilyelde fexteehd to which the laser and/or the
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 pm x 200 um. After a few minutes, the
operation is stopped in order to check the depth of resin
removed. The depth 1s 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 pm x 210 pm 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.



the total duratiomof—Ttne opening. 25 The neasurenent is carried out, for

exanple, with a canmera 36, with the focusing being adjusted in order to
have a depth nmeasurenent. This nmeasurenent allows an increase to the |aser
abl ation speed. 30 In this exanple, the resin thickness is 1.5 nm There is
produced anot her zone which is slightly smaller at 220 pmx 210 pmso as to
retain a step ML. The depth of the step M w Il be neasured subsequently in
order to determine nore precisely the l1aser ablation speed. 17 Since the
position of the electronic corrponent has been retained, the |aser ablation

is started di r%ct IC%/Owr o h&%t reum%utr}rge _terlee%% S ngbe‘}?aé)r!earﬂ d iBEEeH S

cal cul ated so as resin opera Ion1s
st opped anckta imeasurewentadexr atdratiiech dut mra&d alihetdtdry caltifndt e t he

etching speed .and a step is left. At that tinme, still w.thout the

el ectroni ¢ @’gﬁ%@rﬂ tﬁl?er%gﬁr n@bd FHsh i He Véksers f@lcpwfs%é)eﬁocrﬁsng is

begun. 1QJdNtduva reEactinvef aresitrching (RIE) type physico-chenical plasm,

the typical etching speed is 27 pn h. Theref%{ flrst ass is carried
d?é‘ré t% &4

out in’a zone AEESGri ﬁélezf@epqﬁ%%ds FtE 't He et ching

speed of the riesi puM th & %@%é\@%eﬂ@aﬁﬂ%ﬂa&@rﬁ@)'eﬂidrﬁm% Ssdad teth again
so as to |leave, for exaarg:)t 200 pm of resin, over a snal zone neasuri ng

200 pm X aZlﬁ@rﬂnMZ\/\HéSn I operation is stopped, it is apparent that an
edge of the cirQuid,ds tam'{eeadsytl"lls'vﬁt%ou?‘ecrl@%efe@@c% ONomg s conti nued

slightly further than expect ed. his exanple, the expl anation 1 nvol ves
t he incli resd rgogianicored (fem jtded IWE)SS(ﬁ‘l tife @ilrasmia .etching is begun.

10 With a reactive ion etching (RIE) type physico-chemical
plasma, the typical etching speed is 27 pym/h. Therefore, a
first pass is carried out in a zone measuring 210 pm x 210
pum in order to calibrate the etching speed of the resin with
a step M3.

15 The laser ablation 1s started again so as to leave, for
example, 200 upm of resin, over a smaller zone measuring 200
pm x 210 pm.

When the operation is stopped, it 1s 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 1in 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 pum at the deepest, which is deducted
from our estimate of the gradient of the inclination in

question.



It is therefore decided to again produce an ablation zone in order to
expose the renmai nder of the circuit. The 25 ablation 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
dianetrically opposed to the corner which is exposed. 30 The ablation is
restarted at that new triangular zone in order to renove 20 pmat the
deepest, which is deducted from our estfmate of the gradi ent of the
inclination in question. 18 Subsequently, the plasnma step i s begun, over a

zone which is sbightdye 08I tRe O d8End OshBYEi §1 98€ENT 0ot e aChbgyit and the
remai nder of the circuit is exposed. |If necessary, |aser ablation is again
used. Thi swiehahihs SlighhlpevideT oedobIShl BIBCEDI @t PHRT uRPi FREhe circuit
is conpl e&ﬂé’u%pQﬁédth%PEeﬂé’?Héié‘E 8¢ SecONd; conpenent c ef o Lbg, same type, the
etching speeds can be calibrated by the fine neasurenent of the steps M

M2 and MB, for BkanptessSiwilhasgr ehbapreci s8¢ @gatepehefet Teen che surface

of the coati d i nt.e i it r at. . first circuit
and is ise ugg %Q ?e?g?%%%eg¥g$?%ﬁ%§f%?F%%f%g gﬁ?ﬁﬁi?ﬂ? #ﬁ%gg %a%?on can be
started socaspletébpvexpappdoxi mately 200 pm over the entire surface of the

circuit. 15 1In accordgnge gﬁtg thg conidgn e Pekgeig &glgtion 1o t he
variability of fre %%%ifi%n of SRR cFPERPESF ¥ ot one® 2 nponé%?’to The next,
however, ié&ttlsipgsspbées ton pxaopl ebratedabyovha frangi meb2bbepantnopl ace of
200 pm or converseLD, £o aimfor_a | ower galug,%Sg F]in | ace of 200 20
pn) so as %BeoiE?%feM r 42 g@RekYy £ PT t REAPP S ma® +¥h ag Asmh8CUBERCAF S
et chi ngy pl aspes. bErpéLRabhy, sarrptassn ohet BeaR Egt ¥Re {heacht¥grhead
et chi ng) between those ‘ _ ,
circuit is measured at the first circuit and 1is 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 upm) or,
conversely, to aim for a lower value (50 um in place of 200
200 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 uym per hour. Typically, when an RIE

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



two plasmas is used. However, an inductive |ICP type plasma (inductively
coupl ed plasma) woul d achi eve very good 25 perfornmance | evels. The

di fference between those two plasmas is between the preparation of the

pl asma which is carried out in an external chanber. The plasma is
subsequently transferred by a tube to the chanber in which the test-piece
is located, the distance separating thelBwo chanbers 30 typically being 10
cm In all cases, the etching plasnas nay have an etching speed of |ess
than 120 pm per hour. Typically, when n E type plasma is used, the speed
is 27 pmper hour. 19 CLAIMS 1. Meth exposing an integrated circuit
by ablation of a polyner coating which initially covers the 5 integrated
circuit, characterised in_that it conprises a conbined apgﬁication of | aser

radi ation and al pI"&hePCT of PheS* RO T AP M R R tFAI FYECOVErRY t he i nt egr at ed

circuit, thela€eosbineds applieati ovabehovcasl i £6iUi11p tHeesanenyessel
(16). 10 2, Method according to claim1, characterised in that it

conpri Ses, 11t¢&taed s.okiepl {725noF2@ppr Y59 Haserat rhbi @PTBRI8AY ¥hen a step

(74) of appbybnge@ PbEEIBation 3or Meihod ACe0 6l N9 £0qChapMdmaCharagteri sed
in that the step (74) of applglng the plasma is started whilst the

i ntegrat edcedtead tWi scltiniCsablectederd theeintedratedncirquivet hod
according Lon6] alan 2,011 €Ll 3 3pe Py CORF ACLET b $€T: i Nefi DAL, Qev@EE%lfﬁé'on

(72) of the laser radiation is cartied out until the thlcﬁness 0
resi dual pbbyner coating above the integrated circuit is between 50 and
200 unk)25 5. Method according to any one of clains 2 to 4, characterised
inthat it conprises two successive processing

2. Method 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,

200 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
radlation is carried out whilst the integrated circuit is

subjected to the application of a plasma.



steps, firstly, by apprrcatron of |aser radiation and then by application

of a plasma. 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 to any one of the preceding clains,
characterised in that it conprises a step of atomsing a gas flow towards
the surface of the integrated circuit capable of disengaging the residual
particles which are present on 5 the integrated circuit. 8. Method according

to any one of tfe %a%@iap&&%@iﬁﬁ%gﬁg%a&%@ré@%é Lidalathe plasne is a

reduced pressure asma. 10 cording to any one of claims’ 1 to
7, charactieriasee s isedatn t e il s neoisr bve aitaospheret ot ashaing 19. 9%t hod

accordi ng n f e i cl ai rac | sed_ ] at the
pl asma conlitg?bﬂgé/ %@%/]gde% %}ﬁlgd] S@%f%%% ?%t%g‘? I%ﬁ%?g%q.%f‘%%g g%%%?%?ng to
any one ofof h&i prreregimy tlod atesi dcdhbraet erd sed winithatré tpcospni sas a
precedi_ng step. 20 of r§duciq?.the pressure of the vessel (16) to create
vacuum® and'§ a1 e vesseft(16) remai ns under reduced pressure during
t he conbi ned application of the laser radiation and the plasma. 25 12.
Shear test nmethod for the connection conductors_of an integrated circuit

which is initiai VERF RCBYE P PotY MY cOalt i D AP TSFRGI"I ah? it al

step (72, dddrHitEXPast non theat NELYr et £6hna Ci & Cali te diee & Ner£98RLEL 1 ON
conductors by a nethod according 30 to any one of the preceding clains and
- a shear ®E3¥Ma&tep for the conductors which are

10
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.



exposed in thi sTmanner. 21  13. Test method according to claim12,
characterised in that the application of the plasma is capable of renoving

t he resi dual polyner and the polynmer |ocated on the connection conductors.
5 14. Installation for exposing an integrated circuit by ablation of a

pol ymer coating which initially covers the integrated circuit conprising: -
nmeans (28) for applying |aser radiation to the 10 surface of the integrated
circuit; - means for applying, conbined Wilith the application of |aser

radi ati on, an attack by plasna to the coating which initially covers the

|ntegrated C|rcuhg @ngt étgc%1§&ln§|t8“ Eg&%l@g th?ig%E%g%?EE% EIFCUIt

15 during the proceSS|ng e reof I'Cat’i on neah aser
radi ati on andathehapppptateomnoneafisthébplbiema thecppabia béi mgmoapall e of
acting on tQﬁes?g2183390£519k%Eean&1§%é gglymer located on the

connection conductors.

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



