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from pla_stic packaged modules
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Field of Invention

The present invention relates to plastic encapsulated
" semiconductor chipé and more particularly to an opening
method for recovering the bare semiconductor chips from
the plastic packaged modules wherein the chip is
encapsulated without any damage for the chip. As a result,
the method allows to recover fully functional and testable
chips for any purpose, e.g. for examination/inspection,
analysis, or re-use (possibly after repair). Thie method of
the present invention is applicable to any plastic
packaged modules ‘even when the semiconductdr cﬂip is
molded in a plastic encapsulatiﬂg resin which is res.istant
to known etching techniques,

Background of the Invention

Plastic package decapsulation (or depacking) is absolutely
necessary for construction and failure analysis of plastic
packaged components, typically semiconductor <chips.
Especially in the case of failuré_énalysis, identification
of the cause of a defective chip implies that the opening
method keeps the full integrity of the devices integrated
in the chip and of the metallic interconnections as well.
Likewise, it 'is often necessary to physically evaluate
VLSI devices for the purpose of product reliability,
validation of physical design and identification of device
structural patterns. Finaily, at the present time, high
volume supplies of verifiable bare chips are spotty in the
merchant market since some suppliers will not even sell
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The present invention relates to plastic encapsul ated sem conductor chips
‘and norg particularly to an opening nethod for recovering the bare
sen1cenductor chi'ps fromthe plastic packaged nodul es wherein the chip is
encapsul ated wi thout any damage for the chip. As a result, the nethod
allows:to recover fully functional and testable chips for any purpose, e.g.
for exami nation/inspection, analysis, or r&use (possibly after repalr)

The net hod of the present invention app]icabl e to an kaged
nodul es even whdifre ﬁélpgen?%cﬁi'c’i"&i 8 *‘ areed) ﬂ%‘ﬂzi"ﬁ’@iﬁl Rapptacs
encapsul ati ng r eturensi th parchssetpaﬂkag;&nhwps edmd) ity regolri QhQSCh1p§
Background of the JJW@QI#@@ atP'éé&gfd&%@gq&%agé&' @oseg ( Hardepagip nN9)

i s absol utely necessar construction and |'ure anal SIS of | astic
packaged conponé&iadit t}ﬁlE%FI?a3°§eh?%ﬁ%dﬁ%ﬁaPsecﬂ??E}e FrSeY%e t he-
case of failure aeslayses thegerdo f hotit want to £find themselves recovering

chips not fully functional for re-use. As a result, in

addition to functionality aspects, chip testability is

also an essential concern, because the opening method must

not only let the chip functional but also. in good condi=-

tions for the tes_.t. ‘I'her;'efore; the base problem to be

solved is to develop a reliable .method to open'p;astic

packaged modules to recover the bare semiconductor (typi-

cally silicon) chip enclosed therein without altering its -
physical and electrical integrity.

Wet chemical methods using hot fuming nitric acid are
extens:.vely used with silicon nitride (Si3N4) and/or sili-
con oxide (Si02) passivated silicon chips. When ‘the 5111-.
con, chip is passivated with polyimide, these methods are
inoperative because nitric acid damages the polyimide
material and thus does not preserve chip functionality (in
case of polyimide passivation only manual polishing is
used). -A .more specific problem recently emerges with
8i02/Si3N4 passivated silicon chips, when very hard, etch
resistant plastic resins are used as the molding compound
to encapsulate the chip. For instance, the TOSHIBA KE
2000H plastic resin belongs to this category. This plastic
resin has outstanding propertles in terms of hermet:l.c:.ty,.
reliability, and purity (absence of contaminants). Unfor-
tunately, its complete removal of this plastic resin with-
out damaging the encapsulated chip revealed to be a very
difficult task because it is totally unattackable by any

acid including hot fuming nitric acid.
Fig.'l shows a conventional plastic packaged module of the
SOJ (Small Outline J-Lead) model wherein a silicon chip is

molded. Fig. 1 (A) shows a cutaway view of the plastic
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of the cause of a defective chip inplies that the opening method keeps. the
full Ingegrity of the devices integrated in the chip and of the netallic
hngeréonnections as well. Likewise, it 1is often necessary to physically
eval uate VLS| devices for the purpose of product reliability, validation of
physi cal design and identification of device structural patterns. Finally,
at the present tine, high volune supplies of verifiable bare chips are
spotty in the nerchant narket- since sone 3 suppliers wll not even sel

2 bare chips. chlzksagseldt l#n%tdlu 2 Q&%hf gr %%(gtsgge tﬁgdgigswuéx?&pSulation
) removed, (B) shows a cross sectional view of the module,

and (C) shows a schematic enla:rqed view ét the vicinity of
the chip terminal connection system. Now turning to Fig. 1

' there is shown a conventional plastic packaged medule 10
incorporating ai silicon chip 11 whose active surface is

mounted side-up. The packaged module 10 has a plurality of

lead frame conductors 12 extending through the plastic

encapsulating resin 13 which are adhesively joined to the

silicon chip 11, preferably by means of a composite

polymeric layér 14. Typically, this composite la.'yer con-

sists of a sandwich formed by a bottom polyimide polymeric

layer 14a glued to an alpha barrier layer l1l4b. The alpha

barrier layer. is a f£film of a polymer material having a

melting temperature above 175°C and does not contain

ionizable species. One such polymer material that can be

used as an alpha barrier is KAPTON (a trademark of

DuPont). A 30 um ?.iameter gold wire 15 is thermosonically

bonded between each conductor of the lead frame and the

contact zone of the chip. In addition, this composite

polymeric layer-'14 may reveal to be useful should the lead

frame conductors dissipate excess heét that could damage
the chip. B

A more detailed construction at the vicinity of the termi-
nal connection system where _tHe gold wire 15 is attached
to the chip 11 is shown in the enlarged viéw (C) of Fig.
1. Now turning to Fig. 1(C), thére is illustrated a stan-
dard silicon chip 11 consisting of a silicon substrate 16
(wherein active/passive devices are formed) up to the
phosphosilicate glass (PSG) insulating layer including the
'tungsten studs (not shown). The first metallization .level
_(Ml) is represented by land 17. A passivating layer 18 is
formed thereon. Typically, according to the scope of the
present invention, this passivating layer 18 is made of an
inorganic material such as silicon nitride Si3N4 and/or
silicon dioxide Si02, as known for those skilled in the
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turers to purchase packaged chips and to renove the chips for re-use at
consi degably increased costs. Bare chip quality is the major issue of
t-hese?nodul e manufacturers, because they do not want to find thensel ves
recovering chips not fully functional for re-use. As a result, in addition
to functionality aspects,. chip testability is also an essentlal concern,
because the openi ng net hod nust not only et the chip functional but also

in good condi- ti f t o] the h lemto b
solved is to deve%%% a_%‘eal Jtcﬁl Q'%&gLo%gnl%l%%%VI?Se a@ﬁggeﬁnm&gt 0
recover the bare $&niGHTHS f—‘or %pﬁec%’él |devel| ieformetailizatdpnsdM2)hek=i n
Wit hout altering ifogmplyshcahiandiakréléi and re¥ad iy .a cAéﬁia&hGHBrféahg

t hod hot th
i de (S ok afapEe g 4618 HES 13 e BSRR Y ek, e . fE e dib
When the sili- coffocH F@VW vEM@S \echnology niited tthesmnwfadtusearls
i Noper ative becaumpibs!DRAM ot ibslaEM@eFikbe ﬂi&)’ééﬂdi'ﬁ mttsnfliaﬁuh 5 11018
ddes not preser ve g RofWaGt! Q14 Yobhd i meta RE T 95 RISSAT RO Y

manual polishing I'S
and Ti-AlCuSi-TiN respectively. The other end of the gold

wire 15 is bonded to one of the inner lead or conductor 12
of the leadframe (not shown). When the gold wire 15 is
thermosonically bonded to the chip contact zone 19, there-
is formed a ball-shaped conﬁection 20 which i§ made appar-
ent from the enlarged view (C) of Fig. 1.

In the préferred embodiment of Fig. 1, the chip contact
zones 19 are located along a center area of the éhip 11
along the longitudinal axis. As such, the plastic packaged
module 10 of Fig. 1, is very attractive in many respects.
In addition to its role of serving as an alpha barrier,
the composite polymeric layer 14 cooperatés with conduc-
‘tors 12 (which cover a substantial portion of the chip
surface) to facilitate the dissipation of heat generated

. by the chip. Moreover, the short connecting wires 15 con-
tribute to faster chip response. This particular
chip/packaging combined technoloéy is described and
-claimed in commonly assigned US patents 4 796 098 and 4
862 245. This technology is extensively Used for the
Packaging of 1, 4 and 16 Mbits DRAM chips (in this latter
case, the central area containing the chip contact zones
is transverse instead of being longitudinal as illustrated
in Fig. 1) and is currently designated under the brand
name of A-wire (A stands for Area-window).

Description of a Methdd of the Prior Art

The different processing steps of a conventional opening
method that is capable to remove hard molding resins, such
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used). A nbre specific problen1recent|y emerges with Si-C»/ Si 3N4 passi vat ed
S|I|congch|ps Wwhen very hard, etch resistant plastic resins. are used as
t-He . mpl di ng conpound to encapsulate t he chip. For .instance, the TOSH BA KE
2000H pl astic resin, bel ongs to this category. This plastic resin has

out standing properties in terns of herneticity, reliability, and purity
(absence of contaminants). Unfor- tunat®ly, its conplete removal of this
pl'lastic resin with- out damagi ng the encapsul ated chip revealed to be a

very difficulas tths TOSHIBSKE 2 QOHO(!P4SP dHaerbenaied yoysed fox i the
i ncl udi ng hot efslpdiflatiibhl ®facib adﬁhgcedl s vBnauc ooy andnaxnal pyodst i C

packaged m)dul % of trﬁo?!%]d éai’%e)d cult § qwg, 5%aggfg?g§édvmrg6&&él licon

chip i's nol detf way Vi ew o
tlon w:.th Figs. 2 and 3

Fig. 2 illustrates the module 10 of Fig. 1 at. various
stages of the opening method. Figs. 3(A) and 3(B) are
microphotographs showing enlarged views at the vicinity of
the chip terminal connection system before and after plas-
ma etching. It is noteworthy to remark that hot fuming
nitric acid is never used in the conventional opening
method.

1) The top face of the module 10 of Fig. 1 is roughly.
polished using a metal grinding disk (granulometry 60 un,
300 rpm) and a- conventional manual polisher, such as the
PRESI Mecapol P 250, until the lead frame is  reached.
Preferably, this step must be monitorkd not to polish the

i top surface in excess that would destroy the terminal
connection system. It is-_récommended' to adjust planarity
of the module top surface with respect to the disk during
this polishing step. The resultiﬁg module is shown in Fig.
2(a). " : -—

2) The lead frame is then removed from the module 10 sim-
ply using a. pair of tweezers. The resulting module i_s
shown in Fig. 2(B) ™

3) The polishing is continued to remove the composite
polymeric layer 14. The same metal grinding disk of step 1
1s used to remove the KAPTON top layer 14b. The bottom
poly:.m:l.de layer l14a is preferably removed by a metal disk
having a smaller granulometry e.g. 9 um. This. polishing
step must be very carefullﬁ/' monitored and must be stopped
before the protective passivating layer 18 is attacked.
The i:'esulting module is shown in Fig. 2(C). Because the
encapsulation. plastic resin 13 is much harder than the
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3 packaged nodule with a part of the plastic encapsul ati on renoved, (B)
shows a eross sectional view of the nodule, and (C) shows a schenatic
_enlaggéd”viem/at the vicinity of the chip termnal connection system Now
turning to Fig. 1 there is shown a conventional plastic packaged nodule 10
i ncorporating a silicon chip 11 whose active surface is nounted side-up.
The packaged nodul e 10 has a plurality of Pead frame conductors 12

ext endi ng through the plastigc encapsulatjng,esin 13 [ d lvely
joined to the si Bedd egﬁ?p‘“ ferfarle a’%’{? bﬁ“_ﬁe&ﬁgeof‘ﬁg g%trr%%‘gu’?g e%+?/‘ﬁeri c
| ayer 14. Typi caltiopaldni zemeigsbsiite atdjdr repainsistapadl guanbiby ok fehered
?Zba _tFﬁttolm ﬁol %"gﬂ‘a_@&i&?'ﬂé@&h! ad a?‘@ftﬁfba f'ﬂweleeﬁ&aan ff@a?bﬁrthbercﬁfyer
: e al pha barrier .l aye S of., & pol ynmer nmaterl a awing.a _
mel ting tenper at G’ﬁ"éc a&gvéegfklgf‘g?ﬂ dg& a%pdoaé‘sgiyﬁb ‘ &Bn?ﬁf*ﬁlculalg be
: cause it prevents visual chip inspection. Micro-photograph
‘ of Fig. 3(A) illustrates the pad-shaped portion of the
ball-shaped connection 20 embedded in a plastic resin
coating which remains after the polishing steps.

4) The removal of this remaining plastic resin coating
generally reguires two sub-steps, a first relatively
anrse polishing and. a fine 02 plasma etching. The latter
sub-step must be conducted in the shortest possible time,
because ihorganic materials are known to be sensitive to
02 plasmas. '

In sub-step 4-1, the module tép surface is softly polished
with a cloth disk (gran. 6 ‘um) and 4 polishing paste
(Buehler Diamond ...) to remove the greatest part of this
remaining'plastic resin'coatinq. Likewise, care must: be
exercised  to avoid any - scratch of <the underlying.
passivating layer 18, to preserve chip functionality.

In sub-step 4-2, the top surface of the resulting module
is submitted to plasma étching ih an 02 ambient in a RIE
etcher for isotropic etch. This step must be also careful-
ly monitored. The etching time must be sufficient to re-
move all the remaining plggtic resin coating but  not too
long to avoid damaging the -said passivation layer 18. An
adequate RIE system to perform .this sub-step is the
PLASSYS MDS 150. Major operating parameters are a power of
850 W and an 02 flow of 20 cc in two cycles of 30mn. Fi-
nally, the chip is rinsed in de-ionized water. As apparent
from Fig. 2(D), at this stage of the process, the chip is .
still partially molded in the plastic resin which encapsu-
lates the passive face and the sidewalls of the chip 11.
The micro-photograph of Fig. 3(B) illustrates the pad-
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I oni zabl e speci es. One such polynmer material that-can be used as-an alpha .
barrier «is KAPTON (a trademark of DuPont). A 30 umdianeter gold wire
15 is t her nbsoni cal | y bonded between each conductor of the |lead frame and
the contact zone of the chip. In addition, this conposite polyneric |ayer
14 may reveal to be useful should the | ead frame conductors di ssi pate
excess heat that could damage the chipy A nore detailed construction at
the vicinity of the term - nal connection systemwhere the gold wire 15 is
attached t o shepedi pottiiors wlininin remaires dvdmtegectovitthe (Bipofcdatgetl. Now
turning to Fignelf€)ehilh@iRal Sstddd! Ve AndpRostid-(wiidhdstbddsauiayi p 11
consisting of a silicon subst rate” 16 (wherein active/ passive deviCes are
formed) up t&§°PREEHMYsphosilicate glass (PSG insul ating | ayer ‘i ncl uding
the tungsten studs (not shown). The first rret allization level (M) is

represent ed ExléaEQnJZnu%n%s %bléﬁih?gm fd 's%mEOEH‘é‘QnH}ﬁre%%s.
Typi cal ly, accordi scope .0 resent | nver{iﬁ
passi vati ng Fﬁﬁerp"rll‘gspén?ra(fé‘eBF efﬂ‘ﬁ%rﬁﬁﬁ Eondremers| cfP"Jé'“‘ﬁrl"Fcon

nitride Si 3Ndapex/ 3% and at least partially, the remaining plastic
' resin coating must be very éccurately_controlled, to avoid

destruction of the chip terminal connection system (whose
integrity is required for testability) and the damaging of
the passivating layer (for chip device functionality).'ln .
addition, according to this method, a plasma etching step
is necessary requiring thereby an expensive Plasma RIE
etcher. This plésma etching sub-step is relatively long (1
H processing time) and requires an accurate control, be-
cause the oxygen plasma is prone to attack the Si02/Si3N4
chip ‘passivation layer 18. As a matter of fact, it is
impossible to rémove all the remaining plastic resin coat-
ing in the cenﬁral area, so that chip testability is al- ,
ways less than 10%. Moreover, it has been generally no-
ticed detrimental contamination effects. -Contamination o
arises because of the presence ofﬁthe surrounding plastic
"which causes pollution of the RIE etcher internal_walls,
and subsequently will pollute the SEM tool as well. As a
final result, the above described conventional opening
method raises many concerns: results are operator depen-
dent, success rate is low, sample preparatidn time is long -
and the terminal cdnnecﬁion systems are often destroyed.
Moreover, this method becomes more difficult when the size
of the chips increases which means a predictable ineffi-
ciency of the subject method in the near future. Conse-
quently, this conventional opening method is not satisfac-
tory in many respects.
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silicon dioxide Si 2, as known for those skilled in the

4 art..The passivation layer 18 is -provided with an opening or via- hoIe

The second level of netallization (M) is formed in this via-hole and
result in a contact zone 19 where the gold wire 15 is bonded. For instance,
according to an advanced CMOS technol ogy used to manufacture 16 Miits DRAM ..
chips, the first and second netalliB8ation |lev- els consist of a conposite
metal lurgy: Ti-AlCuSi-TiNSi and Ti-Al CuSi-Ti N respectively. The other end
of the gold wire 15 is bonded to one of the inner |ead or conductor 12 ;

. - Objects of the invention -
It is therefore a primary object of the present invention

to provide a method for recovering bare. semiconductor
chips from plaétic packaged modules which is not detrimen-

tal to the chip functionality and testability.

It is another object of the present invention to provide a
method for recovering bare semiconductor chips from plas-
tic packaged modules which permits complete removal of the
plastic encapsulating resin. . : .

It is another object'of the present invention to provide a
method for recovering bare semiconductor chips from plas-
tic packaged modules which preserves the terminal connec-
tion system integrity.

It is another object of the present invention to provide a
methdd for recovering bare semiconductor chlps from plas-
tic packaged modules which is applicable to ‘any type of
plast1c encapsulating resin.

It is still another object of the present invention to
provide a method for recovering bare semiconductor chips
from plastic packaged modules which is rather simple and

inexpensive. h

It is another object of the present invention to provide a
method for recovering bare semiconductor .chips from plas-
tic packaged modules which does not cause any contamina-
tion to the chip and processing/inspection equipments.

It is still another object of the present invention to
provide a method for recovering bare semiconductor chips
from plastic packaged modules which can be fully automat-
ed.
——//
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of the |eadfranme. (not shown). When the gold wire 15 i s thernosonically
bonded td the chip contact zone 19, there is fornmed a ball-shaped
connect’ion 20 which is nade appar- ent fromthe enlarged view (C) of Fig.

1. In the preferred enbodi ment of Fig. 1, the chip contact zones 19 are

| ocated al ong a center area of the chip 11 along the |ongitudinal axis. As
such, the plastic packaged nodule 10 of Fig. 1, is very attractive in nany
respects. In addition to its role of 8erving as an al pha barrier, the
conposite polyneric |ayer 14 cooperates with conduc- tors 12 (which cover a
substantial portion of the chip surface) to facilitate the dissipation of
heat generated by t he sainmpry Mff dhecpresaet sihnwentdéomnecting wires 15 con-
tribute to faster chip response. Thi s partlcular chi p/ packagi ng
conbined technology is _described and clained in conmonly aSS|gned us

patents 4 738°09BeRIRE Mefhedraf the,RresedfinthvRrFIR é%FEnE?V%ﬁ%? Used for
t he packagi eg odndamaiyedn dodixie MsiilcéirAlhd pi p<£riomn plastilcatpagkagegie, t he

central ar e@ogema | e Re U £PO AE1aEANCTES SIARICC SiuAyEead of
ethg tongl La vl.zngs gfs:' Lheutszygea where the chip has its contact zones

wire-bonded to the conductors of a lead frame and is mold~-
ed in a i:lastic encapsulating resin which is etch resis-
tant to hot fuming nitric acid, said opening method basi-
cally includes the steps of:

1) polishing the module upside until the lead frame is
exposed;

2) removing the lead frame;

3) 'roughly polishing the module backside wuntil exposing
the passive face of the silicon chip; '

4) immers:i.ng the resulting module in hot fuming nitric
acid at a temperature comprised between 'epproxfgmately 80
°C and 150°C for a time comprised between apprbximately 4
and 10 mn;

5) immediately cooling the resulting module to create a
thermal shock whereby all the remaining portions of the
plastic eneapsulating resin are eliminated, leaving the
desired bare silicon chip.

After possibly a final cleaning step, the chip is ready
for analysis.

Optionally, should an electrical test be required, the
ball-shaped connections may be in turn eliminated, by
dipping the chip in a mercury bath to expose the chip
contact zones.
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in Fig. 1) and js currently designated under the brand nane of A-wire (A

stands for Area-w ndow). Description of a Method of the Prior
Art + The different processing steps of a conventional opening nethod that
i s*capabl e t-o .renove hard nol di ng resins, such as the TOSH BA

KE 2000H (which is extensively used for the
10

In a preferred embodiment, the thermal shock is created by
immersing the module in pure hot fuming nitric acid at
120°C for 8 mn and then cooling  the module by blowing
compressed air at the ambient temperature onto the chip.

The method of the present invention allows to remove the .
totality of the plastic encapsulating resin without damag-
ing the chip and in particular its passivation layer,
thereby preserving the chip functionality. Because, there
is no longer any remaining plastic resin coating over the
central area of the chip, chip testability is maximum
{100%).

'The novel features believed to be characteristic of this
invention are set forth in the appended élaims.‘The inven-
tion itself, howewver, as well as otﬁer quects and advan-
tages thereof, may best be understood by refer&nce to the
following detailed description of an‘illustratedipre%erred
embodiment to be read in conjunction with the acébmpanyinq
drawings.

Brief Description of the drawings _

Fig. 1 shows a conventional plastic packaged module of the
SOJ (Small Outline J-Lead) model wherein a silicon chip is
molded. Fig. 1 (A) shows a cutaway view of the plastic
packaged module with a part of the plastic encapsulation
removed, (B)'shows a cross sectional view of the mbdﬁle,
and (C) shows a schematic enlarged view at the vicinity of
the chip terminal connection system.

Fig. 2 shows the module of Fig. 1 .at different stages of
the process according to a conventional method of the
prior art for recovering the bare chip from the plastic
packaged module.

_—
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encapsul ati on of the advanced seni conductor nenory prod- ucts nentioned
above), w .l now be described in conjunc- tion with Figs. 2 and 3. Fig. 2
dllustrates the. nodule 10 of Fig. 1 at various stages of the opening

nethod. Figs. 3(A a

nd 3(B) are m crophotographs show ng enl arged vi ews

at the vicinity of the chip terminal connection systembefore and after

plas- ma etching. It

IS noteworthy to remar a1t hat hot- fum ng nitric acid is

never used in the conventional opening method. 1) The top face of the
modul e 10 of Fig. Bigss. 3dJhrpdpdB) sprtd micrrrrhotegnarhy ishewiggdeniarged
(granul ometry 60 wiewdOf PthHe adim €ePwRHY WutnedRibA| spotém NBéLodICAnasS

excess woul d

(1 PRES! 180200 Lo ol locklc 8okt ¥Moe SechBaFY oo Tl PbYant )

step nust be nonitored no

destroy the terni feion@dnpethedn system It is reconmended to adj ust
planarity of the nodule top surface with respect to the disk during

FR 9 93 017

Fig. 4 shows the module of Fig. 1 at different stages of
the process ;ccording to a preferred embodiment of the
method of the present invention.

Eigé. 5(A) and (B) are micro-photographs showing enlarged
views of the chip "terminal connection system before and
after the gold ball-shaped connection has been removed.

Description of the preferred embodiment

A preferred embodiment of the method of the present inven-
tion will be now described in‘ conjunction with Fig. 4
which illustrates the different processing steps there_.of.i

i . )
1) The module referenced 10 is secured in a fixture which
is manually held or is fixed to the arm of the polishing
apparatus. The module is presented to .the polishing disk
being turned upside down. The top surface of the module 10
is polished on a revolving diamond metal disk having a
granularity from 120 to 200 um (not critical) to remove
the top of the plastic encapsulating resin 13. The polish-
ing is continued until the metallic conductors 12 of the
lead frame are exposed. Operating conditions are the same
that those given above with respect to the conventional
method. Fig. 4(A) illustrates the module 10 at this stage
of the process.

2) As apparent from Fig. 4(B), the. lead frame is removed
as standard using tweezers. Optionally, the module top
surface may be now submitted to a fine additional polish-
ing step to remove traces of the glue beneath the lead
frame.

I —
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this. polishing step. The resulting module is shown in Fig. 2(A). 2) The
| ead frane is then renoved fromthe nodule 10 sim ply using a pair of
tweezérs. The resulting nodule is shown in Fig. 2(B) 3) The polishing is
continued to renove the conposite polyneric |ayer 14. The sane, netal
grinding disk of step 1 is used to renove the KAPTON top | ayer 14b. The
bottom pol yi mide |ayer 14a is preferably Aénoved by a netal disk having a
smal l er granulometry e.g.. 9 um This polishing step must be very
carefully nonitored and rrust be stopped before the protective passivating
layer 18 is att gl stbps’ Psad in@arendulteiiienitinali to Fthe cortysperdause
the encapsul ati % plésr;s' Cofeﬁ:'h'e lgbdmsﬁaha'bgﬁﬁlﬁ&'aﬁeiﬂﬁi described

above. However, step 1 needs not to be carefully moni-

tored. It doesn't care if the lead frame is damaged or

' not. As a matter of fact, it is even permitted to proceed

down to the KAPTON sheet 14b (see Fig. 1).

3) Then, according to the teachings of the present inven-
tion, a rough polishing is accomplished on the backside of
the module 10, using similar operating conditions as
taught in step 1). A disk granularity of 120 um is ade-
quate to remove the plastic encapsulating resin 13 until
the passive face of the silicon chip 11 is exposed. Moni-
toring can be performed either automatically, e.g. by
measuring the thickness of the remaining resin or by"opti-
cal detection. :At :the end 6f step 3, the module is shown
in Fig. 4(C). o : '

! i
4) Now, still according to the teachings of the present
invention, the essential step of creating a thermal shock
to the module is performed. This thermal shock is prefera-
bly accomplished in -three successive heating, cooling and
heating sub-steps.
According to sub-step 4-1, the module is immersed in a hot
fuming pure nitric acid bath contained ¥n a container -
disposed on a heating plate raised at a temperature of
approximately 120°C. The duration of this sub-step is
about 8mn. Although, in some instances, only heating may
reveal to be sufficient, use of fuming nitric acid has-
demonstrated to be very efficient since it cooperates with
heat to produce a total removal of the plastic resin 13 at
the end of this step, as it will be explained now.

In sub-step 4-2, the heated module 10 is without delay
submitted to a quick cooling. For instance, a compressed

\;\
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6 pdlynmeric material of layer 14, once the latter has been totally :
removed,~it still remains a small quantity of the plastic resin 13 coati ng
the .central area of the chip which is detrimental to chip analysis, in
particul ar be- cause it prevents visual chip inspection. M cro-photograph

of Fig. 3(A) illustrates the pad-shaped portion of the ball-shaped
connection 20 embedded in a plastic resin ggating which remains after the
pol i shing steps. 4) The renoval of this remaining plastic resin coating

general ly requi &% EO%S%N&P% néuttablgds| dikHetYesE drPati sftbightind

g‘hg;[‘gsi’ng;gfgf‘@%;;ﬁﬁa Dire 'Fa BIGE S ThePulHle Peag OB lel 38 S

step 4-2, all or almost all the remaining plastic resin
parts burst, just leaving the bare chip without any dam-

age.

In sub-step 4-3, the chip is immersed once again in hot
fuming nitric acid. This step is preférably conducted for
a total removal of any plastic residues that could remain
at this stage of the method. Temperature of the heating
plate is still about 120°C and the duration approxiniately
3-4mm. '

Finally, the bare chip is rinsed in de-ionized water, then
cleaned by using a duplicating £ilm dipped'in acetone as
standard._ The <chip is now ready for chip inspec-
tion/analysis. At thi's stage of the process, the bare chip '
1s recovered undamaged as illustrated in Fig., 4(D). From
the mlcro-photograph of Fig. 5(a), it is apparent that,
contrarily to the above described conventional method, the
chip terminal connection system is not deteriorated.

S) Should the chip testing Be now.required, the gold ball-
shaped connections have to be removed. To that end, the
chip 11 is laid-down (active fdce down) to float over an
agitated a mercury bath, -whose agitation is maintained
during a limited period of time (e.g. for aBout 45 mn), so
that the remaining portions of the gold wires 15 and
ball-shaped connections 20 are not totally eliminated,
just leaving a thin gold plated chip portion thereof ex-
posed as apparent from the micro-photograph of Fig. 5(B).
This step is highly desired to improve chip testability,
because otherwise it would be really difficult to contact
the remaining portion of the terminal connection system
illustrated in Eig.IS(A) with a probe tip. On the con-
trary, it is very easy to apply the said probe tip on the
exposed contact zone which is'relatively flat and large.

_ﬁ________————————~““
as Been Re(laced

R
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because inorganic materials are known to be sensitive to 02 plasmas. - 1In
sub- step. 4-1;.the nodule top surface is softly polished with a cloth dISk
(gran. “6 um and a polishing paste (Buehler Dianond ...) to renove the
greatest part of this remining plastic resin coatlng Li kew se, care nust
be exercised ‘to avoid any scratch of the underlying passivating

| ayer 18, to preserve chip functionality In sub-step 4-2, the top
surface of the resulting nodule is subn1t}ed to plasma etching in an 02

ambient in a R ?,tagﬁﬁ ﬁ;ﬂ& Ichapr anl C:LsetEfban-EW S lERnsd SepP &Gy ef ul -
ly monitored. T é fn g X nust be sufficient.to re- nove all the

remai ni ng pl ast ifdlpeépne 1e5e) 3% §395fg to avoi d damaging the said
passivation |ayer 18. An adequate RIE systemto performthis sub-step is

Lhe PLASSYS VDS rh20nebRbd of REfeA b aleRE AIRNELSN A" £ 12uAOLRE PéndiRll Weand an
02 flow of 20 ccTn . FI ?¥ 'éj IS rin ed in
de i oni zed wate@nYA§Y§ﬁp8¥eR@aStic encapsulat1ng e51ns as ar as 1

grated circuit chips are passivated with Si02 or Si3N4.

The present method is not adapted to polyimide passivated

chips. Modules that have been processed by the method of

the present invention results in chips exhibiting a 100%

functlonallty and testability. 1In particular, the chip-
contact zones have not been degraded and are ready for

perfect electrical contact with the test probes. In addi-

tion, no physical or electrical degradation has been no-
ticed as to the functionality of the!chips. The opening

method of the present invention reveals to be very useful

as far as the recovered bare’ ch1ps are used for examina-

tion/inspection or failure aqalysxs purposes. However, it

is also of great interest when'the?chips are recovered for

re-usé, poSéibly after having been repaired. With regard

to the prior art method, the present method maintains the

integrity of the chip terminal connection syste@. In addi-

tion, the chip is free of any contamination (no plastic

residues). The present opening method is relatively sim-

Ple, inexpensive (no RIE etcher required) and has demon-

strated success .rates as high as 100%.

The method of the present invention is appl:l.cable to plas-
tic packaged modules of many types such as the Small Out-
llne J-Lead (SOJ) packages, the Plastic Leaded Chip Carri-
er packages (PLCC), the Small Outline Package (SOP) and
the like. The above opening method is also directly appli-
Cable to many other types of electronic components.

‘ This Sheet Has Been Replaced
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fromFig. 2(D), at :this stage of the process, the chip is still partially
nol ded in the plastic resin which encapsu- |ates the passive face and the
sidewdl I s of the Chlp 11. The m cro-photograph of Fig. 3(B) illustrates

ﬁgrera:oﬁg- bonded to the chip contact zone at thlz f?ggﬂmlﬁm“lm mm“ocess

(when successfully conpl eted). Thi s corb®entional openi hg rethod hds some
i nconveni ences.

CLAIMS

1. Method for recovering an undamaged bare semiconductor
chip (11) from a plastic packa_tqed module (10) of the
type wherein the contact zones (19) of the chip are
connected by a metal.wire (15) bonded to -the conduc-
tors (12) of a metallic lead frame and wherein the
-chip is molded in a plastic encapsulating resih (13)
wﬁich is etch resistant to nitric fuming acid; said
opening method including the steps of:

a) polishing the module upside until the conductors
of the lead frame are exposed;

b) removing the lead frame;

c) roughly polishing the module backside unfil the
passive face of the silicon chip is approximately
exposed; ' .

d) heating the resulting module to a temperature
above approximately 80 °C without detrimentally af-
fecting the chip functionality and for a determined

Sl

period of time;

e) immediately cooling the said resulting module to
create a thermal shock whereby all the remaining
portions of the plastic encapsulating resin are elim-
inated, leaving the desired bare silicon chip.

2. The method of claim 1 further including the step of:

£) elimiﬁating the wire at the vicinity of said chip

contact zones.

FR 9 93 017
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The polishing steps which aimto renove the polymeric layer 14 and at' | east

partlally t.he Temai ning plastic resin coatlng rTUS-t——b&—-V-eL}LaG(;ULa-t—eLy

\contr-dTI ed, to avoid destruction of the chip term nal connectl on jﬁ
Erdlng

(whose integrity is-required for testabili ty) and tlmll II ﬂmﬂ

passivating |layer (for chip device functionality).

to this nethod, a plasma etching step is essary reqw r| ng thereby an
. expensive Plasma R E etcher. This plasma etching sub-step is relatively
long (1 H processing tinme) and. requi res an accurate control, be- cause the

oxygen plasma is prone to attack assi, at| on | ayer_18.
As a matter of fa&et, ?‘Pelﬁeﬂ?ﬂﬂ)s‘éé Jea%t“l??# l:loell‘t%‘e ﬁasr'ﬁeﬁg | &%%ic
resin coat- ing in tmeaﬁniq dheareaulsing matutei onsdsttabokity is al - ways
less than 10% Moreover, it has been generally no- ticed detrinental

contam nation effects. Contanination:arises, becaus e presence, ef
the surrounding pl astd®) wHMEFERGs pE'Pflﬁf? ot ot r,ka"n‘cg.‘ fEH’éTtCH‘ré'}m!%t‘é’r Tal
wal |'s, and subsequentt:;aa/\n adidpatdisted tate sSHidmpevhtuse webhprised beteden

result, the above degehided gaavmwrladot’@pewwﬁmtehedmﬁﬁés& ﬁ@eween
concerns: results are oper at 0 ent success rate 1s | ow, sarrp e

nd about 1
preparation tinme is | anda ut

4. The method of claim 1,2 or 3 wherein said step e) of
creating a thermal shock consists of:

el) blowing compressed air at the temperature of the
ambient.

5. The -method of'any above claim wherein step £): con-

sists in dipping the Chlp in an aqltated mercury bath
for about 45 mn. ) J

vy

'1 Sheef Has Been Reﬂlaced
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and the.term nal connection systens are often destroyed. Mreover, this
met hod Jbecomes nbre difficult when the size of the chi ps increases which
freans “a predictable ineffi- ciency of the subj ect nmethod in the near .
future. Conse- quently, this conventional opening nethod is not satisfac-
tory in many:respects. SUMVARY OF THE
PRESENT | NVENTI ON It is an object of the present invention to

amel i'lorate one or nore di sadvant agegggiract

Method for recovering bare semiconductor chips
from plastic packaged modules

Plastic package decapsulation is absolutely necessary in
the electronic industry, in particular for construction
and failure analysis of semiconductor chips molded in
plastic packaged modules. The aim of opening methods ie to
recover the bare semiconductor chips undamaged. The prob-
lem is very acute when etch }esistant plastic encapsulat-
ing resins are used as the molding materiel, The method of
the present invention is more particularly directed to
plastic packaged module (10) of the type wherein the con-
tact zones of the'chip (11) are connected by wire-bonding
to lead conductors (12)-and wherein the chip is molded in
such etch resistant resins. The novel opening method in-
cludes the steps of: a) polishing the module (10) upside
to eliminate the top part of the plastic encapsulating
resin (13) until the conductors (12) of the lead frame are
exposed; b) removing the lead frame; c¢) roughly polishing
the module backside.to eliminate the bottom part of the
plastic encapsulating resin (15) until the passive face of
the silicon chip (11) is exposed; d) immersing the result-
~ing module in a hot fuming nitric acid bath raised to a
temperature of about 120°C and for a time of about 8 mn;
and, e) immediately coollng the said resulting module by
blowing compressed air at the ambient temperature thereon
to create a thermal shock whereby all the remaining parts
of the plastic encapsulating resin (13) are eliminated,
leaving the desired bare silicon chip without any damage.

Fig. 4

FR 9 93 017 This Sheet Has Been Reﬂlaceu
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the prior art. _ .. According to one aspect of the invention there is

di scl osed a nethod for recovering an undamaged bare seni conductor chip
froma plastic packaged nodul e, the plastic- packaged nodul e nol ded of a

pl astic encapsulating resin which is etch resistant to fuming nitric acid
and having a plurality of |ead franme conductors, ‘the chip having an active
surface facing a first side of the plastic packaged nodull® andB%.pasgbve
surface facing an opposi ng second si 4€* of the pl asti c packaged nogdlé, the

active surface having a plurality of contact zones CoREEIZZRAAZ7577
ALY

wre to the.lead frame conductors, the recovering "WHHASERIZ/ 4D t he
. . . 7 . S N/ X =
steps of: a) polishing the first side of the plast|C'A¢%§}42§¢%¢22?éz e until

the | ead frame conductors are exposee\b) renoving t

N .
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frame conductors c) polishing the second opposing side of the plastic
packaged nodul e wuntil the passive surface of the semiconductor chip is
exposed, leaving a polished nodule; d) heating the polished nodule to a
tenperature above approximately 80[err]C. wthout detrinentally affecting
the sem conductor chip functionality and | eaving a heated nodule; and e)
cooling the heated nodule to create a thermal shock so that all the
remai ni ng portions of the plastic encap§J ating resin are elimnated,

| eavi ng the desired bare sem conductor chip. Accor di p§0t o another
aspect of the invention there is disclosed a nethod for redovering an
undamaged bare sem conductor_chip froma_plastic packaged dul e, the -
pl asti c packaged nodul e | ded of a plastic encapsuPﬁting esin which is

etch resistant to funming nitric acid and having a pliurality of l|ead frane
conductors, the chip havijng an.
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act ixee surface facing a first side of the plastic packaged nodul e and:a
paSS|ve surf.ace 9 facing
an opposing second side of the plastic packaged nodule, the active surface
having a plurality of contact zones connected by a netal wire to the | ead
frame conductors, the recovering nethod conprising the steps of: a)
polishing the second opposing sidﬁigf the .plastic packaged nbdul e until

t he passive surface of the sem co éuctor chip is exposed; b) polishing the
first side of the plastic packaged nodule until the |ead frame conductors '
are exposed, leaving a pollshed nodul e; c¢) renoving the lead frane
conductors; d) :

12 //////}///} ‘% 12 . ()

13 11

%‘\3‘ "&‘7"‘ '\ SRR e
—,4
ﬁ‘%c{«ﬁig,ﬁ \, m ('1». ") ,,

13 : 11 14
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heatlﬂg the pollshed nodul e to a tenperature above approximately 80[err]C.
w t hout detr1nenta||y af fecting the sem conductor chip functionality and

| eaving a heated nodule; and e) cooling the heated nodule to create a
thermal shock so that all the remainigg, portions of the plastic

encapsul ati ng o , > A AT<Ie = <Y NAT-T= Siiaiagld/ Ct OF
chi p. i oo , " o gto be characteristic of this

i nvention ar¢g ke R g LT ng. The invention |tselﬁ,
however, as :;"»'{_ : - g ' R
under st ood b O : ; ' ‘ : R N - o
il lustrated
acconpanylng

(a)



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows
pl astic packaged nodul e of the S (Small CQutline J-
silicon chipis nolded. Fig. 1 (A shows a cutaway vie

a conventi onal

teadj—mdﬁ——v%er—a—n—a
w-of —the—ptaste—

- (B) -shows

packaged nodule with a part of the plastic encapsul ation rernoved,

a cross sectional

view at the

vicinity of the chip term nal

view of the nodule, and (C) shows a schematlc_ enl arged

clonnect I on system

Method for recovering bare semiconductor chips
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Field of Invention
The present invention relates to plastic encapsulated
semiconductor chips and more particularly to an opening
method for recovering the bare semiconductor chips £from
the plastic packaged the chip -
encapsulated without any damage for-the chip.'As a result,
the method allows to recover fully functional and testable
chips for any purpose, e.g. for examination/inspection,
analysis, or re-use (possibly after repair). The method of
the present invention to any plastic
packaged modules ‘even when the semiconductor cﬂip is
molded in a plastic encapsulating resin which is resistant

modules wherein is

is applicable

to known etching techniques.
Background'of the Invention

Plastic package decapsulation (or depacking) is absolutely
necessary for construction and failure analysis of plastic
packaged components, typically semiconductor chips.
Especially in the case of failure enalysis, identification
of the cause of a defective chip implies that the opening

method keeps the full integrity of the devices integrated

in the chip and of the metallic interconnections as well.

it 'is often necessary to physically evaluate
VLSI devices for the purpose of product reliability,
validation of physical'design and identification of device
structural patterns. Flnally,n high
volume supplles of verlf;able bare chlps ‘are: spotty in the
vill hot even sell

Likewise,

at the present time,

i e 1z




10 " Fig. 2 shows the nodul e of Fig. 1 at different stages of the
process according to a conventional nethod of the prior art for recovering
the bare chip fromthe plastic packaged nodul e. '

i

2

bare chips. This situation has forced some module manufac-
turers to purchase packaged chips and to remove the chips
for re-use at considerably increased costs. Bare chip
quaiity is the major issue of these module manufacturers,
because they do not want to find themselves recovering
chips not fully functional for re-use. As a result, in
_addition to functibnality aspects, chip testability is
also an essential concern, because the opening method must
not only let the chip functional but also. in good condi-
tions for the test. ’I‘hefefore; the base problem to be
solved is to deveiop a reliable method to open'pLastic
packaged modules to recover the bare semiconductor (typi-
cally silicon) chip enclosed therein without altering its .
physical and electrical integrity. -

Wet chemical methods using hot fuming nitric acid are
extensively used with silicon nitride (Si3N4) and/or sili-
con oxide (Si02) passivated silicon chips. When the si"li-‘
con chip is passivated with polyimide, these methods are
inoperative because nitrie acid damages the polyimide
material and thus does not preserve chip functionality (in
case of polyimide passivation only manual polishing is
used). ‘A 'more specific problem recently emerges with
5i02/Si3N4 passivated silicon chips, when very hard, etch
' resistant plastic resins are used as the molding compound
to encapsulate the chip. For instance, the TOSHIBA KE
2000H plastic resin belongs to this categor¥y. This plastic
resin has "out'standing propérties i_nw?éi:xﬁé*of i'iermeticit.y_:“
reliability, and purity (absence of contaminants). Unfor-
tunately, ité ‘complete removal of this plastic resin with-
out damaging the encapsulated chip revealed to be a very
difficult task b'ecause it is totally unattackable by any

acid including hot fuming nitric acid.

Fig. 1 shows a conventional plastic packaged module of the
SOJ (Small Outline J__#Lead) model wherein a silicon chip is
molded. Fig. 1 (A) shows a cutaway view of the plastic
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Figs. 3(A) and (B) -are m cro-photographs show ng enl arged views of the chip
term nal connection systembefore and after the plasma etching step
according to said conven- tional nethod. Fig. 4 shows the nodule of Fig.
1 at.different stages of the process according to a preferred enbodi nent of
the nethod of ‘the present invention. Figs. 5(A) and (B) are

m cr o- phot ographs showi ng enl arged views of the chip term nal connection
system before and after the gold ball-shapgd connection has been renoved.
Description of the preferred enbodi nent A preferred enbodi ment of the

net hod of the P GiihgeVABauid Wit |d P E dascrplediin enoapsuldtizm wit h
Fig. 4 removed, (B) shows a cross sectional v1ew of the module, -
and (C) shows a schematic enlarged view at the vicinity of
the ch1p terminal connection system. Now turning to Fig. 1
there is shown a conventional plastic packaged module 10
incorporating a silicon chip 11 whose active surface is
mounted side~-up. The packaged module 10 has a plurality of
lead frame conductors 12 extending through the plastic
encapsulating resin 13 which are adhesively joined to the
silicon chip ‘11, preferably by means of a composite
polymeric layér 14. Typically, this composite layer con-
sists of a sandwich formed by a bottom polyimide polymeric
layer l4a glued to an alpha barrier layer 14b. The alpha
barrier layer. is a film of a polymer material having a
melting temperature above 175°C and does not contain
ionizable species. One such polymer material that can be
used as an alpha barrier is KAPTON ' (a trademark of
P DuPont). A 30 um diameter gold wire 15 is thermosonically
bonded between each conductor of the lead frame and the
contact zone of the chip. In addition, this composife
poljmeric layer 14 may reveal to be usefgl should the lead
frame conductors dissipate excess heat that could damage
the chip. -

A more detailed construction at the vicinity of the termi-
nal connection system where tﬁe_gold wire 15 is attached
to the chip 11 is shown in the enlarged viéw (C) of Fig.
1. Now turning to Fig. 1(C), thére is illustrated a stan-
dard silicon chip 11 consisting of a siiicon substrate 16
(wherein active/passive devices are formed) up to the
phosphosilicéte'glass {PSG) insulaéing layer including the
tungsten studs (not shown). The first metallization level
(M1) is represented by land 17. A passivating layer 18 is
formed thereon. Typically, according to the scope of the
present invention, this passivating layer 18 is made of an
inorganic material such as silicon nitride Si3N4 and/or -
silicon dioxide Si02, as known for those skilled in the
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which illustrates the different processing steps thereof. 1) The nodul e
r.referenced 10 is secured in a fixture which is manually held or is fixed
to the armof the polishing apparatus. The nodule is presented to the
pol i shing di sk being turned upside down. The top surface of the nodule 10
is polished on a revol ving dianond netal disk having a granularity from 120
to 200 um (not critical) to renove the top o4 the plastic encapsul ating
resin 13. The polish- ing is continued until the metallic conductors 12 of
the .l ead franme are axiposthe p@seivatinn dayédrt 18nés apeovideds aidht Bat opaninrg

?ihven 3b|ove1\(/)vi t!{‘l {ﬁgpeg%alpoﬁﬁet-%g\vgggﬂy\aie‘m%t ho#l. mE{:Qlli‘b{a@fioh' | ugty o £
4By the. load froferied MimoUe dEashaAaFE LEPAEY whbehr SOREIY Ry 19
t he nodul e top sur fetoerenthebgohdwitd g tisd boodedf | Fer atitittanseal apobrding
ing step to renbve {JagRs fvantB8 TMé8 ReRBAbIoGPE usead Hd 2Baufacture 16
| Mbits DRAM chips, the first and second metallization lev-
els consist of a composite metallurgy: Ti-AlCuSi-TiN-Si

and Ti-AlCuSi-TiN respectively. The other end of the gold

wire 15 is bonded to one of the inner lead or cornductor 12

of the leadframe (not shown). When the gold wire 15 is

thermosonically bonded to the chip contact zone 19, there’
is formed a ball-shaped connection 20 which is made appar-

) ent from the enlarged view (C) of Fig. 1.

In the préeferred embodiment of Fig. 1, the chip contact
zones 19 are located along a center area of the éhip 11
along the longitudinal axis. As such, the plastic packaged
module 10 of Fig. 1, is very attractive in maﬂy respeéts.
In addition to its role of serving as an_alpha'barrier,
the composite polymeric layer 14 cooperates with conduc-
tors 12 (which cover a substantial portion of the chip
surface) to facilitate the dissipation of heat generated
by the chip. Moreover, the short connecting wires 15 con-
tribute to :faster chip response. This particular
chip/packaging combined technolo¢y is described and
claimed in commonly assigned US patents 4 796 098 and 4
862 245. This technology is extensively used for the
backaging of 1, 4 and 16 Mbits DRAM chips (in this latter
case, the central area containing the chip contact zones
is transverse instead of being longitudinal as illustrated
in Fig. 1) and is currently designated under the brand
name of A-wire (A stands for Area-window).

Description of a Method of the Prior Art

The different processing steps of a conventional opening
method that is capable to remove hard molding resins, such
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12 Above steps 1 and 2 are quite identical to the correspond- ing steps
of the conventional opening. nethod descri bed above. However, step 1 needs
not to be carefully noni- tored. It doesn't care if the lead frane is
damaged or not. As a matter ‘of fact, it is even permtted to proceed down
t'o the KAPTON sheet 14b (see Fig. 1). 3) Then, according to the teachings
of the present inven: ' 5 “ _

as the TOSHIBA KE 2000H (which is extensively used for the
encapsulation of the advanced semiconductor memory prod-
ucts mentioned above), will now be described in con junc-
tion with Figs. 2 and 3.

Fig. 2 illustrates the module 10 of Fig. 1 at. various
stages of the opening method. Figs. 3(A) and 3(B) are
microphotographs showing enlarged views at the vicinity of
the chip terminal connection system before and after plas-
ma etchini;’. It is noteworthy to remark that hot fuming
nitric acid is never used in the conventional opening
method. '

1) The top face of the module 10 of Fig. 1 is roughly
polished using a metal grinding disk (granulometry 60 um,

300 rpm) and a- conventional manual polisher, such as the

PRESI Mecapol P 250, until the lead frame is reached.

Preferably, this step must be monitorkd not to polish the

top surface in excess that would destroy the terminal

connection system. It is're‘commended to adjust planarity
of the module top surface with respect to the disk during

this polishing step. The resultiﬁg module is shown in Fig.

2(Aa). " " -

2') The lead frame is then removed from the module 10 sim-
Ply using a. pair of tweezers. The resulting module is
shown in Fig. 2(B) ™

3) The polishing is continued to remove the composite
polymeric layer 14. The same metal grinding disk of step 1
is used to remove the KAPTON top layer 1l4b. The bottom
.polyimide laye;:' 14a is preferably removed by a metal disk
having a 'smaller granulometry e.g. 9 um. This. polishing
step must be very carefully monitored and must be stopped
before the protective passivating layer 18 is attack:ad.
The i:esulting module is shown in Fig. 2(C). Because the
encapsulation. plastic resin 13 is much harder than the
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tion, a rough polishing is acconplished on the backside of the nodule 10,
using simlar operating conditions as taught in step 1). A disk
granularity of 120 umis ade- quate to renove the plastic encapsul ating
resin 13 until the passive face of the silicon chip 11 is exposed. Moni -
toring can be perfornmed either automatically, e.g. by neasuring the

t hi ckness of the remaining resin or by optig cal detection. At the end of
step 3, the nodule is shown in Fig. 4(C. 4) Now, still according to the
teachi ngs of the Pasmetricnmetérial dﬂuaa@&senuiabneéepheflat55&imqpebeen

thermal shock to tébetaLI‘igUL@mWed)er'f ‘Eﬁﬁh ir&hén{sl‘ea[ 'E?Jaﬁhaﬁﬁntftxpr@f St

bly acconplished in e successive heatin coolin %%
sub-steps.  AccorRkaffifo Zs#instleh RALIngheFhdErRtTal | Afitd sl ithea TP
fum ng pure nitri avhbichd ikaidetednéntaiedcd rehapc Giiadiyses, diappaetionlsr Hest | ng

lto'hf‘tseng' : tegpalt Sa daRITRCS Bt YL & e PRREQN i) YndpQLELdd CmibRG-BHE L &PLpPT
of Fig. 3(A) illustrates the pad-shaped portion of the
ball-shaped connection 20 embedded in a plastic resin
coating which remains after the polishing steps. ‘

4) The removal of this remaining plastic resin coating
generally requires two sub-steps, a first relatively
coarse polishing and a fine 02 plasma etching. The latter
sub-step must be conducted in the shortest possible time,
because inorganic materials are known to be sensitive to
02 plasmas.

In sub-step 4-1, the module top surface is softly polished
with a cloth disk (gran. 6 -um) and 4 polishing paste
(Buehier Diamond ...) to remove the greatest part of this
remaining plastic resin'coatinq. Likewise, care must -be
exercised . to avoid any - scratch of the underlying:
. passivating layer 18, to preserve chip functionality.
In sub-step 4-2, the top surface of the resulting module
is submitted to plasma etching in an 02 ambient in a RIE
etcher for isotropic etch. This step must be also careful-
ly monifored. The etching time must be sufficient to re-
moVe'all the remaining plé%tic resin coating but' not too
long to avoid damaging the -said passivation layer 18. An
adequate 'RIE system to perform this sub-step is the _
PLASSYS MDS 150. Major operating parameters are a power of
850 W and an 02 flow of 20 cc in two cycles of 30mn. Fi-
nally, the chip is rinsed in de-ionized water. As apparent
from Fig. 2(D), at this stage of the process, the chip is ..
still partially molded in the plastic resin which encapsu-
lates the passive face and the sidewalls of the chip 11.
The micro-photograph of Fig. 3(B) illustrates the pad-




ahout 8m. Al though, in sone instances, only heating may reveal to be
sufficient, use of fumng nitric acid has denonstrated to be very efficient
since it cooperates with heat to produce a total renoval ofthe plastic
resin 13 at the end of this step, as it will be explained now. In
sub-step 4-2, the heated nodule 10 is without delay submtted to a quick
cooling. For instance, a conpressed _

13 gas e.g. air or a nmeutral gas, either cooled or at
ambi ent shaped portion which remains bonded to the chip contact
zone at this final stage of the process (when successfully

completed).

This conventional opening method has some inconveniences.
The polishing steps which aim to remove the polymeric
layer 14 and at least partially, the remaining plastic
resin coating must be very accurately contrelled, to avoid
destruction of the chip terminal connection system (whose
integrity is required for testability) and the damaging of
the passivating layer (for chip device functionality). In
addition, according to this method, a plasma etching step
is necessary requiring thereby an expensive Plasma RIE
etcher. This plésma etching sub-step is relatively long (1
H processing time) and requires an accurate control, be-
cause the oxygen plasma is prone to attack the Si02/Si3N4
chip:passivation layer 18. As a matter of fact, it is
impossible to remove all the remaining plastic resin coat-
ing in the cenﬁral area, so that chip testability is al-
ways less than 10%. Moreover, it has been generally no-
ticed detrimental contamination effects. -Contamination i
arises because of the presence of the surrounding plastic
"which causes pollution of the RIE etcher internal_walls,
and subsequently will pollute the SEM tool as well. As a
final result, the above described conventional opening
method raises many concerns: resdlts are operator depen-
dent, success rate is low, sample preparatidn time is long -
and the terminal connection systems are often destroyed.
Moreover, this method becomes more difficult when the size
of the chips increases which means a predictable ineffi-
ciency of the subject methed in the near future. Conse-
quently, this conventional opening method is not satisfac-
tory in many respects.
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tenperature is blown over the nodule. At the end of sub-
step 4-2, all or alnost all the remaining plasticTesrn

parts burst, just leaving the bare chip w thout anyy d&i: yasBeen Replaced

age. In sub-step 4-3, the chip ig again in
hot fumng nitric acid. This step i iMHﬂ ugmonduct ed
for a total renoval of any plastic could
remai n at this stag@ of the method. Tenperature of the
heat ng plate is still about 120[err]C and the duration
approxi mately 3-4mm Finally, the bare
chip is rinsed in de-ionized waPbiectherf the invention cl eaned by using
a duplicating filmdipped in acetone as standard. The

e of "hit Pl ecblePy D3RRRY object of the preddfliBUBLLELE AL NS
as il ustratedPrevigeg a spefhod §aF recovering bare (gRMiHORANCHP® ogr aph of

Fig. 5(A), ¢hips fapmapeastididiackaged modules whichCidtdc idegrifmehfe- above

descri bed conyeny iygaaly, et ibHE1ity and testabilityhi P termnal
connectl1 on Syst em 1S not eteri or at ed.

It is another object of the present invention to provide a
method for recovering bare semiconductor chips from plas-
-tic packaged modules which permits complete removal of the
plastic encapsulating ‘resin.

It is another objec;.of the present invention to provide a
method for recovering bare semiconductor chips from plas-
tic packaged modules which preserves the terminal connec-
tion sysﬁem integrity.

It is another objéct of the present invention to provide a
i methdd for recovering bare semiconductor'chips from plaé-

tic packaged modules which is applicable to any type of

plastic encapsulating resin. '

It is still another object of the present invention to

provide.a method for recovering bare semiconductor Chips

from plastic packaged modules which is rather simple and

Sy

inexpensive.

It is another object of the present invention to provide a
method for recovering bare semiconductor chips from.plas-
tic packaged modules which does not cause any contamina-
tion to the chip and processing/inspection equipments. '

It is still another object of the present invention to
provide a method for recovering bare semiconductor chips
from plastic packaged modules which can be fully automat-
ed.

REPLACEMENT SHEET

0 3 MAY 1996




5) :Shoul d the chip testing be now required, the gold ball-
shaped connections have to be renoved. To that end, the

chip 11 is laid-down (active face down) to float—over—an
agi'tated a mercury bath, whose agitation is maintgn

during a limited period of time (e.g. for about ‘4 ri

et Has ]§eer_1 Replaced
that the remaining portions of the gold wires 15 a m l"ﬂ”ll”"
bal | - shaped connections 20 are not totglly elim natiédl

just leaving a thin gold plated chip portion thereof ex- '
posed as apparent fromthe m cro-photograph of Fig. 5(B).

This step is highly desjred to inprove chip testahility,

because otherwise it wotiB& PEQBT"S/ p&ieFFPgu’r’lV%l(?Bnt act

the renaining portion of the termnal connection system
illustrated ith&tdpenind) mdtidy a:fp'bﬁgepﬁé&ntoin{'gﬁtf&ﬂ'aims to recov-

trary, it is ver asy t |y the said. probe. tip on the exposed
zone which is®Fel é’ﬁ%‘é?ﬁgf ?’pigearfd‘ 1§Pﬁe.°h%ps trod plastic padiaged

modules wherein they are molded. For plastic packaged
modules of the type where the chip has its contact zones
wire-bondgd to the conductors of a lead frame and is mold-
ed in a plastic encapsulating resin which is etch resis-
tant to hot fuming nitric 'acid, said opening method basi-
cally includes the steps of:

1) polishing the module upsi_dé until the lead frame is
exposed;

2) ‘removing the lead frame;

3) 'roughly polishing the module backside until exposing
the passive face of the silicon chip; '

4) immersing the resulting module in hot fuming nitric
acid at a temperature comprised between 'approxj:mately 80
°C and 150°C for a time comprised between -approxima.tely 4
and 10 mn; '

5) immediately cooling the resulting module to create a
thermal shock whereby all the remaining portions of the
plastic eng:ap'sulating resin are eliminated, leaving the
desired bare silicon chip.

After possibly a final cleaning step, the chip is ready
for analysis.

Optionally, should an electrical test be reguired, . the
ball-shaped connections may be in turn eliminated, by
dipping the cHip in a mercury bath to expose the chip
contact zones.
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14 Finally, the chip 11 is cleaned by using a duplicating film

(acetyl cel lul ose) as standard. The net hod of the present invention

allows the renmoval of any type of plastic encapsulating resins as far as
inte-- gr at ed circuit chips are passivated with Si Q2 @fis Sheet Néds BetinRe sent
met hod is not adapted to polyim de passivated chips ve been
processed by the nethod of the present inventjipn resumﬂ"n

exhibiting a 100% functionality and testabil |]t he ch i p

cont.act zones have not been degraded and are ready for perfect el ectrical

contact with the test grg,pgtserreg

immersing the module in pure hot fuming nitric acid at
120°C for 8 mn and then cooling the module by blowing
compressed air at the ambient temperature onto the chip.

emgodlment the thermal shock is created by

The method of the present invention allows to remove the .
totality of the plastic encapsulating resin without damag-
ing the chip and in particular its passivation layer,
thereby preserving the chip functionality. Because, there
is no longer any remaining plastic resin coating over the
central area of the chip, chip testability is maximum
(100%) .

The novel features believed to be characteristic of this
invention are set forth in the appended claims.' The inven-
tion itself, however, as well as other objects and advan-
tages thereof, may best be understood by referénce to the
following detailed description of an.illustrated preferred
embodiment to be read in conjunction with the acebmpanying
drawings.

Brief Description of the_drawings__

Fig. 1 shows a conventionallplastic.packaded module of the
SOJ (Small Outline J-Lead) model wherein a silicon chip is
molded. Fig. 1 (A) shows a cutaway view of the plastic
packaged module with a part of the plastic encapsulation
removed, (B) shows a cross sectional view of the medule,
and (C) shows a schematic enlarged view at the vicinity of
the chip'terminal connection system.

Fig. 2 shows the module of Fig. 1 ,at different stages of
the process according to a conventional method of the
prior art for recovering the bare chip from the plastic
packaged module.

- | | REPLACEMENT SHEET
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tion, no physical or electrical degradation has been no- ticed as to the
tunctionality of the chips. The opening nethod of the present invention
reveals to be very useful as far as the recovered bare chips are used for
exam na- tion/inspection or failure analysis purposes. However, it is also
6f great interest when the chips are recovered for re-use, possibly after
havi ng been repaired. Wth regard to the priqh art nethod, the present

met hod maintains the integrity of the chip térm nal connection system In

addi- tion, the chigigs. 5pf) Hdndih)C YHeall 8BRS KHL YR aBhISERSWIRP | dHiRTed
The present opening_net hod h% re%$$|v§%¥ sln% | e, inexpensive %p% Rl E d
etcher required) and*f¥8 Q&ndhe Bt &§TURRL sEOPIEEE OB HEFR L1658,
The nmet hod of the pedtent thavphasma etchiyg i stdn catapndling- toi cajdclcayeen-
nodul es of many typesoaltmésiddhe Small Qut- line J-Lead (SQJ) packages,
the Plastic Leaded Chip Carri- er packages (PLCC), the Small CQutline

Package (SOP) and the |ike. The above opening nmethod is also directly
appli- cable to man¥igt hér shopesthd mddadier ofii Eigonpoatndsfferent stages of

the process according to a preferred embodiment o£ the
method of the present invention.

Figs. 5(A) and (B) are micro-photographs showing enlarged
views of the chip terminal connection system before and
after the gold ball-shaped connection has been removed.

Description of the preferred embodiment

A preferred embodiment of the method of the present inven-

tion will be now described in conjunction with Fig. 4

which illustrates the different processing steps thereof.i
1) The module referenced 10 is secured in a fixture which
is manually held. or is fixed to the arm of the polishing
apparatus. The module is presented to .the polishing disk
being turned upside down. The.top surface of the module 10
is polished on a revolving diamond metal disk having a

. granularity from 120 to 200 um (not critical) to remove
the top of the plastic encapsulating resin 13. The polish-
ing is continued until the metallic conductors 12 of the
lead frame are exposed. Operating conditions are the same
that those given above with respect to the conventional
method. Fig. 4(A) illustrates the module 10 at this stage
of the process.

2) As apparent from Fig. 4(B), the. lead frame is removed

as standard using tweezers. Optionally, the module top

surface may be now submitted to a fine additional polish-

ing step to remove traces of the glue beneath the lead
- frame. '

: REPLACEMENT SHEET

03 MAY 1996




CLAIMS 1. A nethod for recovering an undamaged bare sem conductor chip

froma plastic

packaged nodul e, the plastic packaged nodul e nol ded of a

pl astic encapsulating resin which is etch resistant to fumng nitric ac
and having a plurality of lead franme conductors, the chip having an act
surface facing a first side of the plastic packaged . nodul e and a passive
surface facing an opposing second side of t g pl asti c packaged nodul e,
active surface having a plurality of contact”zones connected by a netal

wre’

Above steps 1 and 2 are quite identical to the correspond-
ing steps of the conventional opening method described
above. Hoﬁever, step 1 needs not ﬁo be carefully moni-
tored. It doesn't care if the lead frame is damaged or
not. As a matter of fact, it is even permitted to proceed
down to the KAPTON sheet 14b (see Fig. 1).

'3) Then, according to thé teachings of the present inven-

tion, a rough polishing is accomplished on the backside of
the module 10, using similar operating conditions as
taught in step 1l). A disk granularity of 120 um is ade~
gquate to remove the plastic encapsulating resin 13 until
the passive face of the silicon chip 11 is expésed..MoniQ
toring can be performéd either automatically, e.g. by
measuring the thickness of the remaining resin or bysopti-
cal detection. :At the end of step 3, the module is shown
in Fig. 4(C). : ; '

4) Now, still according to the teachings of the present
invention, the'essential step of creating a thermal shock
to the module is performed. This thermal shock is prefera-
bly accoﬁplished in -three successive heating, cooling and

heating sub-~steps.

According to sub-step 4-1, the module is immersed in a hot

id
ive

t he

fuming pure nitric acid bath contained ¥n a container -

disposed on a heating plate raised at a temperature of
approximately 120°C. The duration of this sub-step is

‘about 8mn. Although, in some instances, only heating may

reveal to be sufficient, use of fuming nitric acid has -

demonstrated to be véry efficient since it cooperates with

" heat to produce a total removal of the plastic resin 13 at

the end of this step, as it will be explained now.

In sub-step 4-2, the heated module 10 is without delay
submitted to a quick cooling. For instance, a compressed
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tq the | ead frame conductors, the recovering nethod conprising the steps
of: a) polishing the first side of the plastic packaged nodule until the
| ead frane conductors are exposed; b) renoving the |ead frame
conductors; «c¢) polishing the second opposing:side of the plastic packaged
nodul e until the passive surface of the sem conductor chip is exposed,

| eaving a polished nodule; d) heating the polished nodule to a

t enperature above approximately 80[err] C. wiaBhout detrinentally affecting
t he sem conductor chip functionality and | eaving a heated nodule; and e)
cool i ng the heat edgasdelee tArceeat enentriedr gas, stiddlersgorhed <f |at gmbient

remaining porti Ong :g,ﬁeztall%ral a8t bloRACapss| id NEbasY.n a3r @hel eflinaEedub-
| eavi ng the desire ar e
 step 4-~2, all or almost all the remaining plastic resin

parts burst; just leeving the'bare chip without any dam-

age.

In sub-step 4-3, the chip is immersed once again in hot
fuming nitric acid. This step is preferably conducted for
a total removal of any plastic residues that could remain
at this stage of the method. Temperature of the heating
plate is still about 120°C and the duration approximately
3=4mm.

Finally, the bare chip is rinsed in de-~ionized water, then
cleaned by using a duplicating film dipped in acetone as
etandard._ The chip 1is now ready for chip inspec-
tion/analysis. At this stage of the process; the bare chip '
is recovered undamaged as illustrated in Fig. 4(D). From
the micro-photograph of Fig. 5(A), it is apparent that,
contrarily to the above described conventional method, the
chip terminal connection system is not deteriorated.

5) Should the chip testing ﬁe now'required, the gold ball-
shaped connections have to be removed. To that end, the
chip 11 is laid-down (active fdce down) to float over an
agitated a mercury bath, 'whose agitation is maintained
during a limited period of time (e.g. for aBout 45 mn), so
that the remaining portions of the gold wires 15 and
ball-shaped connections 20 are not totally eliminated,
just leaving a thin gold plated chip portion thereof ex-
posed as apparent from the micro-photograph of Fig. 5(B).
This step is highly desired to improve chip testability,
because otherwise it would be really difficult to contact
the remaining portion of the terminal connection system
illustrated in Fig. 5(A) with a probe tip. On the con-
trary, it is very easy to apply the said probe tip on the

ERE&E%%E%@ENT‘SHEETéxposed contact zone which is relatively flat and largei
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sem conductor chip. 2. The method of claim1 further including the step
af: f) elimnating the wire at the vicinity of the sem conductor chip
contact zones. 3. The nmethod of claim 1l wherein said step d) of heating
the polished nodule conprises imersing the polished nodule in a bath of
hot fuming nitric acid raised to a tenperature between about 80[err]C. and
about 150[err]C for a tinme between about 4 m nutes and about 10 m nutes.
4. The nethod of claim1l wherein step e) ggnprises bl owi ng conpressed
anbient tenperature air onto the sem conductor chip.

Finally, the chip 11 is cleaned by using a duplicating

film (acetylcellulose) as standard.

The method of the present invention, allows the removal of
any type of plastic encapsulating resins as far as inte-
grated circuit chips are passivated with S5i02 or Si3N4.
The present method is not adapted to polyimide passivated
chips. Modules that have been processed by the method of
the present invention results in chips exhibiting a 100%
functionality and testability. In particular, the chip-
contact zones have not been degraded and are ready for
"perfect electrical contact with the test probes. In addi-
tion, no physical or electrical degradation has been no-
ticed as to the functionality of the chips. The opening
method of the present invention reveals to be very useful
as far as the recovered bare:chips are used for examina-
tion/inspection or failure aqalysié purposes. However, it
is also of great interest when the ,chips are recovered for
re-use, poséibly after having been repaired. With regar§
to the prior art method, the present method maintains the
integrity of the chip terminal connection syste@. In addi-
tion, the chip is free of any contamination (no plastic
residues). The present opening method is relatively sim-
ple, inexpensive (no RIE etcher required) and has demon-
strated success rates as high as 100%.

The method of the present invention is appli%able to plas-
tig_packaged modules of many types such as the Small Out-
line J-Lead (S0J) packages, the Plastic Leaded Chip Carri-
er packages (PLCC), the Small Outline Package (SOP) and
the like. The above opening method is also directly appli-
cable to many other types of electronic components. '
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16 5. The method of claim2 wherein step f) conprises dipping the

) . ! , o*—abm.LrélS\m'nutﬁs\ 6.
The net hod of claim1 wherein: step d) conprlse7 | mrer si ng the
polished nodule in a bath of hot fuming nitric- aci ﬂ!"ﬂﬂmjmﬂm}m"

n- about

tenperature between about 80[err]C. and 150[err]C

sem conduct or chip

4 mnutes and about 10 m nutes; and

in an agitated nercury bath f

ep e) conprlsbs'blémﬁng

conpressed anbi ent tenperature air onto th sem conductor chip. 7. The
met hod of claim 2 wherein said step d) of heating the polished nodul e

CLAIMS

Method for recovering an undamaged bare semiconductor
¢hip (11) from a plastic packaged module (10) of the
type wherein the contact zones (19) of the chip are
connected by a metal.wire (15) bonded to  the conduc-
tors (12) of a metallic lead frame and wherein the

'Chlp is molded in a plastic encapsulatlng resin (13)

whzch is etch resistant to nitric fuming acid; sald.

opening method including the steps of:’

a) polishing the module upside until the conductors
of the lead frame are exposed;

b) rémoving the lead frame;

¢) roughly polishing the module backside unﬁil the

passive face of the silicon chip is approximately
exposed; ' .

d) heating the resulting module to a temperature
above approximately 80 °C without detrimentally af-

fecting the chip functionality and for a determined

il

period of time;

e) immediately cooling the said resulting module to

" create a thermal shock whereby all the remaining

portions of the plastic encapsulating resin are elim-
inated, leaving the desired bare silicon chip.

The method of ¢laim 1 further including the step of:

f) eliminating the wire at the vicinity of said chip
contact .zones.
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conprises i Mmersing the polished nodule in a bath of hot fumng nitric acid
faised to a tenperature between about 80[err]C . for a
ti me between about 4 minutes and about 10 ninute d of
¢claim2 wherein step e) conprises blow ng conpr es ﬂﬁuwuﬂi mtr ature
air onto the sem conductor chip. 9. The nmethod o

step d) conprises imersing the polished nodule in a bath of hot fum ng
nitric acid raised to a tenperature betweepgabout 80[err]C. and 150[err]C
for.a tine between about 4 mnutes and about 10 m nutes; and step e)

conprises bl ow ng conpressed anbient tenperature air onto the
sem conduct or chip.3

The method of claim 1 or 2 wherein said step d) of

heating the resulting module consists of:

~dl) immersing the module -in a bath of hot fumic ni-

tric acid raised at a temperature comprised between
about 80 and about 150°C for a time'comprised betwéen
about 4 and about 10 mn.

4. The method of claim 1,2 or 3 wherein said step e) of
creating a thermal shock consists of:

el) blowing compressed air at the temperature of the
ambient.

S. The -method of'any above c¢laim wherein-step £): con-
sists in dipping the Chlp in an agltated mercury bath
for about 45 mn. _ !
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1Q0. The nmethod of claim 2 wherein: step d) conprises imrersing the
polished nodule in a bath of hot fumng nitric acid raised to a

t enperature between about 80[err]C. and 150[err]C. for a tine between about
4" mnutes and about 10 m nutes; and step f) .conprises dipping the
sem conductor chip in an agitated nercury bath for about 45 mnutes. 11
The net hod of claim 2 wherein: 17

17

METHOD FOR RECOVERING BARE SEMICONDUCTOR CHIPS
FROM PLASTIC PACKAGED MODULES

ABSTRACT

The aim of opening methods is to recover the bare semiconductor chips undamaged. The -
method of the present invention is more particularly directed to plastic packaged module
(10) of the type wherein the contact zones of the chip (11) are connected by wi_re-bonding to
lead conductors (12) and wherein the chfp is molded in such etch resistént resins. The
opening method includes the steps of: a) polishing the module (10) upside to eliminate the
tip part of the plastic encapsula_ting resin (13) until the conductors (12) of the lead frame are
exposed; b) removing the lead frame; c) roughly polishing the module backside to
eliminate the bottoin part of the plastic encapsulating resin (13) until the passive face of the
sjlicon chip (11).is éxposed; d) immersing the resulting module in a hot fuming nitric ’acid
ﬁath raised to a temperature of about 120°C and for a time of about 8 mn; and, e)
immediately cooling the said resulting module.

Fig. 4

REPLACE iz aatidhl

0 3 MAY 1996 |--
é‘ . aca (, ’a :

W

-.‘*.4 F"‘l

T e
e e

This Sheef Has Been RTlaced

MR i




i _REPLACEMENT SHEETS 5G|

step e) conprises blow ng conpressed ‘anbi ent alm‘})@mg\uwe w QI‘.QI’/O t

chi p; and step f) conprises dippingt egp’gm,ﬁ@jduc 9;,, R)lr :
e

i

e at.h.f b 45 §
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hot fjufing nrtric=—agi ¢ raised to a terrpe %re e ween a
SUMMARY OF THE PRESENT INVENTION

\

150][ 4r 1] | mp between about 4 m nut
steple) C&r’rp@#s@% bW} ng conpressed anbi ent
chi p;} ‘ewnd

t

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of the invention there is disclosed a method for recovering
an undamaged bare semiconductor chip from a plastic packaged module, the plastic
packaged module molded of a plastic encapsulating resin which is etch resistant to
fuming nitric acid and having a plurality of lead frame conductors, the chip having an
active surface facing a first side of the plastic packaged module and a passive surface
facing an opposing second side of the plastic packaged module, the active surface having
a plurality of contact zones connected by a metal wire to the lead frame conductors; the
recovering method comprising the steps of: a) polishing the first side of the plastic
packaged module until the lead frame conductors are exposed; b) removing the lead
frame conductors; c) polishing the second opposing side of the plastic packaged module
until the passive surface of the semiconductor chip is exposed, leaving a polished
module; d) heating the polished module to a temperature above approximately 80°C.
without detrimentally affecting the semiconductor chip functionality and leaving a heated
module; and e) cooling the heated module to create e thermal shock so that all the

- remaining portions of the plastic encapsulating resin are eliminated, leaving the desired

bare semiconductor chip.

According to another aspect of the invention there is disclosed a method for
recovering an undamaged bare semiconductor chip from a plastic packaged module, the
plastic packaged module molded of a plastic encapsulating lresin which is etch resistant to
fuming nitric acid Iand having a plurality of lead frame conductors, the chip having an

active surface facing a first side of the plastic packaged module and a passive surface



'step f) conprises dipping the sem conductor chip in an agitated nmercury
bath for about 45 mnutes. 13. A nethod for recovering an undanaged bare
sem conductor chip froma plastic packaged nodule, the plastic packaged
nodul e nol ded of a plastic encapsul atinggresin which is etch resistant to
fumng nitric acid and having a plurality of lead frame conductors, the
chip having an active surface facing a first side of the plastic packaged
nmodul e andagingasgippesisgisécond sidecafithe alastippackageyl meoduladthsiadtvefurfdve havingt i ¢
packaged nodul e, the active surface having a plurality of contact zones
connect ed bpluzalitioficonjagiezones coppiected hy 3 mgfad Wishioude deadl frame cppdusiarsi Hig

met hod conprising the steps .of:  a pol i shing .the second opposing side of
t he pl asti ?)Vzi’&(‘gd@?fh Rrigipg the %‘ﬂé‘ asiRpl 1§&rﬂfea§?€°?§? offﬁ’él cehtsct or

chipis exﬁgs%ﬁdﬁackaged module until the passive surface of the semiconductor chip is exposed;
b) polishing the first side of the plastic packaged module until the lead frame conductors
are exposed, leaving a polished module; ¢) removing the lead frame conductors; d)
heating the polished module to a temperature above approximately 80°C. without
detrimentally affecting the semiconductor chip functionality and leaving a heated module;
and é) cooling the heated module to create a thermal shock so that all the remaining
portions of the plastic encapsulating resin are eliminated, leaving the desired bare.

semiconductor chip.

The novel features believed to be characteristic of this invention are set forth in the
appended claims. The invention itself, however, as well as other objects and advantages
thereof, may best be understood by reference to the following detailed description of an
illustrated preferred embodiment to be read in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a conventional plastic packaged module of the SOJ (Small Outline J-
Lead) model wherein a silicon chip is molded. | Fig. 1 (A) shows a cutaway view of the
plastic packaged module with a part of the plastic encapsulation removed, (B) shows a
cross sectional view of the module, and (C) shows a schematic enlarged view at the

vicinity of the chip terminal connection system.
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b) polishing the first side of the plastic packaged nodule until the |ead
frame conductors are exposed, |eaving a polished nodule; c¢) renoving the
lead frame conductors; d) heating the polished nodule to a tenperature
above approximately 80[err]C. without dgtrinmentally affecting the

sem conductor chip functionality and | eaving a heated nodule; and

18 e) <cooling the heated nodule to create a thermal shock so that all the

remai ni ng Fig. 2 shows the module of Fig. 1 at different stages of the process according to a
conventional method of the prior art for recovering the bare chip from the plastic

packaged module.
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port ions of the plastic encapsulating resin are elimnated, |eaving the
desired bare sem conductor chip. f
step d) of heating the polished modul e conpri ses i mersin the ol ji.shed
modul e in a bath of hot fuming nitric aC| rai sed t&m““l ﬁ!&\l etvveen
about 80[err]C. and about 150[err]C. for ' tine bet

and about 10 minutes. 15. The nethod of claim 13 wher€in step e) corrprl ses
bl owi ng conpressed anbi ent tenperaturggai®nto the semnm conductor chip.

16. The method of claim 13 wherein: step d) conprises imrersing the
pol i shed nodul eA imetBod @ retbvérirg bt Nindgmagddr bare samicbndadtsredhipofram a plastic

t enperature between about 80[err]C. and 150[err]C for a tine between about
4 i nut es packhgat anodud€) therplastic; pagkaged module molded of a plastic encapsulating resin

which is etch resistant to fuming nitric acid and having a plurality of lead frame
conductors, the chip having an active surface facing a first side of the plastic packaged
module and a passive surface facing an opposing second side of the plastic packaged
module, the active surface having a plurality of contact zones connected by a ntetal wire
to the lead frame conductors, the recovering method comprising the steps of:

a) polishing the first side of the plastic packaged module until the lead frame
conductors are exposed; :

b) removing the lead frame conductors; _
¢) polishing the second opposing side of the plastic packaged module until the passive
surface of the semiconductor chip is exposed, leaving a polished module;

d) heating the polished module to a temperature above approximately 80°C. without
detrimentally affecting the semiconductor chip functionality and leaving a heated module;
and l

e) cooling the heated module to create a theérmal shock so that all the remaining
portions of the plastic encapsulating resin are eliminated, leaving the desired bare
semiconductor chip.

2.  The method of claim 1 .further including the step of:

f)  eliminating the wire at the vicinity of the semiconductor chip contact zones.

3. The method of claim 1 wherein said step d) of heating the polished module
corttprises immet'sing the polished module in a bath of hot fuming nitric acid raised to a
temperature between about 80°C. and about 150°C. for a time between about 4 minutes
and about 10 minutes.

4. The method of claim 1 wherein step e) cemprises blowing compressed ambient

te ture air onto th iconductor chip. y o
mperature air onto the semiconductor chip REPLACEMENT Sﬁf‘iﬁ

g
1

12JUL 1997 |

farn




siep' e) conprises blow ng conpressed anmbient tenperature air_onto the
sem conductor chip. 17. The nethod of claim 13 further including;the step

of: f) elimnating the wire at the vicinity of II ] IMr~chip
contact zones. 18. The nethod of claim ],'76 vvhereHn mlﬂmmwn u Bf' heat i ng
t he polished nodule conprises i mersing the poli*shéd todll e i a bath of
hot fuming nitric acid raised to a tenperature between about 80[err]C and
about 150[ eg.r ] Crhd Rlettdat dfMBaileh WoRRein Redpt oﬂcompms_éseaippmr'gdmetsemscohaumﬂ BhipS -
19. The method of claim 17 wherein step e) conprises bl owi ng conpressed
anbi ent t einperagitdted mertu®tiath fdrabsaedcambditst or chip. 20. The nethod of
claim17 wherein step f) conprises dipping the sem conductor chip

The method of claim 1 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes; and

step e) comprises blowing compressed ambient temperature air onto the
semiconductor chip.
7. The method of claim 2 wherein said step d) of heating the polished module
comprises immersing the polished module in a bath of hot fuming nitric acid raised to a
temperature between about 80°C. and about 150°C. for a time between about 4 minutes
and about 10 minutes. |
8. .The method of claim 2 wherein step €) comprises blowing compressed ambient
temperature air onto the semiconductor chip. |
9.  The method of claim 2 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a timé between about 4
minutes and about 10 minutes; and |

step e€) comprises blowing compressed ambient temperature air onto the
semiconductor chip.
10. The method of claim 2 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for é time betwéen about 4
minutes and about 10 minutes; and

step f) comprises dipping the semiconductor chip in an agitatéd mercury bath for

about 45 minutes.

11. The method of claim 2 whereiﬁ: REPLACEMENT SHEET
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in an agi'tat ed nercury bath for about 45 m nut f claim

17 wherein: step d) conprises |nner5| ed nodul e
in a bath of hot fumng nitric acid raised to, cen about
80[err]C. and 150[err]C. for a tinme between abou about 10

m nut es; and . step e) conpri.ses bl ow ng corrpressed anbl ent tenperature
air onto the sem conductor chip.

~ step e) comprises blowing compressed ambient air onto the semiconductor chip;

and

step f) comprises dipping the semiconductor chip in an agitated mercury bath for
about 45 minutes.
12.  The method of claim 2 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes;

step e) comprises blowing compressed ambient air onto the semiconductor chip;
and

step f) comprises dipping the semiconductor chip in an agitated mercury bath for
about 45 minutes.

13, A method for recovering an undamaged bare semiconductor chip from a plastic
packaged module, the plastic packaged module molded of a plastic encapsulating resin
which is etch resistant to fuming nitric acid and havihg a plurality of lead frame
conductors, the chip having an active surface facing a first side of the plastic packaged
module and a passive surface facing an opposing second side of the plastic packaged
module, the active surface having a plurality of contact zones connected by a metal wire
to the lead frame conductors, the recovering method comprising the steps of:

a)  polishing the second opposing side of the plastic packaged module until the passive
surface of the semiconductor chip is exposed; |

b) polishing the first side of the plastic packaged module until the lead frame
coﬁductors are exposed, leaving a polished module;

c) removing the lead frame conductors;
_ d)' heating the polished module to a temperature above approximately 80°C. without
detrimentally affecting the semiconductor chip functionality and leaving a heated module;

and : e s
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22. ‘The method of claim 17 wherein: step_d) conprises imrersing the
polished nodule in a bath of hot. fumng nitric acid raised to a

tenperature between about 80[err]C and 150[err

4 mnutes and about 10 m nutes; and step“m"mmnlmumumpl ng the

sem conductor chip in an agitat ed rrercury1%ath for ¢ about 45 ntnutes.

The nethod of claim 17 wherein:

step e) conprises bl ow ng corrpressed

ambi ent  ai r epnt godliig aRMhedrutidale eicikate antflermal shotkt 80 thiat GRNAE i ¥ARIning
di pping the sem conductor chip in an agitated mercury bath for about 45

m nut es.

portions of the plastic encapsulating resin are eliminated, leaving the desired bare
semiconductor chip.
14. The method of claim 13 wherein said step d) of heating the polished module
comprises immersing the polished module in a bath of hot fuming nitric acid raised to a
temperature between about 80°C. and about 150°C. for a time between about 4 minutes
and about 10 minutes.
15. The method of claim 13 wherein step €) comprises blowing compressed ambient
temperature air onto the semiconductor chip.
16. The method of claim 13 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes; and |

step e) comprises blowing compressed ambient temperature air onto the
semiconductor chip.
17. The method of claim 13 further including the step of:
f)  eliminating the wire at the vicinity of the semiconductor chip contact zones.
18. The method of claim 17 wherein said step d) of heating the polished module
comprises immersing the polished module in a bath of hot fuming nitric acid raised to a
temperature between about 80°C. and about 150°C. for a time between about 4 minutes
and about 10 minutes.
19. The method of claim 17 wherein step €) comprises blowing compressed ambient
terhberature air onto the semiconductor chip.
20. The method of claim 17 wherein step f) comprises dipping the semiconductor chip
in an agitated mercury bath for about 45 minutes;

21. The method of claim 17 wherein;
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24.= The net hod of claim 17 wherein: step d) CW
polished nodule in a bath of hot fumng nitric acidralised to a

tenperature between about 80[err]C and 150[err]C.

4 mnutes and about 10 m nutes; step e) conpri ;\m‘“ﬂmg ssed

anbient air onto the sem conductor chi p, and step f9 do
di ppi ng the sem conductor chip in an agitated nmercury bath for about 45

m nut es.

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes; and

step e) comprises blowing compressed ambient temperature air onto the
semiconductor chip.
22. The method of claim 17 wherein:

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes; and

step f) comprises dipping the semiconductor chip in an agitated mercury bath for
about 45 minutes.
23. The method of claim 17 wherein:

step e) comprises blowing compressed ambient air onto the semiconductor chip;

step f) comprises dipping the semiconductor chip in an agitated mercury bath for
about 45 minutes.
24. The method of claim 17 wherein: |

step d) comprises immersing the polished module in a bath of hot fuming nitric
acid raised to a temperature between about 80°C. and 150°C. for a time between about 4
minutes and about 10 minutes;

step e) comprises blowing compressed ambient air onto the semiconductor chip;
and

) step f) comprises dipping the semiconductor chip in an agitated mercury bath for

about 45 minutes.
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METHOD FOR RECOVERING BARE SEMICONDUCTOR CHIPS
FROM PLASTIC PACKAGED MODULES

ABSTRACT

The aim of opening methods is to recover the bare semiconductor chips undamaged. The
method of the present invention is more particularly directed to plastic packaged module
(10) of the type wherein the contact zones of the chip (11) are connected by wire-bonding to
lead conductors (12) and wherein the chip is molded in such etch resistant resins. \The
opening method includes the steps of: a) polishing the module (10) upside to eliminate the
tip part of the pla§tic encapsulating resin (13) until the conductors (12) of the lead frame are
exposed; b) removing the lead frame; c) roughly polishing the mociﬁle backside to
eliminate the bottom part of the plastic encapsulating resin (13) until the passive faceiof the
silicon chip (11) is exposed; d) immersing the resulting module in a hot fuining nitric acid
bath raised to a temperature of about 12Q°C and for a time of about 8 mn; and, e)
immediately cooliné the said resulting module.

Fig. 4




