2087159 -1- | MPROVEMENTS I N OR RELATI NG TO PLASTI CS ENCAPSULATED ELECTRONI C
The present invention relates to plastic encapsul ated el ectronic

and nore particularly to the inhibition of ‘corrosion in such ’
;ﬁd ring their lifetime. O all the solid state de produced a

X gportion are now encapsul ated in plastic.and verﬁ@ s i's the

I n which they are available. This situation has ari sen because ¢

only

the | argest demand for 10. devi ces cones fromthe consunmer el ectronics®%

i ndustry which requires its Tdnponents at the | owest possible cost.
Unfortunately,_under certain conditions plastic, encapsul ated devices are
not as reliabl VEMENTS M OR Wﬁm counterparts,
posing a probl nce industry which requires devices that are
capabl e of gi \,&[EQII' &&i&jiﬁﬂf&& el iability under very harsh operating

SﬁES:p%LFQfeL"Lﬂ%“@%sX%W e rble °rpafa9%4 ¢ RS Z' :St '
ggtngl nefﬁt)lnogfg%everg{' Fgc%orsaﬁklw ggﬁc enc sulgﬁr%s a%'%lt%gg?rgable ?o
moi sture in thep AbrRSEIM $n adifdnt ﬁﬁ%;&?ﬂlﬁngﬁéts?gns éﬁimbhe chip surface.

The en@apsul ants used are nostly ‘moul di ng resins and
these contain @ball the solid GtakBlUddvices prodacsd ! hVE&éTTSrW&QHUCt s from

t hel r are now encapsulated in plastic.and very often this is
the only form in wh::.eh they are available.
This situation has -ariseh because the largest demand for
10 devices comes from the consumer electronics industry whieh
requires its components at the lowest poseible cost.
Unfortunately, under certain conditions plastic encapsulated
devices are not as reliable as their more expensive
hermetically sealed eounte_r-parts, posing a problem for the
15 " defence industry which requires devices that are capable of
giving the utmost reliab:?.lity under very harsh operating
conditions for many years. _ .
One of the major failure mechanisms in plastic encapsulated
devices is that of the corrosion of the aluminium metallisation
20 on the microcircuit surface which is caused by a combination
of several factors. All p].astie encapsulants are permeable'
to moisture in the atmosphere and thus water can appear
at the chip surface. The er‘capsulants used are mostly
highly filled transfer moulding resins and these contain

25 ionic impurities as additives and by-products from their



- enufacturé, Any noisture di'ffusing fhfouéE fhe$}ésin mﬁilupick up

these ions and form an aggressive electrolyte. In the presence g e high
fjeld gradients that are found between conductors on the chip s ge a
corrosion reactions 5 occur which can rapidly cause the dgqviC¥ to s
fail. The rermpval or reduction of this failure mechanismwould &tfTow a nore
wi despread use of plastic encapsul ated devices, particularly in mlitary -
el-ectronics.. Current nethods of protectsbng the mcrocircuit 10 surface

invol ve the use of passivating |ayers between the resin and the chip to
prevent the ingresurpfs 1] Vearsy oré1 St FESd1FIFANENS thirlodgh e e i en

have pin holes in themand they cannot, cover the bond pads, so it is still _
possi bl e for corrggi1an givloagyrthéde af¢hs'andt fore ah aggrassiiid wWlldctrolyte.
e.g. double layer netallisation circuits using polyinde cross-over

di el ectric, where Inprohmntpresdence ofothei highefbelihgrpddentisc dhmtyleass found
passivation cannot be used and | ess protective polyimde has to be

enpl oyed. Qur i nvbetweemwpnductors osctbe ghipi surfagel spaweosioh 20reactions
gi ves an extra degree of protection not_currently obtainable. The .

i ncor por at Bon of OESUWLMHNhcamirapidly causet khecdexise 30 fgldesins is

a retativel Si | e operation and the whol & encapsul atin rocess can be
carried OUty . e pThe remové& or reduction o2 this" a%lure mechanism

wouid allow a mére widespread use of platic encapsulated
dévices, partiéularly in military electronics.
" Current methods of protecting the microcifcuit

10 " surface 1nﬂolvé the use of passivating layers between the.
resin and the chip to prevent thé ingress of corrosive
electrolytes. However, these layers often have pin_holes
in them and they cannot cover the bond pads, so it is
still possible for corrosion to occur. In addition Fhere

15 are situations, e.g. double layer metallisation circuits
'using polyimidé crosséover dielectric, where conventional
silicon nitride or phosphosilicate glass passivation‘cannot-
‘be used and less protective polyimide has to be employed.
Our invention augments the use of passivating layers and

20 | gives an extra degree of protection not currently otainable.
The:incorporation of the corrosion inhibitors into the
encapsulating resins is a'relafively'éimple operation
and the whble'encapsulating procéss can be carried out
with ho modifications to the previously used methods. The

25 = only other ways of achieving similar corrosion protection.
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"with no nodifications to the previously used nethods. The 25 only other °
_ways of achieving simlar corrosion protection -3- would be by using

Coul i pure resins with reduced perneahility to water; the production of”

oul d be extrenely difficult. Even if such resins were available it ¢

| kely that there would be no corrosion and they 5 woul d sti |

t fromthe addition of inhibitors. It is therefore an object of the
present invention to reduce the3cerrosion of the netal |ayer on .the surfaags
of an encapsul ated el ectroni c device. The present invention therefore

provi des woyldisé cb¥ Ousingend preu pared resirs o th deedaeedn which a
corrossion inhibitor is present in the plastic material to reduce corrosion
“of the nemeakilibtydtei waters theebnedlugtion efwhich| wouldi bet

preferred enbodi pent the corrosion inhjibitor 15 encapsul ated within the

pl astics a¥cremely difedeult,n Even.cddd sl esingwene nevailableor rosi on

i nhi bit is, Cal cj | trat d i i r.d f. d enbodi t hi

corrosi orkt i itbike Iy hhek; Bheren sl Beng worrgsion spd faey .
trati f of . MmN 0 { is b d 1000 d

fob pr or Hehll SHLETTBEELE ronm MRS A on BE B LPTPaPE has beon

. It is therefore an object of the present invention

- to reduce the:corrosion of the metal layer on the
- surface of an encapsulated electfonic dévice, )
. The present invention therefore provides a pldstic
'_16 | encapsulafed electronic device in which'a corression
“inhibitor is present in the plastic material to reduce
. corrosion qf.the metallisation during the lifetime of the
device. _
in a first preferred embodiment-the_corrosion inhibitor
| 15 " encapsulated within the plastics resin is p~Cresol.
| In a second preferred embodiment the’corrosion_iphibitor is
Calgium_Citrate'ahd in a third.prererred embodiment this
- corrosion inhibitor is Ammonium Tungstate.
| | Preferably the optimum concentration for ammonium _
20 tungstate is between 500 and 1000 ppm aﬁd for p~Cresol it
--is in the region of 1800 ppm.. Calciuﬁ citrate has been
'_found to work well at_é.concentration of 5000 ppm.
. The metallisation of primary-importanée is aluminium
- but aluminium alloys and other metals e.g.-gold, silver
25 and copper will benefit from theiinclusion of a corrosion
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found to work well at a concentration of 5000 ppm The netal lisation of
primary inportance is alum niumbut alumniumalloys and other netals e.g.
gpl d, silver 25 and copper will benefit fromthe inclusion of a
corrosion. -~4 - inhibitor. The invention concerns the incorporation of -
corrosion inhibitors into encapsulating resins to reduce one of the main !
fail.ure mechani sns of plastic encapsultated 5 el ectronic devic:ﬁi _
griaup of nost likely corrosion inhibitors was sel ected and incorpo oA
into an encapsul at}®RAPEEPR: specially designed microcircuits producéd and
encapsul ated with these_nodified, resins. TheSeﬁggeethen exan ned under

terperature, hunidity, Br@sinyention:ecencerpsy JMeaTReRALIoR RE ceRgosion
ti to fail h b d with th f devi ces lated with
uninhi bi ted resin A PREOES: RAEOCHREaPANIARIRE masinR o eaaes copBaoor
foeen Dot ! e

nni bi tor in the reag En' PARIEFE HACKRRT shidt EBARHATY Aerayi e
and-ther moftochant CRSCEiRTe MevI0LR, Uh° gt RIS 1udy RorApRIAN
adversely affect t{ggnfi{tops  #ast seletteld! antPidicdiPdratud | fto o

adhesion tests were perforned to ensure
encapsulating resin; specially designed microcircuits

produced and encapsulated with these nodifiéd resins. _
These were then examined under temperéture, hnmidity, bias
10 ‘accelerated lifetest conditions. The times to failure
have been compared with those of devices encapsulated with
- uninhibited resin and those thnt gave improved lifetines |
were'selecfed for further examination. This involved
~ varying the concentrations of the inhibitor in the resin
i 15 to determine the optimum concentration ranges. The resins
| cbntaining'inhibitors were examined using microbalance and
thermomechanical techniques to check that their incorporatio
did not adverseiy affect the curing reaction or its water
permeability. Also adhesion tests were performed to ensure
20 - that adhesidn of the resin to substrate was not adversely
affected. - |
MOS devices were enCapsnlatéd with resins containing
corrosion inhibitors to ‘determine whether the increased
concentrations of ionic species at the resin/chip

25 . interface.cauSe any malfunctioning of the devices. An



. 20 ~that adhesion of the resin to substrate was not adversely affected.

. MOS devices were encapsul ated with resins containing corrosion inhithitors
herm ne whet her the increased concentrations of ionic -species at the.

michi p 25 i nterface cause any nal functioning of the devi:ces. An -

j inreliability has been shown for devices encapsul ated with

S cont ai ni ng anmoniud tungstate, p-cresol and calciumcitrate.

‘ . . . - . . ""”'-:-\
Al um ni um general | y possesses a ver)a goad resi stance 5 to corrosion doe<
t

"to the riFpPROYeRenti dn Feliabidditinhas) Reercshayar for devisesface. This
oxi de layer is stable r a pH range from3 to 9 but - at pH.,s smaller and
gr eat er m%@%ﬁeﬂhﬁﬁ Fesing I?Qg’rﬁﬂi{ffﬁ]}ﬁm?nﬁ“& Esngstateow pH rapid
dissolution occurs wi-thothe formation off 10 =~ [err] ions-whilst at high
pH di ssHTT A0 2 éB}“HHE%%‘i%m of “the al uninate ion A102. Corrosion
of a1 v bl UERreaY SRS T B BB 20 2
el ISP idoRtebing a0 SCeAANG Suietlan o7 ApbBISRRE |
been fogEiddalayef EnCEtOBUIPaCH. APld Ykide layer is stable
over a pH range from 3 to 9 but at pH's smaller and
. greater than these the oxide 1s thermodynamically unstable.
At low pH rapid dissolution oc.éu'rs' with the formation of
10 A13'-". ions whilst ét high pH dissolution occurs by the
| ‘formation of the aluminate ion A105. 'cOrros'i-on of
aluminium in ths manner is a common problem when aluminium
is used as a structural mderial. |
| Exactly the same type ofcofroéion can occur at the
15 m_icroc.i rcuit surface and once galvanic cbrrosion is
-initiated in a polarised circuit fixed anodic and cathodic
sites are éstablished. ' |
it has been found that the i@gt_:_"lﬁgogh_exﬂ{_c_fa} reactions
occuring at these sites cause pH changes to occur .
20 producing an acidic anolyte and a basic catholyte. These:
concentration balance$ can persist in localised areas
because of the restricted diffusion at the microcircuit _
surf_ace/ encapsulant interface, allowing localised accelerated
cofrbéion to continue at these sites. |

25 | In selecting corrosion inhibitors that might be useful

=
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occurlng at these sites cause pH changes to occur 20 produci ng an acidic
anol yte and' a basic catholyte. These concentration bal ances can perS|st |n
| pcal i sed -areas because of the.restricted diffusion at the microcircuit.

surface/encapsulant interface, allowing |ocalised accelerated corro

continue at these sites. 25 ' In sel ecting corrosion inhibit t
m ght be usef ul -6- for preventing mcrocircuit corrosion by
i méof poration into the encapsulating-r@sen several inportant factors e

to be taken into account. The inorganic inhibitors are npbstly anions and
there is often a doai parevertting micmdcircuttyconrosion byninceirpdratiams
are known to have a deleterious effect on the performance of electronic
devi ces due to thém¢0u§hﬂnqnqusn1awimasreginnsevgralcémpordsmdeﬂaqtors

silicon. This precludes the use of small ions such_as sodium 10 '
General |y group. 1havendia & q/véieéterbm%oecem‘é suffhab soa'sené@gﬁrm&?itors
heavi er el enents. of the roup be s able. K Tra %ltlon nment s,

particul arly thos@F8 %ﬂreoéﬁn 8#} -8 (o hort g'r‘ﬁeurﬂ%re al so

N 0 D5t .cou\pwe%ua%y T&etf&&.' Ofﬁaﬁy%g%aiﬂesaoaw b ol B
' have a deleterious effect on the performance of electronic
devices due to their capability of diffusing into silicon
dioxide and silicon. This precludes the use of small ions
suoh as sodium. | ' |
10 “ Generally group 1 elements were found not to be
suitable although the heavier elements of the group may
be suitable.
Transition elements particularly'those of'group 8;
such as iron, osmium and ruthenium were'also found to be
15 unsuitable. |
| The cations that are most suitable are Ca, Sr, Ba,
Mo, Cs, W, Al, Pb and Sn.
Any material chosen must have a minimum solubility
in'water.to allow it to'be1ransp0rted_from the bulk of
20 the resin to the microcircuit-surface by diffusing
| noisture to compensate any depletion at the surface;
' Diffusion rates for these inhibitors when transported by

. water through these resins is low, however the diffusion

rates for the deleterious impurities are also low therefore

25 'a sufficient concentration of inhibitor can be maintained



M, -.Cs, W A, Pb and Sn. Any materi al chosen nust have a mi ni num

- sol (R ity in water to allowit to.be transported fromthe bul k of 20
th in to the mcrocircuit surface by diffusing noisture to conpensate

~any\dsefletion at the surface. Diffusion rates for these inhibitors when
transported by water through theseé resins is |ow, however the diffusion
rates for the del eterious inp#rities are also low therefore 25 - a ' _
sufficient concentration of “idhibitor can be maintained . -7- at the )

. . t @ P ' | e at
ranst or ) HHRPERRbTRoRL MHRE tof (o SuaplE Lo misto: ©

inter f . : . _ _ n o c
cri or e T e e A g PR s o, 1) b

- Tol ui di ne{ ¥pPe&LBFoho3hotvs’ et Hard not interferd withditha de 5) |
Cal cium G trate 6) Amonium Tungstate 7) Barium-chromate 8) Sodiumsilicate
. curing reaction of the resin. Based_upqn.these abpve '

5 . criteria the folowing inhibitors were éelected for
_investiéation,. | | |
1) ﬁ Toluidine
.2) p.Cresdl |
3)_Furfura}dehyde '
10 4) Dicyandiamide
5) Calcium Citrate
6) Ammonium Tungstate
7) Barium chromate
8) Sodium silicate
15 ' 9) Barium Permanganate. .
Of these inhibitors the greatest improvements in lifetimes
have been shown for devices encapsulated with resins éontaining
'p Cresol, Calcium citrate and.Ammonium Tungstate. The -
effects of inhibitor concentration have been investigated
20 and for ammonium:tuhgstate the op%imum_coneentration is
‘between 500 and 1000 ppm whilst for p Cresol it is around
1800 ppm. .. _ _ .
In a.pfeferrgd pract;cal embodimeht the inhibitor was -
sieved_with epoxy ﬁdwdered resin followed by Bali.milling for
25 30 minutes to give a fine dispersion Qf_the 1nhibi£or in

R



15 9) Barlun1Pernanganate O these inhibitors the greatest
|nprovenents in lifetinmes have been shown for devices encapsul ated w
resips containing p Cresol, Calciumcitrate and Amoni um Tungstate .
effects of inhibitor concentrati on have been investigated 20 apd _DéD ,
anfioni um t ungst ate t he optlnun1concentrat|on I s between 500 and 1006 ppw
whjl-st for p Cresol it is around 1800_pgm In a preferred practical

enbedi nent the inhibitor was sieved with €poxy powdered resin followed by

i bitor % et AhIAEy' BnBiiBubr ARl HE ol et
gi ves a product Cfiﬂﬁfé”ﬂcﬁ&ﬁ@?sbf' gﬁifg%sgggbstatfd}for% ¥ 5‘1’1’{?39 pbe

enpl oyed when the resin ih 1ts tinal conpounde te I's aval romthe

5 manuf act ur erincopérationetant be bhplbyedr whdh Rheddasidyid he resin
manuf act urer during bl ending when other additives e.g. nould rel ease ‘agents

etc. are added. This cfinal) eespotnded semper dsUavadldbleh Faeierthd esting at
[err] showed good corrosion inhibition. 10 ° In addition to the

i nhi bition%f comamifactiretuni Alternatizkldy themimhidistoxt oem s al s
I ncofporated in integrated circuits may be protected by the incorporation
added by the resin manufacturer during blending when other
_ additives ‘e.g. mould release agents etc. are added.
The curing was at low temperature and subsequent testing
-at 85°C showed good corrosion inhibition.

10 In addition to the inhibifion of corrosion of
alﬁminium and aluminium alloys other metals 1ncorpora£ed in
integrated circuits may be protected by the incorporation
of suitable inhibitors in the protective resin.
| In partiedlar "electronic" materials such as gold,

15 siiver.and;copper suffer from an eleEtrochemical feique
mechaniem where they are anodically dissolved, transported
and cathodically plated elsewhere. This causes
effective migration of the metal and growth of short
circuiting filaments. This degradation_can be prevented

20. - by inhibiting the initial anodic dissolution stage with one
or more appropriate inhibitors for the metals. This
failure mechanism is also related particularly to printed
circuit tards to counteract the problem of wafer'diffusion

through the conformal resin ceatings used to proteet
25 ' the boards. |
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of SU|tabIe |nh|b|tors in the protectlve resin. In particular "electronic" ?

naterlals such as gold, 15 silver and copper .suffer from an

el ecygprothem cal failure mechani smwhere they are anodically dlssolved ,
ta h\ed and cat hodi cally plated el sewhere. This causes effective §
m gr of the metal 'and growth of short circuiting filanents. This

degr ada#1 on can be prevented 20 by inhibiting the initial anodic )
~dissolution stage with one or nore;pgpropriate inhibitors for the netals. 3
This failure nmechanismis also reldated particularly to printed circuit '

boar ds 10 count er act phQes A gbkepats HPlY eddasi.aRnbiEaHaNablE AR or ™

resin coati ngs used to prote € I ncorporation of

these inhibit Orﬁadeeénﬁotdbi&%esawieleeﬁﬁéwscﬁffﬁétéu?ﬂnghf-esert'i%
~reaction of the resin d ass transiti.on tenperatures r solubiTity and

di ffusion coef fo£i gRéSréaia.beeladel arminmsrtion f témpephtares)t ¥etierd
i nhi bitors and no del eterious effects noted. Al though the use of inhibitors

in resins has h@@huﬂikttysaﬂdl&m@ﬂwsiuﬁfcdefiﬁﬁiembsehave peetic detteansiirsd
-~ moul di ng conpounds for -mcrocircuit protection its use-is wider than this

e.g. Wtibliquifiorrnesins tontainimg dinigbitqesinaisd end dezeteptiasis c
nDuIdlng conpounds. "Al so ‘there are applicati.ons in other protective schenes
effects noted. Although the use of inhibitors in resins
'has been discussed largely with respect to epcxy powder
transfer moulding compounds for mibrocircuit protection
its use is wider than this e.g. with liquid transfer
io ' moulding compounds and thermoplastic moulding compounds.
Also there are applications'in other protective schemes
such as conformal coatings on hybrid circuits, the use
_ of silicone gel in chip carrier packages and "pottH ng"

'resins for a variety of active and- passive electronic devices.



.shch as conformal coatings on hybrid circuits, the gel in
chip carrier packages and "potting" resins for a variety of active and
passive el ectronic devices. - -10- CLAIMS: 1, uu Bl ated
el ectronic dewice in which a corrosion inhibitor fﬂl’ I,ﬁ"mﬁm plastic
material to reduce corrosion of the netallisation.durindg te 5 * ‘
lifetime of the electronic device. 2. ‘A plastic encapsul ated electrﬁﬁl1
dexdice as clainmed in claim1-in which the corrosion inhibitor is p-Ctesoly
3. A plastic encapsul ated el ect ol =device as clained in claim2 il

which the p-Cresol .is present in the 10 plastic at a concentration of
approxi mately 1800 partsChAEMS Y |ion. 4. A pl astic encapsul at ed .
el ectronic device as clained_in claim 1l in which the corrosjon lnhiBLtor S
amoni um tungst ate. 1% plastig encg ted SleH It ARYRee r YR vhdehi ce
as claimed in claim4 in_ which,t anmgni um tungstate i s esgnt in,.the
plastic at a corﬁeﬂ??ﬁ??bﬂ%?‘"ﬂé‘ﬁé‘@ﬁ' 560 PARF naHhe ﬁqsﬁfﬁ%ﬁer&al

A plastic encapsyl ated el ectroni evic s _cl.ained. 20. in claiml in
whi ch t he corr0315| nt FAREBi P8Fr|g§igg’l &iﬁﬁ-ﬁh% me'l'?a;LrTlsazplon duriﬁ'g Jtﬁé

5 lifetime of the electronic device. .

2, A piéstic encapsulated electronic device as claimed
in claim 1 in which the corrosion inhibitor is p~Cresol.
- 3. A plastic encapsulated electrohic device as claimed

in claim 2 in which the p-Cresol is present in the

10 plastic at a concentration of approximately 1800 parté

| per million, .
4, | A plastic encapsulated electronic device as claimed
in claim 1 in which the corrosion inhibitor is_ammonium
tungstate. N

15 ' 5.. A plastic encapsulated electronic device as claimed
in claim 4 in which the ammonium tungstate is present
in the plastic ét a concentration_of between 500 and
1000 parts per million.

- 6., A plastic encapsulated electronic device as élaimed

20 ~ in claim 1 in which the corrosion inhibitor is calciﬁm
citrate. | . | |
7. A plastic encapsulated eiectronic device as claimed
in claim 6 in which the calcium citrate is present in
the plastic at-a concentration of approximately 5000

25 parts per million. |

8. A.plastic encapsulated electronic device as claimed

L 3



_Citrate. 7. ‘A pl asti ¢ encapsul at ed el ectronic device as claimed in claim
65 in which the caIC|un1C|trate is present in the plastlc at *a concentratlon

. of r oxi mat el 5000 arts per mlli 8. .Aplastic

enc 'ated’um f”uﬂe as cl ai med - 11 - in any preceding claim
and t ant d. The text of the® speC|f|cat|on has been
reproeiced by photocopylng the appl i cafits original typescript. It may

contain a few anendnents which areldifficult to read. The origina

typescript containing these amendments may be inspected on the prenises of
t he Patent (jf,Lgaany preceding claim and substantlally as described.

The text of the specification h-l'bc'n romdunod by photocopying the applicants original
typescript. It oay oontain s few amendments which sre difficult to resd, The original
typescript ecntnniu thess snendaents nay be inspected on the prewises or the Patent Office
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