PASSI VATED METAL CORE SUBSTRATE AND PROCESS FOR PREPARI NG THE SAME FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to electronic circuit
assenbl i esp2arbimazne particularly, to circuit assenbli epCirnustadiongeoet al
core substrates, and the fabrication thereof. BACKGROUND OF THE | NVENTI ON
[0002] Mcroelectronic circuit packagdas are prepared in various sizes. One
packagi ng | evel includes sem conductor chips containing nmultiple

m crocircuits and/ or OtgySIVAMEP WAL CORE SUBYPRATE usual |y nmade from

sen conductors such as\nNgh PREVESSIOR PREPAKENG THESARE at e package | evel s
(i.e., "chip carriers"”) conmprising multi-layer substrates may include a

plurality of chips. Likew se, these internedi ate package | evels can be
attached to | arger scal e cir ¢gitp egrdss N@iNeEOReards, and the |ike. The

i nternedi ate package | evels serve several purposes in the overall circuit
assenbl y i ntQOQHl nglhet pigeantiriayengeip pelates to reddssioRic ofikghit | yscarplias.i ¥ o¥ore he

smal | er %ﬁﬁﬂc@laﬁﬁ-{, & ot ab @b I flufEAh&aPRRAL %Estra@éé?'anhﬁﬁ‘e ﬂfaﬁ&}i&?&&%ﬂ of “heat

fromthe circuit conponents. Substrates used in conventional 1nternediate
package | evel s have included a variety of materials, for exanple, ceramcs,
fiberglass reinforced po'%g@ﬁ@mD%ﬁﬁkﬁbﬂk?@g [0003] In order for the
af orenenti oned substrates i ity, they usually have to
be used at {0002k nedseslexosedirewy phOGged ¢ prepartdinpraovestizest Oucpagkadingsuppor t
to the circpit assenbly. so, .the aforenentioned substrates pically have
her it CO8F HePERT SoutonB et sQeRnilty PRPORF pRTIAT G pusd

m cr oel ecbmpamieatsc Sugschiistaacinaallyt madehfierm sedsicandnestslstich dsaillcui,andthetllke. circui t
assenbl y afterd. rege?ed use is a.risk .dus to the fai I.gre ofb'oi nts between
the | ayelSogeditfeby; %geen{‘}lVé.s (Oo0HP CRTHS P HESHESTPHBRET BOPREYi Y a t hi n
circuit assewrbl plulidylofichips.ov.edwishehemlintamekdstd prekape abveBrpee taitghed At
overcone .t he drawbacks of the prior art. SUMVARY OF THE | NVENTI ON [ 0005] In
a first AEpEsrale PRl EulsnppGeropirdy paele dkehat inracdighppokagnigvanserve

i ron-ni ck@leral purposes in the overall circuit assembly including structural support, transitional

integration of the smaller scale circuits to larger scale boards, and the dissipation of heat from
the circuit components. Substrates used in conventional intermediate package levels have
included a variety of materials, for example, ceramics, fiberglass reinforced polyepoxides,
and polyimides.

[0003] In order for the aforementioned substrates to have sufficient rigidity, they
usually have to be used at thicknesses exceeding 100 microns to provide structural support to
the circuit assembly. Also, the aforementioned substrates typically have thermal coefficients
of expansion much different from that of the microelectronic chips attached to them. As a
result, failure of the circuit assembly after repeated use is a risk due to the failure of joints
between the layers of the assembly.

[0004] It would be desirable to provide a thin circuit assembly with improved thermal

and structural properties that overcome the drawbacks of the prior art.

SUMMARY OF THE INVENTION

[0005] In a first aspect, the invention provides a substrate comprising an iron-nickel
alloy core, a chromium conversion coating on at least a portion of the core, and an insulating
coating on the chromium conversion coating.

[0006] In another aspect, the invention provides a method of making a substrate

comprising: providing an iron-nickel alloy core, applying a hexavalent or trivalent chromium



all oy core, a chrom um conversion coating on at |east a portion of the
core, and an insulating coating on the chrom um conversion coating. [0006]

| n anot hewoaspauy3sit he i nvention provides a net hod of neKirn2@99udsse r at e
conprising: providing an iron-nickel alloy core, applying a hexaval ent or
trival ent chrom untonversion coating-an at |east a portion of the core, and
applying an insulating coating on the chrom um conversion coating. BRI EF
DESCRI PTIc6Nefon ok dRAVN NS o R84 offtheGRorel ahPapplyhddh iti@Wn@lcodin ?lé)hﬁﬁer ate
core that may be used in one aspect of the invention. [0008] FIG 2 is a

cr 0ss- seChOBHEN cCUPVERIBCOMHE: substrate core of FIG 1, taken along |ine 2-2.
[0009] FIG 3 is a plan view of the substrate core of FIG 1, with a

passivation coating. [0010] FIG 4 is a cross-sectional view of the
substrate core of FIG BRIEERESCRIPAHINIGEREHUDRAWINYIS] FIG 5 is a plan

vi ew of the tr i 0 FIG 6
is a cross-g@@?Fo#?pe&gimﬁ%gk?ﬁéﬁghE@?@%ﬁg oy&g%%ﬁggggﬁgﬁggaak%ﬁé%%|ne 6-
6. [0013]invehi@en.7 is a plan view of the substrate of FIG 5 with conductive

of e subs| POL CHREp 0P« SRR lfnd WEAGH Bt Syflsoft GRARTEBRANE o T

| NVENTI ONn¢ 0Q15] I n a flrst aspect thls invention relates to substrates

Such Subst 1 S0 eI Che tERMT el ALt FoM Rt PG {0k Paghl * PODABORI & 1

is a pl arosmingw of a substrate core 10 that may be used in one aspect of the

i nvention. 2 i Ccross-sectional w of the sub a of FIG 1
L oo 1 onglL A &6 2R SR B hBE Bt et utas cakSr Ty bl anar
sheet of lmeual alloy, which may or

[0011] FIG. 5 is a plan view of the substrate of FIG. 3, with an insulating coating.
[0012] FIG. 6 is a cross-sectional view of the substrate of FIG. 5, taken along line 6-

[0013] FIG. 7 is a plan view of the substrate of FIG. 5 with conductive tracks on the
insulating coating.

[0014] FIG. 8 is a cross-sectional view of the substrate of FIG. 7, taken along line 8-

DETAILED DESCRIPTION OF THE INVENTION

[0015] In a first aspect, this invention relates to substrates having a metal core that
may be coated with an organic insulating material. Such substrates may be used in electronic
circuit packages.

[0016] FIG. 1 is a plan view of a substrate core 10 that may be used in one aspect of
the invention. FIG. 2 is a cross-sectional view of the substrate core of FIG. 1 taken along line
2-2. In this example, the core includes a generally planar sheet of metal alloy, which may or
may not include holes or vias, such as 12 and 14.

[0017] In some embodiments, the substrate core can have a thickness of about 10 to
400 microns, or more specifically about 20 to 200 microns. In specific examples, the core
can have a minimum thickness of about 10 microns, about 20 microns, or about 30 microns.
The holes can have a uniform size and shape. When the holes are circular, the diameter of

the holes can be as small as about 4 mil (101.6 microns). The holes may be larger or smaller



may not include holes or vias, such as 12 and 14. [0017] In sone

enbodi nents, the substrate core can have a thickness of about 10 to 400

m crons, WO 2novE43speci fically about 20 to 200 microns. POTASe@90#T60
exanpl es, the core can have a m ninumthi ckness of about 10 m crons, about
20 mcrons, or about 30 mcrons. The -3ol es can have a uniform size and
shape. Wien the holes are circular, the dianeter of the holes can be as

smal | as ,ahQudsad, Wich tlfe%m@orf@h@tﬁﬁ@ﬁ)les O RrRhEShTEYc BRIl ARG N tRM1azh®! | er as
necessary, with the provision that the holes are |arge enough to

accommodaprlieg|in Sltbﬁﬁéluprawcgssal@pwwt Pesominssbefietd- processi ng, wit hout

becom ng obgjeigrt ed on[egQé!tﬁglle tRe RIAE EXBTRA Be ath fiEn. %k@llallff\J?rs%cI?Q@Il\b\eA RN
i ron-ni ckel alloy, such as I'NVAR, (tradenark owned by | nphy A, 168 Rue

de Ri vol i(tradegmaiks owRed e fmpleyng i Ai np3aiipe odd ratcdi yPagia. isinghit C‘p@?l@serr& iron
and 36 er mal
expansi on PUSHAERCEF ke Elion Ih Spdal R dhE Refal BAEPSHL Ao Ao e
el ectr on|ceefﬂelvnt®é$he(reaqul:,)an@1hn p@)npar'ﬁhleso praopighe sili¢an rdfégualalhﬁbé tq fabmawer to

prevent f%‘ctlr(%{{l dQVlc d(p écéﬁ)e glaﬂé{( ert(j{u Qi[eg}!i? eel%s(g ?@ VeAE kaifdfe gfma‘l | er

scal e |l ayers ernma I'ng in storage or
nor nal USB.éhes{v@@dlﬁt]S bIetWepm swiceriskly lkngavwr ssubart srcalbéawetshﬁta ¢hiye baatbeshckaze ] NVAR
core, ala has bFen applied to all surfaces of the I NVAR

% I of ﬁg};ger. r’rFt al
core to ProW BEMEHOF IS EESALETH YY. The | ayer of copper typically can
have a thi ckedsps o freviously kaovld sobseh@$ shat Hawaiearan INVAR Woek, belagasof abl e to

have substrates an | ore_that do ncl ude a op er oatl ng.
00507 PR A ] QARG PRRER: (8 o HIGLE RIS Abh e o K Jevesd t he

surface @bndubgvilyl OeNb gt @ cEPee typasally B&Uhatve ianthickes$ 6f Fadhi 10 Bf mEesHs0Si on
products. These chem cal changes can be accel erated at el evated

benper at ABEYeTFi ogkHdlerableds s  HotiHes e ps AN Bk Cpis s Ao gt iagfude

i ron-ni ckebpmk b@¥ingore W thin 24 hours under the Autoclave test conditions
set forth in the I PC-TM 650 protocol, even when the corrosion products do

not form und¥20kt aWéhra uaﬁ%ieé ﬁN%Bé@geuP@leé%ﬂbﬂed@P@wak dargengt e petcooheeks.

It woul d jpeidesickaop: E&h F@sﬁ‘l’t % 7R fdRafi HPEér%loﬂf SRIKOS TR RhEdKGE S on
the iron-nickel core. [0021] In another exanple, %e core material 1s KOVAR
(t r ademarcRangps @arhseaseaderated at elevated temperatures. For example corrosion products may

be formed on an iron-nickel alloy core within 24 hours under the Autoclave test conditions
set forth in the IPC-TM-650 protocol, even when the corrosion products do not form under
standard ambient pressure corrosion testing after 2 weeks. It would be desirable to minimize
the formation of corrosion products on the iron-nickel core.

[0021] In another example, the core material is KOVAR (trademark of Carpenter
Technology Corporation); an alloy of about 54% iron, 29% nickel, and 17% cobalt. KOVAR
is a nickel-cobalt ferrous alloy designed to have a coefficient of thermal expansion that is
compatible with other materials used in circuit assemblies.

[0022] 1In one aspect, this invention uses a chromium conversion treatment to
passivate an iron-nickel alloy substrate, which is then coated with a coating of dielectric
material. The chromium conversion treatment is utilized as a passivating agent for
preventing corrosion which can occur under the high pressure/high temperature humid
environments normally seen in autoclave testing.

[0023] FIG. 3 is a plan view of the substrate core of FIG. 1, with a passivation coating
16 applied to the surface of the core. FIG. 4 is a cross-sectional view of the substrate core of

FIG. 3, taken along line 4-4.



Technol ogy Corporation); an alloy of about 54% iron, 29% nickel, and 17%
cobalt. KOVAR is a nickel-cobalt ferrous all oy designed to have a

coef fi ci ewD 20fo/ml3sn mal expansi on that is conpati bl e w t RCotusee09m8d660 | al s
used in circuit assenblies. [0022] In one aspect, this invention uses a
chrom um conversion treatnent to passideate an iron-ni ckel alloy substrate,
which is then coated with a coating of dielectric material. The chrom um

conversi on WL 0281 Metonk Sspekd, Itﬂlszﬁgerﬁ%n%r&@&ﬁ'a\/rﬁéth(ﬂﬁarﬁ Earaﬁl%m@g gMaRhi NY
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envi r onmeAbaNgeENoPIEe enPISHYHIPEAEP MY BT LYY A or KEYLSR cme@ub%ratesthat pl an

view of the §s‘ébc§1t Jd%s‘?o&ﬁée‘? tQf rdfuffed %y (i iﬂt-@h@é‘ﬁﬁ%fé%fcblonﬁ@ﬁid - érfﬁ) appl i ed
to the surface of the core. & iS a cross-sectional view of the

subst r at @raerobspsfifiFy &6 murm&tk@wea%@ng line 4-4.- A- [0024] In one aspect,

this inventj I oMl

hexaval ent E@?gﬁ u%ﬁrg@ﬁlggggiﬁ{?%% :iilnlgig g‘é@%ﬁ g{e %tsﬁl%{ Rl%/i%s[ oé(ﬁkm&qgé rR e

subst r at end KbMAR miptapagss 1atheéd1ﬂm’eng)wap®®|8 test required by the | PCTM 650
protocol. The I PC-TM 650 protocol i){l 1es a 96 hour autoclave test.

[ 0025] Chrom um conver si on passi vat| on"treatnents have been applied to

I NVAR and KO\/AR nekraireano¢ne O IINVARearkloKOYWRngibetxadpdres in dnx Ahydine plocess

Pr et r eat ment | NVAR and KOVAR substrate cores in an Al odine process using
the foll 61\5\]/111%81e§? e HYPSRi dol ene 298 C eaner: 130 OF; 120 sec; i mersion
with agitation 2) hHmm®i&ilaw 2‘5&@1@1@5esooantﬂoesact,;imﬁﬁrsﬁﬁayltmigﬁthn@gi tation 3)

Spray tap rinse (water bott | eﬁﬂ)ig 1g m Xt ur anbi ent; 150 sec; no
agi tation 5) |nmersi oh™F4p! msﬁnﬁ]in]é‘ﬁ?t (Styesuidh ag)\ﬁ % agitation 6) Spray
tap water rinse (vgt erspﬁgttgtpl ke GRgerANoard) ne 1000: anbi ent; 300 sec; no
agi tation 4)  DeOx 6/16 mixture: ambient; 150 sec; no agitation

5) Immersion Tap Rinse: ambient; 60 sec; with agitation

6)  Spray tap water rinse (water bottle)

7a) Alodine 1000: ambient; 300 sec; no agitation

7b) Alodine 1200S: ambient; 150 sec; no agitation

7c¢) Alodine 1600: ambient; 300 sec; no agitation

8) Immersion DIW Rinse: ambient; 60 sec; with agitation

9)  Final spray rinse DIW (water bottle)

Steps 7a), 7b) and 7c) are optional alternative steps. If used, only one of these

steps is used in a particular example.
Example 2
Pretreatment of INVAR and KOVAR substrate cores in a Metalast using the
following steps.

1)  Metalast 1000 Cleaner: 120°F; 120 sec; immersion with agitation

2)  Immersion DIW Rinse: ambient; 60 sec; with agitation

3)  Spray DIW rinse (water bottle)

4)  DeOx LNC: ambient; 180 sec; no agitation

5) Immersion DIW Rinse: ambient; 60 sec; with agitation

6) Spray DIW rinse (water bottle)

7)  Metalast TCP: ambient; 300 sec; no agitation

8) Immersion DIW Rinse: ambient; 60 sec; with agitation

9)  Final spray rinse DIW (water bottle)



7b) Al odi ne 1200S: anbient; 150 sec; no agitation 7c) Al odine 1600:

anbi ent; 300 sec; no agitation 8) Immersion DIWRi nse: anbient; 60 sec;
wi t h agi twi20r0/@335Fi nal spray rinse DIW (water bottle) SCems2000)04966b) and
7c) are optional alternative steps. If used, only one of these steps is
used in a particul ar exanple. Exanples2 Pretreatnent of |NVAR and KOVAR
substrate cores in a Metalast using the follow ng steps. 1) Metal ast 1000
C eaner: 12006} LACESBfples MBI S, AN WMokidiAGigré@tch@Rnd) wlTBpRiORK oMy R nse:
anbient; 60 sec; with agitation 3) Spray DIWrinse (water bottle) 4) DeOx
LNC. ambit@peraurgy Bieceleanr Bidodopei 98 w9s tnmhied gieonnmpsion Rt d3eH f%rn%ur@nt 160
sec; wt tkl@(géﬂe%g qpa\@la‘tﬁp [ha)] TR C(ﬁﬁ@raﬁc\@{at MbaRAt 1t0b@ kledder B %ﬂ);ﬁ&ﬁ viCP

anbi ent; 300 sec; no agitation 8) Immersion DP>V R nse: anbient; 60 sec
with agi tuamue@wng) I HFAfat 2 sypr. dyletplasid 0(D1s \ay {ilable dionbietalast) ngorE)nal, ﬂnCExarrpI es 1

and 2, aI I di retr :gﬁm p Sﬁﬁ? re. The
cl eaner g@gﬂ 2%%5’?,\,3@6;3%p lzg }ﬁ@nﬁ{@s @I %Jr% lgoqe T%Béﬁ?ﬁeﬁ "rﬁfo& doI ene
298 is amxeﬁbléesefvre@m &Heawkiefttcmﬂlplonaffh@ﬁch m@h@stcomﬁmed by emm@ﬂmwal@ appl i ed

via imrersi F a ajl t al ast
I nternati gna uO%P flbt%%?ljl %Mthg% %Og%%n EOXI ze?\rfllg Staﬁgiet% o gnﬁg\)\/%l | abl e
from I—|enl2[@able(]:cnhpws eerpﬂns oba&x ab/Iivar s@r viesknas can bacomlroﬂéd:hy &mtmﬂmg the The
etch rat n ﬁ. &ntro Ig?@y ntroLllngthe acid fluoride concentration
and/ or t léne TRIETL I IS PRSI {hET 468 G PeCMOTs applied to the core. Table 1
shows exanpl es of how amrabrvarbDeoegiieet hifekoeBsacanTie control | ed by
controlling the tinme for which it is exposed to an acid etch sol ution.
Tabl e 1. Deoxidizer Effect on Invar vs. Tine

Deox Time Invar Thickness
(min) (nm)
0 60
2 53
3 51
4 44
5 41
7 30
10 18

[0028] DeOx LNC is an aqueous deoxidizer available from Oakite.

[0029] Both hexavalent Cr and trivalent Cr treatments can be used to passivate metal
surfaces. The reaction mechanism is different, hexavalent Cr is reduced to trivalent Cr in an
electrolytic reaction with the substrate (substrate is oxidized). Trivalent Cr treatments can
deposit their Cr onto the surface via metathesis (exchange of anions with the metal surface).
In both cases the final product may contain an insoluble Cr (III) oxide which acts as the
passivating layer. In both cases the treatments are typically referred to as chromium
conversion coatings.

[0030] Alodine 1000, 1200S and 1600 are chrome conversion treatments available
from Henkel Corporation. Alodine 1000, 1200S and 1600 serve as passivation solutions.
Metalast TCP-HFI is an aqueous trivalent chromium pretreatment available from Metalast
International, Inc.

[0031] FIG. 5 is a plan view of the substrate of FIG. 3, with an insulating coating
applied to the passivating coating. FIG. 6 is a cross-sectional view of the substrate of FIG. 5,

taken along line 6-6. Tirst and second layers 18 and 20 of an insulating material are



Deox Tinme Invar Thickness (mn) (nmm O 60 2 53 3 51 4 44 5 41 7 30 10 18

[ 0028] DeOx LNC is an aqueous deoxi di zer avail able from Cakite.
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26 and 28 can be deposited on the walls of the openings 14 and 16. [0032]
The followi ng exanples illustrate the preparation of an el ectrodeposition
coating and ilts use inmgealiénkg passi vatied porti pas bgfwieipie substrate core.
(in grams)

MAZON RTM. 1651 150.0

EPON .RTM. 880" 755.3

Tetrabromo bisphenol A 694.9

TETRONIC .RTM. 150R1’ 0.2857

Aminopropyldiethanolamine 114.7

Diethanolamine 49.57

2-Butoxyethanol 382

EPON 880 48.3

Crosslinker® 1195

'A plasticizer, commercially available from BASF Corporation.

*An epoxy resin available from Hexion Specialty Chemicals.

’A surfactant, commercially available from BASF Corporation.

‘A polyester prepared according to Example V of EP 0 012 463, and diluted to 90%
solids in 2-butoxyethanol.

[0033]

150R1 were charged to a 4-neck round bottom flask fitted with a stirrer, temperature probe,

The MAZON 1651, EPON 880, tetrabromo bisphenol A and TETRONIC

and Dean-Stark trap under a Nitrogen blanket. The mixture was heated to a temperature of
70° C and stirred for 15 minutes. The heat source then was removed, and the
aminopropyldiethanolamine and diethanolamine were added. The reaction mixture
exothermed to a maximum temperature of 176° C after about 10 minutes. The reaction was
allowed to cool to a temperature of 135° C over an hour, the 2-butoxyethanol was added, and
the mixture was further cooled to 125° C. The mixture was then held at 125° C for a total of
two hours from the peak exotherm. The second charge of EPON 880 and the crosslinker

were added and the solution was stirred for 2.5 hours at 125° C. The reaction mixture (3428



Exanple | The foll ow ng exanpl e descri bes the synthesis of the cationic

bi nder used in the el ectrodepositable coating bath described bel ow. The

bi nder wawopompanisd fromthe foll owi ng i ngredi ents: A plPasttiseemon9660
comrercially avail abl e from BASF Cor poration. 2An epoxy resin avail able
from Hexi on Specialty Chem cals. 3A surfactant, commercially available from
BASF Corporation. 4A polyester prepared according to Exanple V of EP 0 012
463, and pdid) Ut RpotiRd AR s0lutids of &lﬁm@lﬁc%Rg%t Q) disdoRR331 adibsizMAGEN 1651,
EPON 880, tetrabrono bi sphenol A and TETRONI C 150R were charged to a
4-neck r6lLAYd BEEt BAOr|sHeR Reitatian whie epeshqur ragitatione ap arditionad a1o8peot and
Dean- St argkiohiz&P wHidd £597@ pNitd) WRY &R GRS vield B8 Midfeklich MR Nea 24 he. a
tenperature of 70 C and stirred for 15" m nutées. The heat Source then was
renoved, valdletccheterini nopr opyl di et hanol ami ne and di et hanol ami ne were added.
The reaction mxture exotherned tog IF{@éiﬂr’mmterrperature of 176 C after
about 10 minutes. The reaction was allowed to cool to a tenperature of 135
C over an hour, tHBigeputpdxshetvhairoprepgioadded ungalidd chienmm sobpipeedviashef ur t her

coul <0, | Syt AL RS, LSO Rluldl St B ielofl

cr ossl i nkellowiey img@didatd: and the solution was stirred for 2.5 hours at 125 C.
The reaction m xture (3428parts) was poured into a solution of sulfamc
acid (49.5 parts) dissolved in deionized water (1287 parts) under strong

agitation. Affter one houfred@itd ati on, an addi ti opats bgrweipiit of dei oni zed
wat er (3970 parts) was added slowly, yielding a disgefisi on having a 30.2%
no n volatileppoNert. Exanple TT This lexappl e shows the preparatj on of an
ungel | ed cati nr)i c_soap used | n the slynf hesis of the mecr ngpl m(anrpl e shown
bel ow. The catiipherel dodbylsisoxpskeagdiiced fr¥h the fol | owi ng ingredients: A 1/6
mol ar adduct [gfiJRERpRENol A ethyl'ene oXige aval 'abte from BASF Sur factants.

2-Butoxyethanol 187.2

Benzyldimethylamine 1.4

Benzyldimethylamine 3.0

Diketimine” 182.3

N-methylethanolamine 85.2

Acetic Acid 105.9

Deionized water 1065.9

Deionized water 735.9

Deionized water 1156.4

Deionized water 867.3

'A 1/6 molar adduct of bisphenol A/ethylene oxide available from BASF Surfactants.
‘A 71 percent solution of the reaction product of diethylene triamine and
methylisobutyl

ketone in methylisobutyl ketone.

[0034] The EPON 828, bisphenol A-ethylene oxide adduct, bisphenol A and 2-
butoxyethanol were charged into a reaction vessel and heated under a nitrogen atmosphere to
a temperature of 125° C. The first portion of the benzyldimethylamine was added and the
reaction was allowed to exotherm to 180° C. During the exotherm when the reaction reached
160° C, a one hour hold was begun. After the exotherm peak the resin was allowed to cool

back to 160° C, continuing the hold. After the hold the reaction was cooled to 130° C, and



2A 7 1 percent solution of the reaction product of diethylene triamne and
nmet hyl i sobutyl ketone in nethylisobutyl ketone. [0034] The EPON 828,

bi sphenolw@-2etdmhisme oxi de adduct, bi sphenol A and 2- beCoRsetANEH0 wer e
charged into a reaction vessel and heated under a nitrogen atnosphere to a
tenperature of 125 C. The first porti-gn of the benzyl di net hyl am ne was
added and the reaction was allowed to exothermto 180 C. During the

exot her mtm&nH%rtfoﬁ@@Bé&pldfmghﬁﬁné@@s fdded® PRENBYE whOhGl WaSobegbs: After

t he exot herm peak the resin was | owed to cool back to 160 C, conti nuing

t he hol d.exigpo edtqﬁexwwakntewlé@@ﬁ iLBF- viisthe peetd eRpxy SguivElens Ngighe theecond
portion ofkcRENEMhENBLAY LTI NER cRAIED in INLeLBAGE! BP miBSrRBlsdidledl 30 C to
an extrapol ated epoxy equival ent weight of 1070. At the expected epoxy

equi val et cxgshagintto apprexigiakady il H°re avh dheNpesbs tehythemh angie dwith bolderae baglded i n
successi I d 150 C.
A The po S B A O G R TR et o
to cool twoR®l@onAffttee acdtie agnkdivoivedhiolthe fire ppemmﬁ/vbﬁg)rmeépmt@edmmt 0 a
sol ution th i i zed

wat er . TﬁlgSp%ﬁ 1?%3% g?%(!ﬁr r\?\gus (?gt%gﬁﬁe gucé f‘rﬁd {o%ﬁi;g@‘é%%&foﬁ Zgg%a?e fourth
porti ons Taf rebeltippiczdchiovatap was 'ﬁh@lunesuppadn@tibm'eirmuhﬂlssmmp ke@se Waclwiin

stri ppedlun il @gg met hyl i sobutyl ketone | evel was | ess than 0.05% Exanple
11l This %?(Lﬁ%p ‘hows the synthesis of a cationic nmicrogel fromthe
cationi c epoxy soap described above in Exarrpl e Il. The m crogel was
prepared fromthe follow ng ingredient 0035] The dei oni zed wat er was
added to the cationic soap of Exanfbj hnd the mixture was heated to 70 C
under a nitrogen bftankeimpld @@@H@Is&a&sgwm icmmmlca@dpdomvmé cddonid nut es
with good agitation. The nethylisobut yFI ket one was added as a_rinse, and
the m xt GPENHQEP Aescrbesabgee @%’@PIPJEH mlRePaEoLet s RreRGd Eowabe (o Heat ed t o
90 C overnpfQighiAut es and held at this tenperature for 3 hours with good

m xi ng. The dei oni zed water was then added and the m xture was cool ed

yi el ding a m crogel

di spersion at 18.9% non-vol atile

Ingredients Parts by Weight
(in grams)

Cationic soap of Example II 2517

Deionized water 443

EPON 828 (85% in methylisobutyl 66.4

ketone)

Methylisobutyl ketone 5.81

Deionized water 337

[0035] The deionized water was added to the cationic soap of Example 2, and the
mixture was heated to 70° C under a nitrogen blanket. The EPON 828 solution was added
over 15 minutes with good agitation. The methylisobutyl ketone was added as a rinse, and
the mixture was held at 70° C for 45 minutes. The mixture was then heated to 90° C over 70
minutes and held at this temperature for 3 hours with good mixing. The deionized water was
then added and the mixture was cooled yielding a microgel dispersion at 18.9% non-volatile

content.

Electrodeposition Coating Bath and Coatings

Example A



content. Electrodeposition Coating Bath and Coati ngs Exanple AThis exanple
shows the preparation of a blend used to prepare the coating bath descri bed
bel ow i n Ewanw/E4381 The bl end was prepared fromthe fol PORUSgoM0MgIeedi ent s:

[ 0036] The el ectrodeposition resin of Exanple 1 was placed in a container
under slow agitation. The ethyl ene gl-wcol nonohexyl ether was added to this
resin slowy under agitation and stirred for 30 m nutes. The deioni zed

water was then addegls tQunighd ShdWsxhé!bRpafai@™dt £ bBnd hk& RXRepke 1showend he
preparatl on of a second blend used to prepare the coating bath descri bed

bel ow i n bethalsgsrribeddbelom i %1&@@19 %Ehedﬂ@}ﬁlaw@rmreaé@mhe folawing|ingsodienss: cat al yst
to the blend of Exanple A: 'Catal yst paste, available from PPG I ndustries,

Inc. The above ingredients were mxed under low agitation for 30 m nutes.

Exanpl e C The second RanMasfialExanpl e B was addédrts by Whighbl end of |[Exanple A
under agitatijon. Approximately 1720 grans of pernéagenwere renoved fromthe
coat i ng bat h |\iagonit Epadfyi High MW ovith t he pel0g@dt e bei ng repl aced w th
dei oni zed wat|@plyesidrex-linkaal pH and conductivity of the ultrafiltergd paint

were 5. 08 and (B&fpié Or osi enens respecti ver The rreasured solids gf the
ARl

t ank 1 hourat+—310-—O—wrs—9-—43% EXall Bb—The—eleetrodepositable coatin
corrpogi tion cﬁ@%‘ﬁ&%&%ﬁﬁmﬁgﬁﬁ%ct ropgn etically appli ed to passi vat ed °
substrate corleiisoesn the el ectrodepositijoaqbath at a tenperature off 85 F for
45 to 240 seqopgsmpd3)l. 0 anps / 4" x 6" square substrate dependi ngon
desired coati nn thickness. The coating voltages can be, for exanplie 150,
200, or 250 \ltWaterThe coating can then %876ured (e.g., for 30 mifutes at
240 C). [0037f The substrate can be circuitized to prOV| de conductors on
the insulating material. FIG 7 is a plan view of the substrate of FIG 5
wi t h conductQ0del t r Hskedecgodepgsitiemresih el Exasuilat agpleesdtin mgontdEnaGun@rislowa

Cross- Se%&l‘te&%ﬂl ”Wl %‘£h91 né Qﬁfc&uﬁl%}l(ﬁ%&ﬁ &flerF\IV%' ac?dedttgktﬁﬁ I%Ligns(i’owly under

agitation and stirred for 30 minutes. The deionized water was then added to this mixture.

Example B
This example shows the preparation of a second blend used to prepare the
coating bath described below in Example C. The blend was prepared by adding the following
catalyst to the blend of Example A:

Raw Material Parts by Weight
(in grams)

E6278! 13.0

1Catalyst paste, available from PPG Industries, Inc.
The above ingredients were mixed under low agitation for 30 minutes.
Example C
The second blend of Example B was added to the blend of Example A under
agitation. Approximately 1720 grams of permeate were removed from the coating bath via
ultrafiltration, the permeate being replaced with deionized water. The final pH and
conductivity of the ultrafiltered paint were 5.08 and 566 microsiemens respectively. The
measured solids of the tank (1 hour at 110° C) was 9.43%.
Example D
The electrodepositable coating composition of Example C can be
electrophoretically applied to passivated substrate core from the electrodeposition bath at a

temperature of 85° F for 45 to 240 seconds at 1.0 amps / 4” x 6” square substrate depending



line 8-8. The assenbly is nmechanically robust and provides for efficient
renoval of heat fromthe el ectronic devices that can be nounted on the
subst r at evO[20088¥35hn anot her aspect, the invention encorpadse®omd9eet hod of
maki ng an electronic circuit assenbly. The nmethod conprises: (a) providing
an iron-nickel alloy core; (b) applying-a chrom um conversion |ayer to at

| east a portion of the iron-nickel alloy core; and (c) applying a

di el ectriog Qi d?)ﬁtlﬂ%)th?ekflésﬁ StThe %Iua%evo%gets h&n BRI RRiMAONYEI BOH: bayer. In
this exanple, a mnet core is formed first, and then any necessary

pr et r eat rrelit sThegpaingean then boerech@-2appn I0amonenat 24BUek er i ng, pl ati ng

pat terning, (ﬁ)%‘?{ afiR SHRSKAUSRtHYcitRRiAEW JrR2R9LonlinBol & @&T flsGlaGRAt | Ng
can be applied to the exposed surfaces of the core to forma confornal

coati ng treari@bnlIGAZ isspen Yiew ef e sebstratoof BIGral withfqongrcgive gasks W@Qro@fﬂ@rs to a
filmor Ql%ﬁfahgg &%}{g ”91@ 8S bas&é&ts‘e&lonéﬁ oy, e H@siﬁglﬁét&fegusﬁ(} "9’“ egﬁy orms to

the core topo i ncl u Phe surfaces prefera not
occl udi ndine Bel. e§h¢ nssmhblyos)mchaﬁtv@llrhrwuetcmdl mogdat fongfficichimentoivelkefewst can be,

for exang}g%mg %&ﬁﬁﬂxﬁv@@ ng%gﬁﬁ &ajéihle SH{éIﬁ]thlckness is desirable

for a vari reasons or exanp ectric coating having a | ow
f|InlthlcknEMBSHILmMBmﬁMﬂ spedt] dr svatt@ncencompbssys. a 00H0J dfnmakiog her

aspect, e invention bstrate inclu n i ron-ni ckel all oy
cor o havigraerterel By fEradngthnade S tfedt BmokrE B Fer 1o’ a
| east a pOYdppBingaf cHréi@iuint mVaIsl@k(ﬂyelaﬂoldbyea@tof@rtman@k thb@ohalckd alby véras, and a
dielectric east. a po tion of@%ge chrom um conv rS|o§hIayer

atin
e of et S anse Muteri S BUp S ! B! ehlie st LR RSO et

t hi cknesshiotxalodita healt @rd B0foh&r @RS an®@kheARRE nsREGH pregéduyerdd)Qillecd t 0 200
mcrons. In specific exanples, the core can have a m ni num t hi ckness of
about 10Cﬁ?E%@H@““%%bﬂ$“@@th@PH%%ﬂwH?m%ﬁﬁdFe%@“WP@FB&QP“ﬁhe core thickness

can be cont [gaded e &&eétﬁ@lc&duag cﬁﬂi‘@e agplfidftbw&@@se@@nmg bakieonrand/ or the
time for which the acid etch is ap to the core, as described above. In

some exanpies confeiamal eqafipe BlﬁfepﬁeAélué‘?%eéfﬁn g "corarnpd] Bl piocoptieg tefircioress of

the core gan,De, /RO Havidg %ul&%lfanéﬁ&uhmﬁurﬂq thidkBedS SR LdpkdInS Qb ede abltows t he
use of small hol es having sidewal K that can be conformally coated with the

descr i bedonoggphatincdliveode swdgsesithiabutppiglpgrbhy noFegclugigipeles inghg Qorgi cr on
core can T'h@%hé‘l&@rlc coating film thickness can be, for example, between 5 and 50 microns. A

lower film thickness is desirable for a variety of reasons. For example, a dielectric coating
having a low film thickness allows for smaller scale circuitry.

[0040] In another aspect, the invention provides a substrate including an iron-nickel
alloy core having a plurality of holes or vias, a chromium conversion layer to at least a
portion of the iron-nickel alloy core, and the holes or vias, and a dielectric coating on at least
a portion of the chromium conversion layer and sidewalls of the holes or vias. In some
embodiments, the core can have a thickness of about 10 to 400 microns, or more specifically
about 20 to 200 microns. In specific examples, the core can have a minimum thickness of
about 10 microns, about 20 microns, or about 30 microns. The core thickness can be
controlled by controlling the acid fluoride concentration and/or the time for which the acid
etch is applied to the core, as described above. In some examples, the ratio of the diameter of
the holes to the thickness of the core can be about 2.5:1 or about 3:1. The use of thin cores
allows the use of small holes having sidewalls that can be conformally coated with the
described insulation coatings without plugging. For example, a 20 micron core can include
holes as small as about 50 microns, or about 70 microns. In another example, a 30 micron

core can include holes as small as about 90 microns, or about 100 microns.



hol es as small as about 50 m crons, or about 70 mcrons. |In another
exanple, a 30 mcron core can include holes as small as about 90 m crons,
or about WOQorwwuisms. [ 0041] The conductors or contacts eam/useoosssed by
chem cal, nechanical or |aser ablating or using nmasking technologies to
prevent coating application at sel ected- areas or otherw se renoving
portions of the dielectric coating in a predeterm ned pattern to expose

sections of [Goae] el Bl donG@lidrY of COHMES daEeCRFBed BYEheARRNL YihABafcd }Y 8fsei0f et al
to portions of the dielectric coating to form conductors and contacts.

Met al | i zablréig of utitgemgikéngeterodogies 40 ipreyentaspating applicios ot elegiek drepo0f or m

contact s ARl CORARG IR R @k ¢ @Rt dilBedid %oa‘ii‘ﬂ{g 2GS rQfetehifiedbilEeid bpo&oat i ng
| ayers. [0042] It should be understood that any of the processes of the

present isertient dlothe elasiriraltyl adéuctme car. andragplaiddiatlumal nstag pspatietioutthe
departi nglieflé‘cgrg| éoqgrcljgs &)OB?IBOJOH(?]IR%I‘é gP/cFE'cgn?a{cts. LM%ﬁngtﬁm fnﬁe ql, ‘ﬂe%{ricl é&aH\Q‘r ch the
may g

steps are perforne e changed as necessary, w thout departin romthe
scope of layaes ¢anvast borsed POABH Snragstand ewniledyrs edireut itn tec sufadant gheni th t he
above ex%ﬂm%g§(§%%%q%mkgstlng required by the | PC-TM 650 protocol. The test
sanpl es include e core, passivating coating, and dielectric coating.

[ 0044] O hef00dRRhn It shaufiebaopeleatood ghae x@anql ths prooessaashditie otdeatrnmvaeon nch cat ed,

al | nunber Xpressin ntities of ingredients, reaction. conditions and
S0 forth UM Th onaoSpLrPrHay B ai! BT HE bp U8 PPyl as bei ng
nmodi fi ed Likewade| thie vsdcdNC@Bich yhet Jags tagy parfoab@lihay bAcaagdi Rgleyessaiy) lvag®ut
indicated to.the cqntrary, the nunerical paraneters set forth in the
foIIomﬁngm%%@%?gﬁEg?ﬁ&ﬁ“&ﬁﬁw£PFgéﬁbd claims are approximations that may

vary depend{odg3posirichigesd@biida®d iAra@edince sihoughboveexbRpRbhadsaetsing t he
present invention. At the very least, and not as an attenpt to |imt the
appl i cat irespirgd by HBe dBet!M-qed chOt%‘i%i Ve dlfitt sapglep H’éd‘é‘%ptée 6P RESSRHigrs, each
numer i calcofabadmatd@eciiauhghgat | east be construed in light of the nunber of
reported significant digits and by applying ordinary roundi ng techni ques.
[0045] Not wi90Ad} andihpiy faRain thAeonsTAYEE i APPFanje Whefa dPhray fetdrded etlt | ng

forth the,phoad seQRe Qfanki€ JrIYEMILRD r8cBoRPHIRNTBEY Q9 Fort REINKTRY | Ca
val ues set forth in the speC|f|cﬁ§xa$EIes are reported as precisely as
?f

possi bl e SPesifigaviemend; daims gis) (o un s beingapdified i all instances by the term
"about." Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.

[0045] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical values, however, inherently
contain certain errors necessarily resulting from the standard deviation found in their
respective testing measurements.

[0046] Also, it should be understood that any numerical range recited herein is
intended to include all sub-ranges subsumed therein. For example, a range of "1 to 10" is
intended to include all sub-ranges between and including the recited minimum value of 1 and
the recited maximum value of 10, that is, having a minimum value equal to or greater than 1

and a maximum value of equal to or less than 10.



contain certain errors necessarily resulting fromthe standard devi ation
found in thenrespective testing neasurenents. [0046] Also, it should be
under st oosiotzheXo1a3sy nuneri cal range recited herein is i rCeEndeaIewssncl ude
al | sub-ranges subsumed therein. For exanple, a range of "1 to 10" is
intended to include all sub-ranges beteen and including the recited

m ni mum value of 1 and the recited maxi num val ue of 10, that is, having a
M ni num val gﬁ) 480 UaWhiRasar@iuB@atRbodifafs f AdinFenliBX hilMevRbiseril saHal to or
| ess than 1 [004;% Wiereas particul ar enbodi ments of this invention have
been desd?l PEBOEHOY dllysEptiqayitpydb e srident osthpset skated ing thgiarg thele neergent ¢ o
those Sk'vtﬂlleﬁgné Br IRt of RRt r@ééﬂfelngéjﬁloﬂ qﬁd A QAR @fthotuh@e[g@c{n%' ilrém Qfe the
present invention nay be nade wi t hout departure fromthe invention as

defi ned iinventien asdplrvdaelthelapparded 048] As used in this description, unless
i ndi cated t o r [ ter 0 ns t hat
may vary deg) gfnggﬂg%ﬂ l%ﬂhtgltsgl% %‘?’?g@[ p@?ﬁ%?ﬁ%{gﬁsﬁl}ﬁ '?5 n?rggggﬁ eoﬁﬁlg(?%gg by the
present ipasaewtersore apphersmaamk thaLunt@y 'vatmHeH@aqhagmm(mrthfsdmmd:ctjprapertl@a@ghb@

constr ue%e gtalﬂeg h)ty t%]é gnt nl# Thuse Qz?clht %gne?lczgr};a{ra{nf %;ltshg| aE %ﬁ”{%
appl yi ng ordinary roun nlques yplca y nmanufact uring
t ol er ancesnstméd mahglnlmftthe [nﬁﬂlb&] otWepbmaedt hgmﬁmnentglts)mnhlag dwlymgderslmar)bed in
terns of several to those skilled in the art

L rar®vor Ry Pt ety PR G gt RSB E Chout
departing f (0849} hewsilope inkntidiehak hstarnlcicdibedis ts@ts off svehl exaniphe, if @lll tawd ng

claims. What is clainmed js:. 1, As bstrate or an el ectronic, devic ackage
Compr T <t A o rBe ki dhe By e LR shasare by Srtdp s GG o

core; a CRIMPTEUWIEINVIepEipNroRaht B@pendfake Iwagionasper fdr@ninQhe fAIRWER e and
an insulating coating on the chrom um conversion coating. 2. The substrate
of clai m®M$yherein the core has a thickness of at |east about 30 nicrons.
3. The substrate of claim1l, wherein the core has a thickness of about 20
m crons or | ess.



4. The substrate of claim1l, wherein the core has a thickness of about 10
mcrons or less. 5. The substrate of claim1, wherein the insulating

coat i ng cwopoimgasisian el ectrodeposited coating. 6. The ®abatsec@wm4who cl ai m
5, wherein the core includes a plurality of holes having dianeters as snall
as about 50 microns and the el ectrodepdsited coating conformally coats

si dewal k of the holes. 7. The substrate of claim5, wherein the core

i ncl udes vanplsWiahtd ¥: of hol es having diameters as snmall as about 70 m crons
and the el ectrodeposited coating confornmally coats sidewal k of the holes.
8. The substrate of cl &} HHPSIratGeE pplpctiomie depice Packeger@B®rigngl ural ity of hol es

having di aneters as smalio3%iaboliby 98 B £EMAR-nARM L& sGhgFid@deposited
coating conformally coats sidewal k” of the holes. 9. The substrate of claim

5, wherein the core i nglditegua cphvgrsédn cogptingfonayleed atpaiong! teamst eds as sl |
as about 100 m crons aql% 6ﬁSH$H§4 &g&ég&gﬁgg%ﬁ%ngg&%&g?ggﬂlﬁg{ mal |y coats

si dewal k of the holes. € su rate o alm urt conprising: a
circuitry layer positi diredulostratche clans dl. sthereg boatiergs a ickifhreofsalbetstr at e of
claim1, aﬂ&l\ﬁg?gﬂi oLhi ckness of about 80 nmicrons or less. 12. A method of
maki ng a substrate for an el ectronic device package conprising: providing
an iron-nickel alldy cdhe sasstrateed bl 4 nivideah teatorolrs aahickyescof @oapdsl yi ng a
chrom um conversi on coating on at |east a portion of the core; and applyi ng
an i nsul é?lfrﬁﬁs%rﬁ‘ésf‘i ng on the chronium conversion coating. 13. The nethod of
claim 12, wherein 4he iTnsuliathiegfclaab il Nghdrsin aEdoirekhstaahickness of about 10

microns or less.

5. The substrate of claim 1, wherein the insulating coating comprises:

an electrodeposited coating.

6. The substrate of claim 5, wherein the core includes a plurality of holes
having diameters as small as about 50 microns and the electrodeposited coating conformally
coats sidewalls of the holes.

7. The substrate of claim 5, wherein the core includes a plurality of holes
having diameters as small as about 70 microns and the electrodeposited coating conformally
coats sidewalls of the holes.

8. The substrate of claim 5, wherein the core includes a plurality of holes
having diameters as small as about 90 microns and the electrodeposited coating conformally
coats sidewalls of the holes.

9. The substrate of claim 5, wherein the core includes a plurality of holes
having diameters as small as about 100 microns and the electrodeposited coating conformally
coats sidewalls of the holes.

10. The substrate of claim 1, further comprising:

a circuitry layer positioned on the insulating coating.

11. The substrate of claim 1, having a thickness of about 80 microns or
less.

12. A method of making a substrate for an electronic device package
comprising:

providing an iron-nickel alloy core or a cobalt-nickel ferrous alloy

core;



the chrom um conversion coating using el ectrodeposition. 14. The net hod of
claim12, wherein the step of applying a chrom um conversion coating on at
| east a pwotzbowmiadsit he core conprises: applying an aci dpPerais2@oloytsson t o
the core; and applying a passivation solution to the core. 15. The net hod
of claim 14, wherein the acid etch solation conprises an acid fluoride
aqueous solution and the passivation solution conprises an aqueous Cr6+

and/or Cr3+ solution. Xgpryilbe &RéfRcth &hnvékidhPodme WMRNEIsNa HBRiIRIEIS At e is
controlled by controlling acid fluoride concentration and/or tinme. 17. The

met hod ofco%l #dm 14, wherein the core is etched to a thickness of at |east

abOUF 30 mcrons. 18. -EBﬁly{ﬁETaH%uHﬂcingCéo%ﬁQ Ifthe mgﬁlﬁljnpc&nb&s&ﬁﬁ@qﬁing etched to
a thickness of about 20 m'crons or |less. 19. The nethod of clal m 14,

wherein the core i B.et cﬂhédnqt@da)ftq]ﬁi@klﬂew@@fn b onstlatiog ﬂ@a@irlgniﬁsamﬁed #ss. 20.
The net hod, c%fon?ihﬁ'c%hfe?sion"‘&% ti&g%gec&é?&e odifig] udes a plurality of holes

havi ng di ameters as | ow as abou m crons and the insulating coating
conformal | y coats ki dewdkknghod pleclhiol ¢35, wherein the step of applying a chromium

conversion coating on at least a portion of the core comprises:
applying an acid etch solution to the core; and
applying a passivation solution to the core.

15. The method of claim 14, wherein the acid etch solution comprises an
acid fluoride aqueous solution and the passivation solution comprises an aqueous Cr®* and/or
Cr’* solution.

16. The method of claim 15, wherein the etch rate is controlled by
controlling acid fluoride concentration and/or time.

17. The method of claim 14, wherein the core is etched to a thickness of at
least about 30 microns.

18. The method of claim 14, wherein the core is etched to a thickness of
about 20 microns or less.

19. The method of claim 14, wherein the core is etched to a thickness of
about 10 microns or less.

20. The method of claim 12, wherein the core includes a plurality of holes
having diameters as low as about 50 microns and the insulating coating conformally coats

sidewalls of the holes.



