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Contamination from ionic species is believed associated with die failure. See

“Metallization Contamination,” Microelectronic Defects Database, CALCE Electronic

Products and Systems Center, University of Maryland, April 12, 2000 (identifying chloride and

sodium contamination from molding compounds, die coatings, and die attach coatings) and
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Bames and Robinson, “The Impact of Ionic Impurities in Die Attach Adhesives on Device

Performance”, Proc. of 34™ Electronics Components Conf., May, 1984, p.68 (identifying die

attach adhesives as a particular source of ionic contamination).
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FIG. 1 is a scanning electron microscope (SEM) image of a first coating according to

principles of the invention.
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25

30

ndsﬂ%‘éﬁﬁélf% thOB%%ent the adhesive separates from the film carrier and remains on the
specimen, an advantageous adhesion is indicated. A preferred tape for such a test is
Scotch 600-brand office tape by 3M, St. Paul, Minnesota. In tests, all the foil Samples 1-4
retained the adhesive. It is noteworthy that such performance was achieved despite the differing
morphology of the coating on Sample 1, compared with that of Sample 3.

In a second adhesion test of samples treated in the manner of Samples 1 and 3, one end
of each of a pair of 0.006 inch (0.15 mm) thick copper alloy C7025 (96.2% Cu, 3.0% Ni,
0.65% Si, 0.15% Mg nominal by weight) strips was encapsulated in a block of molding
compound to provide a test sample. Samples were exposed to steam at 15 psi (0.10 MPa) for
96 hours and, after cooling, dipped in a 250°C solder bath (60Sn~40Pb) for 10 seconds for
thermal shock. After cooling, tension was then applied to the strips. Untreated strips pulled out

4



25 tape adhesion results. At this point the Si concentration was anal yzed
to be 75.8 ppm (a range 6 WO | 12/ 9773 PCT/ LI S(I 1/ SUEU of 20-150 ppmis
bel i evedwaalezantsgeous). This solution was stabl e for abouPCHUSHYW6ef or e

preci pi _fo?P{;eﬁ}u‘é\lr%{ rég@xgﬁfu‘ﬁﬁ% a dH¥Sof 375 @ggzg% MPta?]’al*Bﬁ HRNRRAL SRR ie silp | S

responsi b ngi ng the shelf of the prating bath. G her

cheni calasd theatongeundi For$ieated strips patedewithitlse spdiymo bpdrofiderephtemingsalutide

al kaline_ or alkali earth netal (preferably othey, than and 5 silicate
CompoundSaTRad) BF tgeidab Y R Cop L e o e SHDA A
describ ver i g | V@i i gk hONS
may b nopfuey FicARhERShod forbl i oxBse 160 pATR0 ME A R S T o,
-For é&xanghg0.38 mm) itidtly CaD4,| Fards Cua 2B 5%k & 1010319 Premd 002 %1 7ih) waeased vl ne

el ectrical and chem cal] paraneters of the platin rocess may be optim zed
For  par tiehenl uTDE ApiivakitroREOB sofiondas Agsenbed Mo 3mplshetn SrpHiaeEmISe: ar o
-Wi thin . ' el ai . Q77 -

PCT/ Lls(%‘ﬁl?@%%f %}&1%3% &%&5’%%5 %gtpaﬁe?i a%r 2’6@%&‘%@@ %lﬁﬂbtéleé\n@ OIET0E ¢ i ng

consi st it@gpdrituig@irded desofibal abowdi nati on of zinc and chrom um
characterized by exposing the itemto an agueous sol ution conpri sing

ef fecti ve anduistbsligfedihatrasssptableresuliganbe opfaingshif BuMine alkalh gctalpare used.

O - cant aini . Cdi . _ ) .
bai dci ngeideppp BRI ool 40 bARGInb AR pr bR, R RN ARAIER, |

i n excessitigfly 56 Bi¥obiRtkdanithihe hydloxNedongdtniwhile ahbbesialtially assocand witlethe
Cr-containing ions are present in major part as C(Vl~ ions. 10 3. The

met hod sliclepmptiel/chrethete spmpownk Farfesrndiffsrenkalkal metalegr e asspcigisdnyifieene or
anount s ,of, ot.her alkali netals.in the .spolution. .15~ 4. The hod of claim
T oner oitth FEBSk Gt Sradend Fis de iRl Shoodly oy GBI ndiar
wher ei N Aib@afiot il bthéshah 8R4l Pefaresind bé pRsatdLitRd Belobr aréa it of OF
coating an item characterized by: 20 exposihg the itemto an agueous

sol Ubi orexgmpissiof pagpitde plading velutionsiand patsimetery ol aie belipyrsl sutrbly forqrlating otror e
ions of alkali

Ls. alkali h | ination ther eof
ot ner 1 AP Rt 5o mf e pict oo Bl B FuCRE Sl iy b g

ions; angdium-free solution to avoid sodium residues and possible associated contamination). An

exemplary electroplating current is a cathodic current of 5-100 amperes per square foot (asf)
(54-1076 A/m®) based on total area (e.g., both surfaces of a foil strip) applied at a temperature
20  of 30-80°C. Preferably, a plating current density of 10-50 asf (108-538 A/mz) and a solution
temperature of 45-60°C can be maintained. The examples include various alternative sodium-
free chromate sources to minimize possibilities of sodium contamination. We expect results

similar to that described for Sample 2 could be obtained.
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In the prior art, a Si-containing compound, for example sodium metasilicate, is typically

" added to prolong the shelf life of the plating solution. The typical plating solution without the
10 Si addition could have Zn hydroxide precipitates in about 0.5-2 hours at the operating
temperature. With the addition of Si, the shelf life of the plating solution is prolonged to a few
days. The solution can then be filtered and adjusted to the specified compositions and reused.
In the foregoing tests, to demonstrate a Na-free or low-Na plating solution in principle,
sodium metasilicate was still added to the plating bath to prolong the shelf life. We believed
15 that a small amount of Na (in the parts per million (ppm) range) in the Si source would not
affect the performance of the plating solution. A Na-free Si source has been identified as
ammonium hexafluorosilicate and examples are given below. Such a source may be used if it is
desired to have a more completely sodium-free solution.
A solution containing 37 g/l RbOH, 2.0 g/l Zn as zinc oxide, 0.5 g/l Cr as chromic acid,
20  and 82 ppm Si as ammonium hexafluorosilicate (1.37 g/l) was plated at 56°C using a current
density of 10mA/cm? for 10 sec. Tape adhesion test results showed 100% transfer of the
adhesive of the tape to the plated metal surface. The same solution was adjusted to 2.35 g/l Zn
and 40.6 g/l RbOH with other conditions unchanged and produced 100% tape adhesion results.
The same solution was further adjusted to 3.14 g/l Zn and 52.4 g/l RbOH and produced 100%

25  tape adhesion results. At this point the Si concentration was analyzed to be 75.8 ppm (a range

6
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combination of zinc and chromium, characterized by exposing the item to an aqueous solution
comprising effective amounts of hydroxyl ions (OH’), Zn-containing ions, and Cr-containing

5 ions and of rubidium ions (Rb") in major part valence balancing the OH".

2. The method of claim 1 wherein;
the amount of Rb" is in excess of combined amounts of Na" and K+ in the solution; and

the Cr-containing ions are present in major part as Cr(VI) ions.

10
3. The method of claim 1 wherein:
the amount of Rb is in excess of combined amounts of other alkali metals in the
solution.
15 4. The method of claim 1 wherein the solution has a pH of at most 13.0.
5. The method of claim 4 wherein the solution has a pH of between 11.0 and 13.0.
6. A method for coating an item characterized by:
20 exposing the item to an aqueous solution comprising effective amounts of:
hydroxyl ions (OH);
one or more ions of alkali metals, alkaline earth metals, or a combination
thereof other than Na, to in major part valence balance the OH;
Zn-containing ions; and
25 Cr-containing ions; and
applying a current to the through the item effective to plate exposed portions of the item
with a coating consisting in major part of a combination of Zn and Cr codeposited with a
flake-like morphology.
30 7. A coated item manufactured by the method of any preceding claim.

8. A method for treating a metallic surface comprising:

exposing the surface to an aqueous solution comprising effective amounts of Rb*,



1000& ()- 1099& ()- 1099& ()- 4444455hH, 4109%09& ()- 10%& ()- #38
| 109 ()- 10984 ()- 10%@ ()- 58565758595: 5cG 41094008 ()- 1090 ()-
(109 (O wBOTILOME () - 0% () - : SKOLENES6a6" = 410% SPBLOEN) -
S! 10% e ()~ a666- 777L8| [ :
SemH100 ){-y( 19?3339l(Oﬂ{gf)/%g.:gfc@tfl e %%?ﬁ&ﬁ?%ﬂtéﬁ%é%& ()- 3 F10%& ()
3 f #1008& () ru@aggagu(rmpt[tm;oaghﬂs SBAO0MRR 76)to pRESHMSLAIRAHED a c@ibiy) SbAGRRe ) -

3s' " 10988 39, & 10% $#100 <<|[:, 41 3f8f#109&& () -
32#10%&‘ t“}i Ofl’fﬁ‘ﬁff l}a(t&’@@?s G@fgﬁegﬂﬂgw 105/«}&& '<§ 3sl . MLOY&SE () - (<)9:;

=<===>=J=[ =>vU4 391 "10% E& & ()- 3! &10% E& & ()- 3 910% E& & () - 10&10&10&
3 <s109&& ()- 3399%409&& ()->>52??7S@AR [ : - 410~E&3 W 940%E&& ()- g3
. 39" 18% B&: & (I)herﬁetﬂ@d#ﬂél%mE&“&e(e)n 30f #10% E& & ()- 3 10% E& & () -

3Ys10% E& & BbA410~E&3 w | G(10% & () - | G(10%( c&. (
3! iowf& ()- 3™ R %@%mo ingghesaigfop %%Itvnm%ﬁmﬁféu&gt %BB&@@OWM@;JE@%

St rr0ve ()i CECURERERY s ieb ot GREREY plopn s ST Sdi inng solptions and
F'#109%&' ( ) - : tBe COU thie OQr~caBahfidg forfs)is pibdnt @VnRjdrpaft REEeEHFidnk F| [ : A410~E&~3

314 10% & ()- 3 1109% & ()- 3y/!10% & ()- d,,y&10% & ()- 3,,y&L0Y%G& () -
LF"#10% 4 & ()-:t FFFFGEG GovU410 3$10% & ()- 3$10%&& () - 10( 10( 10(

Too) () O 10 a&%&@%‘%%%;zpiﬁ%?%e&%eﬁgye%épé@laéé}?é% ?aﬁ%ﬁ%ﬂﬁm F’ V10

3 sF" tl&?ﬁpﬁqsiﬁg&&cﬁ@ambﬁﬂﬁ’&f() 3 3 10%& ()- 3@10% & ()- 3, 10% & ()-
310% & () - J*KKKK||£ vUA10 3 sF't10% & ()-33 3@t 109& ()-3 3<t 10% & ()-
3, - 10% & () hydrogy) o9 £0H):  3(10% & () - Normal "Headi ng 13]c¢" "Headi ng

731 c"» Headt npgapiore e el Ry ot el g AR ich hreor S 19

Font 3( QRmmRkMNPRT 16456\ itdjéfifirfildehcB beRinéd the' G/ 1R3333+4Q14445: 5a6L8{ 1 <>@
Bi COEt FG JK456789: ; <=>? @\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ] ~_" abcdef g6Ti mes New

RomafAr i al Codn-eentaiaingtionsaed Ent r yWor dDocument
| HSUR () *+, - Q123 456189  <=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[ \ ] *_" abcdef ghi j

11. The solution of claim 10 consisting essentially of a solution of:
5-1300 g/l RbOH;
20 0.1-125 g/1 ZnO; and
0.1-50 g/1 Na,Cr,0792H,0.

12.  The solution of claim 11 further comprising an amount of ammonium
hexafluorosilicate effective to stabilize the solution so as to substantially prevent zinc

25  hydroxide precipitation over a period of at least 3 days.



