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The ‘951 patent identifies plating the lead frame prior to attachment of the

20  semiconductor die to the lead frame die pad (a.k.a., die attach pad or paddle). After attachment,
bond pads on the die are wire bonded to associated leads of the lead frame. To facilitate such
wire bonding, the associated inboard areas of the leads are masked prior to being coated. Prior
to the wire bonding, the mask is removed, permitting direct contact between each bond wire
and the associated lead. Alternatively, the coating can be applied over the entire lead and,

25  thereafter, etched or otherwise removed at the wire bonding location.

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

30  Barnes 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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codeposi Ne§ryPrEHzO smemeerdipiablyad rlﬁi'ﬁﬁ)lotﬁ]beOgi 0. 25 50 g/ ZnO, and 0.2-20 g/1
NayCr,07+2H,0, and most preferably of 20-150 g/l RbOH, 0.5-10 g/l ZnO, and 0.4-5 g/l

20 NayCr;07+2H0. The solutions may have an amount of a stabilizer (e.g., ammonium
hexafluorosilicate) effective to stabilize the solution so as to substantially prevent zinc
hydroxide precipitation over a desired period (e.g., at least 3 days).

The coating preferably is applied via electrolytic or electroplating techniques.
Advantageously, a current is applied to the item or member to be coated, such as, for example,

25  asubstrate or a lead frame. The plating is effective to plate exposed portions of the item with a
coating consisting in major weight part of a combination of zinc and chromium. Preferably the
zinc and chromium are codeposited with a flake-like morphology.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages of

30 the invention will be apparent from the description and drawings, and from the claims.

FIG. 1 is a scanning electron microscope (SEM) image of a first coating according to

principles of the invention.
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the acconpanying drawi ngs and the description below. O her features,

obj ects, veod2/sivant ages of 30 the invention will be apparenuséwsonsot he
description @%Qﬁéﬂﬁml B?of{e[ ddi€cdatigém. FIG 1 is a scanning electron
m croscope ( I mage of a“firs coat| ng according to principles of the

i nvention. 2 mwé@aaaﬁmd A QiesTpAfifihs il the vAribss drawiighindiegelikéd elampnisor

art coating. Like re rence nunbers_and designatiqns in the variou

dr awi ngs i ndi Ea ROt YéP%tﬁ’E‘H’taEng Sqdd‘émﬁ%‘%se&ﬁlPlaﬁYW%ﬁ‘Fé‘i‘rf Yg?f’z‘isﬁﬁfli ons
gener al g&ﬂé | I.chromat e
conpoundxt}?eirésg%a%gggﬁréﬁ%n at su st |%8?%dé%t%%tlgﬁﬁ%;rf ghggfglr?géq such

as otheriomd, kadh ashel allofli mdtkiadriatialiga edrth metablonk,aas provide ¢xcellendglatixgel | ent

pl ati ng perfor mance whil e . m nim zing contam nation by sodiumions of the
el ect r ocElopraResgVIHlp mEvRiZing GoBiAmingtndt sodiumy tops af HigSlGEORg drekagngGs al t s

I ncl ude ﬁg&gg ed on the alkali netals, Rb, Li and Cs, and al kaline
earth meta and Ba. The solubility of these salts and their 10

di chr omat e/ clpsiemiat adRmpREnEhydiokybsaliindite tade®ated onfihb bkali nfeddls, b, Li

Hydr oxyl D| chromat e/ Chromat e Sol ubi i %@( g/ 1) at Conpounds Corrpounds

Speci f i e@d alkal solubyity of theweplis ael hairNa2Cr 207. 2H20

180 (20 ) G 1780 (100C) potassium K2Cr 207

38 d}(%am%%gc%rérﬁlgtgcizm@?%el%%u&a]ﬁl Um Li 20r 207. 2H20 1870 30C) Rb+
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Cation Hydroxyl Dichromate/Chromate Solubility (g/1) at
Compounds Compounds Specified Temperatures
Na* NaOH 420 (20°C), 3470 (100°C)
sodium Na,Cr,0722H,0 1800 (20°C), 4330 (98°C)
K" KOH 1070 (15°C), 1780 (100°C)
potassium K2Cr,0; 49 (0°C), 1020 (100°C)
Li" LiOH 128 (20°C)
lithium Li,Cr,0,22H,0 1870 (30°C)
Rb" RbOH 1800 (15°C)
rubidium Rb,Cr,0; 50 (15°C)
Cs' CsOH 3955 (15°C)
cesium Cs5Cr04 714 (13°C)
Ba™ Ba(OH), 56 (15°C)
barium BaCr,0; Slightly soluble (cold)
Sr Sr(OH), 4.1 (0°C), 218 (100°C)
strontium SrCrO, 1.2 (15°C)

To exemplify the invention, a copper alloy C110 (>99.90% Cu, <0.05% O nominal by

weight) foil produced by electrodeposition was initially electrocleaned in a commercial alkaline

15  cleaner to remove residual lubricant, contaminants, oxides, and the like from its surfaces. A
sample foil (Sample 1) was then plated in an electrolyte plating solution containing 27.2 g/1
RbOH, 1.77 g/1 ZnO and 1.48 g/l Na,Cr,0722H,0 with a pH of 12.64.. Such a solution can be
obtained by initially dissolving a high concentration of the alkali metal hydroxide in water. This
initial concentration then permits the dissolving of zinc oxide (the hydroxide concentration

20  being effective to complex the zinc to form zincate ions (Zn(OH),2)). A second solution of the
alkali metal hydroxide may then be used to dilute the first solution to reduce its zinc

concentration to a desired amount along with reducing the hydroxide concentration to a desired
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cn2 (multiplied by two sides) for a duration of twelve seconds. The sanples
obtained using the sodium hydroxide-based solution (FIG. 2).

The tarnish resistance of the coating of Samples 1, 2 and 4 was determined in a 250°C
20 by 10 minute bake test in laboratory air. Observed tarnish resistance was similar to that
obtained with Sample 3. The adhesion properties of the coatings on Samples 1-4 were
evaluated using a tape test. An adhesive tape is applied and rapidly removed from the coated
specimen. To the extent 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
25  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,
30  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
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20  of 30-80°C. Preferably, a plating current density of 10-50 asf (108-538 A/m?) 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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Table 11 | d provj de
a le\gg %amepor other desired element of an electronic package) for which improved adhesion to

polymers is desired.
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/1 Zn as zinc oxide, 0.5 g/l Cr as chromic acid,
20  and 82 ppm Si as ammonium hexafluorosilicate (1.37 g/I) 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/I 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
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sol ut i onandschipe 6f the iiSrentionlFoe ekdsplbeevirictestibdd BEmematoRBNIUV Y utilized and

hexaf | uorosilicate and exanples are given below. Such a source nmay be used
if it istheglssincabandchenyeal passpetercefithe plating psdssunay beeptisnred foopartieulan

chr ong o SRR 58 Aedte BeoorTAGH! ofer syl Rl i A et Rilonioe 1)

was pl ategdinat 56C using a current density of 10mA/cnR for 10 sec. Tape
adhesion test results showed 100% transfer of the adhesive of the tape to
the plated netal surface. The sane solution was adjusted to 2.35 g/l Zn
and 40.6 g/1 RbOH with other conditions unchanged and produced 100%t ape
adhesi-on results. The sane 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 anal yzed to be 75.8 ppm (a range 6 WD 02/49773
PCT/ US01/ 50660 of 20-150 ppmis believed advantageous). This solution was
stable for about 4 days before precipitates were observed. Thus, it
appears to be denonstrated that Si is responsible for prolonging the shelf
life of the plating bath. Other chem cals that contain Si could serve this
pur pose. Exanples could be alkaline or alkali earth netal (preferably other
than Na and K) 5 silicate conpounds. ©One or nore enbodi nents of the
present invention have been described. Neverthel ess,




it will be understood that various nodifications nay be made w t hout
departing fromthe spirit and scope of the invention. For exanple, a
variety ofobmad7irane materials nay be utilized and the RPCPUSIT/®a0 and,
chem cal paraneters of the plating pr@c g may be optim zed for particular
10 applications or needs.. Accordingly, other enbodinents are within the

scope ofl.t he Aaidtiowd fog applyiak asoatingW®al 2ieds) T oRT $620ikiiBOAOAajohbAY WBa 1. A
met hod for applying.a coating to an item the coating consisting in nmajor

part of SQMbiRAHGN NG Andchsqnysme charedierizef Ginexposinetbe demie an pguesnpselition t he

Sl ! g . ot o oxyl
(o 2 TR GRIE Hho A PRI (Or 2h et aBIRIBAT B0 6P hfitans
(Rb+¥ i rionegualroffyabidivm e ¢RbY)ah afagorpgrttvaRnedbalancig the©HTEt hod of claim 1

wherein: the anmount of Rb+ is in excess of conbined anbunts of Na+ and K+
in the solution; and the Cr-containing ions are present in nmajor part as

Cr(M) i nib%%néathgﬁ%f$w?%h%{%&:l aim1l wherein: the anobunt of Rbis in

excess o anounts of othér alkali nmetals in the solution. 15- 4.

The net hod ofthe hothtloAIEiSIext s oF 8bubined ah@8ni® oPNabindk+ Gt sdidtiln; 4ad The
met hod of claim4 wherein the solution has a pH of between 11.0 and 13.0.

6. A method ftBe Cewaniappngions e preshatia sasen pasiasiyr(VRdonsxposi ng the itemto
an ggueous sol ution conprising effective amounts of: hydroxyl ions (OH");
one or nore ions of alkali nmetals, alkaline earth netals, or a conbination

t her eof 30t herTHasthba of tiainh D whejedi: part val ence bal ance the OH;
Zn- cont ai ni ng[ ions; and 25 Cr-containing ions; and applying a current to
the through ttheampunioffftsisin excesspfisombined aprsats qfother alieli ofetalhin theem wit h

a coating( %H_si sting in major part of a conbination of Zn and Cr

codeposited Wth a

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*,

8



fl ake-1i ke norphology. 30 7. A coated item manufactured by the nethod of
any preceding claim 8. A nethod for treating a netallic surface

conpri si MO 0Bx9903i ng the surface to an aqueous sol uti on cPEPUSEIING0

ef fecti WRqATIRY - conf3i : (%3 : 0660 hydroxyl ions
(oH, Z\rﬁycont aﬁ\n?rgg%)ggg Cglrl\%m\éﬂlggélé%én?%gr@é}rﬁlggaésgnni ng a current through
t he surface sunsimgtacuplent thraupk tiewsuffacesondstth piate thatsinfgreonitisa sdating cohdistigj or
part of .a conbi nattj on of. zinc .and chromuym 5 9. The nethod of claim8
wher ei n: I PAKIRAIT 3,5089h1RAU0Z of FEc &8 GROBHUEonpr i ses i ntroduci ng the Ro+ in
the solution as RbOH;, the anmount of Rb+ is in excess of conbined anmounts
of Na and K+ in the solution; and the C in the Cf-containing ions is
presént 3.n neEllormpthod ofislaitn § Wherdimns. 10 10. An aqueous el ectropl ating
solution for the codeposition of zinc and chrom um caqnprising effective

anount s of :  HRRIFRKLProVISHE thepplutig eonyrisss frirodaeiag dre Bl kathe sehttiongs RhQEE i ne
earth netal s, j .0 + K Lo i p majqQr
part val ence tB«g aﬁléugto({}ﬁiemg—in;&i‘%flg%-g@%gﬁg{i‘%}%ﬁtg%g@b%%ﬁ éthﬁé%ﬁ?%idﬁ?g
ions. 11. Thehs@lri iherCroformdiangid is preséis tin AQjeeparAE CalMIyiops. a sol ution of -
5-1300 g/1 RbOH 20 0.1-125 g/l zZnG and 0.1-50 g/1 Na2Cr2072H20. 12. The
solution of claim 11l further conprising an anount of ammoni um

hexafyl ups osi | 4 Lye. abigl j j s to
cubalanttar | 5% SEERNAL LR o) B8 ShaBoIRbb A BB 00 of a

| east Scaayrisingdeffective amounts of:

hydroxyl ions (OH);

one or more ions of alkali metals, alkaline earth metals, or a combination thereof other

than Na and K, to in major part valence balance the OH;
15 Zn-containing ions; and

Cr-containing ions.

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,07+2H,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.



