1 KWON-CYANI DE ELECTRODE CLEANI NG PROCESS Field of the Invention This
i.nvention relates to a process for manufacturing 5 el ectronic devi and
nore particularly, a process for cleaning the leads of electronic Mﬁb
ana ot her parts. Background of the Invention It is commonplace in the
electronics art to use 10 |eadfranes for supporting and providi ng external
| eads to electronic elenents such as sem conductor die. The |eadfranes are
of a wide variety of netals including but nbt |inte®Q086328pper and copper
alloys. A typical prior art leadframe suitable for formng a fourteen |ead
a dual-in- 15 line package is shown in sinmplified plan viewin FIG 1.
FIG 2 shows the | eadfraf®NoCYENTPE BHEEGHFRQPEe CHEANENG HRPCGHSRsti ¢

encapsul ati on and before plastic deflash. It is usual during encapsul ation
nol ding to hav stirc fill th aps between the | eads and the | eadfrane
dam bars, i.e.; tic. Sonetimes, when nolding is |ess

t han perfect there whis :aivsmtbenarehahespltasta orbrash Hor meaufagtupshyi ons

of the |eads, (18ctrOYRE Ae%éeel Qﬁ&' Cm&@%hrtmelakw;lac fRdeagesbedy, the
inter-lead plastic and t over - ?_‘E astjc ed by the

a | cat
nore heavily 251‘3%{’%15%“3&? r‘]\?@ldéngf ﬁl romic de ﬁlﬁﬁﬁl?’?%r?q’se mB5F5t he
resi n whi ch nakes up the resin-filler encapsulation material may be
extruded from . : | eads, resulting is what is called
"resin bl eed". ten col orl ess and very difficult to detect.

T30 FIG 3 shbhsit Hé’“l“@@@flfiﬁﬁel%lf‘i‘é? SURSLARE B 3Tt HUSESSr ai | s,

i nter-| eadiand 1ewaErhmes fasuppokt sy aie previdédg é'iqeermlerleladadtpl astic
is typlcally QTRYE ogyéléEL éHtgnEth as semiconductor die. The
leadframes are of a wide variety of metals including but not
limited to, copper and copper alloys. A typical prior art
leadframe suitable for forming a fourteen lead a dual-in-

15 1line package is shown in simplified plan view in FIG. 1.

FIG. 2 shows the leadframe of FIG.l after die attach
ahd plastic encapsulation and before plastic deflash. It is
usual during encapsulation molding to have plastic fill the
gaps between the leads and the leadframe dam bars, i.e.;

20 inter-lead plastic. Sometimes, when molding is less than
perfect there will also be a thin plastic flash on the flat
~portions of the leads, i.e., over-lead plastic flash. The
plastic package body, the inter-lead plastic and the over-
lead plastic flash are indicated by the more heavily

25 stippled regions in FIG. 2. In addition, some of the resin _
which mékes up the resin-filler encapsulation material may
be extruded from the encapsulation onto the leads, resulting
~is what is called "resin bleed®. Resin bleed is often
colorless and very difficult to detect.

30 FIG. 3 shows the leadframe after the dam bars, side-
rails, inter-lead and over-lead plastic flash are removed.
The inter-lead plastic is typically removed during trimming
of the leadframe to remove the dam bars and side-rails. The
over-lead plastic flash and resin bleed is typically. removed-

'35 by blasting the leads with a mild abrasive such as, for

example, ground apricot pits.



of *the | eadframe to renmove the dam bars and side-rails. The over-|ead
plastic flash and resin bleed is typically renoved- 35 by blasting the

legds with a mld abrasive such as, for exanple, ground apricot pits. 2
It is frequently desirable to spot plate part of the |eadframe with a noble
netal, i.e., gold, silver, platinum palladium iridiumor high alloys

thereof. Silver is particularly useful because of the ease with_which 5
metal | urgi cal bonds nmay be forned thereto alAd its noderate cost. The spot

pl ating covers the ends of the | eads where wire bonds or tab bonds fromthe
die are attached sonetines the die flag as well, and is usually intended to
be confined to an ameaiwi fhédquddiaybausdasyleftd xpopl asste dody off the 10

encapsulation. ;This_i.s _sho | n. Fl ere t he ) ight | ; i on
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creeping la eraﬁﬁy ou ra fromth d area along the eage's
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B L e R
the plating prdisess amdai sithim dbgodbedndargrof the plastic body after
' 10 encapsulation. This is shown in FIG. 1 where the lightly
stippled region represents the desired spot plating area and
the dashed outline represents the intended location of the
plastic encapsulation.
A significant problem encountered with spot plating, is
15 that it is very difficult and sometimes impossible to
prevent excess and unwanted plating material from creeping
laterally outward from the desired plating area along the
edges and sides of the various leads. FIG. 4 shows a
partial cut-away view, much enlarged, along an inter-lead
20 space through the leadframe of FIG. 3. The lightly stippled
region in FIG. 4 shows where excess plating material, as for
example silver, has crept outward along the sides of the
lead during the plating process and is now exposed after
encapsulation, trim and plastic deflash. Excess silver
25 plating material is known in the art as "silver flash" or
"silver bleed". This excess silver,. for example, is often
in the range of 0.1-8 micrometers thick, typically 1-3
micrometers thick. This excess silver or other plating
metal may arise from what is known in the art as "immersion"
30 metal, which is typically 0.1-2 micrometers thick, and
"bleed" metal, which is typically 5-6 micrometers thick, or
a combination thereof. This invention is concerned, among
other things, with removing such excess plating metal
regardless of origin and the words "metal flash" or "plating
35 ° flash" are intended to inciude “immersion"”, "bleed" and

other forms of excess plating metal.



en®apsul ation, trimand plastic deflash. Excess silver 25 plating materi al
Is-known in the art as "silver flash" or "silver bleed". This excess
silver, for exanple, is often in the range of 0.1-8 mcroneters thick,
typlcally 1-3 mcroneters thick. This excess silver or other plating netal
may arise fromwhat is known in the art as "imersion" 30 netal, which is
typically 0.1-2 mcroneters thick, and "bleed" netal, which is Iypically
5-6 microneters thick, or a conbination the¥eof. This invention is
concerned, anong other things, with renoving such excess plating netal
regardl ess of origin and the words "netal flash" or "plating 35 flash" are
i ntended to includewhin@eysdorRondibieed's and iasbef harmiessl, ekesssolpeating
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processes whi clredgenbs @nipthodisgahivelethe excess noble metal. However,
10 the use of cyanide is undesirable on many grounds well known

in the art. Accordingly, a continuing need exists for
improved processes for removing metal plating flash and
particularly for metal deflash processes which do not employ
cyanide.

15 The problem of plating flash removal is complicated by
the other conditions associated with the manufacturing
process which also must be accomplished. For example, the
plastic deflash process can cause minute quantities of the
blasting abrasive to become embedded in the leadframe, as

20 illustrated in FIGS 3. and 4. This is especially
troublesome with relatively soft metals such as for example
OFHC copper and Olin Type 194 copper. Also, plastic deflash
may be incomplete and regions of plastic molding resin from
the encapsulation may remain on the leads. If these regions

25 are very thin they may be very difficult to detect with the
unaided eye.

Also, various oxides or other dielectrics or resistive
materials can form on the leadframe during manufacturing.
These foreign materials are generally referred to in the art

30 as “"stains" because they frequently have a colored
appearance. As used herein the words "stain"™ or "stains"
are intended to include all such oxides, dielectrics, scales
or other foreign materials that form on the leadframe during
manufacture. Such stains are most frequently encountered

35 when the leadframe is heated to several hundred degrees

Celsius, as for example during bonding and encapsulation.



15, ¢ The problem of plating flash renoval is conplicated by the other
condi tions associated with the manufacturing process which al so nust be
acconpl i shed. For exanple, the plastic deflash process can cause m nute
guantities of the blasting abrasive to becone enbedded in the | eadfrane, as
20 illustrated in FIGS 3. and 4. This is especially troublesone with
relatively soft netals such as for exanple OFHC copper and din Type 194
copper. Also, plastic deflash may be inconpfete and regi ons of plastic

mol ding resin fromthe encapsulation may remain on the leads. If these
regions 25 are very thin they may be very difficult to detect with the
unai ded eye. AKsppevacomtmsimgixigidsadfranéeraxk gagttichtsry swsieptibde to
materials can EQEH]BF biEnd €adf rame during manufacturing. These foreign
materials are genera ?y referred to in the art 30 as "stains" because_they
frequently have a céP®retPegdscabaastinasmyferiialar stALRRARDAIY repafnalor
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10 residual plastic flash and stains.
SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention

15 to provide an improved method for manufacturing electronic
devices including removing excess plating flash from the
leads, or removing embedded blasting material from the
leads, removing stains from the leads, or removing residual
encapsulation resin from thé leads.

20 It is a stiil further object of the present invention
to provide an improved method that accomplishes combinations
of the above.

In a first aspect the invention provides a method for
cleaning leads of electronic devices characterized by:

25 providing leads of a first metal having thereon a

_plated region of a second metal;

immersing the leads in a solution comprising lactic
acid and a metal hydroxide; and

applying an electrical potential between the leads and

30 a reference electrode contacting the solution.

In a second aspect, the invention provides a method for
treating metal parts of a first metal having thereon an
exposed region of a second metal to remove the exposed
second metal, characterized by:

35 immersing the metal parts in a solution comprising

lactic acid and a metal hydroxide and a polar solvent; and



cofitinues to exist for inproved processes for perforning each of these
operations and there is-a particular need for an inproved process which can
do_all three, i.e., renove excess spot plate netal, enbedded bl asting
mat'erial, 10 residual plastic flash and stains. SUMVARY OF THE | NVENTI ON
Accordingly, it is an object of the present invention 15 to provide an

| mproved net hod for manufacturing el ectronic devices including renoving
excess plating flash fromthe | eads, or renwbvi ng enbedded bl asting materi al
fromthe | eads, renmoving stains fromthe | eads, or renoving residual
encapsul ation resin fromthe | eads. 20 It is a still further object

of the present i nvea{a%pyiﬁ@ 4 Qikederdfal NgYtaRd alebBeredhatneaae@an! i shes
conbi nati ons of the a I '

: f t the i ti i,d
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provi di ng | eads of whéredn tiet firkavinetal oo sgsprapeer raagl ¢heobeqomdcond

netal ; i mersi paebhechReSsdd) 2 ndBhEt h@Paronprising lactic acid and a netal
hydr oxi de; and appl¥%n an electrical potential betweepn the | eads and 30 a

reference ePectrodelBoht HATh§sPRE s oF it i U entioR BELHHES S AEThodnEor

I nventi on provicdesnangetdupkf dreadsethatghaet alxppaetissbiver filesteonet al
having thereon a3 ,.8%pesesd §g/.0n of a second netal to renmove the exposed
second netal, characterized by: 35 . i mersing the netal parts in a
sol ution conprisinng§EF§%P%u€gT afads MR tAIcIRFRLe gl uktP™ GOBPELSLBY RNt ;

and polar solvent in which has been dissolved lactic acid and a
10 metal hydroxide, or a metal lactate; and

applying an anodic potential to the leads.

These and other objects and advantages are attained by
a cleaning process comprising, in a first embodiment,
providing an electronic device having leads of a first

15 metal, an exposed plated region of a second metal, and
electrolytically treating the leads in a cleaning solution
comprising lactic acid and a hydroxide, wherein the
hydroxide conveniently is a hydroxide of a metal from
columns 1A or 2A of the periodic table, and conveniently

20 potassium or sodium hydroxide or a combination thereof. It
is desirable that the leads be at least anodically biased
{leads positive) in the solution. After the electrolytic
treatment the leads are rinsed to remove the cleaning
solution. Where anodic cleaning alone is used, the pH of

25 the solution is desirably adjusted to be in the range 1.4-2
by addition of an inorganic acid.

In a further embodiment, the leads are first biased
cathodically (leads negative) in a hydroxide-water solution
with or without the lactic acid, rinsed and then biased

30 anodically (leads positive) in the cleaning solution
comprising water, lactic acid and a hydroxide. It is
further desirable that the cathodic and anodic treatment
times be approximately in the proportion 1:1 to 1:2,
respectively, but this is not essential. While the cathodic

35 treatment is conveniently performed in a hydroxide-water
solution (e.g., 30-60 gms of KOH/liter) without lactic acid,



5 dpplying an electrical potential between the netal parts and a reference
el ectrode contacting the solution; and wherein the first nmetal conprises
copper and the second metal conprises a noble nmetal. 5 In athird
aspect, the invention provides A nethod for cleaning copper |eads that have
exposed silver thereon characterized by: i mersing the leads in a cleaning
sol ution conprising a polar solvent in which has been dissolved lactic acid
and a 10 netal hydroxide, or a netal |acta&te; and applying an anodic
potential to the | eads. These and ot her objects and advantages are attained
by a cleaning process conprising, in a first enbodi nent, providing an
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the | eads are PFPRYTWicdSe@fcdp bt &Y aPPeﬁﬂgr?ﬁiéﬁl“?€}e?n 3 adjus

hydr oxi de- wat eehs opHItirorthei rhnge of tatoutt Ghé-VactThe dowdr endsedl thed pithen

bi ased 10 range (e.g., 1.4-2) is desirable when only anodic cleaning

is used and the higher end of the pH range (e.g., 4-7) is
used when cathodic-anodic cleaning is used.

A typical mixture useful for cleaning leadframes of,
for example copper, copper alloys or copper plated metal,

15 comprises proportions of about 30 liters lactic acid and
about 17 Kgms of KOH with sufficient water to make 100
liters of solution and gives a pH of 4-6. While the
solution is described in terms of being made from lactic
acid and KOH or other alkali, those of skill in the art will

20 understand that potassium lactate (or other alkali lactate)
may also be used. For example, 10-30% by volume of 60 %
concentration potassium lactate in water is also suitable.
This mixture ordinarily has a Ph of about 5-6.

Solution temperature during cleaning are usefully in

25 the range of about 60-80 °C with about 70 °C being preferred
for the cathodic hydroxide-water cleaning and about 40-60 °C
with about 50-55 °C being preferred for the cathodic or
anodic lactate-water cleaning. It is desirable to agitate
the solution during treatment but this is not essential

30 since only very short immersion times are generally needed,
e.g., usually less than about 100-200 seconds and typically
about 10-25 seconds with the preferred concentration and
temperature described above. A DC voltage of 2 to 15 volts
is useful with about 5 to 11 volts being convenient and

35 about 9-10 volts being preferred.



30% anodically (leads positive) in the cleaning solution conprising water,
|l actic acid and a hydroxide. It is further desirable that the cathodic and
an%dic treatment tinmes be approximately in the proportion 1:1 to 1:2,
respectively, but this is not essential. While the cathodic 35 treatnent
I's conveniently perforned in a hydroxide-water solution (e.g., 30-60 gns of
KOH liter) wthout lactic acid, 6 the lactic acid-hydroxide solution
used for the anodic treatnent may al so be used for the cathodic treatnent.
The | actic aci d-hydroxi de cl eaning solution conveniently conprises about
0.1 to 0.3 liters of 88 %5 lactic acid and about 0.05 to 0.3 Kgns of KOH
plus sufficient watehetgafmkeoone tié@iedimasl @@ningssoipitioam, baofgani c

acid (e.qg., sulfuri be ;added d r QROL.L | f Lg acid and
hydr oxi de variSﬁa?gsédfggéeﬁI%gggsr?ﬁgtﬁ%rﬁgﬁgg&bﬁggggité%ﬁiﬁi%ﬁéghe | ower
end of the pH iQerahndlyidupl devicey oX mRiA) MPEehherThIBRTAR0BF. cl eani ng
I st Esgd and Ej he1Bipbert&il iftaliheapkl 6:3_@&' dedd 9n, admdial Soleu];tedr\Mnﬂna
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t hat pot assi umellactabdy¢raldivherleahkdl i Wheteatbokh cathodic and anodic
10 treatments are used, an intermediate rinse is desirable.
After electrolytic cleaning the parts are rinsed and then,
optionally, acid dipped and plated, or dried.

The above described cleaning process rapidly removes
residual stains, removes metal flash, removes embedded

15 blasting material and removes residual plastic flash or
resin bleed. For example, silver flash is removed,
typically, at 2-3 times the rate of attack on the copper,
copper alloy or copper coated leads. The mild lead etching
facilitates loosening emﬁedded blasting material and

20 residual resin.

The finished leads have a bright, polished, stain-free
appearance and are free of discoloration (e.g., heavy oxides
or other contact inhibiting materials), residual plating
metal, residual resin, and residual blasting media. A very

25 thin surface oxide, invisible to the unaided eye, may be
present after the anodic treatment which is easily removed
by a brief (e.g., 2-30 seconds) acid dip. The plastic
encapsuiation around the device element.is substantially
unaffected by the above-described electrolytic cleaning

30 process.

The invented cleaning process is particularly well
suited to practical application in electronic assembly
because of its effectiveness, comparatively low cost, and
freedom from toxic and/or corrosive materials such as the

35 cyanide compounds and/or the fluoboric acids used in the

prior art.



may al so be used. For exanple, 10-30% by vol unme of 60 % concentration
potassium | actate in water is also suitable. This mxture ordinarily has a

Ph of about 5-6. Solution tenperature during cleaning are usefully in 25
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leadframe portion of FIG. 2, after lead trim and plastic
deflash;

FIG. 4 is a much enlarged partial cut-away side view of
one lead of the device of FIG. 3; and

FIG. 5 is a flow chart illustrating various embodiments

of the present invention.
DETAILED DESCRIPTION OF THE FIGURES

FIG. 1 is a simplified top view of poftion 10 of a
spot—-plated leadframe according to the prior art. Leadframe
portion 10 comprises side-rails 12 with alignment holes 14,
leads 16, dam bars 18, and die flag 20 supported by cross-
bar 22. Inner lead portions 24 lie adjacent to die flag 20
within the boundary of the intended plastic encapsulation
indicated by dashed line 26. Die flag 20 and inner lead
portions 24 are spot plated in region 28 (indicated by the
light stippling in FIG. 1) to facilitate die bonding and
wire bonding or equivalent.

Copper, copper alloys (e.g., beryllium copper), Alloy
42, and Kovart®™ are examples of well known leadframe
materials. Noble metals, aluminum and nickel are well known
materials that are commonly plated or coated onto leadframes
to facilitate bonding. The present invention is
particularly well suited for use in connection with

leadframes or leads that have been spot plated or coated

The parts to be
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after plastic encapsulation but before lead trim and plastic
deflash. Plastic encapsulation 30 has been provided at the
location previously indicated by dashed line 26 in FIG. 1.
Plastic encapsulation methods are well known in the art.

The encapsulation mold conventionally closes on side-
rails 12 and dam bars 18, and excess plastic indicated by
stippled region 32 forms in inter-lead spaces 34, creating
what is referred to herein as “inter-lead plastic"”. 1In
addition, when mold closure is slightly imperfect, excess
plastic can also form on the upper (and lower) surfaces of
leads 16 and dam bars 18 as indicated by stippled regions
36, creating what is referred to herein as “over-lead
plastic" or "plastic flash"™.

Following encapsulation, side-rails 12 and dam bars 18
are sheared away during the "trim" operation. The trim
operation conventionally removés inter-lead plastic 32, but
may not remove over-lead plastic flash 36. Accordingly, it
is customary in the prior art to subject the parts to a
further operation, either before or after trim, to attempt
to remove the over-lead plastic flash. -This is typically
accomplished by blasting the parts with a mild abrasive such
as for example, ground apricot pits. Other mild abrasive
materials may also be used. However, some plastic
encapsulation resin may still remain. If it is sufficiently
thin, it may be very difficult to see with the unaided eye.

The results of the foregoing treatments are shown in
FIG. 3 wherein the device has been excised from side-rails

12 and dam bars 18. Inter-lead plastic 32 and over-lead



FIG 2 is atop viewof the |l eadfrane portion of FIG 1, after plastic
encapsul ation but before trimand plastic deflash; FIG 3 is a top view of
a device excised fromthe 10 |eadframe portion of FIG 2, after lead trim
and plastic deflash; FIG 4 is a nuch enlarged partial cut-away side view
of one lead of the device of FIG 3; and FIG 5 is a flow chart
illustrating various enbodi nents 15 of the present invention. DETAILED
DESCRIPTION OF THE FIGURES FIG 1 is a sinmdlified top view of portion 10 of
a 20 spot-plated | eadfrane according to the prior art. Leadframe portion
10 conprises side-rails 12 wth alignnent holes 14, |eads 16, dam bars 18,
and die flag 2@lasppor feabibB6chase- bben fstamiénllpacenpored.onSmall|ie
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been spot pl at §§°6F 203
grain 38 and stain region 39 are visible. Residual plastic

10 flash is not shown in FIG. 4. _

Because embedded blasting particles 38, stain region 39
and any residual plastic flash can cause imperfect solder
coating of leads 16 and interfere with the attachment of
leads 16 to a circuit board or the like, the parts must be

15 +wvisually inspected. When such defects are detected the
devices are rejected and must be re-worked or discarded.
Inspection, rework and product discards due to such defects
increase manufacturing cost.

Lightly stippled region 42 on lead 16 in FIG. 4

20 illustrates the presence of excess spot plating material
(metal flash or bleed) on lead 16 that migrated along side
44 of lead 16 laterally outside intended spot-plated region
28 (see FIGS 1, 3 and 4). Since plating bleed region 42 is
exposed outside encapsulation 30, it can cause the growth of

25 metal whiskers during solder coating of leads 16 or during
solder re-flow or during extended high temperature operation
of the finished device. Metal whisker growth is a known
failure mechanism which is to be avoided. The conditions
illustrated in FIG. 4 show a combination of problems

30 encountered during manufacture of electronic devices that
must be dealt with in order to obtain high quality parts
that function with high reliability in their intended
application.

Individual processes are known in the prior art for

35 removing the several types of defects described above, i.e.,

stains, residual plastic resin (plastic flash), embedded



9 With noble netals, but is also useful with other conbinations of
naterials and ot her configurations. As used herein, the words "plate",
"pl.ated” or "plating"” are intended to refer to all nethods of coating 5 one
metal on another, including but not linited to, chenical deposition,

el ect rochem cal deposition vacuum deposi tion, vapor deposition, sputtering
and spraying. FIG 2 is a top view of |eadfranme portion 10 of FIG 1, after
pl astic encapsul ation but before lead trimldnd plastic 10 defl ash.

Pl astic encapsul ati on 30 has been provided at the |ocation previously

I ndi cated by dashed line 26 in FIG 1. Plastic encapsul ati on nethods are
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The foregoing'problems are overcome and the cleaning

process much simplified and made quicker by means of the
15 invented process which is illustrated in FIG. 5 and
described in more detail below.

FIG. 5 is a flow diagram of a process suitable for
cleaning metal parts according to the present invention.
While the process is described as for plastic encapsulated

20 electronic devices, those of skill in the art will
appreciate that the invented process is useful for cleaning
a wide variety of electronic devices and other metal parts,
with or without plastic encapsulation and which may or may
not have received all of the steps illustrated in "prepare

25 parts™ portion 50 of FIG. 5. Accordingly, the following
description in terms of electronic devices is intended for
convenience of explanation and not to be limiting.

The steps enclosed within dashed outline 50 ("prepare
parts") of FIG. 5 illustrate various prior art steps 52-60

30 associated with electronic devices, particularly electronic
devices mounted on leadframes or the like and adapted to be
encapsulated in plastic, although that is not essential.
Some or all of steps 50 are usually performed on electronic
devices before the invented cleaning steps illustrated

35 within dashed outline 70.



materials may al so be used. However, some plastic encapsul ation resin may
still remain. If it is sufficiently thin, it may be very difficult to see
wi th the unai ded eye. The results of the foregoing treatnments are shown in
35" FIG 3 wherein the device has been excised fromside-rails 12 and dam
bars 18. Inter-lead plastic 32 and over-| ead 10 plastic flash 36 have
been substantially renoved. Small particles 38 of the blasting material may
adhere to leads 16, as indicated by the sndld dots shown on |eads 16 in
FIG 3 and the larger dots 38 in the nagnified partial cut-away 5 side view
of a lead showmn in FIG 4. Stain regions 39 .are also shown on leads 16. In
FIG 4, portion 40 skfkeaihd tdws tohene etdpy §OJ Ln Cspss-sladie"ostapds2
partially cut- d ting, pn,-38 ang..stal P 9 a
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encapsulation is provided around the die and wires. The

10 encapsulated die and leadframe may proceed directly to steps
70 via path 57 or advance to "trim" operation 58 wherein the
dam bars and side-rails, if any, are sheared away. The
trimmed device and leads may then proceed directly to
cleaning steps 70 via path 59 or advance to plastic

15 *“deflash" operation 60 from whence it passes to cleahing
operation 70 via path 61.

Means and methods for performing all of preparatory
steps 50 are well known in the art. As those of skill in
the art will understand based on the description herein,

20 preparatory steps 50 are shown merely for convenience of
explanation and not intended to imply that any or all of
steps 50 are necessary to the present invention, although
the present invention is particularly useful in ameliorating
various problems that arise as a consequence of one or more

25 of steps 52-60.

The invented cleaning process is illustrated in several
embodiments within dashed outline 70 which is intended to
refer collectively to the invented elecfrolytic cleaning
process steps. The parts incoming from steps 50 may proceed

30 wia 71 to anodic cleaning step 72 and thence via 73 to
rinsing step 74. The details of the anodic cleaning step
are described later. Steps 71-74 are particularly useful
where the parts have substantial amounts of metal pléting
flash but little embedded blasting material and resin flash,

35 and no heavy stains.



44~0of lead 16 laterally outside intended spot-plated region 28 (see FIGS 1,
3 and 4). Since plating bleed region 42 is exposed outside encapsul ation
30, it can cause the growh of 25 nmetal whiskers during solder coating of
ledds 16 or during solder re-flow or during extended high tenperature
operation of the finished device. Metal whisker growh is a known failure
mechani sm which is to be avoided. The conditions illustrated in_ FIG 4 show
a conbi nation of problens 30 encountered #d8ring nmanufacture of electronic
devices that nust be dealt with in order to obtain high quality parts that
function with high reliability in their intended application. Individual
processes are knowghdyd h:@\epbhgf:s advd @ub@éanfeﬁmwmdﬂ%eoseuﬁbedidécypes of
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cl eani ng 10 and resin bled.: Anodic cleaning step 86 is particularly
effective in removing metal plating flash with minimum
etching of the lead metal and in completing removal of
embedded blasting media, resin flash and stains loosened in
the cathodic step. The combination of the steps provides
15 very effective cleaning.

The metal parts or leads that have passed through the
above-described cleaning steps have a bright shiny
appearance with no evidence of embedded blasting media,
residual plastic flash and resin bleed, metal plating flash,

20 scale or stains. Any oxide present on the leads is so thin
as to be substantially invisible to the unaided eye.

Where the parts are not to be plated or solder coated,
they proceed via 89 to drying step 90, after which they may
be stored until use. Where it is desired to plate or coat

25 the leads with, for example solder or other protective
metal, they desirably proceed via 91 to acid dip step 92 and
via 93 to plating step 94. Acid dip 92 is optional but
desirable and is included, for example with copper leads, to
remove any thin oxide that may form during anodic cleaning

30 step 72 or 86 or during subsequent storage. Means and
methods for plating or solder coating leads or electronic
devices or other parts are well known in the art.

It has been found that a solution comprising lactic
acid and metal hydroxide in water is particularly effective

35 cleaning material for removing stains, embedded blasting

media, plating bleed or flash and residual plastic resin



process nmuch sinplified and made qui cker by neans of the 15 invented
process which is illustrated in FIG 5 and described in rnore detail bel ow.
FIG 5 is a flow diagramof a process suitable for cleaning metal parts
accordlng to the present invention. Wile the process is described as for
pl astic encapsul ated 20 electronic devices, those of skill in the art wll
appreci ate that the invented process is useful for cleaning a wi de variety
of electronic devices and other netal part$4 with or without plastic
encapsul ati on and which may or may not have received all of the steps
illustrated in "prepare 25 parts" portion 50 of FIG 5. Accordingly, the
fol I ow ng descmnaghon Eydi@iitiesObfeneciIHnimndesiaess i K iadekded£f the
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10 If the amount of embedded blasting media is small or
nonexistent and there is not excessive scale or stain,
anodic cleaning alone will suffice, i.e., steps 71-74. The
cleaning solution for anodic step 72 conveniently comprises
ingredients in proportion of about 10 to 30 liters of 88 %
15 1lactic acid (e.g.food grade; specific gravity 1.2) and about
5 to 30 Kgms of KOH or NaOH or a mixture thereof
{(e.g.electronic grade) plus sufficient water to make about
100 liter of cleaning solution, with the proportions
adjusted to give a pH in the range of about 4-7, preferably
20 5-6. Alternatively, a solution of 10-30 % by volume of
potassium (e.g.,specific gravity = 1.34) or sodium lactate
or a mixture thereof in water may be used. This has a pH of
about 5-6. While food grade and electronic grade are
preferred, other grades may also be used, depending upon the
25 sensitivity of the parts being cleaned to the impurities
therein. '
A typical solution useful for cleaning electronic
copper leadframes comprises about 30 liters lactic acid and
about 17 Kgms of KOH with sufficient water to make about 100
30 liters of solution or equivalent in potassium lactate in
water.
The above-described anodic cleaning solution is
particularly effective in removing metal plating flash
without significant lead etching. For example, it removes
35 silver flash on copper at 2-3 times the rate at which it

etches the underlying copper leads. The cleaning solution is



| i ke attached thereto. The leadframe with the die thereon may proceed
ditrectly to cleaning steps 70 via path 55 or advance to "encapsul ate" step
56 wherein a plastic or other encapsulation is provided around the die and
wires. The 10 encapsul ated die and | eadframe may proceed directly to steps
70 via path 57 or advance to "trint operation 58 wherein the dam bars and
side-rails, if any, are sheared away. The trimed device and | eads may then
proceed directly to cleaning steps 70 via path 59 or advance to plastic 15
"defl ash” operation 60 from whence it passes to cleaning operation 70 via
path 61. Means and nethods for performng all .of preparatory steps 50 are
wel | known in abhgoaffedsivehdne obmskind lighthetairs Widesidnder slasgidpased
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35 and no hea¥MeS§£gJE% added is adjusted for the initial acid

concentration.

Useful anodic cleaning times with the lactic acid + KOH
+ sulfuric acid + water cleaning solution are about 10 to

15 100 seconds with 20 to 30 seconds being convenient and about
22 seconds being typical. Copper leadframes treated in tﬁis
manner are clean, bright and shiny with no evidence of
stain, residual plastic flash or resin bleed, blasting media
or metal flash. Any surface oxide remaining or formed

20 thereon is substantially invisible to the unaided eye.

Where large amounts of embedded blasting media and/or
heavy staining or scale are encountered, cathodic-anodic
cleaning is desirable, i.e., steps 81-88. The anodic
cleaning solution described above for anodic cleaning step

25 72 is useful for anodic cleaning step 86 and may also be
used for cathodic cleaning step 82. However, less expensive
solutions are useful for cathodic step 82 and are preferred.
For example, a preferred cathodic cleaning solution for step
82 comprises about 3 to 6 Kgms of KOH or NaOH or a mixture

30 thereof (e.g.,electronic grade) into water per 100 liters of
cathodic solution, with about 4.5 Kgms per 100 liters of
solution being. typical. Less expensive grades may be used
provided that the impurities therein do not adversely affect
the parts being cleaned.

35 The anodic and cathodic cleaning solutions are placed

in conventional electrolytic cleaning tanks of several



13*Where the parts have substantial anpbunts of enbedded bl asting material,

t hen the

cat hodi c- anodi ¢ cleaning process illustrated in steps 81-88 is preferred.
then via 83 to
first rinse step 84, then via 85 to anodic cleaning step 86, and then via
87 to second rinse step 88. Cathodic step 82 is particularly effective in
stains and
residual plastic flash 10 and resin bled. Anodic cleaning step 86 is
particularly effective in renoving netal plating flash with m ni nrum etching
of the | ead nmethaindasd 1iitePaplaicigyr endViedldfatesbesoler biiaat abgutreh a,
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temperatures are not as effective. It is desirable to
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aggg di p

circulate the solution in the tanks although this is not

essential because of the relatively short immersion times

typically used.

15 The parts to be cleaned according to steps 70 are

conveniently clamped on a stainless steel rack or placed on

a stainless steel belt, tray or barrel and fhen immersed in

the anodic cleaning solution according to steps 71-74, or

the cathodic and anodic cleaning solutions according to

20 steps 81-88. Electrical contact to the parts is through

this metal rack, belt, tray or barrel. Counter electrodes

of stainless steel (anodic and cathodic bath) or copper

(anodic bath) are provided in the solution, with stainless

steel being preferred. The parts holder and counter

25 electrodes are connected to one or more power supplies

capable of providing at least about 75 amps at about 2-15

volts, typically 5-50 amps at 9-10 volts. The racks,

supplies and counter electrodes are conventional

power

~ Typical cleaning times for electronic ladder leadframes

30 for discrete semiconductor devices and/or for integrated

circuits are described below. Those of skill in the art

will understand that the times required for optimum results

will vary with the shape and size of the parts being

cleaned, the concentrations being used, the bath

35 temperatures and the voltages and current densities applied.

However, based on the teachings herein, those of skill in



reffove any thin oxide that may form during anodic cleaning 30 step 72 or
86 or during subsequent storage. Means and nethods for plating or solder
coating | eads or electronic devices or other parts are well known in the
art. It has been found that a solution conprising lactic acid and mnet al
hydroxide in water is particularly effective 35 cleaning material for
renovi ng stains, enbedded bl asting nedia, plating bleed or flash and
residual plastic resin 14 flash. Hydroxiltdes of netals from colums 1A
and 2A of the periodic table are suitable, with KOH, NaOH and m xtures

t hereof being particularly convenient for parts having noble netal spot
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liters of 88 %iASthéagdnde aEH d-(L00UséoSiuPrade; 2sp@ciddahdibatngy 1.2) and
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preferablyio the range of 2-200 seconds with 5-100 being convenient and
20-25 seconds being typical. The relative cathodic and
anodic treatment times are desirably in the ratio of about
1:1 to 1:2 (cathodic time : anodic time).

The less the plating or dirt or material being removed

15 the shorter the treatment time needed for effective removal
and vice-versa. However, excessively long treatment time
merely results in unnecessary etching and/or oxidation of
the leads and, for electronic devices, a degradation of
encapsulation integrity.

20 While the cathodic-anodic treatment may be carried out
in a single bath, as for example when the same cleaning
solution is being used for both cathodic and anodic cleaning
cycles, it is more desirable to use separate tanks with a
rinse in between. In this way the conditions in each

25 cleaning tank may be optimized for that portion of the
cleaning cycle.

It is desirable to provide rinse step 74, 88 after
anodic cleaning steps 72, 86, respectively. It is desirable
but not essential to provide rinse step 84 between cathodic

30 cleaning step 82 and anodic cleaning step 86 so as to avoid
cross—contamination of the plating solutions in steps 82 and
86. A 'water rinse sufficient to substantially remove
residual cleaning solution is sufficient in both cases.

Also, where highly socluble metals such as for example

35 copper and silver are present on the leadframes, it is

desirable to provide a removable porous bag or the like



20° 5-6. Alternatively, a solution of 10-30 % by vol ume of potassi um
(e.g.,specific gravity = 1.34) or sodiumlactate or a m xture thereof in
wat er nmay be used. This has a pH of about 5-6. While food grade and

el éctronic grade are preferred, other grades may al so be used, depending
upon the 25 sensitivity of the parts being cleaned to the inpurities
therein. A typical solution useful for cleaning electronic copper

| eadf ranes conprises about 30 liters lactid8acid and about 17 Kgns of KOCH
with sufficient water to nake about 100 30 liters of solution or
equi val ent ‘in potassiumlactate in water. The above-descri bed anodic

cl eani ng sol ut k@Buhd Pied tedilntanl gleét £6dd Vi ither end¥idilrindngptabk g f 1 ash
wi t hout significapt

| ea tching. Fo I ' e LLv flash
on copper at 2P3¢ i%%§m%ﬁ§j?gkgqéPgwﬁ¥§ﬁqﬁﬁag?ghégétﬁ%yﬁﬁﬁgff§?hg opper
| eads. The cl eani ngastd ldimstiep 92 is hptandelds st FeEOYO AW F8¥LAB2L i ght

stai ns, residugkilbasbimat Rdiiag Bhasit Csifdpshk, and se£sdthdwasd. \Wetie
i ncreased activity fo I residual plastic.fl@asfy qr resin bleed is
é?’é Iution ©

_ rrenoval qf h _ _
needed during SRBHFE SORGHHHNG 1888 72, I 8y he Beconpl i shed by adding
sufficient sul methglaelfornic gioid anprpriodr LgupefplevimAG 30, 4- pebng pyt
Lhit Soit ﬁ epot r :3 %ﬁ:@ké%ked 55@%?@ tdgbagstﬁnéebr&&r%tguéf ugi @segﬁitlciyit 3%)&1’161‘ 85+ ed,
but ot her 012059, S ESLCRILI2L 008 ARG e Use B A ST IR e s0cse

oC being preferred. Immersion times of about 2-30 seconds
10 are useful with about 5-10 seconds being convenient and
about 7 seconds being preferred. Other acid dips well known
in the art can also be used provided they do not adversely
affect the parts being treated.
Plating step 94 is conventional and typically comprises
15 solder plating or solder coating using means well known in
the art.
The following are examples of the practice of the
method of the invention under different conditions.

20 EXAMPLE A

Standard plastic encapsulated SOT-23 ladder leadframes
composed of an Alloy 42 (42 % Ni, balance Fe) base
completely covered with about 4.4 micrometers of OFHC copper

25 plate, and with silver spot plating and substantial silver
flash and bleed, scale, blasting media, plastic flash and
resin bleed were clamped on a stainless steel belt and first
immersed in a first cleaning solution cbmprising about 4.5
Kgms of KOH per 100 liters of DI water, in a plastic tank at

30 about 70 °C and subjected to a cathodic cleaning cycle at 9
volts and 50-60 amperes for about 10 seconds. The parts
were withdrawn from the first cleaning solution, rinsed and
then placed in a second cleaning solution comprising about
30 % by volume potassium lactate and 5 % by volume lactic

35 acid and the balance DI water, and having a pH of 4-5, and

subjected to anodic cleaning at 9 volts and 30-70 amperes

-



the anmount added is adjusted for the initial acid concentration. Useful
anodic cleaning tinmes with the lactic acid + KOH + sulfuric acid + water
cl eaning solution are about 10 to 15 100 seconds with 20 to 30 seconds
bei'ng conveni ent and about 22 seconds being typical. Copper |eadframnes
treated in this manner are clean, bright and shiny wwth no evidence of
stain, residual plastic flash or resin bleed, blasting nedia or_netal
flash. Any surface oxide remaining or formd@ 20 thereon is substantially
invisible to the unai ded eye. Wiere | arge anounts of enbedded bl asting
medi a and/ or heavy staining or scale are encountered, cathodic-anodic
cleaning i s deforaibeyt il .secohdps SlhhdS&arklse wanedtiverc|vedidrgws oFEudm on
descri bed abovg6£0£e@&99'a]e%egal Bg1 3¢ £ Cd7%1h§easeéawh fQhs@NeEs was

cl eaning step € _used at hodi c cl eani ng step

However, |ess BRPERERSD ‘{ﬂﬂe&t PoRS Rk ISHTEY £6F *BP%od (,se§f’8658'?°and are
preferred For remeatp| #ybstantdabelyedl T abhadiec pekeeadimg sdluttioan for step 82
conprises apout 3 to 6 KAk t re

(e.g. electronrc grad§ |nto%&égggh%éﬁéﬁﬁﬁ;%ﬁdtg?ghérH%E% gﬁkggsoﬁil?ht'
with about 4.5SkgRE¥ ?R,‘% BRe Ifresr 3nnfseotaut PIASher nflasipi csisin kiged,
expensi ve gr adbgasBind ecdigrihndr et dess idiall eeal NPLasH i@s tilkerdei n do not

adversely affect the parts being cl eaned. 35 The anodi ¢ and cat hodi c
cl eaning solutions are placed in conventional electrolytic cleaning tanks
of several 16 hundred liters capaci EYAMRHERRI d at 60-80 [err] with about
70 10

Standard plastic encapsulated 14/16 lead IC ladder
leadframes of Olin 194 copper with silver spot plating and
substantial silver plating bleed and some scale, plastic
flash and resin bleed were clamped to a stainless steel belt

15 and immersed in a cleaning solution comprising 10 %
potassium lactate, about 2 % sulfuric acid (98%) and the
balance DI water at about 52 +/- 2 ©C and under anodic
potential for about 22 seconds. The pH of the solution was
about 1.48-1.50. The parts were then removed, rinsed as

20 described above and inspected. The leads were found to be
clean, bright, shiny and without evidence of any plating
bleed, scale, plastic flash or resin bleed.



[efr] being preferred for the cathodic (hydroxi de-water) tank and about
40-60 [err] being useful and about 50 [err] being preferred for the anodic
(lactate-water) tank. Plastic 5 (e.g., polypropylene) tanks are preferred
and larger or smaller capacities may be used depending on the size and
shape of the parts being cleaned and the desired through- put. The | ower
the tenperature the |ower the reaction rate, and the higher the tenperature
the greater the solution 10 deconposition2@ate. Thus, excessively high or
| ow tenperatures are not as effective. It is desirable to circulate the
solution in the tanks although this is not essential because of the
relatively short inmersion tinmes typi cadavpaged. 15 The parts to be
cl eaned according to steps 70 are conveniently clanped on a stainl ess steel

rack or placed on a stainless steel belt, tray or barrel and then i mrersed
in the anodi c cl eanfiig2sEPEEhen tctot B nBR¥Elss Glesaed1aydesfrilgd a8t hodic
and anodi ¢ cl eaangles! At 80P ateeediwaget ac2d dippepsiBla Gethyllsadfohial

tact t h | ' t ) .
Countor ol ot rogad SPARFLBRPRAR IS pUCHBLAGE 00k, Rl Ao Rl & e

(anodi ¢ bath) &% tdrovi Bedfen abieatsd| secends withensrapseesEsedereher
preferred. The yiaf isalel §61daenNp1ceeat fitRSabsiteqlyr edes1 as entcrviReed o one

or nore power R o bl f providi t ast about 7 nps at about
2-15 vol ts, ty;él’]rgg"lq 3§g-' gg’aas E%Lscpeart Q@ﬂg ?/g%d;‘afr%%gc%a%ﬁg?s boar/eh% suppl i es
and counter el diindigded aptdenpi@ateidopart Tyywexaalagsideani agr tathels/ S dv— S

]gal ectronic 1bagd=@_r foeadi yanksu 30 anhgﬁgdtﬁféxﬁet @Tsﬁem cp?\ﬂusz lcrllrougievhﬁesuaé}ﬂ/ plr |
or Integrated clrcults are descr,l el, OWw. S SKI | ILnt earg W
Under st and ¢ hatt4T5E% FREee KR e P8 S0Pt L HARREGuAPE de wettlng, a3

wetting, pin holes and bridging using standard techniques.
All parts passed indicating substantially complete removal
of all solder inhibiting surface layers and removal of
15 plating flash (and bleed) that otherwise cause soldex
. coverage and/or shorts rejects.
Having thus described the invention, those of skill in
the art will understand that the invented method provides a
particularly effective way of cleaning leads or electrodes
20 on electronic devices, particularly semiconductor devices,
in that a unified cleaning treatment removes stains, removes
embedded blasting media used for plastic deflash, and
removes excess plating metal, removes residual plastic flash
and resin bleed. The cleaning treatment provides finished
25 leads that are clean, brightly polished and free from
surface defects, visible oxides, or contaminants that
otherwise adversely affect manufacturing yield, cost, device
performance and reliability. Further, removal of all these
different types of undesirable contaminates is accomplished
30 using raw materials (e.g., lactic acid and/or KOH or NaOH,
and water, or sodium or potassium lactate and water) that
are particularly inexpensive compared to prior art cleaning
materials used for similar tasks. Further, the health and
safety hazards associated with some prior art cleaning

35. materials are greatly reduced.



wifl vary with the shape and size of the parts being cl eaned, the
‘concentrations being used, the bath 35 tenperatures and the voltages and
current densities applied. However, based on the teachings herein, those of
skill in 17 the art will be able to adjust these paraneters to suit
their particular needs w thout undue experinentation. Anodic treatnent
tinmes for step 72 are conveniently in the range of 2-200 seconds with 5-100
bei ng conveni ent and 5 20-25 seconds bei ng2fypi cal. Cathodic treatnent
times for step 82 are conveniently in the range of 1-100 seconds with 2-50
second bei ng conveni ent and 10-15 seconds being typical. Anodic treatnent -
times for step 86 axepaxiveilia@ntbytute ldhd lelvhangge odf h20@nsesbeds with

5-100 being co | en 0- N [ o T L at i

cat hodi ¢ and aﬁ%ﬁ?%‘?tnlrsea (r?rietﬁt nt%?négfgpgéedée)%tr g%%ﬁ)l%@alt Y ?g'ta:fsg%gfé%%out 1:1
to 1:2 (cat hodbtasting :regiciec frphegleqtroniss deviee pteadsigyt dFrt or

mat eri al bei ngseegyede1kp dtheshektess tivble artaENpliti iy fecded thain

CL et Ve TETOUR, SRR SR, OIRLE e BOETSLIELY, LSRR SRR gR, L
for el ectroni ctievieads arelagptagalidnbwt eanedssuPht? drinmegeit ye-20
]\j\hi le thel camﬁdhts amﬂi@oaelr&at weeh ng?rﬁfhx%%riRrieQQ ©hin is}r_?a@enga@ebaim, as
o crat e et His: BT G20 10caRldt O R TSeEEal Oyl g0 ¢
a a still further metal (e.g., silver). For example, it is

10 essential that the copper surface layer not be stripped
during the lead cleaning process used to remove the excess
silver and the residual plastic, resin and blasting media.
The above-described invention accomplishes this combination
of effects.

15 While the invented process has been particularly
described for removing, among other things, silver from
copper containing or copper plated leads, those of skill in
the art will appreciate based on the description herein that
the invented process may be used with other combinations of

20 materials of interest in the electronics art and elsewhere,
as for example but not limited to, removing other noble
metals and alloys thereof from leads composed of a wide
variety of metals and metal alloys well known in the art,
including but not limited to those leadframe materials

25 listed earlier in this description. Further, while the
process has been illustrated in terms of particular solution
concentrations, volumes and temperatures, agitation,
polarities, electrodes and other circumétances, those of
.skill in the art will understand based on the description

30 herein how to utilize without undue experimentation other
combinations of these conditions to achieve their particular
ends.

For example, while the cathodic-anodic cleaning steps
are described in terms of a single cathodic clean followed

35 by a single anodic clean, the similar effects may be

obtained by using multiple cathodic-anodic cycles. Multiple



rinse in between. In this way the conditions in each 25 cl eaning tank may
be optimized for that portion of the cleaning cycle. It is desirable to
provide rinse step 74, 88 after anodic cleaning steps 72, 86, respectively.
It is desirable but not essential to provide rinse step 84 between cathodic
30 cleaning step 82 and anodic cleaning step 86 so as to avoid

cross-contam nation of the plating solutions in steps 82 and 86. A water
rinse sufficient to substantially renove r&8idual cleaning solution is
sufficient in both cases. Al so, where highly soluble nmetals such as for
exanpl e 35 copper and silver are present on the |eadfranes, it is desirable
to provide a rea’eua@i@-mms cl%ge@rmat;ha:d ipkevided Soyarsagueénthielcount er

el ectrode in the anodi c clean ng .t | Po B nge~fromthe
cathode for eak§ efa=h-Tp'S & Fpgs ng&a?n?end?dﬁ?g@iéhngg any

resi dual oxi dePern’edablurlﬁg @néélser%l? trat gBe grubtidancyelew Hhr S opper
cont ai ni ng | eag8thaanOhndbd ) Rfc180-40 % nmet hyl sul fonic acid in water is

useful with_20-30 WW?Lngﬁ‘@{ﬁ %red Arﬁb:?negi p(sg %{'etl'%mnr ta‘é’h‘édéé useful ly
Terr

about 35- 79 [err] ei Ng conveni about _
50-55 [err] beiengdpretpcles mayniver seh, tites @Feﬁbé@h1%2Qﬂ)R§é€8ﬁﬂst@® are

useful w th abeyingail é@&ml@ebgagl@é)m\&erye%&aeadtmt o7.r secoagst bei ng
preferred. Qther, acid d $ nown in t art. can use g provi ded
they do not ad¥atBeP§Parret tSQHﬂ§183Ftss?mﬁW%§ PSR B ﬁep hgosfed 94 is
conventi onal aepttimprzedl dyd comdesiiseble plating of dissolved metals or
10 contaminants cnto the leads minimized. Under these
circumstances, a single cathodic and single anodic cycle is
less complicated.
Further, while the cleaning solution is described in
terms of being made from lactic acid and KOH or NaOH, those
15 of skill in the art will understand that potassium of sodium
lactate (or other column 1A or 2A lactates) may also be
used, so long as the solution has the equivalent amount of
lactate and hydroxide and inorganic acid is adjusted to have
the desired pH, e.g., 1.4-7, and that other carboxyiic acids
20 or compounds may be used instead of lactic acid or lactates,
although the latter are preferred and are believed to offer
better performance for the particular combination of
problems encountered with spot plated electronic leadframes.
Examples of suitable alternative carboxylic acids to be
25 mixed with metal hydroxides are acetic, tartaric or citric
acids or salts such as potassium or sodium acetate, tartrate
or citrate.
Additionally, while water has been.used as the diluent
for the lactates and hydroxides, other polar solvents which
.30 permit dissociation of the active ingredients in solution
may also be used alone or in combination with water.
Alcohols or water-glycol mixtures are examples of suitable
alternative solvents. Those of skill in the art will
understand that other materials may be added to the
35 described solutions without departing from the scope of the

present invention.



15" sol der plating or solder coating using means well known in the art. The
follow ng are exanples of the practice of the nethod of the invention under
di fferent conditions. 20 EXAMPLE A St andard
pl astic encapsul ated SOT-23 | adder |eadfranmes conposed of an Alloy 42 (42 %
Ni , bal ance Fe) base conpletely covered with about 4.4 mcroneters of OFHC
copper 25 plate, and with silver spot plating and substantial silver flash
and bl eed, scale, blasting nedia, plastic BBash and resin bleed were
cl anped on a stainless steel belt and first imersed in a first cleaning
solution conprising about 4.5 Kgns of KOH per 100 liters of DI water, in a
plastic tank at 30 Fubther,7@hfieer thankaesisebhedbeen desaitibgiicinl eewmang
cycle at 9 vol §g 8f§arﬁ%ﬁqf%eeaesei £ ARAY al0:8650nd%scTRe BRILE T ©

c

wi thdrawn fromitihe Tirst eanln sol ution, rlnseg d then pgaced in a
second cl eani n§"@ o ¥f i Bintlc RFL R BRARC 98 SBy %%ﬁfﬁﬁ?ﬁ&&?a §FEM | act at e
and 5 % by voIunatlfua|pré§énta¢ndeﬁmﬂbﬁlms ha@ledint ef&} alataaringandwhdei ng a pH
of 4-5, a“‘_%/?s”bla,@%%@& ﬁ_ﬁn%’%%g' aELE%%%&t 1%a&9'e‘>§ é’lﬂsﬂcé%nlg aepfé@é 19

for about secon were t drawn fromthe second

cl eani ng sol ut i’*sﬂoa%rlﬂmsé& ipaénterdpd W éﬁcwage pERe 35S G GRBEF a DI
wat er spray fOEra@thlior% RCHds becﬁﬁn&b/a:mléSbanékﬁii y_LraItIheO’arthhased
pr ecedi ng solutlo The_| eads e qpnd to be

cl ean, bright, Fﬁ PV &Féﬁ%ﬁnvngﬁg éhgi % resin bl eed,
blasting conpound and residual netal flash or bleed.



v

EXAMPLE B 10 Standard plastic encapsul ated 14/ 16 lead |1 C | adder | eadfranes
of Ain 194 copper with silver spot plating and substantial silver plating
bl eed and sone scale, plastic flash and resin bleed were clanped to a

stainl ess steel belt 15 and i mersed in a cleaning solution conprising 10 %
potassium | actate, about 2 % sulfuric acid (98% and the bal ance D water

at about 52 +/- 2 [err] and under anodic potential for about 22 seconds.

The pH of the solution was about 1.48-1.5@4 The parts were then renoved,
rinsed as 20 descri bed above and inspected. The | eads were found to be

cl ean, bright, shiny and w thout evidence of any plating bl eed, scale,

plastic flash or resin bleed. 20 EXMNVRARITC As a further test the parts
cl eaned as described in Exanples A and B above were acid dipped in a

met hyl sul foni¢c 5 acid s |on 20- 30 me _of 7Q Joaci ter) at
54 +/- 3 [err% fo ?ﬁﬁﬁﬁ Fe&dREEI PN ﬁaa#ng% gse% ove) A gevﬁcggeads

sol der platedCMar@cE¢mnnaﬂ3n*/- 1.3 mcroneters of Sn: Pb (80 20) sol der

using stanglard te ihg -Iﬂé%dg' Qigﬂegfsgfjﬁrstplnéﬁgﬂ Wafilng WBEeeagesd in
ours_and i.n steam (95 [err]) for 32

air at 175 +/-_5 1 eEé %ﬂJ faor five
hours and t heR'2ESE kP9 Q%sdePébFl??§°%9uP?9i§pected for de-wetting, non-
wetting, pin hol esimnslrdirigdgiheg leatdng (36 andarad sbéuhibomuemprAlsingart s passed

i ndi cating SUQEE@?é'fgié’éﬁanQ Gkt ah eADYRbx Ae Aladhgsol der inhibiting surface
| ayers and renova '
y applying an electrical potential between the leads (16)

10 and a reference electrode contacting the solution.

2. The method of claim 1 wherein the immersing step is
characterized by immersing in a solution comprising lactic
écid and a hydroxide of a metal from columns 1A or 2A of the
15 periodic table.
3. The method of claim 2 wherein the immersing step is
characterized by immersing in a solution comprising lactic
acid and potassium or sodium hydroxide or a combination
20 thereof.

4. The method of claim 1 wherein the applying step is
characterized by making the leads (16) anodic with respect

to the reference electrode for a predetermined first time.

25
5. The method of claim 4 wherein the applying step is
characterized by first making the leads (16) cathodic with
respect to the reference electrode for a predetermined
second time, preceding the first time.

30

6. A method for treating metal parts (16) of a first metal
having thereon an exposed region (28) of a second metal to
remove the exposed second metal, characterized by:

immersing the metal parts (16) in a solution comprising

35 lactic acid and a metal hydroxide and a polar solvent; and

* C L M s *



15% plating flash (and bl eed) that otherw se cause sol der coverage and/or
shorts rejects. Having thus described the invention, those of skill in the
art. wi Il understand that the invented method prOV|des a particularly
effective way of cleaning | eads or electrodes 20 on el ectronic devices,
partfcularly sem conductor devices, in that a unified cleaning treatnent
renoves stains, renoves enbedded blastlng medi a used for plastic defl ash,
and renoves excess plating netal, renoves Pesidual plastic flash and resin
bl eed. The cl eani ng treat nent provides finished 25 |eads that are clean,
brightly polished and free fromsurface defects, visible oxides, or

contam nants that odperyirge aadeteseticaf fpetentbhaliflaadiweennghei metal cost

devi ce_per f O NBOEE, APk Sl ARl Lblredl diClor coBONSe Rl 3l chliese d fferent
types of undes T e contam nates I s acconpl i shed using raw materials
(e.g., lactic aetdtdeRl #A"KOH or NaCH, and water, or sodi um or pot assi um

| actate and wat er) &ﬁé&eiﬁ%tmeaﬁﬁreulmﬂﬂqaidmmppeassvepppnmpamedthe pecond art

cl eani ng eri ed far t . Further, the health and safety
hazar ds agE%C|a%L%l %b a?b%? ar't cl'eaning 35 materials are greatly
reduced. 21 A partlcular feature and advant age of the invented nethod is

tlhat not Ogl y?doe@hétdm@&r&ﬁfl oifcatteallm% &ﬂiéx@i&ndlﬁblwimg’ atiegue from
el ectronic evi ce eads it se ctiv (0]
plating faster® Pﬂgﬁlgefﬁg>%ﬁ3€9 JIRGT dads t$%2 €3 e meta gg c8PLEh)

| YI'hg isIs particu y |nportant
where the | eads are not solid but consist of a base netal (e.g.,

10 8. The method of claim 6 wherein the applying step
comprises first applying cathodic potential and then

applying anodic potential to the metal parts (16).

9. The method of claim 6 further, prior to the immersing
15 and applying steps, placing the parts (16)in another
solution comprising a metal hydroxide and a polar solvent
wherein the parts (16) are subjected to a cathodic
potential, and then performing the immersing and applying
steps wherein anodic poﬁential is applied to the parts (16).
20 !
10. A method for cleaning copper leads (16) that have
exposed silver thereon cha;acterized by:
immersing the leads (16) in a cleaning solution
comprising a polar solvent in which has been dissolved
25 lactic acid and a metal hydroxide, or a metal lactate; and

applying an anodic potential to the leads (16).

) ) A O



ALToy 42) covered with a conparatively thin surface |ayer of another netal
(e.g., copper) which has been spot plated with a still further netal (e.g.,
sil,ver). For exanple, it is 10 essential that the copper surface |ayer not
be stripped during the | ead cl eaning process used to renpove the excess
silver and the residual plastic, resin and blasting nedia. The

above-descri bed i nvention acconplishes thi 2 conbi nation of effects. 15
Wil e the invented process has been partic Farly descri bed for renoving,
anong ot her things, silver from copper containing or copper plated |eads,
those of skill in the art will appreciate based on the description herein
that the invented proces¥ONaGYRRLE FLEMTRIDE REFARDYH ERSCESAs of 20
materials of interest in the electronics art and el sewhere, as for exanple
but not limted to, renoving o I a @1?5% oys thereof from

| eads conposed of a wi de vari e{\€§% netog] g‘ﬁgnéf?re aLﬁJaE{ | oys well known in
the art, including but not limted to those |eadfranme materials 25 |isted
earlier inghis dest idldc@Rolyti tfiRSaesti(70)t BRp DS PIGRE S MAEebeSdllution
illustrated in erl alof p rfci cul ar. sal.ution congent ran{ ih0§§: Y (Iegrres and
tenperatures, 2Gita |or{a°%8 8P 7T e i e &S5 daRY it RYFERF et st ances,

t hose of skillrapidie and safely urefervasametisdsplabing fdegdsdApti on 30
herein how to dbiidwe Wxiayt uSdiEn£REHRENLRE T P30)0t RALse@BDENSIH ons of

en o T3] e Bsbd P Stk AR 1 pa fOBTE) B e ot
cl ean fol I<dvedeBéctipdes JilAYl ef ambekitraglicadevihes si Ardcglicektebing nEA2)be
obtai ned by usjpg, Medndilag:6at HPdELerARAd 8oy CLRE  addiild RH8) etching

(72) is preferred.. Noble metals are selectively removed

without cyanide compounds. For example, excess silver from

spot plating on copper leadframes is etched away 2-3 times

15 faster than the underlying copper. After cleaning the

device leads (16) are bright, polished, stain-free and

without scale, residual plating bleed (42), deflashing media

(38), plastic flash or resin bleed (36). The process is

effective, less hazardous, easy to use and economical.

20 '
(FI1GSs. 4 and 5 accompany this abstract)

25



22" cat hodi c- anodi ¢ cycl es may be provided by sequential polarity reversal
of "a DC potential or by using an AC potential. It is desirable that the
multiple cycles finish with an anodic cycle. 5 VWhile nultiple or
conbi ned (single-bath) cathodic- anodic cycles nay be used, it is
preferable to performthe cathodic and anodic cycles in separate tanks, or
at least with separate solutions, so that each may be separately opt|n1zed

and undesirable plating of dissolved netd 0 Q_. contam nants onto the
| eads m ni m zed. nd@t hg e 95 cu Qancesm ’ | or e- tat hodi ¢ and single
anodic cycle is | ess—eerp ' cleanlng solutlon IS
described in terns{al.be g6t [ c—acid—and KOHGr t hose 15
of skill in the artCw Or asSSiUm sodlun1lactate (or
ot her col um 1A or ZA+at Ay 3 b—trset—S0 | ong as _the solution
has the equival ent amount o M¥AtAyeHWaIhEdroxide  anP Rnb@Rnic acid is
adj usted to have the—de g Femm [ ana—t hat_ ot her carboxylic
acids 20 or DONHEIS—FFB [ Reead ref—aetc RRd or 1actates,

al t hough the atte @f fer better
performance for the ‘On _of _probiyéns encountered with
spot pl ated el ectr g ead +gabl g . al ternative

carboxylic acids to be(2514m xe%tm&etﬁlﬁ@o : F%re acetic, tartaric
or citric acids or 33 ’ oo Or_sodrUm acetate, tartrate or
citrate. Additionally, while water has beq:nu;ed]as t he dil uent

) Oy 32 30 140 12
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fof the |actates and hydroxi des, other polar solvents which 30 permt
digsociation of the active ingredients in solution may al so be used al one
or ;in conmbination with water. Alcohols or water-glycol mxtures are

exanpl es of suitable alternative solvents. Those of skill in the art wll
understand that other materials may be added to the 35 described solutions
W t hout departing fromthe scope of the present invention. 23 Furt her,
while the pr E@ ed E%i Fff ani ng | eads of

el ectronic dgﬁék mghﬁﬁfé GP[R ﬁ A Sn er nd based on the

descri pti ens-herei-n-ttat-the- present- rnvenrrdﬁ'rg"uSErur'Tﬁr'ﬁréaﬁrng a

wide 5 varl S bestdes teads—of—dl ect €Vl CEsS. :
Accordi ngty, SPOF Putﬁe'FEed—Le»InclAGSEMeBIeEand EN@ARPSULATRE M | |
occur to ¢ ose of skill i he art based on the It eaclhings herein in t he
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L
applying an electrical potential between the |eads (16) 10 and a reference
el ectrode contacting the solution. 2. The nethod of claim 1l wherein the
i meTsing step is characterized by imersing in a solution conprising
| actic acid and a hydroxide of a netal fromcolums 1A or 2A of the 15
periodic table. 3. The nmethod of claim2 wherein the imersing step is

characterized by imersing in a soluti ors/aorrprl sing lactic acid and

claim1 wherein the IW'qg 3@ 'gzcharak‘! &) zedrby 1Raki ng the | eads (16)

anodic with respesi—to-lhel'nel chgchliode oK a predaterm ned first
-—lll!ll-,-‘l'lll yl n pis

characteri zed by Y-+st—a (s (S with respect to the

reference el ect r ddetuQi—apr £

t hereon an expos e imel 3 ;e.“-'a t—rre H)-!-e t he exposed

second net al§-e --ﬂé'.lm. 2y FA r;‘""!u' otiim al Eﬁ (16) in a

sol vent; and P \eq) rpet-emt+dl between the netal parts

(16) and a refer(nce@_g‘c&rodezg)nt%l n éhosoT ti opp and

pot assi um or sodiyg aeime - 20 thereof 4. The met hod of
time. 25 5. The nECOU—OT TN
spcond Lo g the first
time. 30 6. A metQOQO TOrT) S Oy et dll-*..li)) ofpﬁieﬁﬁ met al havi ng
sol ution conprisi ME—38~1aC N MECICTIV(6 Jicde and a pol ar
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wherein the first metal conprises copper and the second 5 netal conprises a
nobke netal. 7. The nmethod of claim6 wherein the applying step conprises
app¥yi ng anodic potential to the metal parts (16). 10- 8. The nethod of
claim 6 wherein the applying step conprises first applying cathodic
potential and then applying anodic potential to the metal parts (16). 9.
The nmethod of claim6 further, prior to the imersing 15 and applying
steps, placing the parts (16)| n anot her sol ution conprising a netal -

hydr oxi de and_a_pol ar sal.vent wherein arts _% are subjected to a
cat hodi ¢ pot d?ﬁ& PAREBPARTS Euqiéﬁrmﬁfﬁ 633 pl yi ng steps

wher ei n anod-l-e -pot-ent+-ak-+s-appl- r-ed--t—e--t-he p-a-r-t-s--(- -~20--F0-~A-Aetfred-{ or

cl eani ng c:;;se"r .leads +63—4 hat rhavre—expoesed—si t pereen—eharact '“L’éd
by: inmmers|n E?T 6__.1_;, ut |_o_n_;3 ‘
sol vent |?\ $P as eenEld ssol ve?gngmF'l a¢i d ap gﬂ%’?ﬁ%@%i fle,
or a meta! Iagégle; and appl yi ng ga..énoh Egg)tentlal t ogghd Ijeads (16). E
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