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The present invention relates to the selective etching' of 

metals a~d, more particularly, .:reiates to the electrochemical 
' . 

. etching of metals in the presence of various solders. 

C4 is an advanced microelectronic chip packaging and 

connection technology. "C4" stands for ~ontro:ped Collapee Chip . 

Connecti·on. C4 is also known· as "solder bump'', "solqer balls" and 

''flip chip" and these· term~ may also be used in conjunction such as 

"C4 solder bUmp". 

The basic idea of. C4 is to· co.nnect chips (-s.emiconductor 

deviaes), chip packages, or. such other· units by means· of solder 

bumps· between two surfaces of the units. -These tiny bumps of 

electrically ~onductive solder bridge the gaps between respective 

pairs of meta~ pads on the units being connected. Ea.ch pad has a 
corresponding pad on.the other unit's surface; the pad arrangements 

are· mi.r.ror images. As the un·:i ts are pressed tog.ether and heated. the . 

solder bumps on the · pads of the first unit are contacted with 

corresponding condu~ti.ve pads .(having no bumps) on the second unit 

and refiowed, partially· collapsing the solder bumps and·~aking 

connections between -respective pads. 

In C4 the solder bumps are formed di~ectly on the metal pads 
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... , of the one unit. The pads .are electrically isolated from other 
. . . 

co!Jlponents by the insulating substrate that surrou.nds ea<;:h pad·. The 

substrat~_might be silicon (Si) qr some other.material. rhe bottom 

of the pad is :electrically conn.~cted into the chip circuit .. 

A major application of C4 is in j.oining cl:iips to a carrier o.r_:" 

.·package. Chips usually are made in rectangular· ar·rays on a mono­

crys~alli~e s_lab of silicon, cailed a "wafer". Many chips are 

formed on· .each wafer, and ·then. the wafer ·is broken· . up i_nto 

individual chips and the chips are "packaged'' in-units large .. enough 

to be handled. The C4 bumps are placed on the chips while they .are 

still joined ~n·a wafer. 

The wa·f ers are made as large as possible so as to reduce the. 

number of wafers that must be pro.ceased to make a certain number of" . . : . . 

· chips. :For th~ same rea.son (among oth~rs) · the chips are made ·as 

small as· po.ssible_. ··Thu~, ·the .best C4 .fab_;ric~t.ion ·system is one _th~t 

can ma,ke tho1;1.sands of ve-x;y small, closely-spaced soltj.er bumps e"aqh 

p~ecisely placed over a· ·large area. 

C4 solder bumps. must· be mechanically. weii-fastened·· to their. 

pads, or they may be to~n off when the two surfaces are pushed 

together. It will be appreciated that a complex device su~h as a 

computer.may have dozens of chip~ and hundreds .or thousands of C4 

solder ball connections, and. the entire device may be rend~red 

useless if only one of th.e bumps fails. The att.achment of the C4 

bumps requires ~areful design. 

One method of forming solder bumps uses sputtering or vacuum 

deposition. In this method,· soider metal is evaporated in a vacuum 
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chamber .. The metal vapor coats ev~rything in the chamber with a 

thin film of the:evaporated metal. To form· solder bumps on the 
, " ·. • I . 

s~bstrate, the vapor.is· allowed to pass ~hrough holes in a metal 
. . 

.mask held over· the substrate. The ~ol,der vapor passing. through. the 

holes conde.nses ·-orito the cool surface . into solder buinps. · '!'.his 

method requires"a high vacuum chamber ~o. hold the substrate, mask, 

and flash evaporator. 

A;n .. alternative technique. for ·making solder bumps is 
.. 

electrodeposi tion, also. called electrochemical plat.ing ·. or 

electroplating. This method also uses a-mask and forms solder bumps 

only at th~ selected ·sites, but the ·-technique is very -different 

from the evaporatio"n methoc:f .. 

The first step in electrolytically forming C4 soldf;lr pump-~ is 

:to deposit a coritinuous stack of metal f:ilms ~cros.s. the wafer. to be 

b~e~. This so-call.ed "_seed .l?yer" per.forms a dual . funct.ion •. _.· 

First·, ~i:'. provi.des .? conductive path for c.u_rrent flow during the 

eiectroiytic deposition of the_ solder bull!-ps." ·s~cond, ·it remains 

under·· the solder bumps and forms the basis. for the· ball. limiting 
. . 

metallu_rgy (.BLM) for the C4s. Therefo·re, i.t must cqntain at least 

one . layer that is conductive. enough to. permit unfform 

electrC?deposi tion ·acros~ the ent:i":te expanse ~f. the wafer. The 

bottom· layer must adhere· well to the underlying semiconductor' 
. . . 

device passivation and tne top layer must int~ract sufficiently 
. .· . . . 

·with the sol~er to fonn· a reliable bon~. In addition, the BLM may· 
. . . 

contain barrier layers which prevent the solder from detrimentally 
. . . 

interacting with tl)e underlying device constituents. Finally, the . . . 

stresses generated by the composite stack. should be low enough to 
. . . 

sustain the reliabili~y of the C4 joint throughout various thermal 
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and mechanical stresses. Considering.all of these factors,. seed 

layers. oft;.en consist of more tpan one metal layer, and these· 

various layers must be ~tohed away from between the C4s at some 
. . 

point d~ring ·the processing in order ·to ele.ctz::ically isolate the . 

interconnects .. 

The se.cond step, after the seed layer is la.id down, is to form 

a mask·by photolithography. A layer of photoresist is laid onto.the 

seed layer ·.and exposed to light. Unexposed photoresist {if a 

negative ph.otoresist) can then. be washed away to leave the cured 

photoresist behind as a mask. The mask has: rows of .holes where the 

solder bumps are to be deposited. 

The third step is. elect.rodeposition .. .(.electroplating) of solder 

into the mask holes. 

After the solder b~ps· are formed, the mask of cured: 

photoresist is removed-_ The. substrate now is .covered with .the . 

. . continuous. seed layer. and numerous solder bumps .. Then, the· seed 

layer· is·. removed in between the s·o.lder b~ps to electrically 

iso:).ate. t.hein by suitable wet etching. a:q.d/OJ:'. . electroetching 

. proce·sses. 

The solder typi.cally. used for the C4 solder bumps is 97 weight· . 
percent · Pb and 3 weight percent Sn. A typical seed layer would 

comprise a·TiW layer, a phased Cr/Cu layer or a Cr/Cu alloy and a · 
. . 

Cu layer. The process utilized to simultaneously remove the Cr/Cu 

and Cu layers is an electroetching process which includes an 

aque.ous sol.ution containing glycerol and potassium sulfate: as 

disclosed in Datta et al~ ?.S. Patent 5,486,282, the disclosure of 
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. which is incorporated by . reference herein·. The glycerol serves as 

a wetting agent, but the purpose of the .potassium sulfate is 

·· twofold. First·, the potassium. sulfate imparts electrolytic 
. . 

conductivity to the solution .. ~econd, the free . $Ulfate ion$ complex· 

readily with the high_ Pb solder bumps _and form.a pro"tectiye.crust 

·which prevents the solder ·bumps from being dissolved during the 

electroetching proce·ss. The T~W laye~ is then etched usip.g a wet 

.etching process which. includes an .aqueous etchant comprising 

hydrog.en peroxide; EDTA ·and potass.ium_ sulfate as _di_sqlo.sed· i·n Datta 

·et al. U.S. Patent St 462, 638 and Fanti·· et al. U.S. Pate_rit 

6, 015, 505, the disclosures· o_f which are incorporated by reference_ 

h~rein,. The "crust" on the solder bumps i~ removed in a subsequent 

cleaning,process. 

More rece_nt appl.ic?tions ·use a· lower mel ti~g solder for the C4 

bumps ~o . enable lower. temp~rature ·chip joining·. Sue~ a. lower. ·· 

melting solder could be the.lead/tin soider.composition comprising 
. . ' . . 

. . . 

·63: weight perc~ht sn; arid· 37 weight percent Pb:. 

Cotte.et al.· u .. s. Patent 5,800,726,.the disclosure of which is 

inc9tporated by :re·ference herein, have proposed .an aqueous solutio_n 

for the wet etching.of .various metals, such as TiW, in the presence 

of eutectic solder. This so.lution compris~s potassium phosphate, 
. - . 

hydrogen peroxide, EDTA and oxalic acid. 

The present inventors have recognized that the current 

electroetch process is not effective with respect ~o hig~ Sn sol_der 

·bumps. The reason is that Sn is not very reactive with sulfate ions 

so the prior art electroetch solution as disclosed in the above 

Datta ·et al. U.S. Patent 5,486,282 doe.snot form a protective crust 
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over the solder bump during electroetch. The undesirable result is 

that a large ·amount of the Sn is leached out from the. solqer·bump. 

rn· addition; th~ ·dissolved Sn is free to redeposit on the TiW a·nd 
. . 

complex with the TiW so as to render 'the TiW layer impermeable to 

traditional wet etching. 

The problem is further comp;t.~cated by h;i.erarchical solder 

structures in which, for· example, a low melting, high Sn solder 

bump is deposited over a high mel~ing; high ·pb ·solder bump. 

The present in~entors have thus recognized a need to be able 

to .-effectively·' electroetch metals and '_not affect th~ solder bumps 

where at least .a portion of ·tQe solder bump contains a high Sn­

.solder. 

Accordingly, it is· a purpose. of the .present invention to 

electr.9etch .aubstrat:es h~virig metals to be electroetched.and high' 

Sn ·solder bumps ·which are not to be· etched·. 

It. is a further ·purpose o.f the· present invention to 

electroetch _substrates having ·metals to be. electroetched and solder 

hierarchies containing high Sn -sold~r bumps· and hig.h lead solder 

bumps w_h'ich are not to be etched. 

These and other purposes of th~ present invention.will·become 

more apparent from the following description considered .in 

conjunction with'the accompanying_ drawings. 

BRiii' SJJMMARI OF DI INVBN'l'IQN 
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The ·purposes of the invention· have been achieved by providing 

according to a fi~st aspect of the invention- an· aqueous 

electrochemical etchant for etching metals i~ the presence of one 

or more m~tals not to be etched, the .etchant.comprising: 

glycero1 in ·the concentration range· of. 1. 30 to 1. 70 M; 

.. 

a sulfate compound having a ~ulfate ion conce~tration in the· 

range of o to 0.5 M; and 

a·phosphate compound having a phosphate ion concentration in 

the range of .0.1 to O.~M. 

Accorc:t~ng to a s~cond a.spect of .the inventiqn, there is 

: provided .a method for .selectively dissolving, in an ar-t::icle, .on.e or 

.more metals to be dissolved in the presence of one or more metals 
. . 

no~ to be dissplved, the·method comprising the step of: 

electrochemical~y etching the :met.ala ·to. be dissolved ·with an 

aqueous etchant comprising glycerol in the concentration range· 

.of° .1. 30 to 1. 70 Mi a sulfate qompound · having .a sulfate ion 

.· concentratio·n .in the . range ·of o· to O. 5 · M, and a phosphate 

compound· having a phosphate ion concentration in the range of. 

0".1 to 0.5M. 

According to a third aspect of the invention, there ·is 

provided a method for seleotively etching an article, the method 

comprising the steps of: 

providing an article having one or more metals to be 
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dissolved in ·ti:ie presence of on.e or more metals not to be 

dissolved; and 

electrochemically etc~ing the one or more metals t~ be 

dissolved with an aqueous.· etchant. comprising glycerol in the 

_concentration range of i. 30 to l_. 70 M, · a sulfate . compound 

having a sulf~te i.on concentr.ation in the range of 0 to O. 5 M, 

and a phosphate compound having a phosphate ion concentration 

in the range of 0.1 to O.SM. 

:BUEF DBSCRIP'J.'ION QI' DB DRAWDfGS 

'!'he featul;'es o~ the · ipvention peliev~d to be novel and the 

elements· characterist~c of the invention are set for~h with 

particularity in the appended Claims. The Figures are for 

illustration purposes only and· are not drawfl to . scale. The 

invention l tself ,· however, ·'both as to _organization a~d met;hod of 

ope.rat_ ion_; . may best be understood by reference to the .detai'.!-ed 

_description which fo1lows taken . .in conjunc~ion with the 

accotnpan"ying drawings_ in which: 

Figure 1 is ·a 'side vfew ·of ·a chip showing the se.ed layer and 

a first solder P,ierarchy containing only a solder .comprising 

primarlly Sn. 

Figure 2 is a side view of a chip showing the seed layer and 

a second solder hierarchy containing a high Sn solde:r and a high Pb 

solder. 
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Figure 3 ·is a side view of: the chip in Figure 2 after 

electroetching with a prior art etchant.· 

Figure.4 is a .side .view of the chip·in Figure 3 after wet 

etching to remove the last layer of the seed layer. 

Figure 5 is an illustr.ation of the surface . of the chip in 

·'Figure 4 show,ing 'incomplete etching of the seed layer. 

Figure ~ is . 9· side view of the chip in Figure 2 after 

electroetchi.ng with the etchant according' to. the present 

invention. 

· F~gure 7 is a side · view of the. chip in Figure 6 after wet · 

etching to remove the last layer of the seed layer. 

Figure . 8 is an illustration of the surface of the ch,ip in . 

. Figure 7 showing .complete etching o~ ·the seed layer~· 

Referring to the drawings in more detail, and particularly 

referring.to Figure 1, there is shown a first chip 10. comprised of 

semiconductor ·material 12, seed layer 14 and solder bumps 24. As 

noted earlier, the seed.· laye;: i4 "is actually comprised of a 

plurality of layers .• One typical 9'rouping of .layers, for purposes 

of illustration and not limitation, is first layer· 16 of a TiW 
. . . 

alloy (e.g., 10 weight percent Ti and ~O weight percent Tungsten), 

second layer· 18 of phased Cr/Cu .or a Cr/Cu alloy ~nd third layer· 20 
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of ·cu. There· may also be a barrier layer 22 of, for example, - .. 

nickel. 

·.The solder bump 24 on· chip 10 comprises primarily Sn solder~ 

Such a solder might be of moderate Sn ·co.ntent such as 60 weight· 

percent or more ·Sn and 4Q we"ight percent or less Pb, or high Sn 

content such as 95 weight percent or greater· of Sn, balance Pb. 

Too, the sol~~r may include lead-free alloys ~omprising primarily 

Sn sµch as Sri/Ag, Sn/Cu, Sn/Ag/Cu, and Sn/Bi alloys-, just· to name 

<;l few. 

Referring now to Figure 2, there is shown a second chip 30 
. . 

· comprised of semiconductor ma~erial 12, ~eed layer 14 and solde~ 

bumps ~2. Seed layer 14 could·be the same as that shown in Figure 

i or qould be different, depending on the application. Simi_larly; · 

second c~lp 30 couiq also. ·have· barrier: layer Z2. Second. chip 3o 
. . 

c<?ntain::if ·solder.· bumps 34. In this case, however, solder bumps . 32 
- . ·~ -

compri_s~ a solder · hierarch:i?al ·. ·st_ructure compriseq ·of·. a higher: 

meltin~. temp~rattire· solder 34 and a· lower melting ~emperature 
solder 3·6. '.!'here could be -a~ditional iayers of s~~der· if. desi·r~d as · 

:the solder hierarchical structure sh.own in. Figure 2 is for purposes ·· 

of illustration only. 

. . 
Higher melting temp~rature solder 34 could be a nigh Pb· solder 

hav_ing 95 to 97 weight percent Pb, remainder Sn. Lower melting 
. , 

solder 36 could be any of_. the moderat~ :Sn content, high s·~ content 
. . 

or lead-free alloys mentioned above. 

The remainder of the discussion will center on second chip 30 

but it should be understood that the present· invention is. equally 
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applicable to first chip 10. 

Referring now to Figure · 3, second cijip 30 has been 

e.lectroetched with a. conventional aqueous etchant including 

glycerol and pot~ssium sulfate. The composit.ion of this etchanf was . . . . 
1. SM glycerol and 0. 35M K2S04 (potassium ·sulfate) . The cell vol~age_ 

was 14. O volts,· the electrode spacing between the workpiece: and the . . 

electrode was 3.0rom, and t.he_·i;:iuty cycl~ was 20%. 

As can be seen from Figure 3, higher melting ·solder 34 has 

been protected by a protective crust 38 while lower melting solder 
.. 

36 has been attacked . during . electroetc~ing, "resulting in 
. . 

undesirable Sn loss and the conseqµent c9~ositional change in the 

solder bump 32 ~ Morevoer, so~e of the .. Sn 39. from lower m~lting 

solder 36 has been redeposited onto first layer 16 of the· s~ed . . . ; . . . 

layer and may even complex with it. 

Subsequently, second chip · 30 was wet etched in· a conventiona·i 
. . 

aqueous etc~ant comprising 30% by weigpt hydrogen peroxide, 7.8g/l. . . .· . . 

K-EDTA·and 1.lM p9tassium sulfate for a ~~riod of 330 seconds. ~he 

· bath tei:nperature was set at· 50 °C. The results after wet etch.ing 

are illU:strated in· Figures 4 ·.an~ 5. where it can be seen~ that the 

first layer 16 ·has been subst~ntially removed le.aving surface 42 of 
. . 

the second .chip 30 mostly devoid of the first layer f6. On the 

other hand, Sn deposits 39 (as ·shown in Figure 3) prevented the 

.etching of some areas.of· first layer 16, thereby leaving areas 40 

of the first layer 16 'which were not etched away. 

Chip structu+es such as that shown in Figures 3 to 5 are 

undesirable and can result in high yield loss. As can be 
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appreciated, any yield loss at this stage of the processing of the. 
I 

chip is very costiy .• 

Referring now·tp Figure 6, second. chip 30 was electroetched 

with an aqueo.u~ etchant according to the present invention.· 

The aqueous electrochemical etchant used .· for the present 

in·vention will have a composition comprising 1. 30 to 1. 70 M 

. glycerol (HOGH2 {0H)CH20H) (pr~ferably 1.5M), 0 to 0.5 M sulfate ion 

concentration (preferably 0.35M), and 0."1 to 0.5 M phosphate ion 

concentration (preferably 0 .1.5M) • The pH should be i~ the range of 

.4 to 9 (nominally 5) ,. the cell v'~ltage should be 13 to 17· V 

(nominally 14 .. s}, the electrode sp~cing was 3. Omm, and :the du_ty 

·cycle was_ 10 to 30% · (preferably 20%} . 

The sulfate ion· and phosphate ion may be ·derived from any 

. salts. Among these are potassi.U:m sulfate. and potassium phosphate· 

. but also·· sodiUm sulfate _or ·~odllim phosphate could be used. f~·r the 

.· purposes of the present invention. 

The relative amounts of sulfate ion and phosphate ion would be . . . 

adjusted bas·eci on the quanti tie.s o_f. high Pb. and high Sn solders 

present. If_ both high Pb and high Sn solders are _present, both 

sul"fate and phosphate ions .must be present to protect the solders.· . 

If a high Pb ~older is. not present, the sulfate ions need not be· 

present. As a minimum, the total amount of sulfate ions and 

phosphate ions must provide a·high enough solution conductivity to 

perform the electroetch at a r~asonable voltage. 

The metals that m~y be etched in the pre~ence of the solde~ 
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·bumps includ(il! tit_an_ium, tungsten, chromium, copper, nickel' and 

alloys. thereof. The metals that" may be electroetched ~n the 

presence of the solder bumps include a va·riety of metal sta.cks that 

·include Cu, .Cr/Cu, Cu/Ni, and Cr/Cu/Ni alloys. 

· As an exarilple of one preferred etchant of the pJ:'esent . . . . 

invention, the etchant.used to elec~roetch second chip 30·comprised 

l.SM g_lyceroJ,, 9.35M K2S04 (potassium sulfate), and 0.15M K3P04 · 

·· (potasslum phosphate) . The pH w?is ~dj usted to 5. 0 using phosphoric 

:acid. The cell voltage was. 14.0 volts, the electrode spaci:ng was 

3.0mm, and the· duty cycle was 20%. The whole.of each of the solder 

bumps is protected -by crust 38. Second and third layers· 18, 20 

respectively, were removed and ·no residue is left on th~ first 

layer 16. 

Then, second chip 30 was wet etched in a conventional aqueous. 

etchan~ comprising 30% by weight hydrogen peroxide, 7.8 g/1 K-EDTA 

and 1._lM potassium sulfate for a per.iod of 330 seconds. The bath 

temperature .was set at 50 °C. The .. results are illustrated in 

Figures 7 ·and 8 whe~e it can be se·en. that ~he first· layer 16 has 

. been entirely removed· leaving surface 42 of the second chip 30 · 

devoid of any residue .. 

Protective crust 38 remains in place after wet et~~ing and is 

removed with methane sulfonic acid after wet etching is complete. 

The use of the present invention has ·been found to greatly 

increase the yield from the electroetching proces~. 

It will be apparent to those skilled in the art having· regard 
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to tl)i-s discl9sure th~t other. modifications of this . "invention 

·peyond those ~mbodiment.s speci;fically described here may be made 

without departing from ·the spirit of the -invention~ Accordingly, 

such modifications are consi<;iered within the scope o"f the invention 
. . -

as limited solely 'by the appended "claims·-
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1. An aqueous ~lectrochemical et;:.chant· for etchi~g metals i.n ·the. 

presence , of one or more metals not ·to. be etched, the · etchant · 

comprising: 

glycerol in the concentration range of 1.30 to 1.70 M; 

.. 
a sulfate compound having a sulfate ion concentration in the range_ 

· of· O to 0.5 M; and 

a phosphate .. COI£ll>OUnd having a phosphate ion. concentration· .in the 

range of 0.1 to O.SM. 

2 .: The .ele.ctrochemical etch.~nt of claim 1 wherein the pH of the 

etchant is ·in the range 0£·4 to 9. 

3·. The eiectrochemical etchant of claim:.-1 wherein the one ·or mqre 

metals" not. to be etched are selected from the.9'roup consisting of 

lead, tin and.alloys thereof. 

4 . The electrochemical etchant of· c.laim 1 where.in the one or more 

metals not be etch_ed are se~ected ·from the group cons_isting of high 

lead/tin -solders having . greater th~n 95 · weight. percent . lead, 

balance tin; mod~rate lead/tin solders· having less th~If 40 weight 

percent le.ad, balance tin; high tin/low lead solders. hav~n~ greater 
.. . . 

tha~ 95_ weigh_t percent tin, balance lead; no_· 1ead so:t.ders having. · 

·tin content g~eater than 95 weight percent; and combinations 

·.thereof. 
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5. The electrochem,tcal. etchant bf claim 1 wherein the ·.metals to be 

etched ·are· selected from.-the group consisting of chromium, copper, 

nickel and alloys thereof~ 

6. The el.ectrochemical etchant of claim 1 wherein the· sulfate 

compound is in the range of 0.2 to 0.5 M. 

7. The electrochemical etchant of claim 1 wherein· the glycerol 

concentrati.on is about 1. 4 M, the sulfate concentration is about 

0 .·35M, and the phosphate _concentration is about 0 .15M •. 

8. A. method ·for selectively dissolving~ in an article,. one ·or more 

metals_ to be.dissolved in the presence·of one or more metals· pot to. 

be dissolved, the· method comprising the step of: 

· electrochemically ~~Ching the metals to be dissolved with an 

aq':leous e.tchant compiis-in·g glycerol in the concentration range of 

1. 30 to .1.-70 M, .a sulfate compound having· a . sulfate. io.n 
. . 

concentration. in the _range of·o to 0.5 M, and a phosphate compo~nd 

.having a phosphate ion ,concentr?tion in the range of o .1 to o'. SM. 

9. The method of claim 8 wherein· the pH of the ·etchant is in the 

range of 4 to 9. 

10. The method of claim 8 wherein the one or more metal~ not to be 

etched are selected from the group co~sisting of le~d, tin and 

alloys thereof. 

11. The method of claim 8 wherein the one or more metals ·not be 
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etched are selected from the g;i::-oup consisting. of high lead/ti~ 

solders -having greater than 95 wei9ht percent lead, balance tin; 

mo~erate l~ad/tin solde_rs having less than 40 weight percent lead, 

balance tin; high tin/low lead solders having greater than 95 

weight percent ti:p, balance ·lead; no lead solders hav:ing tin 

content greater.than 95 weight percent; and combinations thereof. 

12. The. method of claim 8 wherein the metals to be etched are 

selected from the gr9up consisting of chromium, copper, nickel and 

alloys thereof. 

13. The method of claim 8 wherein the sulfate compound is in the. 

·range o.f 0.2. to 0.5 M. 

14. The ·method of t:l~im 8 wherei·n tn_e ·glyce~ol concentration is 

abqut 1. 4 M,' the sulfate . concentration. is about 0. 35M, arid . the 

phosphate concentration is about 0.15M. 

15 .. A metl)od. for selectively. etching an ~rticle, the method 

compri"sing the .·st~ps of: 

providin.g an article having one or more metals to be 

dissolved in· .the presence of one or more metals not to be· 

dissolved; and 

electrochemically etching the one or more metals· to be 

dissolved with an aqueous etchant comprising 9lycerol in the 

concentration ra~ge of 1.30 to 1.70 M, a sulfate compound having a· 

sulfate ion concentration in the range of O to . 0. 5 M, and a 

phosph.ate compound having a phosphate ion concentration· in the 
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range· of . Q ~ 1 to 0. 5M. · 

16. The method of claim 15 wherein the pH of the etchant is in the 

range· of 4 to 9. 

1°7. The method of claim 15 .wherein the one or more·. metals not to 

be etched are selected from the group consisting of lead, tin and 

alloys thereof. 

.. 
18~ The method of claim .15 wherein the one or more metals not be 

etched are· selecte_d . from the group· consist_ing · of high lead/t.in. 

solders· having greater than 95 weight percent lead, balance tin;. 
• : • • # • 

.. moderate lead/tin solders having less than. 40 weight percent '1ead, 

ha.lance. :tin; high tin/low lead solders ·having gre~ter. than 95 .. 

weight percent tin, balance lead;. no lead solders having tin· 
, 

·content greater than. 95 weight;. percent; anO. combinations thereof. 

· 19. The metho.d of· claim 15 wherein the metals to ·be· etched are 

se.lected· _from ·the ·group consisting of chromium-, copper, nickel ·and· 

·alloys thereof. 

20. The m~thod of claim 15 wl)erein the sulfate com:pou~d is iil the 

~ange of .0.2 to O. 5 ··M. 
I 

21. The method of claim 15 wherein the glycerol concentration .is 

. about 1. 4, M, the sulfate concentration is about 0. 3.SM,. and the 

phosphate. concentration is abou·t 0 .15M. 
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