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The present invention relates te the selective etching of

metals and, more particularly, relates to the electrochemlcal

.etchlng of metals in the presence of varlous solders.

c4 is an advanced ﬁicrbelectronie- chip paékaging and
connection technology. “C4” stands for Coﬁtrolled Collapse Chip .
Connection. C4 is'also known as “solder bump”, “solder-ballé” and
“flip chip” and these terms may also be used in conjuncrion sueh as
“C4 solder bump” . o '

~ The ba51c idea of C4 is to- connect ChlpS (semicopductor
deviges), chip packages, or such other: units by means' of solder
bumps - between two surfaces of the units. These tlny bumps of
electrically conductive solder bridge the geps between respectlve

- pairs of metal pads on the units being connected. Each pad has a

correspondlng pad on_the other unit’s surface; the pad arrangements .
are”mirror images. As the units-are pressed rogether'and.heated-tﬁe_
solder bdmﬁs on the pads of the first unit are conﬁacted with
corresponding eonduptive pads ihaﬁing no bumps) on the second unit
and reflowed, partially collapsing the solder.bumps and making
connections between respective pads. '

In C4 the solder bumps are formed directly on the metal pads
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of the one'unit. The pads .are electrically isolated from other
' components by the insulating substrate that surrounds €ach pad; The

substrate-mlght be silicon (Si) or some other materlal The bottom

of the pad is electrlcally connected lnto the chip circuit..

A major application of C4 1s in 301n1ng chlps to a carrler or

fpackage. Chlps usually are made in rectangular arrays on a mono-

crystalllne slab of silicon, called a “wafer”. ‘Many chlps are
formed on:each wafer, and ‘then. the wafer'is'brokensup into
individual chips and the chips are ﬁoackaged7 in.units large.enough
to be handled. The C4 bumps are placed on the chips while they are
still joined in a wafer.

The wafers are made as large as possible s0 as to reduce the

number of wafers that must be processed to make a certaln number of

. chips. For the same reason (among others) the chips are made_as o

small as'possible ~Thus,'the best c4 fabrication‘system is one that

can make. thousands of very small, closely-spaced solder bumps each
precisely placed over a large area.

C4 solder bumps must be mechanlcally well- fastened to thelr,
pads, or they may be torn off when the two surfaces are pushed -

together. It will be appreciated that a complex deV1ce such as a

: computer may have dozeus of ChlpS and hundreds .or thousands of C4

solder ball_connectlons, and. the entlre device may be rendered
useless if only one of the bumps fails. The attachment of the C4
bumps requires careful design. ' '

One method of forming soldexr bumps uses sputtering or vacuum

deposition. In this method, solder metal is evaporated in a vacuum
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chamber..The metal vapor coats everything in.the chamber with a

thin film of the evaporated metal. To form solder bumps on the
substrate, the vapor.is allowed to pass through holes in a metal

-mask held over- the substrate. The solder vapor pasSing.through-the

holes condenses'onto the cool surface into solder bumps, This

method requires a high vacuum chamber to hold the substrate, mask,' '

and flash evaporator.

An.,alternative- technique . for ~making solder bumps is

'electrodeposition,' also. called electrochemical plating . or

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

only at the selected srtes, but the technique is very different -

from the evaporatlon method

The first step in electrolytically forming C4 solder bumps is

to dep081t a continuous stack of metal f£ilms across the wafer to be -

. bumped. This so-~called “seed layer” performs a dual function.; .

First, it prov1des a conductlve path for current flow during the

eleotrolytic dep031tion of the solder bumps. Second, it remains'
'under the solder bumps and forms the basis. for the ball limiting )

metallurgy LBEM) for_the C4s. Therefore, it must contain at least

. one - layer that 1is conductive. enough to ‘permit uniform

electrodeposition across the entire expanse of. the wafer. The

bottom  layer must adhere well to the underlying semiconductor:

devrce pa331vation and the top layer must interact sufflciently

‘with ‘the solder to form a reliable bond. In addition, the BLM may
contain barrier layers which prevent the solder from detrimentally

interacting with the underlying device constituents. Finally, the
stresses generated by the composite stack should be low enough to
sustain the reliability of the C4 joint throughout various thermal
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and mechanical stresses. Con31der1ng all of these factors,:seed'
_layers often consist of nwre than one metal layer, and these

. various layers must be etched away from between the Cds at some

point durlng the proce831ng 1n order to electrlcally 1solate the .

interconnects.

‘The second step, after the seed layer-is laid down, is to form
a mask by photolithography. A layer of photoresist is laid onto'the
seed layer 'and expoéed to light. Unexposed photore31st (if a
negative photore31st) can then be ﬁashed away to leave the cured
photoresist behind as a mask. The mask has. rows of holes where the
solder bumps are to be_depoSited. o

The.third step is'electrodepositions(electroblating) of solder_
into the mask holes. ' '

After the solder bumps are formed,, the mask of cured.

photoresist is removed The substrate now is .covered w1th the_’
o .contlnuous seed layer and numerous solder bumps. Then, the seed

1ayer is removed in between the solder~ bumps to electrlcally :
1solate them by sultable wet etchlng and/or electroetchlng

. processes.

The solder typlcally.used for the C4 solder bumps is 97 weight-
percent Pb and 3 ﬁeight 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

aqueous solution containing glycerol and potassiﬁm. sulfate: as

- disclosed in Datta et al, U.S. Patent 5,486,282, the disclosure of



'.which is incorporated by .reference herein; The glycerol serves as
a wettihg agent, but the purpose of the”\potessium sulfate is
-'t&ofold.j First} the pota381um sulfate imparts electrolytic
conduct1v1ty to the solution. Second, the free sulfate ions complex‘
readily with the high Pb solder bumps and form a protective. crust .
which prevents the solder bumps from being dissolved during the
electroetching process. The TiW layer is then efched using a wet
etching process which includes an aqueous etchant comprising
hydrogen peroxide, EDTA and potassium:sulfete as discleéed'ih Datta

et al. U.S. Patent 5,452,638 and Fanti et al. U.S. Patent
6}015,505, the disclosures of which are iﬁcorporated by reference
herein. The “crust” on the solder bumps is removed in a sﬁbsequent

-

cleaning. process.

More recent applicatiOnS'uSe a lower melting solder for the C4
bumps to . enable lower' tempereture. -chip jeining. Such a lower.-
meltlng solder could be the lead/tln solder composition comprlslng.
63 welght percent Sn and 37 welght percent Pb.

Cotte,et al;'UmS. Patent 5,800,726,_the disclosure of which is
incorporated by ;eference herein, have proposed an aqueous solution
for the wet.etching_ef_various metals, such as TiW, in the presence'
of eutectic solder. This solution comprises potassiuﬁ pbdsphate,
hydrogen peroxide, EDTA and oxalic acid.

.The' present inveﬁtors have 'recognized that the current -
electroetch process'is not effective withlreSpecf to high Sn solder
“bumps. The reason is that Sn is not very reactive with sulfate ions
so the prior art electroetch solution ae disclosed in the . above
Datta et al. U.S. Patent 5,486,282 does not form a protective'eruSt
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.over the solder bump during electroetch The unde31rab1e result 131
that a large amount of the Sn is leached out from the solder bump.
In addition, tne-dlssolved Sn is free to redeposit on the TiW and
complex with the TiW so as to render the TiW layer impermeable tc
-traditional wet etching. |

The problem is fufther.complicated by hierarchical solder_
structures in which, for example, a low_melting; high Sn solder

bump is deposited over a high melting; high Pb solder bump.

. The present inventors nave thus recognized a need to be able
to,effectively*electrcetch metals and not affect the solder bumps
where at least.a portion of ‘the solder bump contains a high Sn-

solder. | ' '

Accordingly, it is-a purpose.of the present invention to
electroetch substrates hav1ng metals to be electroetched and high’
Sn ‘solder bumps which are not to be etched '

Tt is a further Tpurpose of the present invention to

electroetch substrates having metals to be.electroetched and solder
. hlerarchles containing high Sn .solder bumps and hlgh lead solder
bumps which are not to be etched. |

These and other purposes of the present invention. will become
more apparent from the follow1ng descrlptlon considered .in

conjunction with ‘the accompanylnq drawings.
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The purposes of the invention’ have been achieved by prov1d1ng '
accordlng to a figst aspect of the inventlon an- aqueousT
'electrochemical etchant for etchlng metals in the presence of one

or more metals not to be etched, the_etchant_compriSing:
glycerol in'the concentration range of 1.30 to_i.70 M:

a sulfate compound having.a sulfate ion concentration in the-
range of 0 to 0.5 M; and '

a phosphate compound having a phosphate ion concentratlon in
the range of 0.1 to 0.5M.

Accordlng to a. second. aspect of the 1nvention, there is
prov1ded a method for selectlvely dissolving, 1n an artlcle, .one or
more metals to be dlssolved.ln_the presence_of one or more metals

not to be dissolved, thefmethod comprising the step of:

electrochémically etching the metals to be dissolved with an .
agueoﬁs 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 0 to 0.5'M, and a phosphate
compound having a phosphate ion co.ncentra-ti-on_in the range of -
0.1 to 0.5M. ‘ |

According to a third. aspect of the invention, there is -
provided a method for selectively 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 -the presence of one or more metals not to be
dlssolved, and . '

electrochemically etching the one or more metals to be
'-dissolved with an aqueous:etchant’ comprlslng glycerol in the
.concentration range of 1.30 to 1. 70 M, a sulfate .compound
having a sylfate ion concentration in the range of 0 to 0. SIM,
'and a phosphate compound hav1ng a phosphate ion concentratlon
in ‘the range of 0.1 to 0.5M.

The features .of the lnventlon belleved to be novel and the

'elements characterlstlc of the 1nvention are set forth with

partlcularlty in the appended claims. The Flgures are for

illustratieh purposes only.'and' are not drawn to .scale. The

_inﬁentioh itself, however, "both as.to:organization and methbd of
operation, may best be understood by réference to the detailed
~description which follows _taken. in conjﬁnction ‘with the

accompanying drawings in which:

Figufe 1 is ‘a‘side view of ‘a chip showing the seed leyer and

a first solder hierarchy eontaining ohly a solder comprising

primarily Sn.

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

a second solder hierarchy containing a high Sn solder and a high Pb
solder. '




Flgure 3 is a side view of  the ch1p in Flgure 2 after
: electroetchlng 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 illustration of the surface of the chip in

:Figure 4 showing incomplete etching of the seed layer.

Flgure 6 1s &8 31de view of the chlp in Figure 2 ~after

invention. -

' - Figure 7'ls a side view of the chip in Figure 6 after wet
“etching to remove the last layer of the seed layer.

: electroetchlng with the etchant according. to. the present

Figure - 8 is an 1llustrat10n of the gurface of the ch1p 1n

Figure 7 showing complete etchlng of .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 eailier, the seed layer 14 'is actually comprlsed of ‘a

olurality of layers, One typical grouping of .layers, for purposes
of illustration and not limitation, is fifst layer 16 of a TiW
alloyi(e.g., 10 weight percent'Ti and 90 weight percent'Tungsten),
second layer 18 of phased Cr/Cu or a Cr/Cu alloy and third leyer'zo

-0 .

!




of ‘Cu. There may also be a barrier layer 22 of, for example,” -
nickel. | ' ' '

- Thé solder bump 24 on chip 10 comprises primarily Sn solder:
Such a solder might“be of mooerate Sn ‘content such as 60 weight
.'percent or more~Su and 4Q weight percent or less Pb, or high Sn-
content such as 95 weight perceut or greater - of Sn, balance Pb.
" Too, the solder nay inolude lead-free alloys comprising primarily

Sn such as Sn/Ag, Sn/Cu, Sn/Ag/Cu, and 'Sn/Bi alloys, Just to name
a few.

Referring now to Figure 2, there is shown_a second cﬁip 30
'comprised of semiconductor material 12, seed la&er 14 and solder
bumps 32. Seed layer 14 could be the same as that shown in Figure
1 or could be dlfferent, depending on the appllcatlon..Simllarly,-
second chip 30 could also ‘have: barrler layer 22. Second. ch1p 30
contalns solder bumps 32. In thlS case, however, solder bumps 32
comprlse a solder hlerarchlcal structure comprlsed of a hlgherf
meltlng temperature solder 34 and a lower neltlng temperature
solder 36. There could be addltlonal 1ayers of solder if des1red as
the solder hlerarchlcal structure shown in. Flgure 2 is for purposes -
‘of 1llustratlon only

ngher'meltlng temperature solder 34 could be a hlgh Pb- solder‘
hav1ng 95 to 97 weight percent Pb, remalnder_Sn. Lower meltlng-
solder 36 could be any of the moderate:Sn content, high Sn content
or-leadffree alloys mentioned above.

The remainder of the discussion will center on second chip.BO‘,

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 chip 30 has been
electroetched with a. conventional aqueous etchant including
glycerol and pota331um sulfate. The comp031tlon of this etchant was
1.5M glycerol and 0.35M Kﬁxh_(potassium 'sulfate). The cell voltage
was i4.p volts, the electrode spacing between the workpiece.and the
electrode was 3.0mm, and the duty cycle was 20%.

As can be seen from Figure 3, highe: melting solder 34 has
. been protected by a protectiye crust 38 while lower melting solder
36 has been atéacked' during electroetching, resulting in
-unde81rable Sn loss and the consequent compos1tlonal change in the
solder bump 32. Morevoer, some of the "Sn 39 from lower meltlng

solder 36_hes been redep931ted_onto_f1rst layer 16 of the seed
_ layer and may even complex with it. o '

' Subsequently, second ¢hip- 30 was wet etched in-a conventlonal

aqueous etchant comprlslng 30% by weight hydrogen perox1de, 7. 8g/1_.q'

K-EDTA and 1.1M pota381um sulfate for a period of 330 seconds. The

- bath temperature was set at 50 °C. The results after uet efching C

are illuetrated in.Figures 4:and 5 where it can be seenrtnat the
. first layer 16 has been substantially removed 1eaving surface 42 of
the second chip 30 moStly.devoid of the first layer 16. On the
lothe; hand, Sn deposits 39 (as shown in Figure 3) prevented.the
_etching of some areas of first layer 16, £hereby leajing areas 40
of the first layer 16 which were not etched away.

Chip structures such as that shown 1n Eﬁgures 3 to 5 are

undesirable and can _result in high yleld loss. As can be
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appreciated, any yield loss at this stage of the processing of the
chip is very costly. -

Referring now'to Figure 6, second Chlp 30 was electroetched
with an aquecus etchant according to the present invention.

The aqueous electrochemlcal etchant used for the present
1nventlon will have a composition comprising 1.30 to 1.70 M
. glycerol (HOCHZKHU(HQOH)(preferably 1.5M),_0 to 0.5 M sulfate ion
concentration (preferably 0.35M), and 0.1 to 0.5 M phosphate ion
conoehtratioh (preferably 0;15M). The pH should be in the range of
4 to 9 (nominally 5),  the cell voltage.shouhi be-13 to 17V
(nominally 14.5), the'electrode spacing was'3.0mm,.and the duty
‘cycle was 10 to 30% (preferably 20%). -

The sulfate ior and phosphate 1on may be derlved from any'
'salts Among these are pota381um sulfate. and potassium phosphate:
_but also sodlum sulfate or sodlum phosphate could be used. for the'

. purposes of the present 1nventlon

The-relative amounts of sulfate ion and phosphate i16n would be
adjusted based on the quantities of high Pb and high Sn solders'
present. If both high Pb and high Sn solders are,present, both
sulfate and phosphate ions must be present to protect the solders.r
If a high Pb solder is not present, the sulfate ions need not be’
present. As a minimum, the total amount of sulfate ions ‘and
phosphate 1ons must provide a- hlgh enough solution conduct1v1ty to
perform the electroetch at a reasonable voltage.

The metals that may be etched in the presence of the solder

-12-



‘bumps include titanium, tungsten; chromiﬁm, copper, nickel‘and_'
alloys thereof. The metals‘ that’ may be electroetched in the
presence of the solder bumps include a variety of metal stacks that
include Cu, Cr/Cu, Cu/Nl, and Cr/Cu/Ni alloys.

“As an example of one preferred gtéhaﬁt' of the present
invention, the etchant used to éléctroetch second chip 30 comprised
1.5M glycerol, 0.35M Kzsd,, (potassium sulfate), and 0.15M K;PO,
~ (potassium phqsphate). The pH was.gdjusted to 5.0 using phosphoric
Eadid; The cell voltage was 14.0 volts, the electrode spacing was
3.0mm, and the duty cycle was 20%. The whole of each of the solder
bumps is protected by crust 38. Sécond and third layers 18, 20
réépéctiVely, were removed and no residue is.left on the firsf
layer 16. | |

Then, second chip 30 was wet etched in a conventlonal aqueous: N
etchant comprlslng 30% by welght hydrogen perox1de, 7.8 g/1 K-EDTA
- and 1.1M potassium sulfate for a period of 330 seconds. The bath
temperature .was set at 50 °C. The results are illustrated in
Figures 7 and 8 where it can be seen that the first'layer 16 has
-been éntirely removed - leaving surface 42 of the second chip 30-
devoid of.any residue. . - '

Protective crust 38 remains in place after wet etching 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 process.

;'It will be apparent to those skilled in the art having regard
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to this dlsclosure that other nwdlflcatlons of thls 1nvention_

‘beyond those embodlments spec1fically descrlbed here may be made

" “without departing from the spirit of the invention. Accordlngly,

such modifications are considered within the scope of the 1nventlon
as llmlted solely by the appended claims.
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1. An aqueous'electrochemical etchant for etchinglmetals in the

presence "of one or more metals not to 'be etched, the etchant:

'comprlslng.

glycerol in the concentration range of 1.30 to 1.70 M;

a sulfate compound having a eulfate ion concehtration in the range.

“of 0 to 0.5 M; and

a phosphate compound hav1ng a phosphate 1on concentratlon An the .

'range of 0 1 to 0.5M.

24 The electrochemlcal etchant of claim 1 whereln the PH of the
etchant is in the range of 4 to 9.

3. The electrochemioal etchaht of claim- 1 wherein the oﬁe-or more

‘metals not to be etched are selected from the group con31st1ng of

lead, tin and . alloys thereof

4. The electrochemical etchant of'olaim 1 wherein the one or more

' métals not be etched are se;ected'from'the group consisting of high

lead/tin solders having  greater than 95- weight percent lead,
balance tin; moderate lead/tin solders having less than 40 weight
percent lead, balanoe tin; high tin/low lead soldera,having greater
than 95 weight percent tin; balance lead; no'lead'so;dera having'

‘tin content greater than 95 weight percent, and combinations
zthereof.
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5. The electrochemical etchant of claim 1 wherein the metals to be
etched are selected from,the group consisting of chromium, copper,
nickel and alloys thereof. '

6. The electrochemical 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 .
concentration is about 1.4 M, the sulfate concentration 1s about
0.35M, and the phosphate concentratlon is about 0.15M..

. 8. A.method for selectlvely dissolving, in an artlcle, one or more

metals to be. dissolved in the presence -of one or more metals not to.
be dissolved, the method comprising the step of:

-electrochemically etching'the metals to be dissolved;with an

~aqueous etchant compriSing glycercl in the conCentration range of

1.30 to 1,70 M, a sulfate compound having a sulfate. ion_
concentration in the range of 0 to 0.5 M, and a phosphate compound

having a phosphate ion concentratlon in the range of 0.1 to. 0 5M.

9. The method of cla1m 8 whereln the pH of the etchant is 1n the
range of 4 to 9.

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

etched are selected from the group con51st1ng of lead, tin and
alloys thereof. '

11. The method of claim 8 wherein the one or more metals not he
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etched are selected from the group con51st1ng of h1gh lead/tln
solders hav1ng greater than 95 weight percent lead, balance tin;
moderate 1ead/t1n solders having less than 40 weight percent lead,
balance tin; hlgh tln/low lead solders having greater than 95
weight percent tin, balance -lead; no lead solders having tin
eontent Qreater.than 95 weight pereent; and combinations thereof.

12. The method of claim 8 whereih the metals to be etched are
selected from the group con51st1ng of chromlum, copper, nlckel and
alloys thereof. '

13. The method of claim 8 wherein the sulfate compound 1is in the:
range of 0.2 to 0.5 M.

14. The method of c¢laim 8 wherein'the'glycerol concentration is -
~ about 1.4 M, the sulfate . concentration is about 0.35M, and the
' phosphate concentration is about 0.15M. o

_15. A method . for 'selectiyely, etching ah article, the method
comprising the steps of: '

providiqg an article having one or more metals to be
dissolved in - the preseﬁbe of one or more metals not to be:
dissolved; and

electrochemically etChing_ the' one or more metals to be

"di5801Ved with an aqueous etchant comprising glycerol in the

concentratlon range of 1.30 to 1.70 M, a sulfate compound hav1ng a

sulfate ion concentration in the range of 0 to.0.5 M, and a

phosphate compound having a phosphate ion concentration in the
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range of .0.1 to 0.5M.-

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

range of 4 to 9,
17. The method of claim 15 wherein the one or more«metais.ndt to
be etched are selected from the group conéisting of lead, tin and

alloys thereof.

18. 'The method. of claim 15 wherein the oﬁe or more metals not be

etched are selected from the group consisting of high lead/tin

solders having greater than 95 weight percent lead, balance tin;

moderate lead/tin solders having less than 40 weéight percent lead,
balance tin; high tin/low lead solders -having greater than 95
weight percent tiﬁ, balance lead; no lead solders having__tiﬁ'
»éontent greater than 95 weight percent; ahd.combinétions thereof.

- 19. The method Df-glaim.IS wherein the metals to be etched are
seiécted from'thé'group consisting Qf chrbmium, copper, nickel-and'-
alloys thereof. ;

20. The method of claim 15 wherein the sulfate compound is in the
range of .0.2 to 0.5 M.

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

“about 1.4. M, the sulfate concentration is about 0.35M, and thel

phosphate concentration is about 0.15M.

I
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