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Dat e: . 09 DEC 1995 ELECTROPLATED SOLDER TERM NAL FI ELD OF INVENTICN The

.present i nvention relatés generally to solder int er connect {1plshbs Bk Bebh Replaced
'mi croel ectroni cs packaging -and in. particular to an inproved

- metallization. BACKGROUND OF THE | NVENTI ON 1 n microel ect ron| I[Em mmi'r
i nterconnection is often used to describe a structure .or

electrically connecting an active device such as a sen1conductor capaci tor.
or a laser to a ceram c substrate or an organic board. One type of

i nterconnection called hard or seni- permanent, uses a | ow nel ting sol der
al | oy. This is im contrast toOERECTEROPEATEDCSODBER| TERMINAL as pins and

FIELD OF INVENTION
The present invention relates generally to solder
interconnection used in microelectronics packaging and in-
5 ~particular to an improved solder terminal metallization.

BACKGROUND OF THE INVENTION
In microelectronics, the term interconnection is often
used to describe a structure or a method of electrically
connecting an active device such as ‘a semiconductor,
10 capacitor or a laser to a ceramic substrate or an organic
board. One type of interconnection called hard or semi-
permanent, uses a low melting solder alloy. This is in
contrast to a removable connection, such aé pins and

sockets.

15 Flip chip joining is a major sub-set within the area -
of solder interconnection. In flip chip joining, the
electrical and physical connection is established between
a ceramic substrate or organic board and a circuitized
silicon chip, by joining corresponding terminals on the

20 silicon and ceramic substrate or organic board by means of
solder balls or columns. In all following discussions, the
term “substrate" is used to denote either a silicon chip,
a ceramic substrate orx an" organic board. The solder
material for the ball is usually formed at the terminal

25 metallization on either device or substrate and sometimes
on both. The fabrication of soldered terminals is an
important manufacturing process for microelectronics..

FI9-94-001 | -1-
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are relatively large (on order of a millimeter), dip,
screen or spray soldering can be used. 1In critical
applications where the volume and composition of solder
need to be controlled tightly (less than 25% variation),
solder terminal is fabricated by either evaporation of
solder through a metal mask or resist mask, or plate up of
solder through a resist mask. In general, the solder
terminal on a substrate can be considered to be made of.two
parts, one a metallized layer referred to as terminal
metallization, and the other a body of joining material
(usually a solder). A separate terminal metallization is
usually required since interconnection metals such as
aluminum, chromium, molybdenum, tungsten etc., used for
wiring on devices and substrates are not suitable since
they are not easily wetted by and do not chemically react
with solder in a controlled manner. U.S. Patent 3,633,076

teaches a solder interconnection, in which the -

metallization requirements of a solder terminal are listed
as electrical conductivity, adhesion/mechanical stability,
ease of deposition and photo-processing, solderability and
material stability in processing. U.S. Patent No.
3,633,076 further teaches the use of a three layer
metallization on a semiconductor, in order to satisfy these
several opposing requirementg; These requirements continue
to be valid even now; however, additional new requirements
have emerged for very large scale integrated devices. Some
of the new requirements are, very high number of terminals
(for increased number of inputs/outputs), precise placement
of terminals, high mechanical stability (such as stress and
adhesion) and low defect levels. For example, the stress
due to terminal metallization has been found to result in
formation of cracks in the thin insulating film underneath
the metallization (Bhattacharya et al. U.S. Patent No.
4,434,434). U.S. Patent '434 teaches that a graded layered
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terminal metalliz;tion can reduce crack formation in the
underlying brittle insulating film. Herdzik et al. (IBM
Technical Disclosure Bulletin, p. 1979, vol. 10, No. 12,
May 1968) discuss the use of overlying Al with Cr, Mo or W
to prevent alloying of Al with solder when solder is
reflowed. Leonard and Revitz (IBM Technical Disclosure
Bulletin, p. 1121, vol. 13, No.5, October 1970) discuss the
use of oxidized chromium as a barrier for use in solder
terminals in conjunction with a phased Cr-Cu layer. Dalal

laced

is

or plate up of solder through a resist nask. In general, the sol der

and Jaspal (IBM Technical Disclosure Bulletin, p. 1005,

vol. 20, No. 3, August 1977) describe a process of co-
depositing Cr and Cu by evaporation to form a phased Cr-Cu
layer. The Cr-Cu phased layer, which consists of
mechanically interlocked Cr and Cu grains, has shown good
adhesion to both the underlying Cr layer and to the
overlying copper and copper intermetallic lgyef. Gardner
et al (U.S. Patent No. 4,840,302)'teach the use of Cr-Ti
alloy layer, instead of either Cr or Ti alone, as an

adhesion layer to an organic .insulator on which the

terminal is formed. The '302 invention claims to reduce

interface fractures when solder terminal is formed over an

organic insulator.

There are other teachings that are specific to the
manufacturing process of the solder terminal. The
technical review article entitled "Solder Bump Fabrication
by Electrochemical Method for Flip Chip Interconnection®,
by Kawanobe et al., (CH1671-7 IEEE, 1981 pp. 149-155),
summarizes several alternate methods of forming solder
bumps and undérlying metallization. U.S. Patent No.

- 5,162,257 issued to Edward K. Yung, teaches a process for

fabricating a solder bdmp. In the °'257 process, blanket
metal layers (including copper) are formed over a substrate
with the topmost layer being a patterned solder dam layer

‘such as chromium (solder dam is a material that solder does

not wet on melting). Regions of solder accumulation are
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tern1na| on a substrate can be considered to be nade. of t.wo ar

hmﬂ
_ retal lized |l ayer referred to as t ermi nal netalllzatlon “‘and 2 ml
body of j oining materi.al -(usually a solder) A separate termi ‘

metallization is usually required since interconnection net

al um num chrom um ol ybdenum tungsten etc., used for wiring on deV|ces
and substrates are not suitable since they are not easily wetted by and .do
not chemcally react with solder in a controlled manner. "U S. Patent :.

3,633,076 teaches a sol der i nt erconnecti on, in .which the
netal i zation réqumednentthesubsiutake andrﬁhmaB0édsn ist zéfiowetictorreatt
conductivity, aghefl Qyggeeh 811’1]6 fale 03@113 ©f q88PASVELON 28fis is
phot o- processi n sol dérabi | teri st Lrty pr ocessl ng
U S. Patent ollowed by etchlng away the solder dam layer and other
metallization layers using the solder and the intermetallic
5 layer as an etch mask. U.S. Patent No. 5,268,072, assigned

to the assignee of the present invention, teaches a
combination of wet and dry etch methods to form a graded or
stepped edge profile of a three layer metallization Cxr/Cr-
Cu/Cu.

10 _

Each of the prior art teachings reviewed above,
attempts to provide a solution to a specific problem
encountered in their solder fabrication and use. However,
none of the solutions .appears to permeate across different

15 applications. This is because, even though most
interconnection terminal requirements are common to all
uses, there are requirements that are unique to each use.
Further, it is quite apparent that solder terminal
formation technology is not easily predicted and

20 experimental verification is often required for validation
of any change in metallization or process. A primary
objective of the present invention is to achieve a higher
manufacturing yield and improve reliability of solder
terminal and at the same time extend the process to form

25 smaller and greater number of solder terminals on large
substrates (e.g 200 mm Si wafer) at reduced cost. It will
become apparent from follow en specific discussions in the
detailed description section, that many of the prior
inventions do not adequately meet this primary objective of

30 the present invention.

OBJECTS OF THE INVENTION
An object of the present invention is to provide an
interconnection solder terminal structure and a

FI9-94-001 -4-
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3,633,076 further teaches .the use of a three layer. ngtallization on '
‘a_ semi conductor, in order. to satisfy these several opposing nReplaced
- These requirenments continue to be valid even now, however, ad .
requi renents have energed for very large scale integrated dev

the new requirenents are, very high nunber of termnals (for increased

nunber of 1nputs/outputs), precise placenent of term nals, high nmechanical
stability (such as stress and adhesion) and | ow defect |evels. For exanple,
the stress due to termnal netallization has been found to result in
formation of cra@oafastugrdnghi progegsat foy fit mwitder depriovede yield and
metal lization (BRatjheghgeya et -al. U S. Patent No. 4,434,434). U.S. Patent
'434 teaches that a graded |ayered

A further object of the present invention is to
prov;de a low cost manufacturing process, usable on large
5 substrates.

A still further object of the present invention is to
improve compatibility of the process with substrates
containing multilevel wiring made of thin Al-Cu, Cu lines
and thin passivation layers.: '

10 SUMMARY OF THE INVENTION
A proéess and a structure for an improved solder

terminal is disclosed. The improved solder terminal is
made of a bottom metallic adhesion layer, a CrCu layer on
top of the adhesion layer, a solder bonding layer above the

15 CrCu layer and a solder top layer. The adhesion layer is -
either TiW or TiN. A process for fabricating an improved
terminal metal consists of depositing an adhesive metallic
layer, a layer of CrCu over the adhesive layer and a layer
of solder bdnding material, over which a solder layer is

20 formed in selective regions and the underlying layers are
etched using solder regibns as a mask.

BRIEF DESCRIPTION OF'THE DRAWINGS
The objects, features and advantages of the present
_ invention will be apparentj from the following more
25 particular description of the invention illustrated in the
aécompanying drawings, in which:

FIG. 1 illustrates a pictorial view of a
microelectronics - sub-assembly | employing a flip-chip
interconnection. '
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FIG. 2 shows a scanning electron micrograph of a
semiconductor chip illustrated in FIG. 1, having a

" plurality of soldered terminals.

-FIG. 3 shows a cross-sectional view of a solder .

terminal on the semiconductor chip shown in FIG. 2.

FIGS. 4A and 4B illustrate cross-sectional views of
two different substrate configurations using a solder
terminal and show regions of substrate that need to be
protected during the solder terminal etch process.

FIG. 5 is a block diagram illustrating the -process

steps of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 shows a shb-assembly (module) using flip chip

interconnection, wherein a semiconductor chip 30, is joined '

electrically and physically to a ceramic substrate 10, by
means of a plurality of solder bumps 40. The solder bumps
40 are connected on one end to the terminal metallization
on chip 30 and connected on the other end to the terminal
metallization on substrate 10. The solder bumps 40, have
been reflowed to establish a metallufgical bond between

solder and terminal metallization on chip 30 and on ceramic

substrate 10. Usually, prior to Jjoining, solder is
prefabricated as an integral part of chip 30 or substrate

. 40 or both. In some cases, solder preforms are used that
~are not integral part of chip 30 or substrate 10. In other

types of interconnection, the terminals on the substrate
are pre-soldered, and joined by means of a TAB (tape
automated bonding) connection. In some cases, the reflowed
solder is used as a thermal connection for mounting the
backside of a chip onto a ceramic substrate, and electrical
connection is established by means of TAB or wire bonding.
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£ which consists- of mechanically interlocked Cr and Cu grai’

- good adhesion to both the underiying Cr layer and to the overly

- and copper -internetallic |layer. Gardner et al (U S. Patent No. 4, 840 302)
teach the use of Cr-Tialloy |ayer, instead of either C or Ti alone as an
adhesion layer to an organic insulator on which the termnal is forned. The
302 invention clains to reduce interface fractures when solder termnal is

formed over an @wEmi chowgh atn@t Bpid fAicalaynerliaseratas théisleahe %ﬁe
specific to the y@AGH] GSae” gggsgquailyt 25911? Y e ranic " gr?.d arrays?
tape ball grid arrays and the like. The features of the

- vol . 20, No. -3, August 1977) describe a process of co- depogiting Cr_a d Jaced
. by ‘evaporation to forma phased Cr-Cu l-ayer. = The Cr-Cu ph&s ’ﬁﬁﬁ“‘\

present invention is illustrated here by consxderlng the

5 formation of solder bumps on a semiconductor chip 30, but
it should be understood that substantially similar
discussions can be made with other applications mentioned
above.

_ - FIG. 2 shows a plurality of solder terminals or bumps

10 50 on the surface of a semiconductor chip 30. The
location, number and size of the solder bumps 50 is usually

determined by design_requireﬁents of the chip and ceramic

substrate, module reliability and solder terminal process
limitations. The total number of interconnections used in

15 VLSI logic packaging at present is about 1000 and expected
to increase. Therefore, the reliability required of a

- single terminal pad is quite high.

FIG. 3 shows some key elements of a solder bump on a

20 chip which is called Controlled Collapsible Chip Connection
(C4) (P.A. Totta and R.P. Sopher, IBM Journal Research and
Development, May 1969, pp. 226-238). FIG. 3 will be used

to review some of the salient features of prior art and

also to highlight key embodiments of the pfesent invention.

25 The semiconductor chip 30, contains therein at least one
| level of patterned wiring 60 which is insulated and
passivated by a thin insulation layer 70. An opening 75 or

a via is formed in insulator 70 to underlying wire 60,
corresponding to the location of the intended solder bump

30 terminal. In the prior art, layer 80 is made of
approximately 1KA of .Cr, which provides adhesion to

insulator 70, while at the same time makes electrical

contact to layer 60 through opening 75. Opening 75 is

shown as a via in FIG. 3, however in many applications, it

35 can be replaced by a conductive contact {(not shown) made by

FI9-94-001 | -7-
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”'forning sol der bunps and underlying netallization. u. S. _ _
- 5,162, 257 issued to Edward K Yung, teaches a process for fabricating a
sol der bunp. In the 1257 process, blanket netal |ayers (including copper)

are formed over a substrate with the topnost | ayer being a patterned sol der
dam | ayer such as chrom um (solder damis a material that sol der does not
wet on nelting).a Régreenedr-inol dad afined| ahebalhie paste in a ceramic

substrate or plating up the hole in a plastic or ceramic
board. Layer 90 is usually SKA to 10KA of copper or nickel
or other suitable solderable material, which reacts to form
5 ' a metallurgical bond with the solder on heating of the
sSolder. An intermediate layer 85, which is typically
about 1500A of phased Cr-Cu, is formed between layers 80
and 90, to provide adhesion between layer 90 and layer 80
if required. Layer 100 is sometimes formed over layer 90,
10 . composed of about 1KA of Au, for the purpose of protecting
Cu surface from oxidizing during storage and handling prior
to depositing solder layer 120. Layer 120, solder, usually
contains one or more of Pb, Bi, Sb, Sn,'In, Ag; Au. On
heating to melt the solder (reflow), Cu layer 90 reacts
15 with at least one constituent of the solder layer 120,
forming intermetallic compounds (not shown) such as CuSn,
CuIn and CuSb etc. The metallurgical reaction between Cu
and solder (called wetting) .converts part or all of Cu
layer 90 into intermetallics. The actual composition of -
20 the intermetallics is determined by the compounds that are
energetically favored. Phase diagrams on elements, for
example Cu and Sn, 'contain information as to which
intermetallics can form. Phase diagrams on two element
systems (binary) are available in books on phase diagrams.
25 When solder is subjected to reflow multiple times for
repairing the module, Cu-Sn intermetallics ( not shown)
grow in thickness, become co;rse and become discontinuous.
Some of the intermetallics is dispersed into solder, which
is referred to as "solution assisted spalling" ( Berry and
30 Ames, IBM J. Res. Development, May 1969, pp. 286-296).
Berry and Ames observe that "preventibn of solder dewettiné
is largely dependent on those factors which ultimately
inhibit or arrest the spalling process. These factors are
optimized in production by the use of the Cr-Cu phasihg—in
35 e The protective layer 100 is consumed completely in

FI9-94-001 ' -8-
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Bopy : ‘L i a ced
i to react with copper not covered by solder damlayer. - This _
. etching away t.he solder dam | ayer and ot her netallizati0n~layi n 5
" sol'der and the-internetallic layer as an etch mask. U S. Pate

5,268,072, assigned to the assignee of the present invention, teaches

a conbi nation of wet and dry etch nethods to forma graded or stepped edge
profile of a three layer netallization C/Cr-. Cu/Cu. Each of the prior art
teachi ngs reviewed above, attenpts to provide a solution to a specific

probl em encount ekbe finhagr cyeleeantaforms: iintemmetiadd i cHowmpounds which

are usually dispersed within the solder bump.

The choice of specific thickness for individual
layers, their order of arrangement and the chosen process
S of déposition and patterning is determined by a wide range
of requirements discussed earlier such as process
compatibility, film stress, interlayer adhesion etc. At
the same time, the patterning processes available to select

from are finite and may impose additional restrictions.

10 The present invention uses a combination of process
steps such as deposition of blanket layers, masking and
photolithography, addition of solder to selective areas and
subtractive etching of blanket layers, to realize a low
-cost manufacturing process which is extendable to large

15 wafers and small terminal features. The materials, their
thickness and etch processes for different layers are
selected and optimized to improve yield and reliability. "
Further, the process and structure of the solder terminal
of the present invention is selected to assure

20 - compatibility between different layers and processes. A
specific problem, the present invention is 'set out to
overcome, is a residue defect and yield loss seen when
prior art technique was used to etch metallization layers
using overlying sol&er features as a mask. For example,

25 U.S. Patent No. 5,268,072 teaches electroetching of CrCu
alloy layer and the Cu bonding layer. The term CrCu layer
used in the body of this application will include all films
that contain both Cr and Cu atoms irrespective of whether

, they are deposited from an alloy target or co-evaporated in
30 a phased-manner from two separate sources. The term CxrCu
alloy lajer thus will include phased Cr-Cu layer in its
sdeﬁ.nition. In '072 process, solder is added to the
terminal metallization at selected locations. Cu and CrCu
layers are etched electrolytically using solder bump as a

FI9-94-001 | -9-



- none of t he sol utions- appears to perneate across dlfferent apﬁTTEéTTDns-———

:~Th|s is because,- even though nost interconnection t el .
“requirements :are conmon to all uses, there are reqU|renent &h
to each use. Further, it is quite apparent that solder ter

technology is not easily predicted and experimental

often required for validation of any change in netallization or pr ocess.

A primary objective of the present invention is to achieve a higher

manuf acturing yield and inprove reliability of solder termnal and at the
sane time extendd¥e- prigee’very theneiagtrelytnd gtehing afinfefuoflayerddmn

termnals on Iargmztﬁt&ideﬁse%l@% ﬁt%ﬂ@s”ﬂh&é 39 E)Cftléfék’ce%r‘b%%tss hon-

f ol | oyw.on specif ssions in _

wi I become appar fgo f%?es anaNbat varlatlons often results in partial
etching of Cr layer before the CrCu layer is completely

5 etched. The Cr layer, which is used as the electrical path

during electroetching of CrCu layer, becomes discontinuous,
thereby preventing the complete removal of CrCu layer and
leading to yield losses. The overall manufacturability of
electroetch process is impaired.

10 ' . Based on this discussion, the present inventors have
recognized. a new process/material requirement in the
selection and fabrication of terminal metallization, which
can be described by use of FIG. 3 as follows: the selected
etch process for removing unwanted portions of the top

15 metallization layers to form layers 85 and 90 should not
etch the underlying adhesion layer 80. This requirement can
be satisfied by developing a new etch process or by use of
a2 new material in place of Cr for layer 80 in FIG. 3. A
new material choice, however will require a demonstration

20 that the new adhesion layer 80 in combination with a
barrier layer 85 and a solder bonding layer 90 can satisfy
the many interrelated requirements discussed earlier. The
present inventors have fufther recognized another
requirement for a géod manufacturing procéss, which is that

25 . the process used to etch adhesion layer 80 in FIG. 3, must

' further not etch wiring laﬁér 60 exposed in areas within
substrate 30. This issue can be better understood with the
aid of FIGS. 4A and 4B.

FIG. 4A shows a via contact opening 215, on a

30 substrate 200, and a terminal metallization composed of an
adhesion layer 240, an optional bonding layer 260 and a

solderable layer 280, and a solder layer 300. With respect

to earlier discussion, layer 240 can be Cr, layer 260 can

be CxCu and layer 280 can be Cu or Ni. FIG. 4A also shows

FI9-94-001 ' -10-
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detai.l ed description section, that many - of the prior irnventions do not '

. adequately neet .this prinary objective of - .the present.invengh e Beel Replidoed
.. THE | NVENTI'ON.An obj ect of the present ‘invention is to provi1
i Nt erconnecti on sol der termnal =~ structure and  a <ﬂ
SHEET Date: 09 DEC 1995 5 manufacturing process for it with inproved yie

and reliability. ' -

an intentional opening 216 to the buried wiring layer 210

in the substrate. Opening 216 is an intentionally exposed

contact, that can be used for externally connecting to the

wiring layer 210 by a technique other than by fiip chip

5 interconnection, such as wirebond, TAB etc., or probing

test devices in the “"kerf" region. Also shown in FIG. 4A,

is an inadvertent opening caused by a defect 218 which

exposes part of buried wire 210. The defect 218 can be a

pinhole, an etch or a deposition defect. FIG. 4B is

10 similar to FIG. 4A, except that the terminal utilizes a

studded contact 215' instead of via contact 215. 1In the

studded contact process, a metallic deposition is used to

fill up the contact opening. In the case of an intentional

opening, a studded surface 216" is exposed and in the case

15 of a defect 218, a defective connection 218' is formed.

Intentional openings 216 are included in some semiconductor

chips to allow flexibility in use of  different
interconnections and use it with different substrates.

In the presence of these intentional and unintentional

20 openings in the substrate top layer, the inventors have
recognized that the selection of metallization layer 240

and process used for removing unwanted portions of layer

240 need to be “compatible" i.e non-attacking and non

etching, to layer 210. Otherwise, in a manufacturing

25 environment, the etch step for removing unwanted portions
of layer 240 can lead to pértial or complete etching of

portions of wire 210 in the intentional or defect openings.

A partial etch can result in reliability failures, while a

complete etch can lead to yield loss. This concern was

30 neither recognized in the prior art and nor solved by the
prior art. For example} U.S. Patent No. 5,162,257, which

teaches forming a solder bump with metallization layers Cr,

phased Cr-Cu, and Cu, uses hydrochloric acid based etchant

(col 6, lines 24-26) for etching Cr-Cu and Cr layers. It

35 is known that hydrochloric based etchants violently attack

FI9-94~001 -11-
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~ of the present invention is to i nprove compatibility of the pr I"

substrates containing nultilevel wiring made of thin Al -Cu, Cu

thin passivation |ayers. SUMVARY OF THE | NVENTI ON A process and a structure

for an inproved solder termnal is disclosed. The inproved sol der term na

.. is made of a bottomnetallic adhesion layer, a CrCu |ayer .on top of the
adhesion | ayer, a solder bonding | ayer above the CrCu | ayer and a sol der:

top layer. The expessidonAlaysuriface t makinigw dhisi Nteacpingessotor readily

fabricating an igifitQ¥a¢ for large scale manufacturing of solder terminals

on substrates having Al wiring. The présent inventors have

recognized that for a high yielding manufacturing brocess,

5 a process used to etch adhesion layer 240 of the terminal

metallization in FIG. 4A, must be compatible with (i.e not

etch) the buried wiring layer 210. It is not always easy

to modify etching conditions and chemicals, since specific

etching conditions are required to control the geometric

10 shape of the etched metallization layers (a tapered

profile) in order to minimize stress induced cracks ih‘the
underlying insulators. '

A further obj ect of . t he present invention is to provide aI
~mahuf acturing process, usable on large substrates. A still m

A preferred embodiment of the present invention can be
understood by use of FIG. 5 showing the process steps by
15 means of a block diagram, in conjunction with the cross
sectional view shown in FIG. 3. The first step 505,
consists of depositing one or more blanket metallization

layers on a substrate 30 having a top insulating layer 70 -
and a contact region 75. Layers 80 and 85 of FIG. 3 are
20 formed when unwanted portions are removed from above
blanket layers at a later process step. In most practical
cases, substrate 30 will have several contact regions 75.
In the preferred process, a layer of TiW is sputtered from
an alloy target as a blanket layer, which will be etched
25 selectively at a later process step to form layer 80 of
' FIG. 3. TiWw deposition is followed by sputter depositing
a CrCu layer from a CrCu alloy target, and a Cu layer from
a Cu target, the Cu and CrCu léyers selectively etched at
. a later step to form layers 90 and 85 respectively of FIG.
30 3. The CrCu layer can also be deposited by other
.techniques, such as co-sputtering from two elemental
targets or co-evaporating from two evaporation sources.
Irrespective of the technique used, the resultant film is
a mixture of Cr and Cu grains that are physically mixed and
35 have interlocking grains. A layer of TiN can be used as an

FI9-94-001 _ -12-
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“term pal netal consists of depositing an adhesive netalllc | ayer, a Iayer
of CrCu over the adhesi ve | ayer -and a layer of -sol der bondlmmsmﬁﬁEMSbﬁmR
--over -whi ch a sol der | ayer is formed in selective regions and m

:: layers are etched using solder regions as a nask. BRI EF DES
|nve

DRAW NGS The obj ects, features and advantages of the present nti:on mnll
be apparent fromthe follow ng nore particular description of the invention
illustrated in the acconpanylng drawi ngs, in which: FIG 1 illustrates

a pictorial = view a n1croe|ectron|cs sub-assenbly enploying a

t@hto TiW layer in the present application. This is
because, TiN , like TiW, has good adhesion to insulators
and is a good diffusion barrier to metallization used in
microelectronics applications. Both TiN and TiW can be
5 etchgd using plasma containing fluoro-carbon species, which
does not etch Al, Cu, or Pb-Sn. When fluoro-carbon plasma

is used for etching, the formation of a fluoride surface

layer over Pb-Sn layer 120 can be a concern and may require

additional processing steps to remove it prior to or during

10 joining of solder interconnection. Further, reactive ion
etch process using fluoro-carbon require tight piocess

control and uniformity as the process can etch underlying

insulating layer 70 in FIG. 3. Too much loss in the

_ thickness of insulation layer 70 can be unacceptable for

15 many applications. In the preferred process, the
insulating layer 70 in FIG. 3 is a polyimide having a

chemical composition PMDA-ODA (pyromellitic dianhydride-
oxydianiline). However, organic materials of any chemical
éomposition that 1is suitable as an insulator for -

20 microelectronics application can be used as layer 70. In
addition, inorganic insulators such as silicon dioxide,
silicon nitride and silicon oxy-nitrides deposited by
physical, thermal and PECVD processes can also be used as

layer 70.

flip-chip inter

25 The thickness of TiW layer 80 can range from 250A to
2000A. In some applicatiohs, the substrate is sputter
etched prior to TiW deposition, to assure low electrical
resistance and good adhesion. The tungsten amount in the
sputter target is usually about 90 atomic percent, however

30 it can range from 60 to 90 atomic percent, the balance
being Ti. CrCu layer 85, has a thickness of 100A to 2000A.
The composition of CrCu layer 85 has Cr amount ranging from
20 to 80% with the balance being Cu. In the preferred
embodiment, TiW sputter target contained 90 atomic percent

35 W, and the CrCu sputter target contains equal amount of Cr

FI9-94-001 -13-



B ety

REPLACENMENT SHEET Date: 09 DEC 1995 6 FIG 2 shows a scanna%ghe ectron

n1crograph of a-sem conductor chip illustrated in FIG 1

sol der

term nal

on the sem conductor chip shown in FIG 2. Fl

illustrate cross-sectional views of two different substrate conflgura
using a sol der termnal and show regi ons of substrate that need to be
protected during the solder termnal etch process.

10

15

20

25

30

35

and Cu by volume. Although sputtering is the preferred
process, the layers 80 and 85 in FIG. 3 prior to etching
are blanket in nature, and other techniques such as
plating, evaporation, CVD can also be used.

After the deposition of the TiW and CrCu layers, two
alternate processes can be used for depositing copper. 1In
one process step 510, a patterned Cu layer is formed on top
of the CrCu layer, either by depositing through a resist or
a metal mask. Alternatively a patterned Cu layer can also
be achieved by depositing a blanket layer and subtractively
etching it using a resist mask. This method of patterning
copper as in step 510, has too many process steps compared

‘'to the preferred step 515 in the block diagram FIG. 5. 1In

step 515, copper layer which correspond to layer 90 in FIG.
3, 1is deposited as a blanket layer, preferably by
sputtering from a copper target. The thickness of Cu can
range from 1000A to 2 microns depending on the application.

A thickness of 4300A of copper is used in the preferred -

process. Alternatively, a layer of nickel or cobalt, known
for their solderability, can be used in place of copper to
form layer 90 in FIG. 3. 1In our experiments, an inline
sputtering system MRC 662 with multiple targets was used to
deposit TiW, CrCu and Cu layers sequentially in a single
pumpdown. Next, as shown in process step 520, an insulating
mask layer is formed with apertures corresponding to solder
terminal locations. 1In the ireferred process, the mask is
made of negative dry film resist. Other mask materials
such as positive resists, insulators such as polymers,
silicon oxides, nitrides and mixtures thereof, can also be
used. In the preferred process, Pb-3Sn solder alloy is
plated through the apertures in the insulating mask layer,
substantially filling and, if required, over-filling the
aperture volume. The electro-plating process uses known
plating formulations and plating apparatus and further uses
blanket metallization layers TiW, CrCu and Cu underneath

FI9-94-001 -14-
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" FIG 5is a block diagramillustrating the process steps o
DETAI LED DESCRI PTION OF THE INVENTION FIG 1 sh\Mh§S

e inyention.

t he present

heet Has Been R
£ sup-assenbly (nodul e) ‘using flip chip interconnection, whe e| \m‘m
~'semi conductor chip 30, is joined electrically and phy3|cally t

substrate 10, by neans of a plurality of solder bunps 40. The So

der bunps

40 are connected on one end to the termnal netallization on chip 30 and
connected on the other end to the termnal netallization on substrate 10.
The sol der bunps 40, have been ref |lowed to establish a netallurgical bond
bet ween sol der 8nd msnmimn@maeékilmtémrfmmbwd:ﬂﬁgaene@mmmpmth for

substrate
an integral

10

15

20

25

30

p ar thf piﬁ#%hgoggggé&hg& gﬂ:‘ eq'.‘ dessoilrdeed’ solde¥ %o%ﬁéscﬁ <§jnsas

such as eutectic Pb—Sn, Pb-In, Pb-In-Sn etc. can also be

plated using widely known processes in the industrj; Thus,

in step 520, solder is selectively added to the substrate
at the location of the apertures to form layer 120 of FIG.
3. After the solder is formed by plating, the mask is
removed by wet or dry etching in step 520. In the case of

_organié resist, ashing in 02 was used to remove the mask:

layer.

In step 525, unwanted regions of blanket bonding layer

Cu, Ni or Co and intermediate layer CrCu and bottom

adhesion layer TiW or TiN or similar are removed from areas .
outside of solder regions to form layers 90, 85 and 80
respectively of FIG. 3. In the preferred p;océss, the Cu
and CrCu layers are first electroetched with potassium
sulfate etchant as taught in U.S. Patent 5,268,072,
assigned to the assignee of the present invention. The °
present inventors have found that the preferred embodiment
TiW layer 80 is unetched by the electroetch process used to
remove Cu and CrCu layers in the exposed areas. This
allows the TiW blanket layer to provide a path for
electrical current for electroetching (and some
overetching) of overlying layers copper and CrCu to form
layers 90 and 85, without leaving any residues. In step
525, following the formation of CrCu layer 85 and Cu layer
90, Tiw blanket layer is etched chemically by using a
buffered mixture of H,0, such as taught in US Patent
4,814,293. In the preferred process a mixture of H,0,, EDTA
and a passivant is used. This etchant selectively removes
TiW and does not appreciably attack Cu, Al and CrCu layers.

FI9-94-001 | -15-



40 .or *bot-h.- ‘I.n sone cases, sol der prefornms are used that pare not |ntegra

‘part .of chip 30 or stbstrate 10. In other types of interclorfhieShdetHns BiciRe laced
i ‘t‘erni nal's on the ‘substrate aré pre-sol dered;. and joi ned by
. (tape automated bonding) connection. In sone cases, the refl

used as a thermal connection for nounting the backsi de of a ¢ I p

ceram c substrate, and electrical connection is established by nmeans of TAB

or wire bondi ng. Date :09. DEC 1955... 7 Even though not specifically

illustrated herein, the _
: Thus, a viable sequence of process steps, for forming

the preferred embodiment of the present invention of a
multilayer metallization structure, composed of TiW or TiN
as the bottom adhesive layer 80, CrCu intermediate.iayer 85
5 and Cu bonding layer 90, in a mutually compatible and
reliable manner has been shown. However, it is still
needed to be determined whether the selected layers form
good interfaces with each other and with the insulating
layers. An experimental verification of the mechanical
10 : integrity of the three layers and the entire
interconnection needed to be completed to finalize the
utility of the invention. A good mechanical integrity of
the interconnection structure assures that both good choice
of materials and also good choice of processes have been
15 .made. A reliable technique for assuring the mechanical
integrity and adhesion of the solder terminal ié a tensile
pull test. In a tensile pull test, the chip is joined to
a substrate by a solder interconnection as in FIG. 1, and
the chip and substrate are mechanically pulled apart. When -
20 the test is.perfo;med properly, the separation will occur
in a part of the solder interconnection. If the separation
occurs within solder volume by ductile deformation of the
solder, then one can conclude that the interfaces between
the metallization layers and the insulator on the chip or
25 substrate are sound. A separation among one of the
metallization layers or from the insulation surface
indicate poor mechanical integrity. The pull test can be
made more aggressive by subjecting the interconnection to
repeated melting of solder (reflows) a number of times in
30 a non-oxidizing ambient prior to the test.

F19-94-001 -16-



dlSCUSSlOﬂS made here-equally “apply to ceramic grid array tape b

: -here by considering the formation of sol der bunps on a se

‘ laced
c-arrays and the li ke. The features of the present invention | i‘lﬁ H -

~ 30, but it should be understood that substantially simlar d|

be made wth ot her applications nentioned above. FIG 2 shows a plurality
of solder termnals or bunps 50 on the surface of a sem conductor chip 30.
The | ocation, nunmber and size of the solder bunps 50 is usually deternned
by design requirements of the chip and ceranic substrate, nodul e
reliability and soldEabﬂernﬂnallptscethel|nesaﬂtensofThpulbtateaunben oé&n

i nt er connect i ong pugedohRedtthn WK RALRILBY F PLLEGRS, | whaReUterd00n2pd

expect ed .
terminals are formed by using the present invention with

various TiW, CrCu and Cu thicknesses. The results in table
5 1 contain, actual number of chips that are pull tested in
each combination of thickness of the metallization layefs,
the average pull strength of chips in each category and
number of solder bumps that showed interface delamination.

FI9-94-001 -17-



pad
Fis quite hi gh. FIG .3 shows sone key el enents of a sol der Replaced
v whi'ch is called Controlled Collapsible Chip Connection (C4 Pu HI'I

R P. Sopher, |BM Journal Research and Devel opirent,. May 1969, p '
FIG 3 will be used to review sone of the salient features of prior art and
al so to highlight key enbodi nents of the present invention. The
sem conductor chip 30, contains therein at |east one |level of patterned
wiring 60 which is insulated and passivated by a thin insulation |ayer
70. An opening 75 or a via is formed in insulator 70 to underlying wire 60,
corresponding to the location of t eqded sol der bunp term nal. I n
the prior art, layer 80 1is hfﬁilé !

to increase. Therefore, the reliability required of a mﬂgle term nal

PULL TEST RESULTS
TiW/Cr-Cu/Cu/ Pb-3Sn - AFTER 30 REFLOW CYCLES

Expt Tiw Cr-Cu Cu = # Chips Ave Pull # Solder
5 _No. A A A Pulled lbs  Delam/400 pads
1 812 1187 3150 3 20.2 0
2 812 562 3150 3 18.4 85
3 625 875 4300 3 20.1 0
10 4 437 1187 3725 3 21.1 0
| 5 437 250 3725 3 19.7 12
6 812 1500 4300 3 21.8 0
7 437 1187 3725 3 21.9 0
8 250 1500 2575 3 19.9 0
15 ' -

FI9-94-001 : -18-
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approxi mately 1KA of Cr, which provides adhesion to insul atorm.ZQheet\mgBenaeplaced
- the-same time makes electrlcal contact to |ayer 60 through p

opening 75 is shown as a via in FIG 3, however in many app

can be replaced by a conductive contact (not shown) nade by

. .1995 8 a screened-in and fired netallic paste in a ceramc substrate or
"plating up the hole in a plastic or ceram c board. Layer 90 is usually 5KA
to 10KA of copper or nickel or other suitable solderable material, which
reacts to form ' '

Test results correspond to 250A of CrCu and 562A of

CrCu both shows a decrease in pull strength and some

interface faiis. Since the number of test chips were only

three, the actual values are not as significant. ﬁowever,

5 we can conclude that there is a tendency for interface
fails in a pull test for thinner,CrCu. The implication is
that in the absence of a finite CrCu layer, the solder bump

will result in dewetting'of TiWw, a known oxidizing, self-
-passivating film. The number of interface fails is not bad

10 given that the intérconnections- were subjected to 30
reflows prior to testing. This would suggest that the

adhesion between TiW and CrCu layer is sound and perhaps

that the limited fails are due to degradation of the

thinner CrCu layer from 30 reflows. It is important to

15 note that in regards to resisting spalling,- ailoy CrCu
layer seem to be effective similar to the phase-in Cr-Cu

layer. This further suggest that for most applications,

where the number of reflows are about 10 or less, even 250A

of CrCu intermediate layer is probably acceptable.

20 However, following the same reasoning that a thin Cu layer
of the order of SKA, directly on TiW without intermediate

CrCu layer, can lead to interface delaminations as Cu is

converted to Cu-Sn intermetallic and the intermetallics

spalls into solder bulk. Therefore, CrCu intermediate

25 layer 85 in FIG. 3, plays a unique role, even when it is
thin. The mechanical 1locking of the Cu grains assure

adhesion between Cu-Sn intermetallic and CrCu layer on one

end and Cr grains and locked Cu-Sn grains assure good

adhesion with TiW on the other end. A similar conclusion

30 may be inferred from an experimental study on "Reliability
iﬁprovements in solder bump processing for flip chips", (M.

Warrior, 1990 IEEE, 0589-5503, pp. 460-469). The Warrior

study used an interconnectioﬁ of plated solder with TiW and

Cu as metallization layers without an intermediate layer.

35 The interconnection was joined to a substrate and was pull
tested. The study states in page 461 of the abové
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a,metallurgical bond with the sol der on heating of the solder.
“internedi ate | ayer 85, which is typically about 1500A of p hEtescidieeCH

~formed between |ayers 80 and 90, to provi de adhesi on- bet ween '“mﬁllm m
l.ayer 80 if required. Layer 100 is sonetimes forned aver Iay

of about 1KA of Au, for the purpose of protecting Cu surface fron1OX|d|2|ng

during storage and handling prior to depositing solder layer 120. Layer

120, sol der, usually contains one or nore of Pb, Bi, Sh, Sn, In, Ag, Au.

On heating to nelt the solder (reflow), Cu layer 90 reacts with at |east

one constituentrefexdnceapl'tes iy eardhie¥)or thnmmaﬁﬂwﬁeiﬂéndéxﬂ:ormplga&i

betweon O and G5 Hor Hocaeftely SHonding, ° Soy ' dOpFoRspd He'le pRtential
bump- open failure. Studies were conducted by exposing the

TiW surface to atmosphere prior to Cu sputter.: This

5 resulted in reproducing the same failure mode ...". 1In
Warrior study, the copper thickness used was about 10 KA

(see FIG. 1, p. 460 of the reference), and the
interconnection was subjected to one cycle of solder

melting during the joinihg cycle. It is reasonable to

10 conclude that after joining, the Cu-Ti interface was still
maintained. Therefore the interface of concern is between

Cu and Ti rich surface of the Ti-W layer, which appears to

be very sensitive. From these discussions and the data in

Table 1, for most microelectronics applications using thin

15 bonding layer as envisioned in the present invention, the
use of TiW and Cu without an intermediate layer will not

meet the yield and reliability objectives set forth in the

present invention.  Thus, the use of a thin CrCu
intermediate layer 85 in between the TiW layer 80 and Cu
20 (or Ni) layer 90 of the present invention, provides an
important solution. CrCu stays as an integral layer

through multiple reflows and provides good adhesion to
underlying TiW layer as shown by the test results.

Based on preceding discussions, a terminal

25 metallization as shown in FIG. 3, can use any of the
followin'g materials TiN , Ti/TiN, Ti/TiW and Ti/W and

similar material to form adhesion layer 80, along with a

CrCu intermediate layer 85. However, the adhesion layer 80

should not be etched in a process that'etches CxrCu layer

30 85, which implies that any Cr or Cu containing layer is
unlikely to be suitable for layer 80. In the case of

layered structures such as Ti/W, Ti provides adhesion to

the substrate. Further, based on the mechanistic
discussions on adhesion and the limited role of bonding'

35 layer, materials such as. Nickel and Cobalt can be used in

FI9-94-001 - -20-



_i's determned by the conpounds that are energetically favo

di agrams on el enents, for exanple Cu-and Sn, contain inform
* which internmetallics can form Phase dlagrans on two el ene
.. (binary) are available in books on phase diagrans. Wen solder

-|ayer ‘90 into internetallics. The actual conposition of th sﬂt &gkjiﬁéd

|

|

toreflowmnmultiple times for repairing the nodule, Cu-Sn internetallics (
not shown) grow i-n thickness, becone coarse and becone di scontinuous. Sone
of the internetallics is dispersed into solder, which is referred to as

"sol ution assi siagditfian itogtu( £8erbynaibgA

1969, 286- 2 A b .Sl
demettPﬁg S IaagéFy eLéﬁ Fugﬁgtﬁﬁi r¥§% o%@'%ﬁ{eﬁ%dE#1 t%F?%i%eretc'

10

fluorine based plasma can be used to etch these layers to
form layer 80; additionally, wet etching techniques may be
available that are selective to the buried wiring layer 60.

While the invention has been described in terms of a
single preferred embodiment, various alternatives and
modifications can be devised by those skilled in the art
without departing from the invention. Accordingly, the
present invention is intended to embrace all such
alternatives which fall within the scope of the appended
claims.
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~i.s consumed conpletely in REPLACEMENT SHEET . Date :.

.productlon by the use of the Cr-Cu phasing-in ..". The prot EE"H
9 the joining cycle and fornms internetallic conpounds mhlch

Q
=)

I nhi bkt or arrest the spalllng process. These factors are e?ﬁdﬂh%R.
di spersed -.within the solder bunp. The choice of specific thickne
I ndi vi dual |ayers, their order of arrangenent and the chosenr—pre

deposition and patterning is determned by a w de range _
) A |IIl

WHAT IS CLAIMED IS:

1. An improved solder terminal on a substrate containing

1
2 at least one electrically conducting member and having
3 ‘a plurality of electrical contact regions separated by
4 an insulator, comprising:
5 a metallic adhesion layer, etchable using a process
6 selective to said electrically conducting member;
7 " a CrCu alloy layer overlying and in contact with said
8 adhesion layer;
9 said process for etching the metallic adhesion layer
10 further being selective to said CrCu alloy layer;
11 a solder bonding metallic layer overlying and in
12 contact with said CrCu layer; and,
13 a layer of solder overlying and in contact with said
14 solder bonding layer.
1 2. An improved solder terminal of claim 1, wherein said
2 metallic adhesion layer is selected from a group
3 consisting essentially of TiN and TiW.
1 3. An improved solder terminal of claim 1, wherein said
2 metallic adhesion layer is made of two layers, a
3 bottom Ti layer and a top layer selected from the
4 group consisting essentially of TiN, TiW, and W.
1 4, 'An improved solder connection of claim 1, wherein said
2 metallic adhesion layer has a thickness in the range -
3 of 250A to 2000A.

FI9-94-001 -22-



. of .requirenents discussed earlier such as process co

‘ sttess, interlayer adhesion etc. At the sane tine, the pattgﬁégma}ﬁwankeﬂhﬁ

- processes available to select fromare finite and nay inpose (%MEEHM£HI I
restrictions. The present invention uses a conbination of pro

such as deposition of blanket layers, masking and photolithography, ’

addi tion of solder to selective areas and subtractive etchi nqmﬂu

| ayers, to realize a | ow cost manufacturing process which is m'mt"l,””",

| arge wafers and small terminal features. The materials, their* tHickness.

and etch prlogeags fl?'l’_i idlﬁx.fdt?fe‘i‘ﬂflt:sdlt@ﬁﬁ* éo?ﬁ@c%@bﬁcéfdcfé‘ih ?pt 'wj(ﬂe&@ir% Qtaﬁ.d

improve yjeld and relia Y. urt her e proce structure o e

sol der tefminal of WP ‘{p{r esiqp AV JJ'O"’f sPr"s%r@& ai’s%‘lﬂAe'

1 6. ‘An improved solder connection of claim 1, wherein said
2 top insulating film is selected from a group
3 consisting essentially of polyimides, silicon dioxide,
4 silicon nitride and silicon oxynitride.

7. An improved solder connection of claim 1, wherein said
2 solder is selected from a group consisting essentially
3 of comprising, Pb-Sn, Pb-In and Pb-Bi.
1 8. An improved solder connection of claim 1, wherein said
2 CrCu layer has a thickness greater than 250 Angstroms.
1 9. CrCu layer of claim 8 is made of copper ranging from
2 20 to 80 atomic percent.
1 10. An improved solder connection of cl_aim '1, wherein said
2 solder bonding layer. is selected from a group
3 consisting essentially of Cu, Co and Ni.
1 . 11. An improved solder connection of claim 1, wherein said
2 solder bonding layer has a thickness selected from the
3 ' '~ range of 1000A to 2 microns.
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e g e

: GOnpatLbiIity.betmeen different layers and processes. A spe ébﬁwﬂh@ﬁ&ﬁ
- t.he:'present invention is set out to overcone, is a residue de
- l-oss seen -when prior-art technique was used to- etch met aI Li za"[:lmmlm Hlsml

usi ng overlying solder features as a mask. For exanpl e,

5, 268, 072 teaches el

ectroetching of CrCu alloy |ayer and the Cu bondi ng

"

ed

| ayer. The term CrCu |layer used in the body of this applica '

include all filns that contain both Cr and Cu atons i rrespec”lﬁ“lmlnmuéumulll
they are deposited froman alloy target or co-evaporated in a*phased-fanrfer *
fromtwo geparajg, SOﬁrﬁ?\%&; Pffmtfﬁﬂ(?g.@'a@ixﬂobﬁyi{nﬁfs{rehhb‘él&éf|téﬂﬁir&&'@ on

phased Cr-Cu Iayerl
the termfal netalli

3
4
5

10
11

12
13

14
15

16
17
18

19
20
21
22
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process, solder is added to

3t FUPPEYate| cORtRIRERE| k. kePsthd a8 oplectrically

conducting member and further having a plurality of -

electrical contact regions separated by an insulator,

comprising:

depositing an adhesive metallic layer;

depositing a CrCu alloy layer over and in contact with
said adhesive metallic layer; '

said adhesive metallic layer is characterized by being
selectively etchable over said electrically conducting
member and said CrCu alloy layer;

depositing a solder bondable metallic layer over and
in contact with said CrCu layer;

forming solder selectively over said solder bondable
layer in selected locations;

etching said solder bondable layer and CrCu layer
us’ihg said solder as a mask and s_t'opping on said

adhesion layer; and

etching said metallic adhesion layer using a process

selective to solder, CrCu alloy layer, solder bonding

layer and electrically conducting member in the
substrate.

A method of claim 12, wherein said adhesive metallic

layer is selected from a group consisting essentially
of TiW and TiN.

-24-



layers -are-etched electrolytlcally using sol der bunp as a

¢. “SHEET Date 09 DEC 1995 10 mask.. However, the electrolytic e mwd :
! kayer in '072 process al so etches underlylng Cr layer: Proces I "
. uniformities and batch variations often results in parti al

| ayer before the CrCu layer is conpletely etched. The Cr Iayer which is

used as the electrical path during electroetching of CrCu |
di sconti nuous, thereby preventing the conpl ete renoval of aﬂm"H :Iiﬂﬁﬂ,l"l"l

1 14. A method of claim 12, wherein said adhesive metallic

2 layer is made of two layers, a bottom Ti layer and a

3 top layer selected from a group consisting essentially

4 of TiN, TiW and W. )

1 15. A method of claim 12, wherein said adhesive metallic

2 layer is formed by a process selected from sputtering,

3 chemical vapor deposition and plating.

1 16. A method of claim 12, wherein said CrCu alloy layer is.

2 deposited by sputtering from an alloy target-

3 containing Cr and Cu.

1 17. A method of claim 12, wherein said CrCu alloy layer is

2 formed by co-sputtering from a Cr target and a Cu

3 target. )

1 18. A method of claim 12, wherein said CrCu alloy layer is
formed by co-evaporating from a Cr and a Cu source.

1 19. A method of claim 12, .wherein said solder formed by

2 electro plating through an insulating masking -layer

3 having apertures.

1 20. A method of claim 12, wherein said CrCu alloy layer

2 and solder bonding layer are etched by an electro-etch

3 process.
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: leading to yield | osses. The overall manufacturability of el ;
¥ “pfocess. is inpaired. Based on this discussion, the present ilﬁlgsﬁé%ﬁ%&% o Replaced P
S recogni zed' a _new process/ material requirenent in the selecti HWM nlﬂ"
- fabrication of terminal netallization, which can be descri.bed
FIG 3 as follows: the selected etch process for renoving unwanted portions
of the top netallization |ayers to formlayers 85 and 90 shﬂmmmuu m
t he underlying adhesion | ayer 80. This requirenent can be s m ,“",
devel oping a new etch process or by use-of a new material i n"place o™ Cf *
for layer180 i RF! GAdmethodvofbtbainl 12howhereiaveadd Wdhesieqlilayexr is

denonst ra.‘;i on t hat té]@%’p&yv%grﬁééé?ns%%y%eg%gg‘ﬁ%gscgémigﬁé o&vgtglgangr rier

| ayer 85 ‘and a sol def ~bondi
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the many interrelated requirenments di scussed earli'er. The pr esent

“i-nventors . have further recognized anot her requirenen gghdqhgggggglmmd
¢t .manufacturing process, which is that the process used to -etc

“layer 80 in FIG 3, nust further not etch wiring |ayer 60 ex Lﬂl
Wi thin substrate 30. This issue can be better understood mnth

FIGS. 4A and 4B. FIG 4A shows a via contact opening 215, on a substrate

200, and a termnal netallization conposed of an adhesion | ayer 240, an
optional bonding |ayer 260 and a sol derable | ayer 280, and a sol der |ayer
300." Wth respect to earlier CJEEECBROPDATEDYSOLPER TERMINALr, |ayer 260 can

be CrCu and | ayer 280 can be Cu Eﬁs%kACT 5£G&néAtﬁbﬁﬁwf88“5

An process and a structure for an improveci‘ solder

terminal is disclosed. The improved solder terminal is

5 made of a bottom metallic adhesion layer, a CrCu
intermediate layer on top of the adhesion layer, a solder

bonding layer above the CrCu layer and a solder top layer.

The adhesion layer is either TiW or TiN. A process for
fabricating an improved terminal metal consists of

10 depositing an adhesive metallic layer, a layer of CrCu over
the adhesive layer and a_iayer of solder bonding. material,

over which a solder layer is formed in selective regions

and the underlying layers are etched using solder regions

as a mask.

FI9-94-001 | | -27-



REPLACEMENT SHEET-Date :.09 DEC 1995 11 an intentional opening 216 to the
buried wiring |ayer 210 in the substrate. Opening 216 is anThlE%}%EltHaQﬁé%Lké/placed

- exposed contact, that can be used for exterpally connecti ng
| ayer 210 by a techni que ot her than f HE i nter connéct1 HHIHH H” ,II
Wi rebond, TAB etc., or probing test e\,ftgc@so { rkghe “kerf" reqi

shown in FIG 4A is an inadvertent opening caused by a defect 218 whi ch
exposes part of buried wire 210. The defect 218 can be a pinhole, an etch
or a deposition defect. FIG 4B is




simlar to FIG 4A, except that the termnal utilizes a studded contact ,
215' instead of via contact 215. In the studded contact ﬁhbsmﬁ'{asgeen}{ep]acf_d

metal lic deposition is used to fill up the 2iontact openi ngal’mt,”m
an intentional opening, a studded surf.Ac¥E21d ETi &. exposed ﬂHm,ﬁHF —
of a defect 218, a defective connecti onfI¥3#80!i §5formed. Intentional

openi ngs 216 are included in sone sem conductor chips to allow

flexibility in use of different interconnections and use it with

different substrates. In the presence of these intentional and

uni ntentional openings in the substrate top |ayer, the inventors have

recogni zed that the selection of netallization |ayer 240 and process used

for renoving unwanted portions of |ayer 240 need to be "conpatible" i.e
non-attacki ng and non

FIG. 2

50




~ or conplete etching of portions of wire 21

_ etching, to layer 210. O herwi se, in a manufacturing environnment, the o

. etch step for removing unwanted portions of layer 240 canTIe eh%m g{&&ﬁ&xd y

' glln the intentid} |
openings. A partial etch can result ip rﬁk f%) éT LY failures Bm @ “D!“ 2
conplete etch can lead to yield |oss. F@L%- GENgern was neit

in the prior art and nor solved by the prior art. For exanple, U S. Patent

No. 5,162,257, which teaches formng a solder bunp with nmetallization

| ayers Cr, phased Cr-Cu, and Cu, uses hydrochloric acid based etchant (col

6, lines 24-26) for etching &-Cu and O layers. It is known that
hydr ochl ori c based etchants violently attack

““‘ ~
\\\\\\ \\ \\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\‘{

AN




. REPLACEMENT SHEET Date :09 DEC 1995 12 exposed Al surface nmaking

this teaching not readl |y suitable for | arge scal e manuf acrh;ysneag{ag)ﬁeenkeplaced |
sol der term nals on substrates having Al i ng. The present i

recogni zed that for a high yielding mnm@m%prﬁq process, iﬂ Hmll%mﬂ
to etch adhesion | ayer 240 of the ternmg 4-apt%j i zation in H

be conpatible with (i.e not etch) the buried wring |ayer 210. It is not

al ways easy to nodify etching conditions and chem cals, since specific

etching conditions are required to control the geonetric shape of the
etched netallization |ayers (a tapered

FIG. 4A

,0.;\\\
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A
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FIG. 4B
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: p?ofile) in order to mnimze stress induced cracks in the underlying
i hsul ators. A preferred enbodi nent of the present invention SQ@}mSBwnmwad :
“understood by use of FIG 5 showing the- prf ess steps by nmeans
diagram in conjunction with the crogs, §@C /%OI’EQJAL vi ew shown i n\\m‘m‘“&\“‘m
The first step 505, consists of dep05|tmqgompqur nore bl anke
netallization |ayers on a substrate 30 having a top insulating | ayer 70 and
a contact region 75. Layers 80 and 85 of FIG 3 are formed when unwant ed
portions are renoved from above bl anket |ayers at a |later process step. In
nost practical cases, substrate 30 will have several contact regions 75. In

the preferred process, a layer of TiWis sputtered froman alloy target as
a bl anket |ayer, which will be etched

FIG. 5
DEPOSIT
ADHESTON/BARRIER 20
LAYER (S)
\‘\‘
\\\
COPPER COPPER |_—510
LAYER 915 PATTERN
l/'
ADD SOLDER 520
SELECTIVELY [
525 E;CH 530
EEEHA(E)L ADHESILUANY/EBF{\RHIER —




selebtfvely at a later process step to formlayer 80 of

deposi ti ot i5¥ ol | owed by sputter depositing a CrCu | ayer ffonfﬁkﬁﬁﬁﬁlﬁééfy
target, and a Cu layer froma -Cu target, the Cu and CrCu ama;s

f Srvtmasusssonavoosrpbyangiumel

etched at a later step to formlayers 90 and 85 respecti vieby—of=FG
The CCu layer . can also be deposited by other techniques, such as_
co-sputtering fromtwo el enental targe or co-evaporating fromtwo
evaporation sources. Irrespective of the technique used, the resultant film
is a mxture of O and Cu gralns that a si cal | n1xed and have

interl ocking grains. A layer of ERERT BQRLQE%WZ

FIELD OF INVENTION

The present invention relates generally to solder
interconnection used in microelectronics packaging and in
particular to an improved solder terminal metallization.

BACKGROUND OF THE INVENTION

In microelectronics, the term interconnection is often
used to describe a structure or a method of electrically
connecting an active device such as a semiconductor,
capacitor or a laser to a ceramic substrate or an organic
board. One type of interconnection called hard or semi-
permanent, uses a low melting solder alloy. This is in
contrast to a removable connection, such as pins and

sockets.

Flip chip joining is a major sub-set within the area -
of solder interconnection. In flip chip joining, the
electrical and physical connection is established between
a ceramic substrate or organic board and a circuitized
silicon chip, by joining corresponding terminals on the
silicon énd ceramic substrate or organic board by means of
solder balls or columns. In all following discussions, the
term "substrate" is used to denote either a silicon chip,
a ceramic substrate or an" organic board. The solder
material for the ball is usually formed at the terminal
metallization on either device or substrate and sometimes
on both. The fabrication of soldered terminals is an
important manufacturing process for microelectronics.



REPLACEMENT SHEET Date : 09 .DEC. 1995 13 alternate to Ji Wbayet: k0 GReeT |
present ‘application. This is because, TiN, like Ti W hasfjgood adhesion to |
insulators and is a good diffusion barrier to netallizati nrguseﬂgﬂECm% _____ |
m croel ectronics applications. - Both TiN and Tiw can be heg-tsi-pg— 0|

ptasma cont ai ni ng fl uoro-carbon species, gwhi ch does not etch Al, Cu. or

Pb- Sn. When fluoro-carbon plasma is used—tbr etching, the formation of a
fluoride surface |ayer over Pb-Sn |ayer 120 can be a concern and nmay o
wJequire additional processing steps to renmove it prior to or during joining
“0f sol der i nt erconneck odPPHeatitens  wheme dheomuantity oofssoldeny in the

fluoro-carbon refyidér t iABbrebRABE ion is less critical and the features
R are relatively large (on order of a millimeter), dip,
screen or spray soldering can be used. In critical
appli_i:ations where the volume and composition of solder
‘need to be controlled tightly (less than 25% variation),
solder terit_ninal is fabricated by either evaporation of
solder throu'gh' a metal mask or resist mask, or plate up of
solder thr_ough a resist mask. In general, the solder
- terminal on a substrate can be considered to be made of.two
parts, one a metallized layer referred to as terminal
metallization, and the other a body of joining material
(usually a solder). A separate terminal metallization is
usually required since interconnection metals such as
aiuminum, chromium, molybdenum, tungsten etc., used for
wiring on devices and substrates are not suitable since
they are not easily wetted by and do not chemically react
" with solder in a controlled manner. U.S. Patent 3,633,076
teaches a solder interconnection, in which the"
metallization requirements of a solder terminal are listed
as electrical conductivity, adhesion/mechanical stability,
ease of depoSition and photo-processing, solderability and
material. stability 1in processing. U.S. Patent No.
3,633,076 further teaches the use of a three layer
metallization on a semiconductor, in order to satisfy these
several opposing requirements. These requirements continue
to be valid even now; however, additional new requirements
have emerged for very large scale integrated devices. Some
of the new requirements are, very high number of terminals
(for increased number of inputs/outputs), precise placement
of terminals, high mechanical stability (such as stress and
adhesion) and low defect levels. For example, the stress
due to terminal metallization has been found to result in
formation of cracks in the thin insulating film underneath
the metallization (Bhattacharya et al. U.S. Patent No.
4,434,434). U.S. Patent '434 teaches that a graded layered



cont r‘ol "and unifornmity as the 'process can etch underlyi ng {| REALACENGENTESGEET

70 i'n FI'G 3. ¥ Too much 1'0oss in the thickness of insulatin Iayggd@g£c®g5
be unaccept abl e. for - many appl i cations. In the prefelfisth: . pProCess, -

the insulating ftayer 70 in FIG 3 is a polyimnde having a chemcat
conpositi on PVDA- ODA (pyronellitic dianhydride- oxydianiline). However,

organic materials of any chem cal conp lon that is suitable as an

i nsul ator for. mcroel ectronics application can be used as_:ayer 70. !3 y
addi tion, inorggnic |n Iator as silicon dioxide, silicon nitride an
silicon oxy-ni t%‘l o'g?'f gﬁ | €ap, neduSR crark PRexmabier edneshean

al so be used as. umlyﬁmg Teittlektnsalatihg\Wdiayer bk a@geallr, oraMA
to - Techn1ca1 Disclosure Bulletin, p. 1979, vol. 10, No. 12,

' o May 1968) discuss the use of overlying Al with Cr, Mo oxr W
to prevent ‘alloying of Al with solder when solder is
reflowed. Leonard and Revitz (IBM Technical Disclosure
Bulletin, p. 1121, vol. 13, No.5, October 1970) discuss the

" use of oxidized chromium as a barrier for use in solder
terminals in conjunction with a phased Cr-Cu layer. Dalal
and Jaspal (IBM Technical Disclosure Bulletin, p. 1005,
vol. 20, No. 3, August 1977) describe a process of co-
depositing Cr and Cu by evaporation to form a phased Cr-Cu
layer. The Cr-Cu phased layer, which consists of

- mechanically interlocked Cr and Cu grains, has shown good
adhesion to both the underlying Cr layer and to the

-(overlying copper and copper intermetallic 1ayef. Gardner
et al (U.S. Patent No. 4,840,302) teach the use of Cr-Ti
alloy layer, instead of either Cr or Ti alone, as an
“adhesion layer to an organic . insulator on which the
terminal is formed. The '302 invention claims to reduce

- interface fractures when solder terminal is formed over an

organié insulator.

There are other teachings that are specific to the
"manufacturiﬁg process of the solder terminal. The
technical review article entitled "Solder Bump Fabrication

' by Electrochemical Méthod for Flip Chip Interconnection",
by Kawanobe et al., (CH1671-7 IEEE, 1981 pp. 149-155),
summarizes several alternate methods of forming solder
bumps ‘and underlying metallization. U.S. Patent No.
5,162,257 issued to Edward K. Yung, teaches a process for
fabricating a ‘solder bump. In the '257 process, blanket
‘metal layers (including copper) are formed over a substrate
with the topmost layer being a patterned solder dam layer
such as chromium (solder dam is a material that solder does
not wet on melting). Regions of solder accumulation are



2000A. ~l.n sonme applications,

deposltloh

oy

the substrate is sputter etc @&ﬁymﬁy @g Fi Wy |
td assure low el ectrical resistance and-'good -adfesi on.

tungsten anount in the sputter target .is usual |y about 90 aff ats:. dbﬁékﬂﬁ‘wg5

however it can range from60 to 90 atonic percent, the bala

CrCu layer’ 85, has a thickness of |00A to 2000A. The conposition of C)CM
| ayer 85 has. Cr ampunt ranging from 20 t% 80%w th the bal ance being Cu.

In the preferred enbodi nent,

W -and.-the CrCu sputter. target contai ns equal amount of Cr REPLACENMENT

SHEET .. .

formed on the substrate and the solder is reflowed to react
with copper not covered by soldexr dam layer. This is
followed by etching away the solder dam layer and other
metallization layers using the solder and the intermetallic
layer as an etch mask. U.S. Patent No. 5,268,072, assigned
to the assignee of the present invention, teaches a

~combination’ of wet and dry etch methods to form a graded or

stepped edge profile of a three layer metallization Cr/Cr-

'Cu/Cu.

Each of the prior art teachings reviewed above,
attempts to provide a solution to a specific problem
encountered in their solder fabrication and use. However,
none of the solutions appears to permeate across different
applications. This is because, even though most
interconnection terminal requirements are common to all
uses, there are requirements that are unique to each use.
Further, it is quite apparent that solder terminal

- formation technology is not easily predicted and °

éxperimental verification is often required for validation
of any change in metallization or process. A primary
objective of the present invention is to achieve a higher
manufacturing yield and improve reliability of solder
terminal and at the same time extend the process to form
smaller and greater number of solder terminals on large
substrates (e.g 200 mm Si wafer) at reduced cost. It will
become apparent from follow 6n specific discussions in the
detailed . descriptibn section, that many of the prior
inventions do not adequately meet this primary objective of
the present invention.

OBJECTS OF THE INVENTION .
An object of the present invention is to provide an
interconnection solder terminal structure and a

Ti Wsputter target contained 90 atom c percent
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Data:. 09 DEC 1995 14 and Cu by vol ume. Al though sputteri éingPH@t“Tﬂhu-
preferred‘process the layers 80 and 85 in FIG 3 prior t etchlag (§%§

bl anket .in nature, and other techniques such as plating, evajSdtartor cvp... |
can al so be used. After the deposition of the Tiwand CrCu [Aayers, tmo
alternate processes can be used for depositing copper. In one process step
510, a patterned Cu layer is formed on_top of the CrCu layer, either by

depositing through a resist or a metal mask. Alternatively a patterned Cu
' | ayer and subtractivel

| ayer can'also y depasiting a b]anket
echlng it using aﬁgggﬁsgqﬁgskpr$ﬁF§sne?ﬂBd bf et dmRFesshe vigdd p
510, has too namglpabdddtysteps conpared

A further object of the present invention is to
provide a low cost manufacturing process, usable on large
substrates.

A still further object of the present invention is to
improve compatibility of the process with substrates
containing multilevel wiring made of thin Al-Cu, Cu lines
and thin passivation layers.

- SUMMARY OF THE INVENTION

' A process and a structure for an improved solder
terminal is disclosed. The improved solder terminal is
~made of a bottom metallic adhesion layer, a CrCu layer on
top of the adhesion layer, a solder bonding layer above the
.€CrCu layer and a solder top layer. The adhesion layer is -

either TiW or TiN. A process for fabricating an improved
terminal metal consists of depositing an adhesive metallic
layer, a layer of CrCu over the adhesive layer and a layer
of solder bdnding material, over which a solder layer is
~formed in selective regions and the underlying layers are
etched using solder regions as a mask. '

BRIEF DESCRIPTION OF THE DRAWINGS

' The objects, features and advantages of the present
invention will be apparent from the following more
particular description of the invention illustrated in the
'sccompanying drawings, in which: '

FIG. 1 illustrates a pictorial view of a
microelectronics sub-assembly employing a flip-chip
interconnection.



. = e
to the preferred step 515 in the block diagram FI G 5. | nj St&pASLBIEGopHEt: i

-

| ayer which correspond to layer .90 in FIG 3, is depositedl as a e
| ayer, preferably by sputtering froma copper target. The ﬂhﬁ%kﬂngEgiﬁﬁgu
can range fromioooA to 2 microns depending on the applicatiorm. A thrckiess
of 4300A of copper. is used in the prefefred process. Aternatively, a |ayer

of nickel or

.copper to formlayer 90 in FIG 3. |In our experinments, an inline
‘sputtering system MRC 662 with multiple targets was used to deposit TiW
CrCu and -Cu | ayers s&3@ent?alshewsh a sseapnipgnmedestromexmicregsaphn ofi a
- process step 528em3Bon@aditdk! NENIGSK | PRt iatddr Bl Wik, apelt UhG%ing a

corresponding to

mask i s

sol  term nal, Tocations. |.n the preferred process, "t he
pluragity of so%dered terminals. pret P

-FIG. 3 shows a cross-sectional view of a solder

terminal on the semiconductor chip shown in FIG. 2.

FIGS. 4A and 4B illustrate cross-sectional views of
two different substrate configurations using a solder
terminal and show regions of substrate that need to be
protected during the solder terminal etch process.

FIG. 5 is a block diagram illustrating the process
steps of the present invention.

'DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a sub-~assembly (module) using flip chip

cobalt, known for their solderability, can be used in place of

interconnection, wherein a semiconductor chip 30, is joined

electrically and physically to a ceramic substrate 10, by
means of a plurality of solder bumps 40. The solder bumps
40 are connected on one end to the terminal metallization
on chip 30 and connected on the other end to the terminal
metallization on substrate 10. The solder bumps 40, have
been reflowed to establish a metallurgical bond between
solder and terminal metallization on chip 30 and on ceramic

~ substrate 10. Usually, prior to joining, solder is
prefabricated as an integral part of chip 30 or substrate
. 40 or both. In some cases, solder preforms are used that

are not integral part of chip 30 or substrate 10. In other
types of interconnection, the terminals on the substrate

‘are pre-éoldered, and joined by means of a TAB (tape

automated bonding) connection. In some cases, the reflowed

lsolder is used as a thermal connection for mOunting the

backside of a chip onto a ceramic substrate, and electrical
connection is established by means of TAB or wire bonding.
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naqé of*qegative dry filmresist. Qher nmask material s sl cCRERSAGBSIRT 9B IEY ﬁ
% resists, “insufators such as polyners, silicon oxides, nitflides 323 m Xxt,ures
~~thereof, can also be used. In the preferred process, Pb-3 -%Q--O@QE.S
“pl ated through the apertures in the insulating mask | ayer,
~filling and, if required, over-filling yhe aperture volunme. The
el ectro-plating process uses known pl attng fornul ati ons and pl ating
apparatus and further uses blanket netallization layers TIiW CCu and Cu
‘underneath  REPLACEMENT SHEET Date: 09 DEC 1995 _
o Even though not specifically illustrated herein, the
discussions made here equally apply to ceramic grid arrays,
' tape ball grid arrays and the like. The features of the
present invention is illustrated here by considering the
forﬁgtion of solder bumps on a semiconductor chip 30, but
it should be understood that substantially similar

discussions can be made with other applications mentioned

T3
7

above.

'FIG. 2 shows a plurality of solder terminals or bumps
50 on the surface of a semiconductor chip 30. The
location, number and size of the solder bumps 50 is usually
determined by design requireﬁents of the chip and ceramic
substrate, module reliability and solder terminal process
limitatiqns. The total number of interconnections used in
VLSI logic packaging at present is about 1000 and expected
to increase. Therefore, the reliability required of a
- single terminal pad is quite high.

FIG. 3 shows some key elements of a solder bump on a
chip which is called Controlled Collapsible Chip cOnnéction
(C4) (P.A. Totta and R.P. Sopher, IBM Journal Research and
Development, May 1969, pp. 226-238). FIG. 3 will be used

~to review some of the salient features of prior art and
also to highlight key embodiments of the present invention.
The semiconductor chip 30, contains therein at least one
 level of patterned wiring 60 which is insulated and
passivated by a thin insulation layer 70. An opening 75 or
‘'a via is formed in insulator 70 to underlying wire 60,
corresponding to the location of the intended solder bump
 terminal. In the prior art, layer 80 is made of
approximately 1KA of .c:,'ﬂwhich provides adhesion to
insulator 70, while at the - same time makes electrical
contact to layer 60 through opening 75. Opening 75 1is
shown as a via in FIG. 3, however in many applications, it
- ' can be repléced by a conductive contact (not shown) made by



15 the -ingul ating mask |ayer for providing electrical path f
operation. Qther desired sol der conpositions such as eutectiic Pb-
Pb-1'n-Sn etc.. can al so be plated using wi dely known processgsData:thelLl.. 943,
i ndustry. Thus, in step 520, solder is selectively added to! =
at the location of the apertures to forn&layer 120 of FIG- 3. After-the
solder is fornmed by plating,.the mask is=+enoved by wet or dry etching in
step 520. In the case of organic resist, ashing in 02 was used to renobve

o™ by o SRR okl s Rl ELanELOTML 10 | S|
or Sin1|arfafe,qyﬁﬁﬁ;yﬁqcﬁﬁapégging up the hole in a plastic or ceramic
| | board. Layer 90 is usually 5KA to 10KA of copper or nickel
or other suitable solderable'material, which reacts to form
a metallurgical bond with the solder on heating of the
solder. An intermediate layer 85, which is typically
about 1500A of phased Cr-Cu, is formed between layers 80
and 90, to provide adhesion between layer 90 and layer 80
if required. Layer 100 is sometimes formed over layer 90,
'composed of aboﬁt 1KA of Au, for the purpose of protecting
Cu surface from oxidizing during storage and handling prior
to depositing solder layer 120. Layer 120, solder, usually
contains one or more of Pb, Bi, Sb, Sn, In, Ag, Au. On
heating to melt the solder (reflow), Cu layer 90 reacts
with at least one constituent of the solder layer 120,
~ forming intermetallic compounds (not shown) such as CuSn,
Culn and CuSb etc. The metallurgical reaction between Cu
and solder (called wetting) converts part or all of Cu

layer 90 into intermetallics. The actual composition of -
the intermetallics is determined by the compounds that are
energetically favored. . Phase diagrams on elements, for
example Cu and Sn, contain information as to which
intermetallics can form. Phase diagrams on two element
systems (binary) are available in books on phase diagrams.
When solder is subjected to reflow multiple times for
,repairing the module, Cu-Sn intermetallics ( not shown)
grow in thickness, become coérse and become discontinuous.
‘Some of the intermetallics is dispersed into solder, which
is referred to as "solution assisted spalling" ( Berry and
Ames, IBM J. Res. Development, May 1969, pp. 286-296).
Berry and Ames observe that "prevention of solder dewettiné
is largely dependent on those factors which ultimately
inhibit'or_arrest the spalling process. These factors are
optimized in production by the use of the Cr-Cu phasing-in
PR The protective layer 100 is consumed completely in




out5|de ‘of  sol der regions to formlayers 90, 85 and 80 re%pBE?LMéPya@fe

3. In thé preferred process, the Cu and CrCu Iayers are fifrst el etched
‘Wi th potassiumsulfate etchant as "taught in U.S Patﬁn@mGS 729
assigned to the assignee of the present invention. The present tThventors—

" have found that the preferred enbodi ment TiWlayer 80 is unetched by the
el ectroetch process used to renove Cu agd CrCu layers in the exposed areas.
This allows the Ti Wbl anket | ayer to p t~de a path for electrical

current  for e ( verlyin

| ayers copper aan %qﬁ%ﬁ‘{]o&%]{ ay%&1 Eﬁndiﬁggﬁggﬁﬁ?é ggm% "gliCh
residues. In se&e SEgaliy dd@persede Widihia ithe ofoldesu hummer 85 and Cu

| ayer 90, TiWblanket |ayer is etched chemcally by using a

The choice of specific thickness for individual
‘layers, their order of arrangement and the chosen process
of deposition and patterning is determined by a wide range
of requlrements discussed earlier such as process
compatibillty, film stress, interlayer adhesion etc. At
the same time, the patterning processes available to select
from are finite and may impose additional restrictions.

The present invention uses a combination of process
steps such as deposition of blanket layers, masking and
photolithography, addition of solder to selective areas and
subtractive etching of blanket layers, to realize a low

- cost manufacturing process which is extendable to large
wafers and small terminal features. The materials, their
thickness and etch processes for different layers are
selected and optimized to improve yield and reliability. -
Further, the process and structure of the solder terminal
of the present invention |is selected to assure
compatibility between different layers and processes. A
specific problem, the present invention is ‘set out to
overcome, is a residue defect and yield loss seen when
prior art technique was used to etch metallization layers
using overlying solder features as a mask. For example,
U.S. Patent No. 5,268,072 teaches electroetching of CrCu
alloy layer and the Cu bonding layer. The term CrCu layer
used in the body of this application will include all films
that contain both Cr and Cu atoms irrespective of whether
they are.deposited from an alloy target or co-evaporated in
a phased-manner from two separate sources. The term CrCu
alloy layer thus will include phased Cr-Cu layer in its
definition. In ‘072 process, solder is added to the
terminal metallization at selected locations. Cu and CrCu
layers are etched electrolytically using solder bump as a




buf f er ed ‘m xture of H202 such as taught in US Patent 4,814,. 9@5 Lﬁﬁ%ﬁngsﬁﬁJuﬁ,
prefeerred®process a mxture of [err] EDTA and a paSS|vant I 8 used

et chant - sel ectively renpbves Ti Wand does not appreciably at agﬁegglgﬁﬁggmgﬁn.
CrCu | ayers. Date :09 DEC 1995 16 Thus, a vi able sequenc _
steps for formng the preferred embodi qent of the present invention of a

mul ti-layer netallization structure, cong d of TiWor TIN as the bottom
adhesi ve layer 80, CrCu internediate Iayer 85 and Cu bonding layer 90, in a

nut ual l'y CO”paI'$Q§ka“dHowever, the electrolytic etching of CrCu layer in
'072 process also etches underlying Cr layer. Process non-
'uniformities and batch variations often results in partial’
etching of Cr layer before the CrCu layer is completely
etched. The Cr layer, which is used as the electrical path
'during electroetching of CrCu layer, becomes discontinuous,
thereby preventing the complete removal of CrCu layer and
leading to yield losses. The overall manufacturability of
electroetch process is impaired.

- ' ‘Based on this discussion, the present inventors have
recognized. a new process/material requirement in the
selection and fabrication of terminal metallization, which
can be described by use of FIG. 3 as follows: the selected
etch process for removing unwanted portions of the top
.metallization layers to form layers 85 and 90 should not
etch the underlying adhesion layer 80. This requirement can
be satisfied by developing a new etch process or by use of
a new material in place of Cr for layer 80 in FIG. 3. A -
new material choice, however will require a demonstration
that the new adhesion layer 80 in combination with a
barrier layer 85 and a solder bonding layer 90 can satisfy
the many interrelated requirements discussed earlier. The
present inventors have further recognized another
requirement for a good manufacturing procéss, which is that
the process used to etch adhesion layer 80 in FIG. 3, must

further not etch wiring lafér 60 exposed in areas within
substrate 30. This issue can be better understood with the
- aid of FIGS. 4A and 4B.

FIG. 4A shows a via contact opening 215, on a
-substrate'ZOO, and a terminal metallization composed of an
adhesion layer 240, an optional bonding layer 260 and a
solderable layer 280, and a solder layer 300. With respect
to earlier'diS¢ussion, layer 240 can be Cr, layer 260 can
be CrCu and iayer 280 can be Cu or Ni. FIG. 4A also shows



reliabl e manner has been shown. However, it is still nee CAEBONS ey snmar |
~determ ned whether the selected |ayers form good interfaceg WAI%<2§%ﬁ-%§HE?T
and with the insulating |ayers.  An experinental verificatifgmgf. 0@DEC 1995

mechani-cal integrity - of the three "layers . and 't ept) e

i nt erconnecti on needed to be Conpleted_gglfinalize the utility of the
I nvention. A good nechanical integrity t he interconnection structure
assures that both good choice of nmaterials and al so good choice of .
processes have been nmade. A reliable technique for assuring the nechanical
integrity and adR8sii@testionalsepesingeZdifhdio ithe humind sigiing tlayer 121G
tensile pull testn ithe shbBtkatbOl NGHehfngd 216514 AR MtdntSBrly exposed
I nterconnection as _in FIG hlt and the chip_and subst rﬂe are _mecha_nl_,caﬁy
pul  ed apart. vmgﬂnﬁac . that can be used for externally connectigg to the
wiring layer 210 by a technique other than by flip chip
integconnection, such as wirebond, TAB etc., or pfobing
test devices in the "kerf" region. Also shown in FIG. 4a,
is an inadvertent opening caused by a defect 218 which
exposes part of buried wire 210. The defect 218 can be a
pinhole, an etch or a deposition defect. FIG. 4B is
similar to FIG. 4A, except that the terminal utilizes a
studded contact 215' instead of via contact 215. 1In the
studded contact process, a metallic deposition is used to
£ill up the contact opening. In the case of an intentional
opening, a studded surface 216' is exposed and in the case
e of a defect 218, a defective connection 218' is formed.
Intentional openings 216 are included in some semiconductor
chips to allow flexibility in wuse of different

interconnections and use it_with different substrates.

-In the presence of these intentional and unintentional
openings in the substrate top layer, the inventors have
recognized that the selection of metallization layer 240
and process used for removing unwanted portions of layer
240 need to be "compatible" i.e non-attacking and non
etching, to layer 210. Otherwise, in a manufacturing
environment, the etch step gor removing'unwanted portions
of layer 240 can lead to pértial or complete etching of
portions of wire 210 in the intentional or defect openings.
A partial etch can result in reliability failures, while a
complete etch can lead to yield loss. This concern was
neither recognized in the prior art and nor solved by the
prior art. - For example, U.S. Patent No. 5,162,257, which

- teaches forming a solder bump with metallization layers Cr,
phased Cr-Cu, and Cu, uses hydrochloric acid based etchant
(col 6, lines 24-26) for etching Cr-Cu and Cr layers. It
is known that hydrochloric based etchants violently attack



‘the test i's performed properly, the separation will occur i
sol der infercdnnection. If the separation occurs within sol
duct-i | e-deformati on of the sol der, then one can concl ude tHh
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or substrate are sound. A separation anong one of the net
| ayers or fromthe insulation surface indicate poor nechan

alllzatlon

ical integrity.

" The pull test can be nade nore aggressi¥2 by subjecting the interconnection

torepeated ”E'ﬁgpg s8k SRide%u£?§éE° %k?n UMRR O £bhfREns" fot readily

*non-oxidi zing a

ent tes
sultable for large scale manufacturing of solder terminals

on substrates having Al wiring. The present inventors have

_ .recognized that for a high yielding manufacturing brocess,
-a process used to etch adhesion layer 240 of the terminal

metalllzation in FIG. 4a, must be compatible with (i.e not
etch) the burled wiring layer 210. It is not always easy
to modify etchlng conditions and chemicals, since specific
etching conditions are required to control the geometric
shape of the etched metallization layers (a tapered
profile) in order to minimize stress induced cracks in the
underlying insulators.

A preferred embodiment of the present invention can be
understood by use of FIG. 5 showing the process steps by
means of a block diagram, in conjunction with the cross

'sectional view shown in FIG. 3. The first step 505,

consists of depositing one or more blanket metallization
layers on a substrate 30 having a top insulating layer 70 -
and a contact region 75. Layers 80 and 85 of FIG. 3 are

formed when unwanted portions are removed from above

blanket layers at a later process step. In most practical
cases, substrate 30 will have several contact regions 75.
In the preferred process, a layer of TiW is sputtered from .
an alloy target as a blanket layer, which will be etched
selectively at a later process step to form layer 80 of
FIG. 3. TiW deposition is followed by sputter depositing
a CrCu layer from a CrCu alloy target, and a Cu layer from
a Cu target, the Cu and CrCu layers selectively etched at
a later step to form layers 90 and 85 respectively of FIG.
3. The CxCu layer can also be deposited by other
techniques, such as co-sputtering from two elemental
targets or co-evaporating from two evaporation sources.
Irrespective of the technique used, the resultant film is

. @ mixture of Cr and Cu grains that are physically mixed and

have interlocking grains. A layer of TiN can be used as an
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Date . - :09 DEC 1995 17 Table 1 lists the results of pu
|nterconnect|on subjected to 30 reflows, where the chip t rn1naé§dﬁf
formed by using the present invention with various Ti W Cf Catean JQUEQQM.
t hi cknesses. The results in table 1 contain, actual nunb =
are pull tested in each conbination of jthickness of the netallization

| ayers, the average pull strength of ' I n each category and nunber of
sol der bunps that showed interface del am nation. Dat e: . 09 DEC 1995

alternate to TiW layer in the present application. This is
because, TiN , like TiW, has good adhesion to insulators
- andiis a good diffusion barrier to metallization used in
microelectronics applications. Both TiN and TiW can be
etched using plasma containing fluoro-carbon species, which
does not etch Al, Cu, or Pb-Sn. When fluoro-carbon plasma
is used for etching, the formation of a fluoride surface
layer over Pb-Sn layer 120 can be a concern and may require
additional processing steps to remove it prior to or during
joining of solder interconnection. Further, reactive ion
etch process using fluoro-carbon require tight process
" control and uniformity as the process can etch underlying
insulating layer 70 in FIG. 3. Too much loss 1in the
thickness of insulation layer 70 can be unacceptable for
many applications. In the preferred process, the
insulating layer 70 in FIG. 3 is a polyimide having a
chemical composition PMDA-ODA (pyromellitic dianhydride-
oxydianiline). However, organic materials of any chemical
composition that is suitable as an insulator for -
microelectronics application can be used as layer 70. 1In
addition, inorganic insulators such as silicon dioxide,
silicon nitride and silicon oxy-nitrides deposited by
physical, thermal and PECVD processes can also be used as

IREFESCERIERATEHEET |

- layer 70.

The thickness of TiW layer 80 can range from 250A to
2000A. In some applications, the substrate is sputter
etched prior to TiW deposition, to assure low'electrical
resistance and good adhesion. The tungsten amount in the
sputter target is usually about 90 atomic percent, however

it can :ange.from 60 to 90 atomic percent, the balance
being Ti. CrCu layer 85, has a thickness of 100A to 2000A.
The composition of CrCu layer 85 has Cr amount ranging from
20 to 80% with the balance being Cu. 1In the preferred
~ embodiment, TiW sputter tatget contained 90 atomic percent
W, and the CrCu sputter target contains equal amount of Cr
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arild18§u by %21%.9 ilthough Oﬁ%lut%ering is t?xe8 pregeSrOred
process, the layérs 80 and 85 in FIG. 3 prior to etching
are blanket  in nature, and other techniques such as
plating, evaporatlon, CVD can also be used.

After the deposition of the TiW and CrCu layers, two
alternate processes can be used for depositing copper. .In
one process step 510, a patterned Cu layer is formed on top
of the CrCu layer, either by depositing through a resist or
a metal mask. Alternatively a patterned Cu layer can also
be achieved by depositing a blanket layer and subtractively
etching it using a resist mask. This method of patterning
copper as in step'510, has too many process steps compared

‘to the preferred step 515 in the block diagram FIG. 5. In

step 515,'¢opper layer which correspond to layer 90 in FIG.
3, 1is deposited as a blanket layer, preferably by
sputtering from a copper target. The thickness of Cu can
range from 1000A to 2 microns depending on the application.
A thickness of 4300A of copper is used in the preferred -
process. Alternatively, a layer of nickel or cobalt, known
for their sblderability,'can be used in place of copper to
form layer 90 in FIG. 3. In our experiments, an inline
sputtering system MRC 662 with multiple targets was used to
deposit TiW, CrCu and Cu layers sequentially in a single

. pumpdown. Next, as shown in process step 520, an insulating

mask layer is formed with apertures corresponding to solder
terminal locations. 1In the éreferred process, the mask is
made of negative dry film resist. Other mask materials
such as positive resists, insulators such as polymers,
silicon oxides, nitrides and mixtures thereof, can also be
used. In the preferred process, Pb-3Sn solder alloy is

- plated through the apertures in the insulating mask layer,

substantiaily'filling and, if required, over-filling the
aperture volume. The electro-plating process uses known
plating formulations and plating apparatus and further uses
blanket metallization layers TiW, CrCu and Cu underneath




Dat e: 09 DEC 1995 . 19 Test results correspond to 250A of cmghu@mgu@@ﬁghggf
Gr Cu-bot h -shows a decrease in pull strength and sone interjace fails.
Since the nunber of test chips were only three, the actual. \m{weﬁ QaBECngggs

as significant. However, we can conclude that there is a tenden
interface fails in a pull test for thinner CrCu. The |rrpI|cat|on S that I n
‘the absence of a finite CrCu | ayer, thelSolder bunp will result in
dewetting of Ti W a known oxi di zi ng, self-

the insulating mask layer for providing electrical path for
the plating operation. Other desired solder compositions
such as eutectic Pb-Sn, Pb-In, Pb-In-Sn etc. can also be
plated using widely known processes in the industriu Thus,
in step 520, solder is selectively added to the substrate
at the location of the apertures to form layer 120 of FIG.
3. Aftér the solder is formed by plating, the mask is
removed by wet or dry etching in step 520. In the case of
organic resist, ashing in 02 was used to remove the mask

layer.

In step 525, unwanted regions of blanket bonding layer

Cu, Ni or Co and 1ntérmediate layer CrCu and bottom
adhesion layer TiW or TiN or similar are removed from areas -

S outside of solder regions to form layers 90, 85 and 80

- respectIVely of FIG. 3. 1In the preferred process, the Cu
: 'an_d CrCu layers are first electroetched with potassium

. .sulfate etchant as taught in U.S. Patent 5,268,072,
assigned to the assignee of the present invention. The ~

"presént inventors have found that the preferred embodiment

o Tiw layer'so is unetched by the electroetch process used to

remove Cu and CrCu léyers in the exposed areas. This

allows the TiWw blanket layer to provide a path for

electrical current for electroetching (and some
overetching) of overlying'layers copper and CrCu to form

- layers 90 and 85, without leaving any residues. In step

525, following the formation of CrCu layer 85 and Cu layer

90, Tiw blanket layer is etched chemically by using a

buffered mixture of H,0, such as taught in US Patent
4,814,293. In the preferred process a mixture of H,0,, EDTA

and a passivant is used. This etchant selectively removes

- TiW and does not appreciébly attack Cu, Al and CxrCu layers.



passwatl ng film The nunber of interface fails is not bad| g&renc I_h}@t t;_J‘slﬁ_gET i
i nt erconnecti ons were subjected to 30 reflows prior to tegting. ..This '
~woul d suggest that the adhesion between TiWand CrCu | ayer ,.-Dsmsoﬂrgdoaﬁd‘g%
perhaps that the limted fails are due to degradation of t&
| ayer from30 reflows..” It is inmportant.tzo note that in regards to
resisting spalling, alloy CrCu | ayer s 0 be effective simlar to the
phase-in Cr-Cu Iayer "This further suggest that for nobst applications,

vhere L number o dhSl, OU B Aol dE3or bRl sRA08 e Poaming
reasoni ng that thet pref2ried cembbdimendr def dfhebkpresentctinpemtifin/Voft laout
intermediate Cpidtlidugler mdRa133%atqon SVt YR D TR dr° TiN
as the bottom adhesive layer 80, CrCu intermediate iayer 85
ahd Cu bonding layer 90, in a mutually compatible and
-reliable manner has been shown. However, it is still
needed to be determined whether the selected layers form
good interfaces with each other and with the insulating
~layers. An experimental verification of the mechanical
o integrity of the three layers and the entire
interconnection needed to be completed to finalize the
utility of the invention. A good mechanical integrity of
the interconnection structure assures that both good choice
of materials and also good choice '0of processes have been
‘made. A reliable technique for assuring the mechanical
integrity and adhesion of the solder terminal is a tensile
pull test. In a tensile pull test, the chip is joined to
a substrate by a solder interconnection as in FIG. 1, and
- the chip and substraté are mechanically pulled apart. When -
the test is performed properly, the separation will occur
in a part of the solder interconnection. If the separation
occurs within solder volume by ductile deformation of the
solder, then one can conclude that the interfaces between
‘the metallization layers and the insulator on the chip or
substrate are sound. A separation among one of the
metallization layers or from the insulation surface
indicate poor mechanical integrity. The pull test can be
made more aggressive by subjecting the interconnection to
repeated melting of solder (reflows) a number of times in
- a non-oxidizing ambient prior to the test.




converted 0 Cu-Sn internetallic and the intermetallics SpEHA;LIQQLQ Eﬁl.QLe,tET
bul k. ~ Therefore, O Cu internediate |l ayer 85 in FIG 3, p ays -\ unlq
role, even when it is thin. The nechanical |ocking of thg Qu gr@OmEC - EQ5

assure adhesi on petween Cu-Sn internetallic and C Cu | ayerilon _oné end 3nd

Cr grains and | ocked Cu-Sn grains assure good adhesion with Ti Won the
other end. A simlar conclusion may be ihferred froman experinmental study
on Reliability i nprovenments in solder bunp processing for flip chips", (M
Warrior, 1990 | EEE, 0589- 5503, 460-469). The Warrior study used an

i nt er connection of pFabdg séldé#sﬁﬁtht#PMIaﬁ&uéﬁsas°ﬁetHPF#za¥F§ﬁ | 8Per 80

wi thout an intejfedirgbfineatdbn B’tﬁbjé&@dioﬁaegd OfefB6ws p| WheéreO the chip
substrate and mgsrggnalgegggjform é3§§ug¥15ta%%e preégie fg&egéithewiggve
various Tiw, CrCu and Cu thicknesses. The results in table
1 contain, actual number of chips that are pull tested in
each combination of thickness of the metallization layers,
the average pull strength of chips in each category and
number of solder bumps that showed interface delamination.
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Date 09 DEC 1995 20 reference, "as the adhesion is prinari ﬁE@EQ8ﬂg@ﬂ£:ﬁ
.. good -Cu- Ti mechani cal bondi ng, any conpromise is a potentija
“faifure. Studies were conducted By - exposing the Ti Wsurfag
‘prior to Cu sputter. This resulted in reproducing the sam :

S In Warrior study, the copper th kness used was about 10 KA (see

FIG. 1, p. 460 of the reference), and t I nt erconnection was subjected
to one cycle of  solder nelting during the joining cycle. It is
reasonable to -

Table 1

PULL TEST RESULTS
TiW/Cr-Cu/Cu/ Pb-3Sn ~ AFTER 30 REFLOW CYCLES

Expt TiW Cx—Cu Cu # bhips Ave Pull # Solder
No. A A A Pulled 1bs Delam/400 pads
1 812 1187 3150 3 120.2 0
2 812 562 3150 3 18.4 85
3 625 875 4300 3 20.1 0
4 437 1187 3725 3 21.1 0
.5 437 250 3725 3 19.7 12
6 812 1500 4300 3 21.8 0
7 437 1187 3725 3 21.9 0
8 250 1500 2575 3 19.9 0




conclude that after joining, the Cu-Ti interface was still rePOA@ENed: - H;
Thefefore the ‘interface of concern is between Cu and Ti rifch surégﬁﬁag

Ti -W |l ayer, which appears to be very sensitive. Fromthesg OigcUS s ons ard
the data in Table 1, for nost microel ectronics applicati ofs=usi=fg
bondi ng | ayer as envisioned in the present invention, the use of T|VVand CU

without an internediate |ayer will not neet the yield and_rellablllty
obj ectives set forth in the present invention. Thus, "the use

i ' : n or Ni
o6 Sho he o CIShE A ArERR SRRl oF e A oo o

stays as an i n€egnal bothyashaws oaghdectéagbe 1mef bﬁ\m ag€rengthdesndO%dme

adhesion to UnQﬁEE¥EQQeTE¥£&§yerS?%c%hgwg BmblaS b tesESY hlps were only

' three, the actual values are not as significant. However,

we can conclude that there is a tendency for interface

_ fails in a pull test for thinner CrCu. The implication is

. that in the absence of a finite CrCu layer, the solder bump

will result in dewetting of TiW, a known oxidizing, self-

passivating film. The number of interface fails is not bad

given that the interconnections were subjected to 30

reflows prior to testing. This would suggest that the

adhesion between TiW and CrCu layer is sound and perhaps

that the limited fails are due to degradation of the

thinner CrCu layer from 30 reflows. It is important to

note that in regards to resisting spalling,- ailoy CxCu

layer seem to be effective similar to the phase-in Cr-Cu

layer. This further suggest that for most applications,

where the number of reflows are about 10 or less, even 250A

of CrCu intermediate 1layer is probably acceptable.

However, following the same reasoning that a thin Cu layer

of the order of SKA, directly on TiW without intermediate

CxrCu layer, can lead to interface delaminations as Cu is

converted to Cu-Sn intermetallic and the intermetallics

spalls into solder bulk. Therefore, CrCu intermediate

layer 85 in FIG. 3, plays a unique role, even when it is

thin. The mechanical locking of the Cu grains assure

adhesion between Cu-Sn intermetallic and CrCu layer on one

end and Cr grains and locked Cu-Sn grains assure good

adhesion with TiW on the other end. A similar conclusion

péy'be inferred from an experimental sthdy on "Reliability

impfovements in solder bump processing for flip chips", (M.

"Warrior, 1990 IEEE, 0589-5503, pp. 460-469). The Warrior

study used an interconnection of plated solder with TiwW and

gu as metallizatlon layers without an intermediate layer.

-;@he_interconnection was joined to a substrate and was pull

ieSted. The study states in page 461 of the above
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in FIG 3,

-~ Ti/Wand simlar material to form adhesion |ayer 80, along WNﬂm
internedi ate | ayer 85. However, the adhesion |ayer 80 shou

_ pfeceding di scussi ons, a termnal netal
can use any. of the following materials TiN, TJ/TiN, TJi/Ti Wand
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in a process that etches CrCu Iayer 85, which inplies that any C& or Cu
containing layer-is unlikely to be suital@® for layer 80. |In the case of
| ayered structures such as T|/VV Ti provides adhesion to the substrate.

Furt her,

used in

based

linited role of %€W%%e1 ay%? B}h%t%q’?ea‘f@%u%ﬂ Ruimartky| deprndemtl on cgoode

istic discussions on adhesi on and the

Cu-Ti mechanlcal_bondlng, any compromise is a potential
bump- open failure. Studies were conducted by exp051ng the
TiwW surface to atmosphere prior to Cu sputter.: This
resulted in reproducing the same failure mode ...". 1In

Warrior study, the copper thickness used was about 10 KA

(see FIG. 1, p. 460 of the reference), and the
interconnection was subjected to one cycle of solder

melting during the joining cycle. It is reasonable to
- conclude that after joining, the Cu-Ti interface was still

maintained. Therefore the interface of concern is between
Cu and Ti rich surface of the Ti-W layer, which appears to
be very sensitive. From these discussions and the data in
Table 1, fér most microelectronics applications using thin
bonding layer as envisioned in the present invention, the
use of TiWw and Cu without an intermediate layer will not
meet the'yield and reliability objectives set forth in the
present invention. Thus, the' use of a thin CrCu

intermediate layer 85 in between the TiW layer 80 and Cu -

(or Ni) layer 90 of the present invention, provides an
important solution. CrCu stays as an integral layer
through multiple reflows and provides good adhesion to

underlying TiW layer as shown by the test results.

Based on preceding - discussions, a terminal

'metalliz_..ation as shown in .FIG. 3, can use any. of the

following materials TiN , Ti/TiN, Ti/TiW and Ti/W and
similar material to form adhesion layer 80, along with a
CrCu intermediate layer 85.. However, the adhesion layer 80
should not be etched in a process that etches CrCu layer
85, which'implies that any Cr or Cu containing layer is
unlikely to be suitable for layer 80. In the case of
layered structures such as Ti/W, Ti provides adhesion to
the substraté. Further, based on the mechanistic
discussions 6n adhesion and the limited role of bonding

. layer, materials such as. Nickel and Cobalt can be used in
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In the ‘case of use of layered structures made of Ti/W Ti/ TQEP}; f9§5
f1uorine based pl asma can be used to etch these layers to 5Pﬁ§}a§ 8O NN... Rl

addi tional ly, wet etching techniques nmay be avail abl e that AT e SereCETve—T0
the buried wiring layer 60. Wiile the invention has been described in terns
of a-single preferred enbodi ment, various alternatives and nodifications
can be devised by those skilled in the &lt wi thout departing fromthe

i nvention. - Accordingly the resent invention is intended to enbrace al
such - addition to Cu for bonding layer 90. In the case of use of

layered structures made of Ti/W, Ti/Tiw, Ti/TiN etc, .
fluorine based plasma can be used to etch these layers to
form layer 80; additionally, wet etching technigques may be
available that are selective to the buried wiring layer 60.

While the invention has been described in terms of a
single preferred embodiment, various alternatives and
modifications can be devised by those skilled in the art
without departing from the invention. Accordingly, the
present invention is intended to embrace all such
alternatives which fall within the scope of the appended
claims.
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- 1. An inproved sol der ternminal on a substrate containing at b§@§tleQEC 1995

el ectrically conducting nenber and having a plurality of el rical contact

regi ons separated by an insulator, conprising: a netallic adhesion |ayer,
et chabl e using a process _ 22.

WEAT 15 CLATMED 1s: OO O
: * c L .n S * Ve

1. An improved solder terminal on a substrate containing
at least one electrically conducting member and having
‘a plurality of electrical contact regions separated by
an insulator, comprising:

a metallic adhesion layer, etchable using a process
selective to said electrically conducting member;

a CrCu alloy layer overlying and in contact with said
adhesion layer;

said process for etching the metallic adhesion layer
further being selective to said CrCu alloy layer;

a solder bonding metallic layer overlying and in
contact with said CrCu layer; and,

R a layer of solder overlying and in contact with'said
solder bonding layer.

2. An improved solder terminal of claim 1, wherein said
metallic adhesion layer is selected from a group
consisting essentially of TiN and Tiw.

3. An improved solder terminal of claim 1, wherein said
metallic adhesion layer is made of two layers, a
bottom Ti layer and a top layer selected from the
group consisting essentially of TiN, Tiw, and W.

4. An improved solder connection of claim 1, wherein said
metallic adhesion layer has a thickness in the range
of 250A to 2000A.



selective,to said electrically conducting nmenber; a CrCu aﬂlqzﬁLaye;w e
overlyi-hng and in contact with said adhesion |ayer; 'said pracess for chi
the netallic adhesion layer further being selective to sai §ﬁ@hnﬂ£ﬂﬁﬂﬁm§w ______ |
| ayer; a .solder bonding netallic layer overlying and in co

CrCu | ayer;
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| ayer of sol der overld3 ng and in contact with sa

nd, TiW 3., An _inproved sol der term nal of clalm
AL 1HREOVEH FaJURE] CORARELAPN 96 TIA LR oL, ¥hezeln said

metallic adhesion layer is preferably about 1000A.

- 10.

11.

‘An improved solder connection of claim 1, wherein said
‘top - insulating film is selected from a group

consisting essentially of polyimides, silicon dioxide,
silicon nitride and silicon oxynitride. '

An improved soider connection of claim 1, wherein said
soldgr is Selecteq from a group consisting essentially
of comprising, Pb-Sn, Pb-In and Pb-Bi.

An improved solder connection of claim 1, wherein said
CrCu layer has a thickness greater than 250 Angstroms.

CrCu layer of claim 8 is made of copper ranging from
20 to 80 atomic percent.

An improved solder connection of claim 1, wherein said

'solder Bonding‘ layer is selected from a group

consiStiqg essentially of Cu, Co and Ni.

An improved solder connection of claim 1, wherein said
solder bonding layer has a thickness selected from the
range of 1000A to 2 microns. '



bottom Ti . layer and a top | ayer sel ected fromthe group consifFFLAGEX fTSHEET

essentlally of TiN, TiW and W 4. An inproved sol der connactionéﬁjbgtaﬂﬁb.
1, wherein said nmetallic.adhesion |ayer has a thickness in |[L 8% aifge-b

250A to 2000A. 23 Date 09 DEC 1995 5. An inproved sol der—eoRfreeti-omr of
claim1, wherein said metall'ic. adhesion | ayer is preferably about 1
An inproved sol der connection of claim 124 wherein said top ”“1 m'ﬁ)ﬁﬂllllﬁ“l“'
f|In1 is selected from a group L

12, A method of fabricating an improved solder terminql on
a substrate containing at 1least an electrically
conducting member and further having a plurality of
electrical contact regions separated by an inéulator,
comprising:

depositing an adhesive metallic layer;

depositing a_CrCﬁ al;dy layer over and in contact with
said adhesive metallic layer;

said adhesive metallic layer is characterized by being
selectively etchable over said electrically conducting
member and said CrCu alloy layer;

depositing a solder bondable metallic layer over and
in contact with said CrCu layer;

- forming solder selectively over said solder bondable
.layer in selected locations;

etching said solder bondable layer and CrCu layer
~using said solder as a mask and stopping on said
adhesion layer; and

etching said metallic adhesion layer using a process
selective to solder, CrCu alloy layer, solder bonding
layer and electrically conducting member in the
substrate.

13. A method of_claim 12, wherein said adhesive metallic
- layer is selected from a group consisting essentially
of Tiw and TiN.
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consisting essentially of polyinides, silicon dioxide, si
silicon oxynitride. 7 .. An inproved sol der connection of
said solder is selected froma group consisting essential
Pb-Sn, Pb-1n and Pb-Bi. 8.  An inproved sol der connection

wherein said CrCu | ayer has .a thickness greater than 250 An 9. '
CrCu | ayer of claim8 is nade of copper 2’5’ingi ng from20 to ﬁ Hﬂwl!"uuwml :
percent. 10. An inproved sol der connectT™n of claim1, wher "y y

bondi ng layer ig,selected froma group consisting essentially of Cu, Co and
Ni. 11. An irrpri\"‘,ed éor‘\?&h%mfea%iw k2 c|wherain\grid adbgFiveomesallic

bondi ng | ayer has a uh&eanSSnﬁﬁkﬁeﬂfdn&d(lagéﬁs, a bottom Ti layer and a
o top layer selected from a group consisting essentially
of TiN, TiW and W. )

15, A method of claim 12, wherein said adhesive metallic
layer is formed by a process selected from sputtering,
chemical vapor deposition and plating.

_;6,;'A méthddﬂof claim 12, wherein said CrCu alloy layer is.
. deposited by sputtering from an alloy target
containing Cr and Cu.

;7,"A method of claim 12, wherein said CrCu alloy layer is
formed by co-sputtering from a Cr target and a Cu
target. ' |

18. A method of claim 12, wherein said CrCu alloy layer is
formed by co-evaporating from a Cr and a Cu source.

19. A method of claim 12, .wherein said solder formed by
electro plating through an insulating masking layer
‘having apertures.

20. A method of claim 12, wherein said CrCu alloy layer
and solder bonding layer are etched by an electro-etch

process.



rangé.of‘LoooA to 2 microns. REPLACEMENT SHEET Date : (JOREBACEMEN1SR5:T
12. A nmethod of fabricating an inproved solder termnal onja SUbijQZ&f
containing at least- an electrically conducting nenber and fjuPather! Chdggﬁ

plurality of electrical contact regions separated by an i nSTFaEeE=

conprising: depositing an adhesive netalljc |ayer; depos

e R kS R

21. A method of claim 12, wherein said adhesion layer is
etched by process using wet chemicals or a plasma.



sai d adhesive netallic layer is characterized by being seleqtjvely etchable
over said electrically conducting nenber and said CrCu alldy f-ayer; - - L
depositing a sol der bondable netallic |ayer over and in contact ng ﬁa

CrCu | ayer; formng solder selectively over said sol der bondabfe Iagé #ﬁ --f
sel ected | ocations; etching said sol der bondable |ayer and CrCu Tayer using —
said solder as a nask and stopping on said adhesion |layer; and etching said
netal | i c adhesion | ayer using a process selective to solder, CrCu all oy

| ayer, sol der bonding | ayer and electrlcgygy conducti ng nenber in the
Substrate.

|




13. A rmethod of claim 12, wherein said adhesive netallic |ayer..is, selected
from a-group consisting essentially of Tiwand Ti N REPLACENVENT “SHEET
Datei 09 DEC....1995... 25 14. A nethod of claim 12, wherejn sai d @dhesiivie
metallic layer is made of two layers, a.bottomTi |ayer and-a-fop.layer. . 0"
selected froma group consisting essentially of TiN, TiWand W 15. A

met hod of claim 12, wherein said adhesive netallic
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FIG. 2
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|l ayer is formed by a process selected fromsputtering, chen1¢al vapor _”m?j;;j?

deposition and plating. 16. A method of claim 12, wherein saﬂd Cr aklay ..

s

| ayer is deposited by sputtering from an aIon t arget gohtai ﬁhngr ...........

and Cu. 17 A nethod of claim 12, wherein said CrCu alloy |ayef i Formeed—by
co-sputtering froma Cr target and a Cutarget. 18. A method of claim 12,
wherein said G Cu alloy layer is forned by co-evaporating froma C and a
Cu source. 19. A nethod of claim 12, wherein said solder formed by electro
pl ating through an insul ati ng maski ng | ay®&f/5havi ng apertures. 20. A nethod
of claim 12, wherein said CrCu alloy |ayer
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and sol der bonding | ayer are etched by an el ectro-etch proceé; --“
RPLACEMENT SHEET Date: 09 DEC 1995 26 21. A nethod of claim12, erein |
sai d adhesion |ayer is etched by process using wet chem cal s or & Ia@ma. uhh ||
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'ELECTROPLATED SOLDER TERMINAL
ABSTRACT OF THE INVENTION

An pr_ocess' and a structure for an improved‘ solder
terminal is disclosed. The improved solder terminal is
made of a bottom metallic adhesion layer, a CrCu
intermediate layer on top of the adhesion layer, a solder
bonding layer abﬁ#e the CrCu layer and a solder top layer.
The adhésion"layer is either Tiwlo; TiN. A process for
fabricating an improved terminal metal consists of
depositing an adhesive metallic layer, a layer of CxrCu over
the adhesive layer and a layer of solder bonding material,
over which a solder layer is formed in selective regions
and the underlying layers are etched using solder regions

as a mask.



