30 December 2004 A METHOD OF FABRICATING COPPER METAL BUMPS FOR FLIP-CHIP OR
CHIP-ON-BOARD IC BONDING ON TERMINATING COPPER PADS FIELD 9§ THE INVEé\é ION The
present invention relates generally to the packaging of semiconductor devices, @W% ally to
copper interconnect processes between chips and substrates in packaging processes. 1 30 December
2004 BACKGROUND OF THE INVENTION Semiconductor chips with copper interconnect termination
pads are now readily available in the market. These are mostly packaged utilizing flip-chip,
Chip-on-Board, and Micron Metal Bonding using small eutectic solder bumps or ball joint material. Solder
joint fatigue and life of the joint is dominated by the coefficient of thermal expansion mismatch of the
solder metal, wetting material, and the substrate metal pad. The present invention overcomes these
limitations by providing a technique for packaging and chip assemblies using low cost materials and
superior technology.

A METHOD OF FABRICATING COPPER METAL BUMPS FOR FLIP-CHIP OR

CHIP-ON-BOARD IC BONDING ON TERMINATING COPPER PADS

FIELD OF THE INVENTION

The present invention relates generally to the packaging of
semiconductor devices, and more specifically to copper interconnect processes

between chips and substrates in packaging processes.



U.S. Patent No. 5,923,955 to Wong describes a process for creating a flip-chip bonded combination for a
first and second integrated circuits using a Nil Cu/ TiN structure. U.S. Patent EW ,891, %&éﬁ Erickson
describes a method for forming a solder bump ad and seC|f|caII to conver % d of a
surface- mount IC device to a flip BiA) ROV O TEE INYENTION ice can be flip- chip mounted
to a substrate. The method uses a Ni Iayer over the pad. U.S. Patent No. 5,795,818 to Marrs describes a
method of forming an interconnection between bonding pads on an integrated circuit chip and 2 30
December 2004 corresponding bonding contacts on a substrate. The method uses coined ball bond
bumps. U.S. Patent No. 5301j868dudayehipkesaibeoapeethudforapstyirrgmindsobupaslsnatallization
(UBM) for solder bump interconnections on interconnection substrates. The UBM comprises a Cu, Cu/Cr,
Cr multilayehstvucthidelyUnSa feibniiNthebnibrk 00 Ilee Yo shidmes idy. gaskiipes atitiethgdlop-chip,

Chip-on-Board, and Micron Metal Bonding using small eutectic solder bumps or
ball joint material. Solder joint fatigue and life of the joint is dominated by the
coefficient of thermal expansion mismatch of the solder metal, wetting material,
and the substrate metal pad. The present invention overcomes these limitations by
providing a technique for packaging and chip assemblies using low cost materials

and superior technology.

U.S. Patent No. 5,923,955 to Wong describes a process for creating a
flip-chip bonded combination for a first and second integrated circuits using a

Ni/Cu/TiN structure.

U.S. Patent No. 5,891,756 to Erickson describes a method for forming a
solder bump pad, and specifically to converting a wire bond pad of a surface-
mount IC device to a flip-chip solder bump pad such that the IC device can be flip-

chip mounted to a substrate. The method uses a Ni layer over the pad.

U.S. Patent No. 5,795,818 to Marrs describes a method of forming an

interconnection between bonding pads on an integrated circuit chip and



reducing cross talk noise between stacked semiconductor chips by the use of a chip on chip mounting
structure. U.S. Patent No. 5,804,876 to Lake et al. describes a low contact resistance electrical bonding
interconnect having a metal bond pad portion and conductive epoxy portion. dqﬁ‘é%%}]ﬂ% 0?&04
SUMMARY EstreREoNdiEeNRanNingcEeRIfTHOR R stPsbipia: dhf tReshigi doipibhieeh method

of bonding a chip to a substrate without the use of a multilevel component of an adhesive layer, barrier
metal layer, BEpBS:er and wetting metal layer. Another object of the present invention is to provide a
method of bonding a chip to a substrate by low cost, low inductance and low capacitance connections.
Other objects will appear hereinafter. It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a semiconductor chip
having an exposed metal ©€rsniRating Pael HOEBAET, tanDézani describes a method for applying

under bump metallization (UBM) for solder bump interconnections on

interconnection substrates. The UBM comprises a Cu, Cu/Cr, Cr multilayer

structure.

U.S. Patent No. 5,767,009 to Yoshida et al. describes a method of
reducing cross talk noise between stacked semiconductor chips by the use of a chip

on chip mounting structure.

U.S. Patent No. 5,804,876 to Lake et al. describes a low contact
resistance electrical bonding interconnect having a metal bond pad portion and

conductive epoxy portion.



separate substrate having a corresponding exposed metal track thereover are provided. A metal bump is
formed over the exposed metal terminating pad. A photosensitive resin plug is_formed over f@(metal
bump. The metal bump of the semiconductor chip is aligned with the correspoﬁgimﬁcr‘?i‘é‘g%‘ﬁé &on the
separate substrate. The photosensiteYoABYOK LHEINYENL MM mated with the corresponding
the metal track. The photosensitive resin plug is exposed to UV light to cure the photosensitive resin
plug, permanently attaching the metal bump of the semiconductor chip to the corresponding metal track
of the separate substrate. 4 30 December 2004 BRIEF DESCRIPTION OF THE DRAWINGS The
features and advantages dfehergisgbnt ihvisntonabitdiechdiee gheestntinderstbon ftonptineyfdHowing
description taken in conjunction with the accompanying drawings in which like reference numerals
designate simidahod ebbiespongingleiementsybegiaesvaitbquartionssndfia whilthlekigsohtprough 10
schematically illustrate in cross-sectional representation a preferred embodiment of the present invention.
S of an adhesive layer, barrier metal layer, cap layer and wetting metal layer.

Another object of the present invention is to provide a method of
bonding a chip to a substrate by low cost, low inductance and low capacitance

connections.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor chip having an exposed metal terminating pad thereover, and a
separate substrate having a corresponding exposed metal track thereover are
provided. A metal bump is formed over the exposed metal terminating pad. A
photosensitive resin plug is formed over the metal bump. The metal bump of the
semiconductor chip is aligned with the corresponding metal track on the separate
substrate. The photosensitive resin plug over the metal bump is mated with the
corresponding the metal track. The photosensitive resin plug is exposed to UV light
to cure the photosensitive resin plug, permanently attaching the metal bump of the

semiconductor chip to the corresponding metal track of the separate substrate.



30 December 2004 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by conve onal ethods known in
the prior art. Accordingly, as shown in Fig. 1, semiconductor structure 10 inclu sDﬁﬁeB?r%‘?E%rQé(“hnal metal
layer 12 connected to, for example, metal line 14 through metal via 16. Metal terminating pad 18 overlies
final metal layer 12 at a predetermlned posmon within first passwatlon Iayer 20. Semiconductor structure
10 is understood to possibly indikddil I3BpidAHALEHN Lk} b AXYd NMefhe and passive devices
formed within the wafer, conductive layers and dlelectrlc layers (e.g., inter-poly oxide (IPO), intermetal
dielectric (IMD), etc.) formed over the wafer surface. The term "semiconductor structure 10" is meant to
include a semiconductor chip. Final metal layer 12 and metal terminating pad 18 are preferably comprised
of copper as will be used fOhdltisitati¢s puthesbahergedterf Addifnnahnatalkvided 6yilietel linese14, metal
terminating pads 18, etc., may be formed within and over semiconductor structure 10 although for

purposes of diusation derliodiBoteosHOMSRatNES Wil heSPaYR ddasid cohjunction with the

accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 through 10 schematically illustrate in cross-sectional

representation a preferred embodiment of the present invention.



6 30 December 2004 As shown in Fig. 2, final passivation layer 22 is formed over first passivation layer
20 and copper terminating pad 18 to a thickness of from about 1000 to 10,00 @Gﬁnd %%re referably
from about 2000 to 5000A Final passivation Ia er 22 includes, but is not restr tb |de
silicon oxynitride a DB AMILER DESCRIPULEUIN QEJIAED WhER EYIBHILMENT, is formed
within second passivation layer 22 exposing copper termlnatlng pad 18. As shown in Fig. 4, metal bump
26 is grown within opening 24 by selective electroless copper plating to a thickness of from about 1000 to
15,000A, and more preferably from about 5000 to 10,000A. Metal bump 26 is preferably formed of
copper as will be used for ilnkisativbenwpessepduetiedital] Aspowesinafigs4ethersejebivéogroedh of
copper metal bump 26 can be performed using final passivation layer 22 as a mask. A chemical
mechanical poliiimg pfithe ¢ bypemverytibagiarferined tmensnia phenarity atthe copper metal bump with
the final passivation layer 22. Copper metal bump 26 replaces the traditional layers of metal used in

Accordingly, as shown in Fig. 1, semiconductor structure 10 includes
an overlying final metal layer 12 connected to, for example, metal line 14 through
metal via 16. Metal terminating pad 18 overlies final metal layer 12 at a

predetermined position within first passivation layer 20.

Semiconductor structure 10 is understood to possibly include a
semiconductor wafer or substrate, active and passive devices formed within the
wafer, conductive layers and dielectric layers (e.g., inter-poly oxide (IPO),
intermetal dielectric (IMD), etc.) formed over the wafer surface. The term

“semiconductor structure 10” is meant to include a semiconductor chip.

Final metal layer 12 and metal terminating pad 18 are preferably

comprised of copper as will be used for illustrative purposes hereafter.

Additional metal vias 16, metal lines 14, metal terminating pads 18,
etc., may be formed within and over semiconductor structure 10 although for

purposes of illustration, only single such structures will be shown in Figs. 1 - 7.



conventional solder Bump Flip-Chip Bonding. Direct formation of copper metal bump 26 replaces an
adhesive layer, barrier metal layer, cap layer, and wetting metal layer in addltl n to the old;i_(?é)ther\mse

required in conventional solder Bump Flip-chip Bonding. 7 30 December 2004
dielectric mask layer 28 isASrsRIVGR kLS pﬁs@%ltl@ﬁsfé&@t@“aﬂﬁéf%%eﬁﬁgﬁ‘%rﬁﬁ‘%f]@ﬁemng 30

is formed within dielectric mask layer 28, exposing copper metal bump 26. Photosensitive resin 32 is
formed over RReR¥RitOMABKIRYEr 2B filimpepépiny30ing BRewW iFRgtisclmaskeyt stepnoripeuihvention,
the excess of photosensitive resin 32 is removed from dielectric mask 28, leaving photosensitive resin
plug 32' oveil 60PperlHORH buansl 260Rh piaserdiliydresimBaus 200QticthedAAd Rrsgegiatividiowlated
and includes but is not restricted to polyimide, polyacetylene or polyanile (PANI) (a copper

photosensitiveytash)ipdddes by DudontsGioaGeigyiliemanisdy, siliess ARhaitseesieEBEsia 32 will
be referred to as copper resin 32 and copper resin plug

(from Applied Materials Corp.)

As shown in Fig. 3, opening 24 is formed within second passivation

layer 22 exposing copper terminating pad 18.

As shown in Fig. 4, metal bump 26 is grown within opening 24 by
selective electroless copper plating to a thickness of from about 1000 to 15,0004,
and more preferably from about 5000 to 10,000A. Metal bump 26 is preferably
formed of copper as will be used for illustrative purposes hereafter. As shown in
Fig. 4, the selective growth of copper metal bump 26 can be performed using final
passivation layer 22 as a mask. A chemical mechanical polishing of the copper may
be performed to ensure planarity of the copper metal bump with the final

passivation layer 22.

Copper metal bump 26 replaces the traditional layers of metal used in
conventional solder Bump Flip-Chip Bonding. Direct formation of copper metal
bump 26 replaces an adhesive layer, barrier metal layer, cap layer, and wetting
metal layer in addition to the solder otherwise required in conventional solder

Bump Flip-chip Bonding,.



32" hereafter. As shown in Fig. 7, dielectric mask layer 28 and final passivation layer 22 are removed,
exposing copper metal bump 26 with overlying copper resin plug 32'. 8 30 December 2004 shown in
Figs. 8 - 10, the final stage of the chip bonding is to affix chip 10 (semiconduct %Q ei(g)%fga
substrate, i.e. substrate 90. Substrate 90 may include, for example, a board or printed circuit board. This
can be accomplished in the present invention by utilizing the adhesive characteristic properties of the
specially formulated coppéeksesin R donfpigsing edglpertesmagiubiysp 2RsisHewmes Fxyes, BAl 10
includes, for example, copper metal bumps/copper resin plugs 26/32'; 36/42'; 46/52'; 56/62'; 66/72",
76/82' with tipassitvattome lef/Eig22 simslvnopysircimekad). bitropFif. 8OGaIprid & flippedroedr (hehor flip-chip
bonding) as shown in Fig. 7 and aligned over substrate 90 as shown in Fig. 8. This is very critical and is
important to @iedidtaiyreiidctatbabsasxpeidiing toppeleatdedl lsentegtions and introduce effects

detrimental to the interconnect.
Photosensitive resin 32 is formed over dielectric mask layer 28, filling

opening 30.

As shown in Fig. 6, in a key step of the invention, the excess of
photosensitive resin 32 is removed from dielectric mask 28, leaving photosensitive

resin plug 32" over copper metal bump 26.

Photosensitive resin 32 is conductive and is specially formulated and
includes but is not restricted to polyimide, polyacetylene or polyanile (PANI) (a
copper photosensitive resin) produced by DuPont, Ciba Geigy, Sieman's or others.
Photosensitive resin 32 will be referred to as copper resin 32 and copper resin plug

32" hereafter.

As shown in Fig. 7, dielectric mask layer 28 and final passivation layer

22 are removed, exposing copper metal bump 26 with overlying copper resin plug

32,



As shown in Fig. 9, aligned chip 10 and substrate 90 are mated, with resin plugs 32', 42', 52', 62', 72', 82'
preferably contacting corresponding copper substrates, or copper tracks 92 e ﬁ)edded in an organic
laminate, on substrate 90. Copper resin 32 is photosensitive, as noted abov_e,%i1 PEER Srting UV light
38 from a UV light source (ot &PoRrinEiget dnd Mt &inplmbageatiathe ship honsling &ifontieopper
substrates on substrate 90. 9 30 December 2004 Copper resin 32 comprising copper resin plugs 32' may
also providednitrd 9s(eershom et rastBEctisalddtbedvwedistiiadec dspsubsppde SQrfaedstafer Meposition.
Mild compressive stress results from the strength of copper resin 32 after setting and curing which further
provides meuanidakcbupportdo chiprhplen asubskate 0. AsishailvicincEid. bOadielettris naateria¢ 100 is
formed within the interstices between chip 10 and substrate 90 by flowing dielectric material 100 therein.
Dielectric mateisahplelaetvas thpapsdsate ang dnsidateuihesitigiyretbt Rightbivehusathetprzsent
invention will have an impact in the industry by

properties of the specially formulated copper resin 32 comprising copper resin

plugs 32".

As shown in Fig. 8, chip 10 includes, for example, copper metal
bumps/copper resin plugs 26/32'; 36/42’; 46/52"; 56/62’; 66/72'; 76/82" with the
structure of Fig. 7 shown in circle “Fig. 7” of Fig. 8. Chip 10 is flipped over (hence
flip-chip bonding) as shown in Fig. 7 and aligned over substrate 90 as shown in Fig.
8. This is very critical and is important to avoid any effects that can perturb the

electrical connections and introduce effects detrimental to the interconnect.

As shown in Fig. 9, aligned chip 10 and substrate 90 are mated, with
resin plugs 32', 42, 52’, 62', 72', 82" preferably contacting corresponding copper

substrates, or copper tracks 92 embedded in an organic laminate, on substrate 90.

Copper resin 32 is photosensitive, as noted above, and is cured using
UV light 38 from a UV light source (not shown) to set and allow chip 10 to attach

and bond directly onto copper substrates on substrate 90.



providing a method of fabricating a low cost, low inductance, and low capacitance connection between
copper terminated IC chip pads and copper tracks embedded in an organic laminate. TI%?&%

Ss can
be used mostly for the low-end computer packaging to meet requirements for et ﬁ@%t sizing
of computers and other efeBRBRICTEELS. CPREIBIIESSORRF RIS SaRbfF the nRBYSTARI MddRable
tendency towards larger chip size and narrower pitched multipins and smaller pad areas using low cost
materials anéfissefioshitahribivigynayhire parpeatae e hetvdiene ths ofaRp Presemenvertisiehaféebeen
illustrated and described, it is not intended to limit the invention, except as defined by the following
claims. 10 3d&pecéhiarer ok ©bApkéSsive staiss testiktsethooh dhieostdémg thchfpaoppeulssiates2
comprising the steps of: providing a semiconductor chip having an exposed metal terminating pad
thereover, aattér separgiefdbstidaie; haling dwaliespeodidgLxpadechivgtalippcist thewopelD on

substrate 90.

As shown in Fig. 10, dielectric material 100 is formed within the
interstices between chip 10 and substrate 90 by flowing dielectric material 100
therein. Dielectric material 100 serves to passivate and insulate the structure of

Fig. 10.

Thus, the present invention will have an impact in the industry by
providing a method of fabricating a low cost, low inductance, and low capacitance
connection between copper terminated IC chip pads and copper tracks embedded
in an organic laminate. This process can be used mostly for the low-end computer
packaging to meet requirements for small and compact sizing of computers and
other electronic circuits. The process can also satisfy the needs of the inevitable
tendency towards larger chip size and narrower pitched multipins and smaller pad

areas using low cost materials and superior technology.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

10



5 forming a metal bump over said exposed metal terminating pad; forming a photosensitive resin plug
over said metal bump; aligning said metal bump of said semiconductor chip Wiéh slgid corresponding
metal track; mating said photosensitive resin plug over said metal bump with s %Bh@ég)%%ing
metal track; and exposing said photosensitive resgp%th UV light to cure said photosensitive resin
plug, permanently attaching said metal bump of said semiconductor chip to said corresponding metal
track of said separate substrate. 2. The method of claim 1, wherein said metal bump is from about 1000
to 10,000A thick. 3. The method of claim 1, wherein said exposed metal terminating pad, metal bump,
and said meWletdeks:are comprised of copper. 11 30 December 2004 4. The method of claim 1, wherein
said photosensitive resin plug is comprised of a material selected from the group consisting of polyimide,
polyacetylene and polyanile (PANI).

1. A method of bonding a chip to a substrate, comprising the steps of:

providing a semiconductor chip having an exposed metal terminating pad
thereover, and a separate substrate having a corresponding exposed metal track
thereover;

5 forming a metal bump over said exposed metal terminating pad;

forming a photosensitive resin plug over said metal bump;

aligning said metal bump of said semiconductor chip with said
corresponding metal track;

mating said photosensitive resin plug over said metal bump with said

10  corresponding metal track; and

exposing said photosensitive resin plug with UV light to cure said

photosensitive resin plug, permanently attaching said metal bump of said

semiconductor chip to said corresponding metal track of said separate substrate.

2. The method of claim 1, wherein said metal bump is from about 1000 to
10,000A thick.
3. The method of claim 1, wherein said exposed metal terminating pad, metal

bump, and said metal tracks are comprised of copper.

11



5. A method of bonding a chip to a substrate, comprising the steps of: providing a semiconductor chip
having a metal terminating pad thereover, and a separate substrate having a rrespon%igr xposed
metal track thereover; forming a final passivation layer over said metal termin§§)r1]8"?§§{1'51 %ﬁq g an
opening in said final passivation layer exposing said metal terminating pad; forming a metal bump within
said final passivation layer opening and over said exposed metal terminating pad; forming a dielectric
mask layer over said metal bump and said final 10 passivation layer; forming an opening in said dielectric
mask layer exposing said metal bump; forming a photosensitive resin plug within said dielectric mask
layer opening over said metal bump; aligning said metal bump of said semi_cogfjctor chip wijth said 15
correspondirfy metditFaBle oSG seaih er%m%afm#g RAYSRBROLERSEVE RIS B BYRFEH metal

bump with said
of a material selected from the group consisting of polyimide, polyacetylene and

polyanile (PANI) .

5. A method of bonding a chip to a substrate, comprising the steps of:
providing a semiconductor chip having a metal terminating pad thereover,
and a separate substrate having a corresponding exposed metal track thereover;
forming a final passivation layer over said metal terminating pad;
5 forming an opening in said final passivation layer exposing said metal
terminating pad;
forming a metal bump within said final passivation layer opening and over
said exposed metal terminating pad;
forming a dielectric mask layer over said metal bump and said final
10  passivation layer;
forming an opening in said dielectric mask layer exposing said metal bump;
forming a photosensitive resin plug within said dielectric mask layer
opening over said metal bump;
aligning said metal bump of said semiconductor chip with said

15  corresponding metal track;

12



corresponding metal track; and exposing said photosensitive resin plug with UV light to cure said
photosensitive resin plug, permanently attaching said metal bump of said 20 semiconductor_chip to said
corresponding metal track of said separate substrate. 6. The method of claim 5 %‘?‘é‘iﬂuk?afiaaggtal bump
is from about 1000 to 10,000A thick. 7. The method of claim 5, wherein said exposed metal terminating
pad, metal bump, and said metal tracks are comprised of copper. 8. The method of claim 5, wherein said
photosensitive resin plug is comprised of a material. selected from the grou nsisting of.polyimide,
polyacetylene and %%ﬁ}gﬁilg A (.)@.S “Ff%gz 0 %Sflgoﬁld‘llr%g %Vcﬁ%ips 6da g %frc;kfg,r%%r%\élrllgnsggﬁe steps
of: providing a semiconductor chjp having an exposed copper terminating pad thereover, and a separate
substrate ha?fﬂ’i@ea%?gégﬁotﬁ‘&ﬁ?!}t& : opper track thereover; 5 forming a copper bump over said

exposed copper terminating pad; 13 30 December 2004
exposing said photosensitive resin plug with UV light to cure said

photosensitive resin plug, permanently attaching said metal bump of said

20 semiconductor chip to said corresponding metal track of said separate substrate.

6. The method of claim 5, wherein said metal bump is from about 1000 to
10,000A thick.
7. The method of claim 5, wherein said exposed metal terminating pad, metal

bump, and said metal tracks are comprised of copper.

8. The method of claim 5, wherein said photosensitive resin plug is comprised
of a material selected from the group consisting of polyimide, polyacetylene and

polyanile (PANI) .

9. A method of bonding a chip to a substrate, comprising the steps of:

providing a semiconductor chip having an exposed copper terminating pad
thereover, and a separate substrate having a corresponding exposed copper track
thereover;

5 forming a copper bump over said exposed copper terminating pad;

13



forming a photosensitive resin plug over said copper bump; aligning said copper bump of said
semiconductor chip with said corresponding copper track; mating said photos sitive resin over said
copper bump with said 10 corresponding copper track; and exposing said pho ﬁ‘é?ﬂ%’%gﬁlb%lug with
UV light to cure said photosensitive resin plug, permanently attaching said copper bump of said
semiconductor chip to said corresponding copper track of said separate substrate. 10. The method of
claim 9, wherein safrzcl}%[lrotoser:ﬁ [ve resr |s cq U(grrsed of materla selected from the group

consisting of pon|m| 8?\%“5%1 %nn A?N\e)r T ﬁ%) StR6HSY claim 9, wherein said

copper bump is from about 1000 to 10, OOOAthlck 14
PP P aligning ™ said copper bump of said semiconductor chip with said

corresponding copper track;
mating said photosensitive resin plug over said copper bump with said
10  corresponding copper track; and
exposing said photosensitive resin plug with UV light to cure said
photosensitive resin plug, permanently attaching said copper bump of said

semiconductor chip to said corresponding copper track of said separate substrate.

10.  The method of claim 9, wherein said photosensitive resin plug is comprised
of a material selected from the group consisting of polyimide, polyactelyene and

polyanile (PANI).

11. The method of claim 9, wherein said copper bump is from about 1000 to 10,000A

thick.
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