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A _ME THOD 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 cﬁifas and substrates in packaging processes.



BACKGROUND OF THE INVENTION

Semiconductor chips with copp_er' interconnect ter,rhina_tion pads are
now readily available in the market.l_ Tﬁes_e are xriostly packaged utiliziz-ig flip-chip,
Chip-o_n-Boafd, and Micron Metal .Bonﬁi_ng uéirig small eutectic solder bumps or
ball joint material.. Solder joint fatigue and life of the.joinf is dbminated by fhé
coefficient of thermal expansion mism‘atch of“.the sdlder rﬁetal, wetting material,
and the substrate metal pad: The present ihvenfion overcomes these Iimifétioﬁs by -
| providihg.a'techniquelfof packaging an.d' chiﬁ assemblies using low cost maf‘erials _ )

and su'pefiof .tec.hnology.

'US. 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'bunip pad, and specifically tb.converting a wire bond pad éf a surface-
" mount IC dévice to a ﬂi?-chip solder bump pad such that the IC device can be ﬂip-

| chip mounted to a substrate. The ﬁetﬁod uses a Ni layer over thé pad.
U.S. Patent No. 5,795,818 to Marrs dgscribes a method of forming an
interconnection between bonding pads on An ihtegrated circuit chip and
correspond;i'ng bonding contacts on a substrate. The method uses coined ball bond

bumps.



U.S. Patent No. 5,904,859 to Degani describes a method for applying
under. bump metallizdation. (UBM) for solder bump interconnections on

inierconnection substrates. The UBM compris_es a Cu, Cu/Cr, Cr multilayer

structure.

U.S. Patent No. 5,767,009-to' Yoshida et al. d'escﬁ:ibes a method of_
reducing cross talk noise between stacked semiconductor chips by the use of a chip

on chip mounting structure.

" US. 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 époxy portion.



SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a
method of bonding a chip to a substrate without the use of a multilevel component

of an adhesive layer, barrier metal layer, cap lay'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

éonnéctions. B
Othet objeéts will appear hereinafter. -

It haé now been discovered that the abové and other ob)'écts of the
present invention may be accomplished in the following I_nanner.'" Specifically, a
'semiconductor chip having aﬁ_ e>;pos'ed metal tefminating pad thereover, and. a
separaté substrate ﬁaving a c0rresp6nding exposed metal track thereover ére
provided. A metal.b-ump is formed over the exposed metal terminating pad. A
photosens_i'tifve resin piug is forﬁed over the metal bump. Thg 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 m.etal bump of the

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



BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantageé of the present invention will be more
“clearly understood from the following déscription taken in conjunction 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 preferfed embodiment of the present invention. -

o)



. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Unless otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.

Accordingly, as shown m 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'.unc.ierstood to possibly include a
semiconductor wafer or subStrate, acﬁve .andl_ passive devices formed Withih the
wafer; conducti\}e-layel_:s and dielectric layers (e.g., .int'er-p.oly oxide (IPO),
intermétal dielectric (IMD), etc;)_ formed over ’;he Waf;zr ‘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 6f 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..



As shown in Fig. 2, final passivation layer 22 is formed. over first
passwatlon Iayer 20 and copper termmatmg pad 18 to a thickness of from about
1000 to 10,0004, and more preferably from about 2000 to SOOOA Final passwatlon-

| layer 22 1nc1udes, but is not restricted to, silicon nitride, silicon oxymtrlde and BLok

(from Apphed Materials Corp.)

As shown in Fig. 3, opening 24 is fofmed within second passivation -_

layer 22 eicp'osing copper termina-ting pad 18. |

- As shown in F1g 4, metal bump 26 is grown within opemng 24 by
 selective electroless copper platmg to a th1ckness of from about 1000 to 15 OOOA
and more preferably from about 5000 to 10,000A. Metal bump 26 is preferably
formed of copper as w1ll be 'used for illustrative purposes hereafter. As-shown in |
Fig. 4, the selective growt_h of copper metal bump 26 can be p_e'rformod 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 w.etting.
metal layer in addition to the solder otherwise required in conventional solder

Bump Flip-chip Bonding.



As shown in Fig. 5, dielectric mask layer 28 is formed over final
| passivation layer 22 and copper metal bump 26. Opening 30 is formed within

dielectric mask layei' 28, exposing copper metal bump 26. -

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
phdtbsensitive resin 32 is removed from dielectric mask 28, leaving photosensitive

resin plug 32’ over copper metal bump 26_._ i

- Photosensitive resin 32 is céndﬁtﬁ%/e and is speciélly formulated and
includes buf is not restricted to .'polyimide, polyacetylene or polyanile (PANI) (a
coﬁper_photosensitive resin) produced b.y DuPont, Ciba C.;eigy," _Siefnan's or others.
Pho_toseﬁsitive resin 32 Wili be referred to as copi::er resin 32 and copper resin plug

| 32’ hereafter.

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

22 are removed, exposing copper metal btimp_ 26 with overlying copper resin plug
32 - B
As shown in Figs. 8 - 10, the final stage of the chip bonding is to affix

chip 10 (semiconductor structure 10) to a substrate, i.e. substrate 90. Substrate 90

may inélude, 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 copper resin 32 comprising copper resin

plugs 32"

As shown in Fig. 8, chi? _iO includes, for examplé, copper metal

. bumps/copper resin plugs 26/32; 36/42’; 46; 52'; 56/62; 66; 72'; 76; 82 witﬁ the
structure of Fig. 7 shown in ciréle “Fig. 7" of Fig. 8.-Chip 10 is flipped over (henc_e _
.flipl-chip bonding) as showh in Fig. 7 and aﬁgneci over substrate 90 as shown in Fig.
8. This is very critical and is-i_mportént to .avoid any effects that can perturb the

electrical connections and introduce effects.detx_'imental to the interconnect.

As shown in F1g 9, aligned chip 10 and substrate 90 are mated, with
resin plugs 32’, 42’, 52', 62°, 72/, 8_2"pre'f_e1;ab1y 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.

' Copper resﬁ 32 comprising cdpper‘resin plugs 32’ may also provide a
stress cushion that mé.y be imparted between the copper-copper _surfaces_ after
deposition. Mild compressive stress results from the strength of copper resin 32
after setting and curing whic'h further provides mechanical support to chip 10 on

substrate 90. ' -



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

Fig. 10.

- Thus, the p:f'ééent in\r'en“cion will have an irﬁpact in the _i_nduStrj-/ by
providing a method of fabriéaﬁng a lov\} cost, low _induétance, and ldw capécitance
connection between copper termiﬁated Ic chlp pads and copper t_racké embedded
inan organic.-lamli.nate. This procéss cah be uséd mostly for the low-end comfuter_.
péékaging to meét.requirements for Sn_iall and':c.on._lpac.t siziﬁg of computers and.
 other electronic circuits. The p'rc.>'cess. can .also.- sati_sfy”the needs of the inevitable
' tend.ency 'cdwards larger chip size.and._narroWer pitchéd.mﬁlﬁpins and smaller péd-

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.
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‘CLAIMS

-

T

We claim:

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

providing a semiconductor chip having an _exposéd metal terminating pad

thereover, and a separate subétrate.having a corresponding exposed metal track

thereover;

forinin_g a metal bump over said e>.<p:o_sed' meta_l'tér_minating pad;
_ "'fo:fning a photc)se_nsitivé fésin piug .'o._ver said metal bumﬁ;
aligning said metal bumf of said serﬁiéoﬁduétdr chip with 'cbrr.espond'ir'\g_
said metal track; - | | |
mating sajd photosenéiti-ve reéiﬁ_ plug over said metal bump With “said _ |
corresponding éaid metal track; and.

exposing said photosensitive resin plug with UV light to cure said

. photosensitivé 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 i, wherein said metal bump is from about 1000 to
10,0004 thick. . _
3. The method of claim 1, wherein said exposed metal terminating pad, metal

bump, and said metal tracks are comprised of copper.

11
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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) .

5. : 'A.met'hod of boﬁdiﬁg a éhip to a substrate, comprising the steps of:
| lpr.oviding a semiconductor chip having a metal t_eri:r.'ti.na'ting- pad thereovér; -
and a separate substrafe having a 'co.rresponding exposed metal track thereover;
| formiﬁg a fir-lal' paésivétion layer over said ﬁétal terminating pad;
'fdrming an opening in said ..fir_1a1 passi{'atiqn layer exposihg said metal
tennméting' pad; | |
fofm__hjg a metal bump within said final passi\'/ation layer 6pening and over
said e.xpf)sed: metal terminating pad; .
forming é- ;liélectric mask layér over said metal bumﬁ and said final
pés_siVation layer; |
fofmirig an opening in said dielectric mask layer epr_sing said metal bump;
| forming a photosensiti‘}e resin plug within said dielectric mask Ia_ye'r '
opening o;er said metal bunip;
aligning said metal bﬁmp of said semiconductor chip with a corresponding
said metal track; ” : : t

mating said photosensitive resin plug over said metal bump with said

corresponding said metal track; and -
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exposihg 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.

6. The method of daim 5,. wherein said m_etal'bump is from about iOOO_ to
10,0004 thick. -
7. The method of claim 5, wherein said exposed metal terminating pad, mé_tal

bump, and said metal tracks are co_mpriséd of _coppér. |

- 8. The method of claim 5, wherein said photosensitivé 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 s_ubst.rate, comprising the steps of:

providing a semiconductor éhip having an exposéd copper terminating pad

thereover, and a separate substrate having a corresponding exposed copper track

thereover;

forming a copper bump over said eXpdséd‘copper ferﬁinating pad;
forming a photosensitive resin plug over said copper bump; -
aligning said copper bump of said semi_conductor chip with a corresponding

said copper track;
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‘mating séid photdsensitive resin plug over said copper bump with said
corresponding séid copper track; and |

| exposing said photosensitive resin plug with UV. light to cti_ré said
photosensitive resin plug, permanently  attaching said cépper 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 consistirig of polyimide, polyactelyene and

polyanile (PANI).

- 11, The method of claim 9, Whex_'ein said metal bump is from about 1000 to

10,0004 thick.
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