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A METH.OD OF FABRICATING COPPER METAL BUMPS FOR FLIP-CHIP OR -

CHIP-ON-BOARD IC BONDING-ON TERMINATING COPPER PADS 

.,.. 

FIELD OF THE INVENTION 

.'!lk' 

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. 
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BACKGROUND OF THE INVENTiON 

Semiconductor chips with copper interconnect teqnination 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 

coefficien~ of thermal expansion mismatch of the solder metat wetting material, 

and the substrate metal pad. The present invention overcomes these limitations by 
. 

providfu.g 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 

corresponding bonding contacts on a substrate. The method uses coined ball bond 

bumps. 
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U.S. Patent No. 5,904,859 to Degani describes a method for applying 

under bump metallization (UBM) for solder bump interconnections on 

interconnection substrates. The UBM comprises a Cl,1, 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. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of t:h~ 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 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 t1;te 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. 
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BRIEF DESCRIPTION OF THE ORA WINGS 

The features and advantages of the present invention will be more 

··clearly understood from the followtng description 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 preferred embodiment of the present invention. 

'~i"o· . 
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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 i.ri 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 

comprisecfof copper as will be used for illustrative purposes hereafter. · 

Additional metal vias 16, metal lil).es 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 ... 
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As shown in Fig. 2, final passivation lay~r 22 is formed over first 

passivation layer 20 and copper terminating pad 18 to a thickness of from about 

1000 to 10,000A, and more preferably from about 2000 to soooA. Final passivation 

layer 22 includes, but is not restricted to, silicon nitride, silicon oxynitride and BLok 

(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 

sele~tive electroless copper plating to a thickness of from ab~ut 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 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 chemkal 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. 
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As shown in Fig. 5, dielectric mask 1ayer 28 is formed over final 

passivation layer 22 and copper metal bump 26. Opening 30 is formed within 

dielectric mask layer 28~ exposing copper metal bump 26. 

Photosensitive resin 32 is formed over dielectric mask layer 28, filling 

opening30. 

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 (P ANI) (a 

-· 
copper photosensitive resin) produced by DuPont, Ciba Geigy; Sieman's or others. 

Photosensitive rei?in 32 will be referred to as copper resJn 32 and copper resin plug 

32' hel'eafter. 

-- ~ 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 Figs. 8 - 10, the final stage of the <;hip bonding is to affix 

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

-
may include, for example, a board or printed circuit board. This can be 
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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, 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 critkal 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 dfrectly onto copper substrates on substrate 90. 

·Copper resin 32 comprising copper.resin plugs 32' may also provide a 

stress cushion that may be imparted between the copper-copper surfaces after 

deposition. Mild compressive stress results from the strength of copper resin 32 

after setting and curing which further provides mechanical support to chip 10 on 

substrate 90. 
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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 

connectibn 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 sn:i.ailer 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. 
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·CLAIMS 

We claim: 
, I 11111111111111111111111111111 

* C L M S * 

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 separat~ 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 a corresponding 

said metal track; 

-mating said photosensitive resin plug over said metal bump with said 

10 corresponding said 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,oooA thick. 

3. The method of claim 1, wherein said exposed metal terminating pad, metal 

bump, and said metal tracks are comprised of copper. 
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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 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 fi~al passivati?n 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 a corresponding 

15 said metal track; 

mating said photosensitive resin plug over said metal bump with said 

corresponding said _metal track; and -
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exposing said photosensitive resin plug with UV light to cure said 

photosensitive . resin plug, permanently attaching said metal pump 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 iOOO to 

10,oooA 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 a:i-d 

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; 

forming a photosensitive resin plug over said copper bump; 

al~gning said copper bump of said semiconductor chip with a corresponding 

said copper track; 
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mating said photosensitive resin plug over said copper bump with said 

10 corresponding said copper track; and 

exposing said photosensitive resin plug with UV light to cure said 

photosen~itive 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 (P ANI). 

11. The method of daim 9, wherein said metal bump is from about 1000 to 

10,oooA thick. 
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