
SUBSTRATE WITH BUMP STRUCTURE AND MANUFACTURING 

METHOD THEREOF 

FIELD OF THE INVENTION 

The present invention is generally relating to a substrate with a bump 

structure and manufacturing method thereof, particularly to the substrate with 

bump structure composed of copper layer and nickel layer. 	The hardness of 

the bump structure enables to meet the user's demand after annealing process 

by adjusting the thickness of nickel layer. 

BACKGROUND OF THE INVENTION 

In flip-chip package technology, at least one bump is formed on an 

active surface of a chip, afterwards, the chip is flip-chip bonded with a glass 

substrate by the bump. 	The material of the bump is selected from gold or 

copper. 	However, the material of the bump is mainly chosen from copper 

because of the rising gold price. 	When the chip is flip-chip bonded with the 

glass substrate by a copper bump, the copper bump leads the glass substrate 

to crack because the hardness of the copper is higher than the gold. 

SUMMARY 

The primary object of the present invention is to provide a substrate with 

a bump structure and manufacturing method thereof. 	By adjusting the 

thickness of a nickel layer formed on a copper layer, the hardness of the 

bump structure composed of the copper layer and the nickel layer enables to 

meet the user's demand after annealing process, which prevents a glass 

substrate from cracking when the substrate with the bump structure is bonded 

with the -glass substrate. 



A manufacturing method Of a substrate with a bump structure in the 

present invention includes providing a semiconductor substrate, forming an 

under bump metallurgy layer, forming a photoresist layer, patterning the 

photoresist layer, forming a copper layer, forming a nickel layer, removing 

the photoresist layer and removing a pre-removed portion of the under bump 

metallurgy layer. 	In the step of providing a semiconductor substrate, the 

semiconductor substrate comprises a base, at least one conductive pad and a 

protective layer, wherein the at least one conductive pad is formed on the 

base, and the protective layer covers the base and comprises at least one first 

opening for revealing the at least one conductive pad. 	In the step of forming 

an under bump metallurgy layer, the under bump metallurgy layer covers the 

protective layer and the at least one conductive pad, wherein the under bump 

metallurgy layer electrically connects to the at least one conductive pad and 

includes a pre-retained portion and a pre-removed portion. 	In the step of 

forming a photoresist layer, the photoresist layer covers the under bump 

metallurgy layer. 	In the step of patterning the photoresist layer, the 

photoresist 	layer 	is 	patterned, 	wherein 	the 	patterned 	photoresist 	layer 

comprises at least one second opening for revealing the pre-retained portion 

of the under bump metallurgy layer. 	In the step of forming a copper layer, 

the copper layer is formed within the at least one second opening of the 

photoresist layer and electrically connects to the pre-retained portion of the 

under bump metallurgy layer. 	In the step of forming a nickel layer, the 

nickel 	layer is formed within the at least one second opening of the 

photoresist layer, wherein the nickel layer is formed on top of the copper 

layer and electrically connects to the copper layer. A bump structure is 
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composed of the nickel layer and the copper layer. 	The nickel layer 

comprises a top surface and a bottom surface, a vertical distance between the 

top surface and the bottom surface is the thickness of the nickel layer, 

wherein the thickness of the nickel layer depends on a calculation formula 

H=12.289D+96.674, H means the hardness of the bump structure after 

annealing process, the unit of the hardness of the bump structure after 

annealing process is Hv, D means the thickness of the nickel layer, and the 

unit of the thickness of the nickel layer is um. 	In the step of removing the 

photoresist 	layer, 	the 	photoresist 	layer 	is 	removed 	for 	revealing 	the 

pre-removed portion of the under bump metallurgy layer. 	Eventually in the 

step of removing the pre-removed portion of the under bump metallurgy layer, 

the pre-removed portion of the under bump metallurgy layer is removed by 

using the bump structure as a mask, and only the pre-retained portion of the 

under bump metallurgy layer is retained. 

In the present invention, the hardness of the bump structure after 

annealing process enables to meet the user's demand by adjusting the 

thickness of the nickel layer of the bump structure to prevent a glass substrate 

from cracking when the substrate with the bump structure is flip-chip bonded 

with the glass substrate. 

DESCRIPTION OF THE DRAWINGS 

Figs. 	1 A 	to 	1H 	are 	sectional 	view 	diagrams 	illustrating 	the 

manufacturing method of a substrate with a bump structure in accordance 

with the present invention. 

Fig. 2 is a sectional view diagram illustrating the substrate with the 

bump structure bonded with a glass substrate in accordance with the present 



invention. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to Figs. 1A to 1H, a manufacturing method of a substrate 

with a bump structure includes the step of providing a semiconductor 

substrate in Fig. 1A, the step of forming an under bump metallurgy layer in 

Fig. 1B, the step of forming a photoresist layer in Fig. 	IC, the step of 

patterning the photoresist layer in Fig. 1D, the step of forming a copper layer 

in Fig. 1E, the step of forming a nickel layer in Fig. 1F, the step of removing 

the photoresist layer in Fig. 1G and the step of removing a pre-removed 

portion of the under bump metallurgy layer in Fig. 1H. 

First, referring to Fig. IA, in the step of providing a semiconductor 

substrate, the semiconductor substrate 110 comprises a base 111, at least one 

conductive pad 112 and a protective layer 113, wherein the at least one 

conductive pad 112 is formed on the base 111, and the protective layer 113 

covers the base 111 and comprises at least one first opening 114 for revealing 

the at least one conductive pad 112. 	The material of the conductive pad is 

selected from one of copper, aluminum, copper alloy or other conductive 

material. 

Next, referring to Fig. 1B, in the step of forming an under bump 

metallurgy layer, the under bump metallurgy layer 120 covers the protective 

layer 113 and the at least one conductive pad 112, and electrically connects to 

the at least one conductive pad 112. The under bump metallurgy layer 120 

includes a pre-retained portion 121 and a pre-removed portion 122, wherein 

the pre-retained portion 121 connects to the at least one conductive pad 112. 

Afterwards, referring to Fig. 1C, in the step of forming a photoresist 
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layer, the photoresist layer 130 selected from positive photoresist film or 

negative photoresist film covers the under bump metallurgy layer 120. 	The 

photoresist layer 130 is formed on the under bump metallurgy layer 120 by 

coating or curing process. 

Next, referring to Fig. 1D, in the step of patterning the photoresist layer, 

the photoresist layer 130 is patterned by photolithography and etching (dry 

etching or wet etching) technologies, the patterned photoresist layer 130 

comprises at least one second opening 131 for revealing the pre-retained 

portion 121 of the under bump metallurgy layer 120. 

Afterwards, referring to Fig. 1E, in the step of forming a copper layer, 

the copper layer 140 is formed within the at least one second opening 131 of 

the photoresist 	layer 	130 	by 	electroplate, 	electroless 	plating, 	printing, 

sputtering or chemical vapor deposition (CVD), wherein the copper layer 140 

comprises an top side 141 and a bottom side 142 electrically connects to the 

pre-retained portion 121 of the under bump metallurgy layer 120. 	In this 

embodiment, the bottom side 142 of the copper layer 140 is contacted with 

the pre-retained portion 121 of the under bump metallurgy layer 120. 

Next, referring to Fig. 1F, in the step of forming a nickel layer, the 

nickel layer 150 is formed within the at least one second opening 131 of the 

photoresist layer 130 by electroplate, electroless plating, printing, sputtering 

or chemical vapor deposition (CVD), the nickel layer 150 is formed on top of 

the copper layer 140 and electrically connects to the copper layer 140. In this 

embodiment, the nickel layer 150 contacts with the top side 141 of the copper 

layer 140, wherein a bump structure A is composed of the nickel layer 150 

and the copper layer 140. In the step of forming the nickel layer 150, the 
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thickness 	of the 	nickel 	layer 	150 	depends 	on 	a 	calculation 	formula 

H=12.289D+96.674, wherein H means the hardness of the bump structure A 

after annealing process, the unit of the hardness of the bump structure A after 

annealing process is Hv, and D means the thickness of the nickel layer 150, 

the unit of the thickness D of the nickel layer 150 is um. 	The nickel layer 

150 comprises a top surface 151 and a bottom surface 152, a vertical distance 

between the top surface 151 and the bottom surface 152 is the thickness D of 

the nickel layer 150. 

Referring to Fig. 1F, in the step of forming a nickel layer, if the hardness 

of the bump structure A is intended to meet the user's demand, the thickness 

D of the nickel layer 150 has to be determined by the calculation formula 

H=12.289D+96.674, which prevents the thickness D of the nickel layer 150 

from being too thick or too thin to produce the bump structure A with the 

hardness H different from user's demand after annealing process, and also 

prevent the hardness 11 of the bump structure A after annealing process from 

being out of control because the uncertainty thickness D of the nickel layer 

150. 	Besides, a vertical distance between the top side 141 and the bottom 

side 142 is the thickness D1 of the copper layer 140, preferably, the thickness 

D1 of the copper layer 140 is not smaller than the thickness D of the nickel 

layer 150. 

Referring to Fig. 1F, in this embodiment, a connection layer 160 is 

formed within the at least one second opening 131 of the photoresist layer 

130 	by 	one 	of electroplate, 	electroless 	plating, 	printing, 	sputtering 	or 

chemical vapor deposition (CVD) after forming the nickel layer 150, wherein 

the connection layer 160 is formed on the top surface 151 of the nickel layer 
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150. 	The material of the connection layer 160 is selected from one of gold 

(Au), tin (Sn), tin-lead (SnPb), silver (Ag) or other similar material. 

With reference to Fig. 1G, in the step of removing the photoresist layer, 

the photoresist layer 130 is removed for revealing the pre-removed portion 

122 of the under bump metallurgy layer 120. 

With reference to Fig. 1H, in the step of removing the pre-removed 

portion of the under bump metallurgy layer, the pre-removed portion 122 of 

the under bump metallurgy layer 120 is removed by using the bump structure 

A as a mask, and the pre-retained portion 121 right below the bump structure 

A is retained so as to form a substrate 100 with the bump structure A. 

Referring to Fig. 2, the substrate 100 with the bump structure A is 

flip-chip bonded with a glass substrate 200 having at least one connection 

point 210. 	Because the hardness H of the bump structure A meets the user's 

demand after annealing process is determined by the thickness D of the 

nickel layer 150 of the bump structure A, wherein the nickel layer 150 

depends 	on 	the 	calculation 	formula H=12.289D+96.674, 	so the 	glass 

substrate 200 prevents from cracking because of the hardness H of the bump 

structure A difference with different from user's demand when the substrate 

100 with the bump structure is flip-chip bonded with the glass substrate 200. 

While this invention has been particularly illustrated and described in 

detail with respect to the preferred embodiments thereof, it will be clearly 

understood by those skilled in the art that is not limited to the specific 

features shown and described and various modified and changed in form and 

details may be made without departing from the spirit and scope of this 

invention. 
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What is claimed is: 

1. A manufacturing method of a substrate (100) with a bump structure (A) 

includes: 

providing a semiconductor substrate (110) having a base (111), at least 

one conductive pad (112) and a protective layer (113), wherein the at 

least one 	conductive 	pad 	(112) 	is formed 	on the 	base 	(111), 	the 

protective layer (113) covers the base (111) and comprises at least one 

first opening (114) for revealing the at least one conductive pad (112); 

forming 	an 	under 	bump 	metallurgy 	layer 	(120) 	for 	covering 	the 

protective 	layer 	(113) 	and 	the 	at 	least one 	conductive 	pad 	(112), 

wherein the under bump metallurgy layer (120) electrically connects to 

the at least one conductive 	pad 	(112) and 	includes a 	pre-retained 

portion (121) and a pre-removed portion (122); 

forming 	a 	photoresist 	layer 	(130) 	for 	covering 	the 	under 	bump 

metallurgy layer (120); 

patterning the photoresist layer (130), the patterned photoresist layer 

(130) comprises at least one second opening (131) for revealing the pre- 

retained portion (121) of the under bump metallurgy layer (120); 

forming a copper layer (140) within the at least one second opening 

(131) of the photoresist layer (130), the copper layer (140) electrically 

connects 	to 	the 	pre-retained 	portion 	(121) 	of 	the 	under 	bump 

metallurgy layer (120); 

forming a nickel layer (150) within the at least one second opening (131) 

of the photoresist layer (130), the nickel layer (150) is formed on top of 
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the copper layer (140) and electrically connects to the copper layer 

(140), wherein a bump structure (A) is composed of the nickel layer 

(150) and the copper layer (140), the nickel layer (150) comprises a top 

surface (151) and a bottom surface (152), a vertical distance between 

the top surface (151) and the bottom surface (152) is the thickness of 

the nickel layer (150), wherein the thickness of the nickel layer (150) 

depends on a calculation formula H=12.289D+96.674, H means the 

hardness of the bump structure (A) after annealing process, the unit of 

the hardness of the bump structure (A) after annealing process is Hv, D 

means the thickness of the nickel layer (150), and the unit of the 

thickness of the nickel layer (150) is urn; 

removing the photoresist layer (130) for revealing the pre-removed 

portion (122) of the under bump metallurgy layer (120); and 

removing the pre-removed portion (122) of the under bump metallurgy 

layer (120) by using the bump structure (A) as a mask to retain the pre-

retained portion (121) of the under bump metallurgy layer (120). 

2.  The manufacturing method of a substrate (100) with a bump structure 

(A) 	in 	accordance 	with 	claim 	1, 	wherein 	the 	copper 	layer 	(140) 

comprises a top side (141) and a bottom side (142), a vertical distance 

between the top side (141) and the bottom side (142) is the thickness of 

the copper layer (140), wherein the thickness of the copper layer (140) 

is not smaller than the thickness of the nickel layer (150). 

3.  The manufacturing method of a substrate (100) with a bump structure 

(A) in accordance with claim 1, wherein between the step of forming the 

nickel layer (150) and the step of removing the photoresist layer (130), a 
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connection layer (160) is formed within the at least one second opening 

(131) of the photoresist layer (130), and the connection layer (160) is 

formed on the top surface (151) of the nickel layer (150). 

4.  A substrate (100) with a bump structure (A) with a predetermined 

hardness after annealing process includes: 

a semiconductor substrate (110) 	having a 	base 	(111), 	at 	least one 

conductive pad (112) and a protective layer (113), wherein the at least 

one conductive pad (112) is formed on the base (111), the protective 

layer (113) covers the base (111) and comprises at least one first 

opening (114) for revealing the at least one conductive pad (112); 

an under bump metallurgy layer (120) electrically connects to the at 

least one conductive pad (112); and 

a bump structure (A) including a copper layer (140) and a nickel layer 

(150), the copper layer (140) electrically connects to the under bump 

metallurgy layer (120) and locates between the under bump metallurgy 

layer (120) and the nickel layer (150), the nickel layer (150) comprises a 

top 	surface 	(151) 	and 	a 	bottom 	surface 	(152), 	a 	vertical 	distance 

between the top surface (151) and the bottom surface (152) is the 

thickness of the nickel layer (150), wherein the thickness of the nickel 

layer (150) depends on a calculation formula H=12.289D+96.674, H 

means the hardness of the bump structure (A) after annealing process, 

the unit of the hardness of the bump structure (A) after annealing 

process is Hv, D means the thickness of the nickel layer (150), and the 

unit of the thickness of the nickel layer (150) is um. 

5.  The substrate (100) with a bump structure (A) in accordance with claim 
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4, wherein the copper layer (140) comprises a top side (141) and a 

bottom side (142), a vertical distance between the top side (141) and 

the bottom side (142) is the thickness of the copper layer (140), wherein 

the thickness of the copper layer 

of the nickel layer (150). 

(140) is not smaller than the thickness 

6. The substrate (100) with a bump structure (A) in accordance with claim 

4 further includes a connection layer (160) formed on the top surface 

(151) of the nickel layer (150). 
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