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(57) ABSTRACT 

A wire-bonding method for chips with copper interconnects 
by introducing a thin layer is provided for Solving the 
problem of oxidizing a copper bonding-pad during bonding 
processing in order not to deteriorate the bonding Strength 
and yield rate thereof. The wire-bonding method of the 
present invention comprises: a step for providing a chip with 
a copper bonding-pad; another Step for providing an aqueous 
Solution to form a Cuprous oxide thin layer on the copper 
bonding-pad; and yet another Step for Setting a plurality of 
copper interconnects on the copper bonding-pad and pro 
Viding an ultraSonic power for removing the Cuprous oxide 
layer to have the interconnects bonded on the copper bond 
ing-pad. 
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WIRE-BONDING METHOD FOR CHIPS WITH 
COPPER INTERCONNECTS BY INTRODUCING A 

THIN LAYER 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to the application 
field regarding IC packaging, particularly to a wire-bonding 
method for chips with copper interconnects by introducing 
a thin layer. 
0003 2. The Prior Arts 
0004. In the VLSI (Very Large Scale Integration) era 
today, an IC chip is made through Several Steps including 
wafer fabricating process, wafer test, VLSI forming process, 
and finally, IC packaging test. 
0005 The packaging test usually comprises a wafer 
attachment process, a wire-bonding process, etc., in which 
the wire-bonding process is conducted by a wire bonder for 
connecting a chip to a plurality of pins with metallic 
interconnects under a high-temperature and ultrasonic envi 
ronment. The bonded interconnects Serve as a bridge for 
transmitting Signal and/or electric power between a chip and 
the external circuits. Since, almost all the makers have made 
different efforts to try minimizing the volume of chip as 
Smaller as possible, and accompanying with the Scaling 
down Semiconductor devices, the RC constant of intercon 
nect is increased rapidly because the resistance of the metal 
leading increases with decreasing line width and the inter 
connect capacitance increases with decreasing Spacing, 
hence, a greater resistance and capacitance is inevitably 
resulted when the width of wire and the space between lead 
wires in chip are narrowed. 
0006. On the other hand, the performance of deep Sub 
micron integrated circuit cannot be further improved since 
the delay of Signal in the interconnect would exceed the 
delay of Signal in the device. Therefore, it is necessary to use 
interconnects with better conductivity to replace conven 
tional Aluminum. Copper has been identified as the best 
candidate due to its low resistivity, high electromigration 
resistance and likely lower processing cost. However, one of 
the disadvantages of copper is that copper is readily oxidized 
at low temperature, and unlike the Oxidation of aluminum, 
the oxidation rate of copper is fast, and no Self-protective 
oxide layer forms to prevent further oxidation. Such char 
acteristic will deteriorate the effect in transmitting the fric 
tional power of ultrasonic vibrations to the surface of the 
copper bonding-pad while bonding interconnects to the chip, 
So that the efficiency for Stripping the oxide layer off and 
obtaining therethrough a Smooth bonding on the Surface of 
the copper bonding-pad is retarded, and accordingly is the 
yield rate. Hence, the key point for obtaining a good yield in 
the wire-bonding process is to prevent the copper bonding 
pad from being oxidized rapidly owing to the temperature of 
a bonding interface. 
0007 For improvements, two ways have been suggested: 
(1) An inertia gas (Ar) is applied to a chip during the 
wire-bonding process to protect the Surface thereof and 
lower down the temperature to slow down oxidation. (2) A 
thin barrier layer, a Titanium layer for example, is Sputtered 
on the Surface of a chip to prevent oxidation of the copper 
bonding pad. These ways are capable of avoiding oxidation 
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of the copper bonding-pad and enhancing the Strength of 
bonding points though, they are both expensive and trouble 
SOC. 

SUMMARY OF THE INVENTION 

0008. The primary object of the present invention is to 
provide a wire-bonding method for chips with copper inter 
connects by introducing a thin layer to prevent the problem 
of oxidizing a copper bonding-pad during a bonding pro 
CCSS. 

0009. The wire-bonding method for chips with copper 
interconnects by introducing a thin layer comprises: provid 
ing a chip associated with a copper bonding-pad; providing 
an aqueous Solution to form a Cuprous oxide thin layer on 
the copper bonding-pad; and Setting copper interconnects on 
the copper bonding-pad and providing an ultrasonic power 
for removing the Cuprous oxide layer to have the copper 
interconnects bonded on the copper bonding-pad. 
0010. The wire-bonding method for chips with copper 
interconnects by introducing a thin layer is advantageous in 
that a Cuprous oxide layer formed on the copper bonding 
pad can prevent the pad from being oxidized further, and the 
layer is removable by ultraSonic power to ensure a better 
wire bonding. 
0011. With a proper control of pH value, the aqueous 
Solution can work to produce the Cuprous oxide layer on the 
copper bond-pad in a low cost. 
0012 For more detailed information regarding advan 
tages or features of the present invention, at least one 
example of preferred embodiment will be described below 
with reference to the annexed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The related drawings in connection with the 
detailed description of the present invention to be made later 
are described briefly as follows, in which: 
0014 FIGS. 1A and 1B are schematic views showing a 
chip, a copper-bonding pad, and/or a thin layer of Cuprous 
oxide formed thereon, Subsequently, and 
0.015 FIGS. 2A through 2H are schematic views show 
ing a wire-bonding method of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0016. As shown in FIG. 1A, a chip 101 is provided 
thereon with a copper bonding-pad 102. The chemical 
reaction of copper in an aqueous Solution is known as: 

CussCu+e (1) 

CuesCu+2e. (2) 

2Cu+HOes CuO +2H (3) 
0017 According to the principle of Le Chatelier, a sys 
tem would always react in Such a way as to tend to 
counteract the original alteration when the System is in 
equilibrium and one of the factors, which determine the 
equilibrium point, is altered. It is understood from reaction 
(3) that H" is supposed to move to the left side when its 
concentration is raised up. If the concentration of H" goes 
up, the aqueous Solution is becoming acidified and the pH 
value is lowered (the higher the H', the lower the pH value), 
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or Vice versa. Therefore, it is possible to keep the reaction 
going toward the right hand to produce Cuprous oxide 
(CuO) should the concentration of H" is controlled properly 
under a predetermined level. A preferred concentration of H' 
below 10M/L, or a pH value greater than 5, is found by 
experiments. 

0.018. As shown in FIG. 1B, an aqueous solution with a 
pH value greater than 5 is provided to the upper Surface of 
the copper bonding-pad 102 for reaction, and then, after 
30-180 seconds in room temperature, the solution is 
removed away to form a thin layer 103 of Cuprous oxide 
(Cu,O) of 10-500 A in thickness attached on the surface of 
the copper bonding-pad 102 for protecting the copper bond 
ing-pad 102 from being oxidized. Since the created Cuprous 
oxide 103 is rigid and fragile, it can be shocked and crushed 
easily by ultrasonic power and therefore removed away to 
expose the copper bonding-pad 102. 
0019. The aqueous solution applied could be a solution of 
any kind having a pH value between 5-14, including a weak 
acid, neutral, weak alkaline, or active alkaline aqueous 
Solution. 

0020 Moreover, there is no specified quantity of aqueous 
Solution to be provided on the Surface of the copper bonding 
pad 102, and it is considered good enough as long as it can 
fully cover the surface of the copper bonding-pad 102. 
0021. With reference to FIGS. 2A-2H, which show a 
wire-bonding method in accordance with the present inven 
tion, a wire-penetrating process of the wire-bonding method 
is shown in FIG. 2A, in which a bonding wire 301 is guided 
to penetrate through a fixture 202 and a steel cylinder 201, 
where the bonding wire 301 could be made of gold. 
0022 FIG. 2B shows a ball-forming process of the 
wire-bonding method, in which a Spark 204 is ignited by an 
igniter 203 to hence form a bonding ball 302. 
0023 FIG. 2C shows a positioning process of the wire 
bonding method, in which the chip 101 is located exactly 
under the steel cylinder 201 in alignment with the copper 
bonding-pad 102. This arrangement provides a preheat and 
ultraSonic environment, in which the temperature range of 
the preheat environment is 200-260 C., and the rigid and 
fragile thin layer of Cuprous oxide (not shown) on the 
copper bonding pad 102 can be removed easily by the 
ultraSonic waves. 

0024 FIG. 2D shows a bonding process of the wire 
bonding method for a first bonding point, in which the Steel 
cylinder 201 is moved downwards to allow the bonding ball 
302 to contact the copper bonding-pad 102 to be bonded 
thereon. 

0.025 FIG. 2E shows a rising process of the wire 
bonding method for the steel cylinder 201 to enable the 
bonding wire 301 to extend an extra length owing to the 
unclosed fixture 202. 

0.026 FIG. 2F shows a forming process of the wire 
bonding method for a bonding wire loop, in which the Steel 
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cylinder 201 is moved above and aligned with a lead frame 
401, and at this time, the bonding wire 301 is dragged out to 
form a loop structure 303. 
0027 FIG. 2G shows a bonding process of the wire 
bonding method for a Second bonding point, in which the 
steel cylinder 201 descends to allow the bonding wire 301 to 
contact with and get bonded on the lead frame 401 to form 
the Second bonding point. 
0028 FIG. 2H shows a wire-tearing process of the 
wire-bonding method, in which the steel cylinder 201 rises 
to close up the fixture 202, where the bonding wire 301 is 
torn and broken to have the integral loop structure 303 of 
bonding wire completed. 
0029. In the above described, at least one preferred 
embodiment has been described in detail with reference to 
the drawings annexed, and it is apparent that numerous 
changes or modifications may be made without departing 
from the true Spirit and Scope thereof, as Set forth in the 
claims below. 

What is claimed is: 
1. A wire-bonding method for chips with copper inter 

connects by introducing a thin layer, comprising following 
Steps: 

(a) providing a chip having a copper bonding-pad; 

(b) providing an aqueous Solution to react with the Surface 
of the copper bonding-pad to form a Cuprous oxide thin 
layer on the latter; and 

(c) setting a plurality of copper interconnects on the 
copper bonding-pad and providing an ultraSonic power 
for removing the Cuprous oxide thin layer to have the 
copper interconnects bonded on the copper bonding 
pad, in which the pH value of the aqueous Solution is 
5-14. 

2. The wire-bonding method according to claim 1, 
wherein the reaction time of the aqueous Solution and the 
surface of the copper bonding-pad in step (b) is about 30-180 
Seconds. 

3. The wire-bonding method according to claim 1, 
wherein the Cuprous oxide thin layer is 10-500 A in thick 
CSS. 

4. The wire-bonding method according to claim 1, 
wherein the material of bonding wire is gold. 

5. The wire-bonding method according to claim 1, 
wherein the step (c) requires a wire bonder when bonding 
the copper interconnects. 

6. The wire-bonding method according to claim 5, 
wherein a step of preheating up to 200-260 C. is further 
included. 

7. The wire-bonding method according to claim 1, 
wherein which a step of connecting a bonding wire with a 
plurality of lead frames after Step (c) is further included. 

k k k k k 


