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A bump electrode structure of a semiconductor 
device and a method for forming the same 

The present invention relates to a bump electrode 
structure of a semiconductor device and a method for 
forming the same. 

Conventionally known is a bonding system in which 
5 bump electrodes are formed in a semiconductor device, 

and are bonded directly to metal leaf leads which are 
attached to a carrier tape. This system is the so­
called TAB (tape automated bonding) system which has 
been known fairly long. With the rapid progress of the 

10 photolithography, along with the demand for the mini­
aturization of electronic apparatuses; the TAB system 
has recently started to be revaluated favorably. After 
all, the most essential technical factor of this system 
lies in that the bump electrodes are formed in the semi-

15 conductor device. 
Fig. 8 is a sectional view of a prior art bump 

electrode structure. In Fig. 8, numeral 1 denotes a 
silicon wafer, on which is formed electrode pad 2 com­
posed of aluminum or aluminum alloy. Pad 2 is connected 

20 with internal electrodes of wafer 1, such as gates (not 
shown). The peripheral edge portion of electrode pad 2 
is covered by insulating layer 3 of silicon nitride or 
the like, through which opening 3a is bored facing the 
pad. Formed on electrode pad· 2 is under-bump layer 4 

25 which is composed of barrier metal layer 4a and bonding 
metal layer 4b. Layer 4 is formed by vacuum evaporation 
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or sputtering. In Fig. 8, layer 4 is shown as being 

located only on electrode pad 2 and that portion of 

insulating layer 3 surrounding the pad. In an actual 

process, however, under-bump layer 4 is etched as 

5 illustrated after layer 4 is formed over the whole sur­

f ace of insulating layer 3 and bump electrode is formed. 

In this case, layer 4 is adhered to both electrode pad 2 

and the portion of insulating layer 3 laminated to the 
pad 2. Satisfactory bond.ing strength can be ensured if 

10 the area for the adhesion is wide. Gold bump electrode 
5 is formed on under-bump layer 4 by plating. As a 

foundation layer for the plating, thin gold layer Sa is 
formed on bonding metal layer 4b. Using bump electrode 

5 as a mask, thereafter, that portion of under-bump 
15 layer 4 outside electrode 5 is removed by etching, as 

mentioned before. Usually, isotropic wet etching is 
used for this purpose. 

According to the prior art arrangement described 

above, however, bump electrode 5 is shaped like a top-

20 heavy mushroom, so that electrode pad pitches are inevi­

tably wide. It is difficult, therefore, to apply this 

arrangement to recent semiconductor devices whose 

electrode pads 2 have very narrow widths (or diameters) 

and pitches. As the widths or diameters of the elec-

25 trode pads become finer, there is an increasing demand 
for the development of a technique to form fine bump 

electrodes. The most important problem of this develop­

ment is how to secure the bonding strength between the 

electrode pads and the under-bump layers, between the 

30 under-bump layers and the bump electrodes, and further 

between the bump electrodes and external lead terminals 

bonded thereto, when the top width (or diameter) of the 

bump electrodes is reduced. 

Accordingly, a first object of the present inven-

35 tion is to provide a bump electrode structure of a semi­

conductor device, capable of being bonded to a fine 

electrode pad with sufficient strength and with high 
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reliability, and a method for forming the same. 

A second object of the invention is to provide a 

bump electrode structure of a semiconductor device, 

which permits improved bonding strength per unit area of 

5 a bump electrode, and a method for forming the same. 

In order to achieve the first object, a bump 

electrode structure of a semiconductor device according 

to the present invention comprises: an electrode pad; an 

insulating layer having an opening through which the 

10 electrode pad is exposed and covering the peripheral 

edge portion of the electrode pad; an under-bump layer 

bonded to the electrode pad exposed through the opening 

of the insulating layer, the under-bump layer having a 

single-layer structure composed of an alloy of a barrier 

15 metal and a bonding metal, the peripheral edge portion 

of the under-bump layer being situated between the 

respective peripheral edge portions of the opening of 

the insulating layer and the electrode pad; and a protu­

berant bump electrode bonded to the under-bump layer and 

20 raised from the peripheral edge portion of the under­

bump layer. In order to achieve the second object, 

moreover, a bump electrode structure of a semiconductor 

device according to the invention is constructed so that 

a bump electrode is bonded to an electrode pad with an 

25 under-bump layer therebetween, and fine V-shaped grooves 

are formed on the top surf ace of the bump electrode by 

anisotropic etching. 

These and other objects and features of the present 

invention will be better understood from the following 

30 detailed description taken in conjunction with the 

accompanying drawings, in which: 

Fig. 1 is an enlarged sectional view showing a bump 

electrode structure; 

Figs. 2A to 2E are enlarged sectional views showing 

35 various forming processes; 

Fig. 3 is a sectional view of an etching apparatus 

used in forming a bump electrode according to the 
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present invention; 

Fig. 4 is a plan view showing a semiconductor chip 

mounted on a tape carrier; 

Fig. 5 is an enlarged sectional view showing a 

5 finger lead bonded to the bump electrode shown in 

Fig. 1; 
Fig. 6 shows a photomicrograph of a bump electrode 

before reactive-ion etching; 

Fig. 7 shows a photomicrograph of the bump 

10 electrode after the reactive-ion etching; and 

Fig. 8 is a sectional view of a prior art bump 

electrode structure. 

An embodiment of the present invention will now be 

described in detail with reference to the accompanying 

15 drawings. 

Fig. 1 shows a bump electrode structure of a semi­

conductor device. In Fig. 1, numeral 10 denotes a sili­

con wafer, which usually has a diameter of 4 to 8 

inches. Internal electrode 11, such as the gate of a 

20 transistor, and insulating layer 12 of silicon oxide are 

formed on wafer 10. Layer 12 carries thereon electrode 

pad 13 which is connected to electrode 11. Pad 13 is 

formed of aluminum or an aluminum alloy, such as 

aluminum-silicon, aluminum-copper-silicon, etc. Insu-

25 . lating layer 14 of silicon nitride or the like is formed 

on insulating layer 12 and the peripheral edge portion 

of electrode pad 13. Opening 14a is bored in the por­

tion of layer 14 which corresponds to pad 13. Inter­

mediate junction layer (under-bump layer) 15 is formed 

30 on the pad 13 facing opening 14a and the portion of 

layer 14 covering the peripheral edge portion of pad 13. 

Layer 15 is formed of an al~oy of barrier metal and 

bonding metal, e.g., titanium-tungsten, platinum­

titanium, palladium-titanium, etc. Such an alloy of 

35 barrier metal and bo·nding metal, although single­

layered, combines a barrier function with a function 

to secure the bonding strength of gold bump 16b and 
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electrode pad 13. Preferably, junction layer 15 is 

formed of a titanium-tungsten alloy containing 30 % of 

titanium by weight, or 10 % by atomic weight. This 

alloy is deposited to a thickness of several thousands 

5 of angstrom~ by sputtering. The outer end of inter­

mediate junction layer 15 is situated between the outer 

end of electrode pad 13 and opening 14a of insulating 

layer 14. Bump electrode 16 of gold is projectingly 

formed on layer 15. Electrode 16, which is composed of 

10 thin gold layer 16a and gold bump 16b, has an overali 

thickness of about 10 to 25 µm. The outer peripheral 

edge of electrode 16 is substantially flush with that of 

junction layer 15. 

Thin gold layer 16a is a foundation layer on whic~ 

15 gold bump 16b is formed by plating, and is deposited on 

intermediate junction layer 15 by sputtering. Fine V­

shaped grooves 17 are formed on the top surface of bump 

16b. 

Referring now to Figs. 2A to 2E, a method for 

20 forming bump electrode 16 on silicon wafer 10 will be 

described. 

First, internal electrode 11 and insulating layer 

12 of silicon oxide are formed on silicon wafer 10, and 

electrode pad 13 of aluminum or aluminum alloy is formed 

25 on layer 12, as shown in Fig. 2A. Then, insulating 

layer of silicon nitride is formed over pad 13 and layer 

12. Opening 14a, which is a little smaller than elec­

trode pad 13, is bored in layer 14 by etching so that 

pad 13 is exposed through opening 14a. In this state, 

30 an alloy for intermediate junction, e.g., titanium­

tungsten alloy, and gold are sputtered in succession. 

By doing this, intermediate junction layer 15 and thin 

gold layer 16a are formed to a thickness of several 

thousands of angstroms each, over the whole surface of 

35 .electrode pad 13 and insulating layer 14 which are 

overlaid on silicon wafer 10. Alternatively, the 

thickness of thin gold layer 16a may be hundreds of 



angstroms. In this case, sputtering the best method 

to make the distribution of deposited metal particles 

uniform. Before executing this process, aluminum oxide 

film is removed as required. 

5 Thereafter, a liquid photoresist is dropped on thin 

gold layer 16a to form photoresist layer 19 thick by 

spin coating, as shown in Fig. 2B. To obtain a thick­

ness of about 20 to 30 µm, layer 19 is formed of a pho­

toresist (e.g., BMR-1000 from Tokyo Oka Kogyo Co., Ltd.) 

10 whose viscosity, ranging from hundreds of centipoises to 

more than a thousand CPS, is several times to tens of 

times that of a photoresist adapted for ordinary spin 

coating. The rotating speed used is hundreds of rpm. 

In this case, the predetermined thickness cannot be 

15 obtained if the viscosity of the photoresist is less 

than a hundred CPS. 

The photoresist should be selected in consideration 

of the depth of exposure in an exposure process, besides 

the viscosity characteristic for the predetermined layer 

20 thickness. More specifically, if the thickness of the 

photoresist layer is increased, then the difference in 

the amount of exposure between upper and lower portions 

of the layer increases in proportion. Thus, it is dif­

ficult to develop the lower portion of the layer. Also 

25 for this reason, the thickness of the conventional pho­

toresist layer is adjusted to several micrometers. It 

was ascertained, however, that the requirement for this 

exposure characteristic can be perfectly fulfilled by 

the aforesaid BMR-1000. 

30 Subsequently, photoresist layer 19 thus obtained 

is dried, and a mask (not shown) is then aligned on 

the top surface of layer 19. A light transmitting 

portion of the mask has a size such that its outer 

peripheral edge portion is situated between the respec-

35 tive outer peripheral edge portions of electrode pad 13 

and opening 14a of insulating layer 14. Photoresist 

layer 19 is exposed through the mask and developed, 
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whereby opening· 19a is bored through layer 19, as shown 

in Fig. 2C. Preferably, opening 19a should be square 

in shape, instead of being circular, as mentioned later. 

Then, the portion of thin gold layer 16a exposed through 

5 opening 19a is electroplated with gold, thereby forming 

gold bump 16b. Bump 16b is raised to a thickness of 

about 20 to 30 µm such that its top surface does not 

project above that of photoresist layer 19. Thus, the 

top surface of bump 16b is formed substantially flat. 

10 An organic solvent (e.g., C-3 from Tokyo Oka Kogyo Co., 

Ltd.) consi~ting essentially of xylene is used as a 

developing solution for developing photoresist layer 19. 

In general, the plating speed is isotropic in a 
..-·:~·. ---···-

region exposed from a photoresist layer: _This point 

15 will be explained in conneation with a prior art struc­

ture shown i~ Fig. 8. Conventionally, the thickness of 

the photoresist layer is several micrometers, as men­

tioned before, so that a plating must be piled up on the 

photoresist layer in order to give the thickness of 10 

20 to 25 µm to bump electrode 5. According to such an 

arrangement, however, a plating formed on the photore­

sist layer spreads in all directions at equal speeds. 

As shown in Fig. 8, the plating rises at the outer 

peripheral edge portion of bump .electrode 5 and 

25 depressed in the center. The top surface if bump 

electrodes 5, therefore, cannot be formed flat. Thus, 

sufficient bonding strength cannot be obtained for the 

connection of external lead terminals. According to the 

present invention, however, the plating is restricted 

30 within the range of the thickness of photoresist layer 

19, so that the top surface of bump electrode 16 can be 

made substantially flat. 

Subsequently, photoresist layer 19 is removed by 

means of an organic Solvent (e.g., Remover SP from Tokyo 

35 Oka Kogyo Co., Ltd.) consisting essentially of ethgl 

cellasolve and dichlorobenzene, as shown iri Fig. 2D. In 

this state, thin gold layer 16a is etched by means of 
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an iodine-based etching solution so that an unnecessary 

portion thereof, which does not correspond to gold 

bump 16b, is removed. Fig. 2E shows this situation. 

Thereafter, silicon wafer 10 is introduced into sput-

5 tering (etching) apparatus 20 shown in Fig. 3 to be 

subjected to reactive-ion (sputter) etching. Although 

wafer 10 is shown only partially in the enlarged views 

of the bump electrode structure, it actually is in the 

form of a disk with a diameter of 4 to 8 inches. In 

10 apparatus 20, plates 22, 23 are arranged in vacuum 

chamber 21, and wafer 10 is placed on plate 23. A 

high-frequency signal of 13.56 MHz is applied to plate 

23 through matching box 24 and block capacitor 25. The 

inside of vacuum chamber 21 is kept at a high vacuum by 

15 means of a vacuum pump (not shown). When valve 26 is 

opened, reactive ion gas 28 is introduced into chamber 

21. The inside of chamber 21 is adjusted to a gas 

pressure of 15 to 30 Pa (Pascal: 1 Pa = 1/133 Torr) by 

measuring the amount of introduction of gas 28 by means 

20 of flow meter 27 and controlling the operation of valve 

26. A gas mixture of halide gas and chlorine-based gas 

is used as the reactive ion gas. The halide gas used 

may be CF4, C2F61 C3Fa, CHF3, or SF6, while the 

chlorine-based gas used may be CF3Cl, CF2Cl2, CFCl3, 

25 Cl2, SiCl4, BCl3, HCl, or CCl4. A combination of SF6 

and CFCl3 may be given as a typical example. 

If the reactive-ion etching is performed under the 

aforementioned conditions, intermediate junction layer 

15 and gold bump 16b are subjected to a sputtering 

30 effect of reactive ions, and anisotropic etching advan­

ces. In this case, bump 16b is so much thicker than 

junction layer 15 that the fine, relatively deep V­

shaped grooves are formed on the top surf ace of bump 

16b, while layer 15 is removed entirely. 

35 Fig. 6 shows a photomicrograph of gold bump 16b 

in the state of Figs. 2C to 2E obtained when the bump 

is plated. For a wider cross-sectional area, it is 
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advisable to make bump 16b square in shape, not cir­

cular. Fine indentations and proj~ctions are observed 

on the top surface of bump 16b shown in Fig. 6. In this 

state, the projections have spherical edges. Fig. 7 

5 shows a photomicrograph of gold burap 16b in the state of 

Fig. 1 obtained after the reactive-ion etching. In this 

state, fine sharp projections are observed on the top 

surface of bump 16b. 

This comparison indicates that the configuration of 

10 the top surface of gold bump 16b after the reactive-ion 

etching is quite different from that obtained before the 

etching. 

Referring now to Figs. 4 and 5, we will describe 

the way external lead terminals are connected to the 

15 bump electrode of the semiconductor device constructed 

in this manner. 

First, silicon wafer 10 is diced into a plurality 

of semiconductor chips 30. A number of (50 ~ 200) 

external electrodes 16 are arranged on each of chips 30. 

20 Finger leads (external lead terminals) 41 are formed by 

laminating tape carrier 40 with copper foil and then 

shaping the resulting structure by etching. Each of 

leads 41 is plated with solder 42. One end of each 

finger lead projects to inside of rectangular opening 43 

25 which is bored through the center of tape carrier 40. 

The respective projected end portions of leads 41 are 

arranged corresponding to bump electrodes 16 of semicon­

ductor chip 30. In this case, solder 42, with which the 

surface of each of finger leads 41 is plated, is formed 

30 of an alloy of tin and lead in the ratio of 8 to 2, and 

has a thickness of about 0.2 to 0.6 µm. 

In connecting finger leads 41 to bump electrodes 

16 of semiconductor chip 30, leads 41 are thermo 

compressed to their corresponding electrodes 16. This 

35 thermo compression is performed with a bonding force 

of 30 to 360 g/rnm2 and at a temperature of 200 to 400°C, 

for 1 to 5 seconds. As finger leads 41 are bonded to 
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bump electrodes 16 in this manner, each gold bump 16b 

and solder 42 on the surf ace of its corresponding 

lead 41 are Au-Sn eutectic-bonded. 

In this case, fine V-shaped grooves 17 are formed 

5 on gold bump 16b so that solder 42 sticks to grooves 17. 

Thus, the solder is anchored to the rough surface of the 

gold bump, thereby ensuring high-reliability bonding. 

In the prior art structure (Fig. 8), moreover, gold 

bump 5, along under-bump layer 4 and insulating layer 3, 

10 spreads beyond the outer peripheral edge portion of 

electrode pad 2. If a pressure welding load is applied 

to bump electrode 5, therefore, fragile insulating layer 

3 may of ten be broken at that portion thereof corre­

sponding to the shoulder of the.outer peripheral portion 

15 of pad 2, as indicated by symbol A. Such breakage of 

layer 3 would cause the electrode pad to be oxidized or 

constitute a fatal obstacle to proper operation of the 

internal circuit. According to the present invention, 

however, bump electrode 16 does not cover the outer 

20 peripher•l edge portion of electrode pad 13, so that 

these troubles can be prevented completely. 

In the embodiment described above, thin gold layer 

16a is subjected ·to wet etching in order that gold 

removed by etching can be recovered for reuse. Natural-

25 ly, the gold layer can be removed simultaneously with 

the under-bump layer by reactive-ion etching. 
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Claims: 

1. A bump electrode structure of a semiconductor 
device, characterized comprising: 

an electrode pad (13); 

an insulating layer (14) having an opening (14a) 
5 through which said electrode pad (13) is exposed and 

covering the peripheral edge portion of the electrode 
pad; 

an under-bump layer (15) bonded to the electrode 
pad (13) exposed through the opening of the insulating 

10 layer (14), said under-bump layer (15) having a single­
layer structure composed of an alloy of a barrier metal 
and a bonding metal, the peripheral edge portion of said 
under-bump layer (15) being situated between the respec­
tive peripheral edge portions of the opening (14a) of 

15 the insulating layer (14) and the electrode (13); and 
a protuberant bump electrode (16) bonded to the 

under-bump (15) and raised from the peripheral edge 
portion of the under-bump layer (15). 

2. The bump electrode of a semiconductor device 
20 according to claim 1, characterized in that said under­

bump layer (15) is composed of an alloy of titanium and 
tungsten. 

3. The bump electrode of a semiconductor device 
according to claim 2, characterized in that the titanium 

25 content of said under-bump layer (15) is approximately 
30 % by weight. 

30 

4. The bump electrode of a semiconductor device 
according to claim 1, characterized in that said bump 
electrode (15) has a square cross section. 

5. A method for forming a bump electrode of a 

semiconductor device so that the bump electrode (16) 
protrudes from the upper surf ace of an electrode pad 
(13) whose central portion of is exposed through an 
opening (14a) of an insulating layer (14) and whose 

35 peripheral edge portion is covered by the insulating 

111111111111111111111111111111 
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layer (14), said method characterized comprising: 
a process for forming an under-bump layer (15), 

composed of an alloy of a barrier metal and a bonding 
metal, on the insulating layer (14) and that portion of 

5 the electrode pad (13) exposed through the opening (14a) 
of the insulating layer (14); 

a process for forming a single photoresist layer 
(19) thicker than the bump electrode {16) on said under­
bump layer (15), and etching the photoresist layer to a 

10 size such that the peripheral edge portion of the pho­
toresist layer {19) is situated between the respective 
peripheral edge portions of the opening (14a) of the 
insulating layer (14) and the electrode pad (13); and 

a process for forming the bump electrode (16) by 
15 plating through the etched portion of the photoresist 

layer (19) so that the top surface of the bump electrode 
{16) is flush with or lower than that of the photoresist 
layer (19). 

6. The method for forming a bump electrode of a 
20 semiconductor device according to claim 5, characterized 

in that said under-bump layer (15) is formed by sput­
tering with use of an alloy of titanium and tungsten. 

7. The method for forming a bump electrode of a 
semiconductor device according to claim 6, characterized 

25 in that said photoresist layer (19) is formed to a 
thickness of 20 to 30 µm by spin coating. 

8. The method for forming a bump electrode of a 
semiconductor device according to claim 7, characterized 
in that said photoresist layer (19) has a viscosity of 

30 hundreds of centipoises to more than a thousand cen­
tipoise at the time of the spin coating. 

9.. The method for forming a bump electrode of a 
semiconductor device according to claim 7, characterized 
in that said bump electrode (16) is thinner than the 

35 photoresist layer {19). 
10. A bump electrode structure of a semiconductor 

device characterized in .that a bump electrode (16) is 

I lllllll llllll lllll lllll II llll 
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bonded to an electrode pad (13) with an under-bump layer 

(15) therebetween, characterized in that fine V-shaped 

grooves (17) are formed on the top surface of said bump 

electrode (16) by anisotropic etching. 

5 11. A method for forming a bump electrode· ( 16) of 

a semiconductor device, characterized by comprising: 

a process for forming an under-bump layer (15) over 

one entire face of the semiconductor device which has an 

electrode pad (13) and an insulating layer (14) covering 

10 the periphery of the electrode pad (13); 

a process for forming the bump electrode (16) on 

that portion of the under-bump layer (15) facing said 

electrode pad (13); and 

a reactive-ion (sputter) etching process for 

15 removing said under-bump layer (15) on the insulating 

layer (14) and forming fine V-shaped grooves (19) on the 

surface of the bump electrode (16). 

12. The method for forming a bump electrode (16) 

of a semiconductor device according to claim 11, charac-

20 terized in that reactive ion gas used for said reactive­

ion etching is a gas mixture of halide gas and 

c4lorine-based gas. 

13. The method for forming a bump electrode of a 

semiconductor device according to claim 12, charac-

25 terized in that said gas contains SF6· 

14. The method for forming a bump electrode of a 

semiconductor device according to claim 12, charac­

terized in that said gas contains CFCl3. 

15. The method for forming a bump electrode (16) 

30 of a semiconductor device according to claim 11, charac­

terized in that said bump electrode (16) forming process 

includes steps of applying a wet resist to the surf ace 

of the under-bump layer (15), forming an opening (14a) 

in that portion of the wet resist facing the electrode 

35 pad (13) by etching, and forming the bump electrode (16) 

inside the opening by plating. 

16. The method for forming a bump electrode of 

111111111111111111111111111111 
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a semiconductor device according to claim 15, charac­

terized in that the outer peripheral edge of said 

opening (14a) is situated inside that of said electrode 

pad ( 13), and said bump electrode (16) is thinner than 

5 the wet resist. 

Thi·11r m in1mrnmr~ 
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