
(19) United States 
US 20010000496A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0000496 A1 
Chu et al. (43) Pub. Date: Apr. 26, 2001 

(54) METALLIZING PROCESS OF 
SEMICONDUCTOR INDUSTRY 

(75) Inventors: John Chu, Hsinchu (TW); Der-Tsyr 
Fan, Hsinchu (TW); Chon-Shin J ou, 
Hsinchu (TW); Ting S. Wang, Hsinchu 
(TW) 

Correspondence Address: 
Greer, Burns & Crain, Ltd. 
25th Floor 
300 S. Wacker Drive 
Chicago, IL 60606 (US) 

(73) Assignee: Mosel Vitelic Inc. 

(21) Appl. No.: 09/725,602 

(22) Filed: Nov. 29, 2000 

Related US. Application Data 

(63) Continuation-in-part of application No. 09/129,059, 
?led on Aug. 4, 1998. 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..H01L 21/44 
(52) U8. 0]. .......................................... .. 438/653; 438/656 

(57) ABSTRACT 
A method for manufacturing a semiconductor device having 
an excellent metalliZation is provided. The method includes 
the steps of a) providing a semiconductor substrate, b) 
forming a conductive layer on the semiconductor substrate, 
c) forming a dielectric layer on the conductive layer, d) 
forming a titanium nitride layer directly on the dielectric 
layer Without contacting the conductive layer, and e) pat 
terniZing the titanium nitride layer, the dielectric layer and 
the conductive layer, Wherein the dielectric layer is used for 
avoiding spontaneous electrochemical reaction betWeen the 
titanium nitride layer and the conductive layer. 
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METALLIZING PROCESS OF SEMICONDUCTOR 
INDUSTRY 

FIELD OF THE INVENTION 

[0001] The present invention is a continuation-in-part 
application of the parent application bearing Ser. No. 
09/129,059 and ?led on Aug. 4, 1998. The present invention 
relates to a method for manufacturing a semiconductor 
device, and more particularly to a metalliZing process for a 
semiconductor device. 

BACKGROUND OF THE INVENTION 

[0002] In an integrated circuit manufacturing process, the 
stressed point, after main parts of hundreds of thousands of 
transistors have been completed, is to interconnect them to 
present an integral electronic device. The process to so 
interconnect is generally referred to as a metalliZing process. 

[0003] For a semiconductor metalliZing process, alumi 
num is the most popularly used material for the device 
runner. When the integration of the semiconductor device 
becomes higher and higher, it Would be dif?cult to use an 
aluminum-based runner again in that silicon exists a speci?c 
solid solubility With respect to aluminum and that the 
interface betWeen silicon and aluminum Will easily result in 
a spiking phenomenon through interdiffusion in a relatively 
high temperature to cause a poor contact betWeen aluminum 
Wire and MOS transistor. In addition, When the breadth of 
the aluminum becomes narroWer as the device becomes 
smaller, the aluminum atom is caused to move by electromi 
gration to result in an open state of the aluminum Wire. 

[0004] Accordingly, the present semiconductor manufac 
turing process adopts the aluminum alloy, e.g. AlCu alloy to 
serve as the conducting material for the semiconductor 
device. In order to further realiZe the metalliZation in the 
knoWn technique, in FIGS. 1A~1D, We use the AlCu alloy 
serving as the conducting material to illustrate the metalliZ 
ing process and shortcomings according to the prior art. 

[0005] FIG. 1A schematically shoWs the folloWing steps 
of providing a silicon substrate 11, forming on silicon 
substrate 11 by DC sputtering an AlCu alloy layer 12 having 
a thickness of about 5,000 A~10,000 A, and forming on 
AlCu alloy 12 a titanium nitride (TiN) layer 13 having a 
thickness of about 200 A~1500 A by reactive DC sputtering. 
It is to be noticed that in the general metalliZing process for 
the semiconductor device, the metal layer is provided 
thereon With an anti-re?ection layer of a conducting material 
in order to avoid a pattern transfer error in the photolithog 
raphy process. As such, the purpose of forming titanium 
nitride (TiN) layer 13 is to prevent the surface of AlCu alloy 
12 layer from re?ection in order to secure the exposure 
exactitude for the subsequent photolithography process. 
Thus, the device runner is consisted of AlCu layer 12 and 
titanium nitride (TiN) layer 13. Since the material property 
of titanium nitride (TiN) layer 13 is hard and the curvature 
of the chip surface in the semiconductor process is not the 
same, titanium nitride (TiN) layer 13 is extremely prone to 
crack to form a crack 131 as shoWn in FIG. 1A. 

[0006] After the anti-re?ection titanium nitride (TiN) layer 
13 is formed on AlCu layer 12, there are proceeded With 
photolithography and etching processes. The photoresist 
developer, eg the alkaline solution of sodium hydroxide 
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(NaOH) or potassium hydroxide (KOH), the etching solu 
tion, eg a solution using the chloride as the primary 
reacting gas, or the Washing agent used in the Washing 
process Will leak through crack 131. Since there exists an 
oxidiZing potential difference betWeen titanium nitride (TiN) 
layer 13 and AlCu alloy layer 12, there Will be resulted in a 
local spontaneous electrochemical reaction, just like the 
function of a galvanic cell, to have an equivalent circuit 
diagram as shoWn in FIG. 1D Where titanium nitride layer 
13 serves as an anodic plate 14 and AlCu alloy layer 12 
serves as a cathodic plate 15 in the concerned circuit. The 
spontaneous electrochemical reaction betWeen tWo electrode 
plates 14, 15 converts the chemical energy into the electric 
energy. In addition to consume the material of AlCu alloy 
layer 12, the spontaneous electrochemical reaction Will 
leave an unetchable byproduct beneath AlCu alloy layer 12. 
The by-product, as shoWn in FIG. 1B, is an aluminum oxide 
(A1203) 121 having a thickness of about 30 A~50 This 
aluminum oxide 121 cannot be removed by the etching 
chloride plasma etching titanium nitride layer 13 and AlCu 
alloy layer 12. 

[0007] Accordingly, the device runner having been sub 
jected to an etching process Will present an etched result as 
shoWn in FIG. 1C. Speci?cally, the AlCu alloy layer 12 
right beneath aluminum oxide 121 Will not be etched aWay 
and Will present an AlCu alloy residue 122. AlCu alloy 
residue 122 Will primarily explain Why the runner of AlCu 
alloy layer 12 is short-circuited. Furthermore, since AlCu 
alloy layer 12 Will be undesiredly partly etched aWay, it is 
impossible to obtain a correct runner-etching result to seri 
ously adversely in?uence the required short-circuiting con 
dition betWeen device runners Which should be overcome as 
soon as possible. 

[0008] It is therefore tried by the Applicant to deal With the 
above situation encountered in the prior art. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a process for metalliZing a semiconductor device 
Without an etching residue. 

[0010] It is further an object of the present invention to 
provide a process for metalliZing a semiconductor device 
having a desired runner pattern. 

[0011] It is additional an object of the present invention to 
provide a process for metalliZing a semiconductor device 
having a relatively high yield rate. 

[0012] According to the present invention, a process for 
metalliZing a semiconductor device comprising the steps of 
a) providing a semiconductor substrate, b) forming a con 
ductive layer on the semiconductor substrate, c) forming a 
dielectric layer on the conductive layer, d) forming a tita 
nium nitride layer directly on the dielectric layer Without 
contacting the conductive layer, and e) patterniZing the 
titanium nitride layer, the dielectric layer and the conductive 
layer, Wherein the dielectric layer is used for avoiding 
spontaneous electrochemical reaction betWeen the titanium 
nitride layer and the conductive layer. 

[0013] Certainly, the step b) can be executed by a reactive 
DC sputtering. The conductive layer can be a metal layer 
Which can be made of an AlCu alloy. The conductive layer 
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can have a thickness ranged from 5,000 A~10,000 The 
step c) can be executed by oxidation. 

[0014] Further, the dielectric layer can be an oxide layer 
Which can be an aluminum oxide (A1203) layer having a 
thickness ranged from 10 A to 20 A, or a silicon dioxide 
(SiO2) layer having a thickness ranged from 10 A to 50 

[0015] Certainly, the step c) can be executed by nitrida 
tion. The dielectric layer can be a nitride layer Which can be 
an aluminum, nitride (AlN) having a thickness ranged from 
10 A to 50 A. 

[0016] Still more, the step d) can be executed by a reactive 
DC sputtering. The titaniumonitride (TiN) layer can have a 
thickness ranged from 200 A~1,500 A. 

[0017] Preferably the step e) further includes the folloWing 
sub-steps of e1) executing a photolithography process 
according to a speci?c runner pattern to cover a photoresist 
layer on the titanium nitride layer, e2) executing a ?rst 
etching process to etch aWay portions of the titanium nitride 
layer, the dielectric layer and the conductive layer not 
covered by the photoresist layer, and e3) executing a second 
etching process to etch aWay the photoresist layer, the 
titanium nitride layer and the dielectric layer. 

[0018] The present invention may best be understood 
through the folloWing descriptions With reference to the 
accompanying draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIGS. 1A~1D are schematical views showing and/ 
or equivalent circuit diagram for the steps of a prior method 
for metalliZing a semiconductor device; and 

[0020] FIGS. 2A~2E are schematical vieWs shoWing and/ 
or equivalent circuit diagram for the steps of a preferred 
embodiment of a method for metalliZing a semiconductor 
device according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] Referring noW to FIGS. 2A~2E, there is shoWn a 
preferred embodiment of the steps of a method for metal 
liZing a semiconductor device according to the present 
invention. FIG. 1A schematically shoWs the folloWing steps 
of providing a silicon substrate 21, and forming on silicon 
substrate 21 by DC sputtering an AlCu alloy layer 22 having 
a thickness of about 5,000 A~10,000 A. FIG. 1B shoWs a 
step of forming by oxidation on AlCu alloy 22 a dielectric 
layer 23 being an oxide layer. Preferably the oxide layer 23 
is an aluminum oxide (A1203) layer having a thickness of 
about 10 A~20 A, or a silicon dioxide layer having a 
thickness of about 10 A~50A. 

[0022] Alternatively, the dielectric layer 23 can be 
obtained through nitridation to form a nitride layer. Prefer 
ably the nitride layer 23 is an aluminum nitride (AlN) layer 
having a thickness of about 10 A~50A. 

[0023] Certainly, the oxidiZation or nitridation reaction 
can be proceeded in the folloWing manner. 

[0024] 1. Like the cluster tool measure, after sput 
tered, AlCu alloy layer 22 Will be placed in a reaction 
chamber ?lled With oxygen gas (O2) or nitrogen gas 
(N2) to form on AlCu alloy 22 by such so-called 
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“vacuum-rupturing” procedure an oxide or nitride 
layer 23 to be further deposited thereon the titanium 
nitride layer 24. It is to be noticed that the procedure 
for forming the oxide or nitride layer 23 is cost 
effective and simple. 

[0025] 2. Alternatively, While AlCu alloy layer 22 is 
continuously sputtered, the system is supplied With 
an oxygen or nitrogen plasma to form on AlCu alloy 
layer 22 the oxide or nitride layer 23 to be covered 
thereon With titanium nitride layer 24. Such process 
for forming the oxide or nitride layer 23 can be 
exactly controlled and can obtain a desired thickness 
therefor. 

[0026] Since the oxide layer, i.e. aluminum oxide layer 23, 
obtained through the above procedure has a thickness of 
about 10 A~20 A Which is very thin and can be easily 
removed by the subsequent etching process. 

[0027] FIG. 2C schematically shoWs the step of forming 
by reactive DC sputtering on dielectric layer 23 a titanium 
nitride (TiN) layer 24 Which has a thickness of about 200 
A~1,500 A and serves as an anti-re?ection layer to prevent 
a pattern transfer error in the subsequent photolithography 
process. 

[0028] FIG. 2D schematically shoWs the steps of execut 
ing a photolithography process to form a photoresistant layer 
on titanium nitride (TiN) layer 24 according to the desired 
runner pattern, executing an etching process to remove AlCu 
layer 22, dielectric layer 23 and titanium nitride (TiN) layer 
24 Which are not covered by the photoresistant layer, and 
executing a further etching process to remove the photore 
sistant layer, titanium nitride (TiN) layer 24 and dielectric 
layer 23 to obtain AlCu alloy layer 22 having a pattern the 
same With the desired runner pattern to complete the met 
alliZing process. While the photolithography and etching 
processes are proceeded, even if in titanium nitride (TiN) 
layer 24, there is a crack through Which the photoresist 
developer, etching solution or the Washing agent leaks, the 
spontaneous electrochemical reaction betWeen titanium 
nitride 24 and AlCu alloy layer 22 Will be avoided through 
the provision of dielectric layer 23 having a high impedance. 

[0029] FIG. 2E schematically shoWs an equivalent circuit 
diagram according to the present invention Where titanium 
nitride layer 24 serves as an anodic plate 25, AlCu alloy 
layer 22 serves as a cathodic plate 26 in the concerned 
circuit, and dielectric layer 23 equals to a high impedance 
material. In this equivalent circuit, the reaction speed of the 
spontaneous electrochemical reaction betWeen tWo electrode 
plates 25, 26 is effectively retarded by high impedance 
material 27. 

[0030] Thus, since the present invention exists no metal 
residue as in the prior art, not only the short-circuiting 
phenomenon in AlCu alloy layer 22 is prevented but also a 
correct runner etching result is obtained and a loWer rejec 
tion rate is possible. 

[0031] In sum, according to the present method for met 
alliZing a semiconductor device, it includes the steps of a) 
providing a semiconductor substrate, b) forming a conduc 
tive layer on the semiconductor substrate, c) forming a 
dielectric layer on the conductive layer, d) forming a tita 
nium nitride layer on the dielectric layer, and e) patterniZing 
the titanium nitride layer, the dielectric layer and the con 
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ductive layer. The spontaneous electrochemical reaction 
between the titanium nitride layer and the conducting layer 
Will be avoided through the provision of the dielectric layer 
having a high impedance since the etched runner residue is 
obviated. 

[0032] While the invention has been described in terms of 
What are presently conedgered to be the most practical and 
preferred embodiments, it is to be understood that the 
invention need not be limited to the disclosed embodiment. 
On the contrary, it is intended to cover various modi?cations 
and similar arrangements included Within the spirit and 
scope of the appended claims Which are to be accorded With 
the broadest interpretation so as to encompass all such 
modi?cations and similar structures. Therefore, the above 
description and illustration should not be taken as limiting 
the scope of the present invention Which is de?ned by the 
appended claims. 

What We claim is: 
1. A metalliZing process for metalliZing a semiconductor 

device comprising the steps of: 

a) providing a semiconductor substrate; 

b) forming a conductive layer on said semiconductor 
substrate; 

c) forming a dielectric layer on said conductive layer; 

d) forming a titanium nitride layer directly on said dielec 
tric layer and Without contacting said conductive layer; 
and 

e) patterniZing said titanium nitride layer, said dielectric 
layer and said conductive layer, 

Wherein said dielectric layer is used for avoiding sponta 
neous electrochemical reaction betWeen said titanium 
nitride layer and said conductive layer. 

2. The metalliZing process according to claim 1 Wherein 
said step b) is executed by a reactive DC sputtering. 

3. The metalliZing process according to claim 1 Wherein 
said conductive layer is a metal layer. 

4. The metalliZing process according to claim 3, Wherein 
said metal layer is made of an AlCu alloy. 

5. The metalliZing process according to claim 1 Wherein 
said conductive layer has a thickness ranged from 5,000 
A~10,000 A. 
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6. The metalliZing process according to claim 1 Wherein 
said step c) is executed by oxidation. 

7. The metalliZing process according to claim 6 Wherein 
said dielectric layer is an oxide layer. 

8. The metalliZing process according to claim 7 Wherein 
said oxide layer is an aluminum oxide (A1203) layer. 

9. The metalliZing process according to claim 8 Wherein 
said aluminum oxide layer has a thickness ranged from 10 
A to 20 A. 

10. The metalliZing process according to claim 7 Wherein 
said oxide layer is a silicon dioxide (SiO2) layer. 

11. The metalliZing process according to claim 10 Wherein 
said silicon dioxide layer has a thickness ranged from 10 A 
to 50 

12. The metalliZing process according to claim 1 Wherein 
said step c) is executed by nitridation. 

13. The metalliZing process according to claim 1 Wherein 
said dielectric layer is a nitride layer. 

14. The metalliZing process according to claim 13 
Wherein said nitride layer is an aluminum nitride (AlN) 
layer. 

15. The metalliZing process according to claim 14 
Wherein said aluminum nitride layer has a thickness ranged 
from 10 A to 50 

16. The metalliZing process according to claim 1 Wherein 
said step d) is executed by a reactive DC sputtering. 

17. The metalliZing process according to claim 1 Wherein 
said titanium nitride layer having a thickness ranged from 
200 A~1,500 A. 

18. The metalliZing process according to claim 1 Wherein 
said step e) further includes the folloWing sub-steps of: 

e1) executing a photolithography process according to a 
speci?c runner pattern to cover a photoresist layer on 
said titanium nitride layer; 

e2) executing a ?rst etching process to etch aWay portions 
of said titanium nitride layer, said dielectric layer and 
said conductive layer not covered by said photoresist 
layer; and 

e3) executing a second etching process to etch aWay said 
photoresist layer, said titanium nitride layer and said 
dielectric layer. 


