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(57) ABSTRACT 
Asemiconductor device manufacturing method comprises a 
step of forming a trench to a ?rst insulation ?lm formed on 
a semiconductor substrate, and forming a loWer level Wiring 
in the trench, a step of forming at least one conductive layer 
on the semiconductor substrate to coat the loWer level 
Wiring, a step of forming at least one thin ?lm layer on the 
conductive layer, a step of forming a hard mask by pattern 
ing the thin ?lm, a step of etching the conductive layer by 
using the hard mask as an etching mask, and forming a 
conductive pillar-shaped structure, Whose upper surface is 
covered With the hard mask, on the loWer level Wiring, a step 
of forming a second insulation ?lm on the semiconductor 
substrate so that the pillar-shaped structure is buried, a step 
of forming a Wiring trench in Which at least the hard mask 
is exposed, and a step of burying a conductor into the Wiring 
trench after the hard mask is removed, and forming an upper 
level Wiring in the Wiring trench. 
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SEMICONDUCTOR DEVICE MANUFACTURING 
METHOD AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device of multi-level Wiring structure such as a logic LSI 
(Logical Large Scale Integrated Circuit), a DRAM 
(Dynamic Random Access Memory), SRAM (Static RAM), 
a CMOS (Complementary Metal Oxide Semiconductor) or 
a bipolar transistor (Bipolar Transistor), especially, to a 
formation of multi-level Wiring Which includes via-contact 
formation using Wiring formation and a conductive pillar 
shaped structure (pillar), and a semiconductor device Which 
has a multi-level Wiring structure. 

[0002] Conventionally, in general, When a connection 
plug, Which electrically connects betWeen the Wirings of the 
upper level and the loWer level in the multi-level Wiring 
structure of the semiconductor device, is formed, a method 
of opening a contact hole by using a reactive ion etching 
(RIE (Reactive Ion Etching)) method etc. for an interlevel 
insulation ?lm, and forming the connection plug by burying 
a conductive material such as metal is used. 

[0003] This conventional art has the folloWing disadvan 
tages. At the RIE for the opening of the contact hole, 
physical damage and corrosion are caused on the surface of 
loWer level Wiring exposed to the bottom of the contact hole 
With the etching gas and the sputtered particle. A contact 
resistance betWeen the above-mentioned connection plug 
and the loWer level Wiring rises by adhering the etching 
residue and the sputtered particle. When the contact hole is 
not formed at a desired position by the occurrence of the 
missalignment With the loWer Wiring pattern at formation of 
the contact hole, the loWer Wiring side and the interlevel 
insulation ?lm thereunder are excessively etched by RIE. In 
addition, the undesirable short-circuit With the Wiring of the 
loWer level is occurs, and the cave remains around a ?ne 
Wiring. As a result, the reliability loWers. 

[0004] When the loWer level Wiring is formed, a method 
of forming a conductive pillar-shaped structure (pillar) and 
the loWer level Wiring at the same time is knoWn. This 
method is a method of depositing a metal ?lm on the 
insulation ?lm formed on the semiconductor substrate, 
forming the connection plug With a photolithography and the 
etching methods such as an RIE and leaving a metal ?lm in 
the trench to form the loWer level Wiring. HoWever, the 
loWer level Wiring is the same material as the connection 
plug, and changing both of the material cannot broaden the 
variety of the selection of the material. Moreover, When the 
connection plug is etched, the loWer level Wiring might be 
over-etched. In addition, the missalignment might be 
occurred When the connection plug and the upper level 
Wiring are connected. 

[0005] Recently a high speed operation has come to be 
requested to the device. Therefore, a loWer resistance mate 
rial is required as for the Wiring material. Copper (Cu) has 
been paid attention so as to respond to the request and is 
multi-used. The electrical resistivity of the copper is 1.8 
pQcm, and it is greatly loW among the Wiring material. 
Besides this, tungsten Whose resistivity is 10 to 20 
pQcm and aluminum Whose resistivity is 3 to 4 pQcm 
are used Well as a Wiring material. Therefore, AlCu alloy is 
used as any of the loWer level Wiring 12, the connection plug 

Nov. 8, 2001 

14 (conductor pillar), and the upper level Wiring 18 shoWn 
in FIG. 1A and FIG. 1B, for example, but is considered that 
the Wiring resistance is reduced by using Cu for the loWer 
level Wiring 12 and the upper level 18, and using Al for the 
connection plug 14. 

[0006] HoWever, the inconvenience might happen When 
Cu is used as it is. First, Cu has characteristics to diffuse into 
the insulation ?lm in the state of the atom When Cu is 
covered by the insulation ?lm. Especially, the moving of Cu 
becomes active if Cu is heated by the use of the device and 
the heat-treating step under manufacturing, then the Wiring 
is destroyed and comes to cause the disconnection and the 
short-circuit accident easily. Moreover, the surface is oxi 
diZed When Cu is exposed in (the) air, and advantage of the 
loW resistance is lost. 

[0007] Moreover, in the above-mentioned pillar technol 
ogy, since the pillar-shaped structure (pillar) is formed only 
to connection part of the loWer level Wiring and the upper 
level Wiring, the ratio of the region Where the pillar-shaped 
structure is formed becomes very small and is about several 
% or less of the Whole. Therefore, the pillar-shaped structure 
is excessively etched, for example, When the drying etching, 
and the processing of the pillar-shaped structure becomes 
dif?cult. The planarity of the interlevel insulation ?lm 
formed after processing of the pillar-shaped structure dete 
riorates. 

[0008] As described above, since the ratio of the region 
Where the pillar-shaped structure is formed is very small 
When the pillar technology is used for the connection of the 
loWer level Wiring and the upper level Wiring, there is a 
subject matter of a bad processing control of the pillar 
shaped structure and a bad planarity of the interlevel insu 
lation ?lm. 

BRIEF SUMMARY OF THE INVENTION 

[0009] An object of the present invention is as folloWs. 

[0010] (1) To provide a semiconductor device manufac 
turing method having the multi-level Wiring structure Which 
can secure the space, in Which the contact structure betWeen 
the loWer level Wiring and the upper level Wiring is arranged, 
before depositing the interlevel insulation ?lm, can prevent 
from the damage at RIE and impurities on the surface of 
Wiring under the contact hole, and can secure the reliability 
With the contact of the loWer level Wiring even if the 
missalignment is occurred at the contact hole. 

[0011] (2) To provide a semiconductor device manufac 
turing method Which has the multi-level Wiring structure to 
connect betWeen Wirings in Which the protection ?lm to 
control the diffusion of the Wiring material into the insula 
tion ?lm (or, to control the oxidation of the Wiring material) 
can be deposited Without greatly increasing steps, and the 
semiconductor device manufactured by the method. 

[0012] (3) To provide a manufacturing method capable of 
improving the processing controllability and the planarity of 
the interlevel insulation ?lm of the pillar-shaped structure 
(pillar) When the pillar technology is used to connection step 
of the loWer level Wiring and the upper level Wiring. 

[0013] According to the ?rst aspect of the present inven 
tion, in the semiconductor device manufacturing method or 
the semiconductor device, a hard mask is formed on upper 
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portion of the pillar, the process is advanced With leaving the 
hard mask, and the hard mask is removed immediately 
before connecting the pillar With the upper level Wiring, 
When the loWer level Wiring (the ?rst buried Wiring) and the 
upper level Wiring (the second Wiring) are connected With 
the pillar-shaped structure (pillar). Where, it is desirable to 
form a protection ?lm on the surface of the loWer level 
Wiring uncovered With at least the pillar-shaped structure 
after the pillar-shaped structure is formed. 

[0014] The hard mask may be a silicon oxide, a silicon 
nitride, or a tungsten. 

[0015] The ?rst aspect of the present invention comprises 
the folloWing features. First, after the ?rst buried Wiring 
(loWer level Wiring) Which consists of Cu is formed on the 
?rst interlevel insulation ?lm, a conductive layer, in Which 
the connection plug Which consists of, for example, Al/W/ 
WN or Cu, etc. is formed, is formed. Next, this conductive 
layer is processed to the connection plug by the lithography 
technology and the RIE method. That is, in the ?rst aspect 
of the present invention, a hard mask materials such as the 
silicon nitride ?lm or the silicon oxide ?lm for forming the 
connection plug is deposited as an etching mask on a 
conductive layer Where the connection plug is formed. The 
protection ?lm such as silicon nitride ?lms (Si3N4) With an 
effect by Which the diffusion of Cu to the interlevel insula 
tion ?lm is controlled and an effect by Which the oxidation 
of the Cu surface is controlled is deposited on the connection 
plug and the ?rst interlevel insulation ?lm by the CVD 
method or the reactive sputtering method, etc. as desired 
thickness if necessary. Thereafter, the second interlevel 
insulation ?lm is deposited, the upper level Wiring is buried 
in the second interlevel insulation ?lm. As a result, the loWer 
level Wiring and the upper level Wiring are connected by the 
connection plug. 

[0016] In addition, since the protection ?lm Which has a 
Cu diffusion prevention effect and an oxidation control 
effect in the region Where the connection plug on the ?rst 
buried Wiring (loWer level Wiring) does not exist is depos 
ited, and neither the ?rst buried Wiring (loWer level Wiring) 
nor the interlevel insulation ?lm are not contacted directly 
unlike the conventional ones, an excellent characteristic is 
obtained Without requiring the complicated steps. Both of 
the hard mask and the protection ?lm also have an advantage 
of enlarging the difference alloWance in the depth direction 
When the second Wiring trench is processed. 

[0017] Therefore, the difference alloWance in the depth 
direction is enlarged, and the poor coverage of the barrier 
metal of the upper level is prevented by the present inven 
tion. In addition, the Cu diffusion from the loWer level 
Wiring can be prevented according to the present invention. 

[0018] The upper surface of the pillar to take the electric 
contact With the Wiring can be prevented from oxidiZing 
during the process, being polluted, and occurring the chemi 
cal reaction by leaving a hard mask until the formation of the 
second Wiring trench. 

[0019] In the second aspect of the present invention, a 
semiconductor device comprises: a semiconductor substrate 
in Which a ?rst insulation layer having a trench Where a 
loWer level Wiring is buried is formed; a conductive layer 
having a component Which includes a barrier metal function 
formed on the loWer level Wiring; a conductive pillar-shaped 

Nov. 8, 2001 

structure Which is connected With the conductive layer and 
is formed on the semiconductor substrate; and a second 
insulation layer formed on the semiconductor substrate in 
order to surround the pillar-shaped structure, and the second 
insulation layer has a trench formed to expose an upper 
portion of the pillar-shaped structure. And, an upper level 
Wiring Which is electrically connected With the pillar-shaped 
structure is formed in the trench. 

[0020] The preferred manner of the second aspect is as 
folloWs. 

[0021] (1) The conductive layer has at least tWo layers. Or, 
the conductive layer includes WN, and, desirably, the con 
ductive layer further includes W. The connection plug on the 
?rst buried Wiring (loWer level Wiring) has, for example, Al 
Which is a main material of the connection plug and a 
conductive layer to prevent from over-etching to the ?rst 
buried Wiring When the Al is processed to the pillar-shaped 
structure by the RIE processing. In addition, When each 
material of the ?rst buried Wiring and the connection plug is 
different, for example, Cu as the Wiring material and Al as 
the plug material. For example, WN can be applied as a 
conductive layer to meet this requirement, but since the WN 
has a high resistivity, the WN raises the entire resistance of 
the connection plug When a necessary ?lm thickness is 
formed to have enough stopper function. Therefore, prefer 
ably, W Which has only the stopper function and the elec 
trical resistivity thereof is small is stacked thereto. As a 
result, the connection plug having the stopper function and 
the barrier function as W and WN stacking ?lm, and loW 
resistance can be formed. That is, the above-mentioned 
advantage is achieved by Which the conductive layer has at 
least ?rst and second layers, the ?rst layer of the conductive 
layer functions as an etching stopper and a barrier layer 
When the pillar-shaped structure is processed, and the second 
layer of the conductive layer has a loWer resistance than the 
?rst layer of the conductive layer, and functions as an 
etching stopper When the pillar-shaped structure is pro 
cessed. 

[0022] (2) The surface of the loWer level Wiring and the 
?rst insulation layer is substantially in the same plane, the 
conductive layer is formed so as to be connected With at least 
a part of the loWer level Wiring, and the semiconductor 
device further comprises a protection ?lm covering the 
surface of the loWer level Wiring Which is uncovered With 
the pillar-shaped structure and formed to be deposited on an 
upper portion of the pillar-shaped structure. The alloWance 
becomes large since the protection ?lm can be used as a 
position alignment alloWance betWeen the second Wiring 
trench bottom and the upper surface of the pillar in the depth 
direction. 

[0023] (3) The conductive layer is formed in the trench to 
cover all surfaces of the loWer level Wiring. Though the 
loWer level Wiring is covered With the protection ?lm for 
preventing the Cu diffusion in (2), there is an advantage of 
reducing the capacity betWeen the Wirings since it is unnec 
essary to cover the upper surface of the Wiring With the 
protection ?lm having high permittivity (for example, SiN). 

[0024] (4) The conductive layer includes the material 
Which can be selectively etched for the ?rst insulation ?lm. 
Where, a horiZontal section of the pillar-shaped structure is 
narroWer than a horiZontal section of the conductive layer. 
The pillar-shaped structure or the conductive layer has the 




























