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(57) ABSTRACT 

A method of making a semiconductor device comprises 
forming a gate electrode on a semiconductor substrate, 
forming a diffusion layer in the semiconductor substrate, 
forming a ?rst SiO2 ?lm on a bottom surface of the 
semiconductor substrate and second SiO2 ?lm on an upper 
surface of the semiconductor substrate, removing the second 
SiO2 ?lm, forming a CoSi2 ?lm on the diffusion, and 
removing an undesired cobalt from the ?rst SiO2 ?lm. 
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METHOD OF MAKING A SEMICONDUCTOR 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to processes for pro 
ducing semiconductor devices and, particularly, to a process 
for producing semiconductor devices While preventing con 
tamination otherWise produced during loW pressure-chemi 
cal vapor deposition (LP-CVD). 

[0003] 2. Description of the Related Art 

[0004] Where semiconductor devices, such as dynamic 
random access memories (DRAMs), are produced, intercon 
nections on the surface of an n+ diffusion layer are made of 
polysilicon. One Way to provide high speed, high-density 
semiconductor devices is further miniaturiZation of the 
devices. For eXample, a DRAM having a gate length of 0.18 
um or less is being developed. To reduce the resistance 
betWeen the n+ diffusion layer and the interconnection in the 
contact area of a DRAM, tungsten interconnection has been 
proposed. HoWever, for the 0.18 um or less device, the 
resistance betWeen the tungsten interconnection and the n+ 
diffusion layer is still too high, and further reduction is 
demanded. For this reason, cobalt siliside (CoSi2) has been 
provided betWeen the n+ diffusion layer and the tungsten 
interconnection. 

[0005] HoWever, after the CoSi2 ?lm is formed on the n+ 
diffusion layer, it is necessary to form an insulation ?lm, 
such as silicon nitride (SiN) ?lm, on the CoSi2 ?lm. This is 
made by LP-CVD. The structure or intermediate structure 
obtained by LP-CVD has a CoSi2 ?lm. Consequently, the 
back side of the structure can be contaminated by the heavy 
metal adhering to the carrier used in the heavy metal process 
Wherein the heavy metal or cobalt is used. The inventors 
have con?rmed that the amount of a heavy metal, such as 
tungsten or titanium, adhering to the back side of the 
structure is not more than 10 atoms/cm. If such a structure 
is put into a LP-CVD reaction furnace, the quartZ component 
or dummy Wafer in the structure Would be contaminated. In 
addition, Where the LP-CVD is batch processed, other 
devices in the batch process are contaminated. This con 
tamination leads to impairment of the device electrical 
characteristics. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the invention to 
provide a process for producing a semiconductor device 
capable of preventing contamination of the device in the 
LP-CVD process that is performed after the heavy metal 
process. 

[0007] According to the invention there is provided a 
process for producing a semiconductor device including a 
heavy metal step Wherein a heavy metal is used, comprising 
the steps of depositing an insulation ?lm on a back side of 
a structure prior to the heavy metal step; and removing from 
the insulation ?lm the heavy metal that has adhered to the 
insulation ?lm in the heavy metal step. 

[0008] Since the insulation ?lm is formed on the back side 
of a structure prior to the heavy metal process, the insulation 
?lm, to Which undesired heavy metal adheres, prevents the 
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heavy metal from diffusing into the structure. The heavy 
metal is removed from the insulation ?lm prior to the neXt 
step so that contamination, by the heavy metal, of the 
components of a structure is avoided. Also, contamination of 
the other structures in the same batch is avoided. 

[0009] It is preferred that the insulation ?lm has a thick 
ness of 10-20 nm. If the ?lm thickness is too large, the 
formation time is so long that the amount of particles is 
increased too much to be practical. Thus, it is preferred that 
the ?lm thickness be no more than 20 nm. To make the 
insulation even in thickness and high in quality, it is pre 
ferred that the ?lm thickness be no less than 10 nm. 

[0010] Also, it is preferred that the insulation ?lm is an 
oXide ?lm. An eXample of the substrate for the structure is 
a silicon substrate, on the back side of Which the oXide ?lm 
is formed. Then, the structure is subjected to the process 
With a heavy metal. As a result, the heavy metal adheres to 
the oXide ?lm. The bonding force betWeen the oXide ?lm and 
the heavy metal is Weaker than that betWeen the silicon 
substrate and the heavy metal so that the heavy metal can be 
readily removed With hydrogen ?uoride or the like. 
Since there is the oXide ?lm betWeen the heavy metal and the 
substrate, it is possible to suppress diffusion of the heavy 
metal into the substrate. Where the oXide ?lm is formed by 
LP-CVD, the oXide ?lm becomes rich With silicon in the ?rst 
2-3 nm layer. Consequently, to form a stoichiometric SiO2 
?lm, it is necessary to make the ?lm at least 10 nm thick. 

[0011] Alternatively, it is preferred that the insulation ?lm 
is a nitride ?lm. If the substrate is a silicon substrate, the 
nitride ?lm is formed on the back side of the silicon 
substrate. Then, the structure is subjected to the process With 
a heavy metal. As a result, the heavy metal adheres to the 
nitride ?lm. The chemical bond betWeen silicon and nitrogen 
of the SiN ?lm is incomplete in comparison With the 
chemical bond betWeen silicon and oxygen of the SiO2 ?lm 
so that the heavy metal is bonded With silicon of the nitride 
?lm With a strong force. Consequently, there is no danger 
that the adhered heavy metal diffuses into the silicon sub 
strate from the nitride ?lm. Then, the heavy metal is lifted 
off together With the nitride surface layer With HF or the like. 

[0012] Where the insulation ?lm is either oXide or nitride 
?lm, it is easy to remove the heavy metal from the surface 
With HF. More speci?cally, the structure With the insulation 
?lm is immersed in a 0.3% HF solution for 60 seconds to 
remove the heavy metal. 

[0013] Then, the insulation ?lm may be removed. This is 
also achieved by Wet etching With HF. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIGS. 1(A)-(C) are sectional vieWs of the contact 
area of a semiconductor device according to an embodiment 

of the invention; 
[0015] FIGS. 2(A)-(c) are sectional vieWs of the contact 
area; and 

[0016] FIGS. 3(A) and (B) are sectional vieWs of the 
contact area. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Embodiments of the invention Will noW be 
described With reference to the accompanying draWing, 
Wherein the contact area of a DRAM having a gate length of 
0.18 um is shoWn. 
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[0018] As shown in FIG. 1A, a gate electrode 3 is formed 
on a semiconductor substrate 14 via a gate oxide ?lm 2. A 
spacer 4 is formed on a sidewall of the gate electrode 3. An 
n type diffusion layer 16 is formed in the semiconductor 
substrate 14. 

[0019] As shoWn in FIG. 1B, SiO2 ?lms 12x and 12y are 
formed on an upper surface 14b and a bottom surface 14a of 
the semiconductor substrate 14, respectively. The SiO2 ?lms 
12x and 12y having a thickness of 10 to 20 nm are formed 
using LP-CVD process. 

[0020] As shoWn in FIG. 1C, the SiO2 ?lm 12x is 
removed by dry etching With a chloride gas. As a result, only 
the SiO2 ?lm 12y remains on the bottom surface 14a of the 
semiconductor substrate 14. 

[0021] As shoWn in FIG. 2A, a CoSi2 ?lm 18 is formed 
by CVD on the n type diffusion layer 16 on the upper surface 
14b of the semiconductor substrate 14. An undesired cobalt 
20 adheres from a carrier to the SiO2 ?lm 12y during 
transferring the semiconductor substrate 14 using the carrier 
to an apparatus for the CVD process of the cobalt. 

[0022] As shoWn in FIG. 2B, the undesired cobalt 20 is 
removed from the SiO2 ?lm 12y. Concretely, the structure 
With the CoSi2 ?lm 18 is put in 0.3% HF aqueous solution 
for 60 seconds to etch off the undesired cobalt 20. 

[0023] As shoWn in FIG. 2C, a SiN ?lm 22 is formed on 
the CoSi2 ?lm 18 by LP-CVD process. Since the undesired 
cobalt 20 has been removed from the bottom surface 14a of 
the semiconductor substrate 14, the LP-CVD process does 
not contaminate the interior of the reactive furnace With the 
undesired cobalt 20. Also, it does not contaminate other 
devices With the undesired cobalt 20 in the batch process. 

[0024] As shoWn in FIG. 3A, an interlayer insulation ?lm 
24 is formed on the SiN ?lm 22. Then, cobalt holes 26 are 
formed in the interlayer insulation ?lm 24 so as to eXpose the 
CoSi2 ?lm 18 surface. 

[0025] As shoWn in FIG. 3B, the contact holes 26 are 
?lled With tungsten 28 as interconnections. 

[0026] Since there is the CoSi2 ?lm 18 betWeen the n+ 
diffusion layer 16 and the Wiring tungsten 28a and 28b in the 
contact area 30, the resistance betWeen the n+ diffusion layer 
16 and the Wiring 28a and 28b is reduced. 

[0027] Alternatively, the SiO2 ?lm on the back side 10a of 
the structure 10 is replaced by a SiN ?lm. The SiN ?lm is 
formed by LP-CVD in the same manner as the SiO2 ?lm. 
The preferred thickness of the SiN ?lm ranges from 10 to 20 
nm. The chemical bond betWeen Si and N in the SiN ?lm is 
incomplete so that the heavy metal not only adheres to the 
SiN ?lm but also bonds With Si of the SiN ?lm, thus 
preventing the heavy metal from diffusing into the silicon 
substrate from the SiN ?lm. The adhered heavy metal is 
removed With the HF solution in the same manner as the 
SiO2 ?lm. The heavy metal makes strong bond With Si of the 

May 30, 2002 

SiN ?lm but it can be removed along With the SiN ?lm 
portion that is etched off by the HF. 

[0028] It should be noted that the present invention is not 
limited to the illustrated fabrication of the contact area of a 
DRAM having a gate length of 0.18 um. 

[0029] As has been described above, according to the 
invention, an insulation ?lm is formed on the back side of an 
intermediate structure prior to the process With a heavy 
metal so that the heavy metal adheres to the insulation ?lm 
in the heavy metal process, Which prevents the heavy metal 
from diffusing into the structure. The heavy metal is 
removed from the insulation ?lm prior to the neXt step so 
that contamination, by the heavy metal, of the components 
of a structure is prevented. Also, the other structures in the 
same batch are not contaminated. 

1. A method of making a semiconductor device compris 
ing: 

forming a gate electrode on a semiconductor substrate; 

forming a diffusion layer in the semiconductor substrate; 

forming a ?rst SiO2 ?lm on a bottom surface of the 
semiconductor substrate and forming second SiO2 ?lm 
on an upper surface of the semiconductor substrate; 

removing the second SiO2 ?lm; 

forming a CoSi2 ?lm on the diffusion; and 

removing an undesired cobalt from the ?rst SiO2 ?lm. 
2. Amethod of making a semiconductor device as claimed 

in claim 1, Wherein the ?rst and second SiO2 ?lms are 
formed using LP-CVD. 

3. Amethod of making a semiconductor device as claimed 
in claim 1, Wherein the second SiO2 ?lm is removed by dry 
etching. 

4. Amethod of making a semiconductor device as claimed 
in claim 3, Wherein the dry etching is carried by a chloride 
gas. 

5. Amethod of making a semiconductor device as claimed 
in claim 1, Wherein the undesired cobalt is etched off putting 
in 0.3% HF aqueous solution for 60 seconds. 

6. Amethod of making a semiconductor device as claimed 
in claim 1, Wherein the undesired cobalt is adhered from a 
carrier to the second SiO2 ?lm during transferring the 
semiconductor substrate using the carrier to an apparatus for 
the CVD process of he cobalt. 

7. Amethod of making a semiconductor device as claimed 
in claim 1, further comprising: 

forming a SiN ?lm on the CoSi2 ?lm; 

forming an interlayer insulation ?lm on the SiN ?lm, the 
interlayer insulation ?lm having contact holes so as to 
expose the CiSi2 ?lm; and 

?lling the contact holes With tungsten as interconection. 

* * * * * 


