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INTRODUCTION 
The effect of H2O2 and corrosion inhibitor on the Static etch rate (SER) and removal rate (RR) of 

molybdenum (Mo) was investigated. SER and chemical mechanical planarization (CMP) experiments were 
performed using H2O2-based slurries and amino acid groups at pH 7. The Mo surfaces were evaluated in 
order to maintain high RR and lower SER conditions. Several inhibitors were selected during the study and 

results showed that during CMP, the RR of Mo surfaces increased by increasing the concentrations of silica 

particles and H2O2. However, the increase in H2O2 concentration showed significant effect on the surface 
roughness than increasing the silica concentration in the slurry. Consequently, lower concentration of H2O2 
was selected for the optimal surface roughness during the CMP process. 
 

BACKGROUND 
As the sizes of integrated circuit (IC) devices continued to shrink below 10 nm, the resistivity of Cu 

increased to a high level at a narrower interconnect due to an increase in electron scattering of Cu materials 
and generation of barrier scaling. [1] The new interconnect material to replace Cu should be a material with 
low resistance and high melting temperature. [2] Table 1 shows the melting temperature and bulk resistivity 
of certain metals where tungsten (W) has the highest melting temperature which is  similar to bulk 
resistance of molybdenum (Mo), however the mean free path value of  Mo and W is 11.2 nm and  5.5 nm, 
which is used as an indicator of the expected line resistance in small dimensions.[3] Barrierless 
metallization has another potential advantage of Mo due to its high adhesion energy with low k. 

To use Mo in the interconnects requires demarcated polishing conditions during CMP process. which 
includes the selection of a suitable slurry, to achieve high removal rate and low CMP defects. Generally, 
metal CMP slurries commonly uses H2O2 as an oxidizer to polish metal oxide films that can be easily 
removed from the surface. [4-9] Currently Cu, Ru and Mo are considered as the better candidates for the 
application as an interconnect material, whereas as the research on the Mo is an innovative approach 
therefore the literature on Mo CMP is very limited. Ryu et al., have worked on Mo films during the CMP 
process where they have mentioned the important role of H2O2 as an oxidizing agent for polishing of Mo 
films. [10] The usage of oxidizers in the metal CMP slurries has a significant role to achieve the desired 
polishing requirements. Also, among the specific literature on Mo materials, GuangYang et al., found that 
the amino acids had an inhibition effect on the etching and removal of Mo from the surfaces. In this study, 
the effect of H2O2 and amino acid groups on the polishing of Mo thin films was investigated. [11] Chemical 
etching and CMP experiments were performed using H2O2-based solutions and slurries. 

 
EXPERIMENTAL 

A 100 nm Mo film was deposited on the SiO2 layer by PVD (Physical Vapor Deposition) method. Samples 
were stored at room temperature and air dried after deposition. The wafer was cut into coupon sizes for 
SER and CMP experiments. The SER of Mo was evaluated by immersing Mo coupons in a solution 
containing H2O2 for 90 seconds, rinsing with deionized (DI) water, and drying with N2 gas. All CMP 
experiments were performed on a Mecapole E460 polisher (Alpsitec CMP, France) with a hard pad 
Visionpad 5000 (DuPont, USA). For polishing the platen and head speed was 90 and 80 rpm and slurry flow 
rate was maintained at 150ml/min, respectively, whereas, polishing pressure was 3-5 psi. CMP pad 
conditioning was performed for 1 min between each sample using diamond discs to avoid any reaction due 
to the presence of by-products left after CMP as well as for the better pad surface conditions. However, 
before changing the slurry conditions pad conditioning was performed for 5 mins. 0.1~2.5% H2O2 (30 wt.%; 
KMG Chemicals, USA) and 4~8 wt.% colloidal silica particles (average size 35 nm, PL-3, FUSO, Japan) 



 
 

 

were used as an oxidizing agent and abrasive particle, respectively. The pH of the solution was adjusted 
with HNO3 (69.5 wt.%; KMG Chemicals, USA). SER and RR were calculated by measuring the sheet 
resistance (Rs) of the Mo film with a four-point probe (OmniMap RS75, KLA-Tencor, US) before and after 
the experiment. The surface roughness of Mo was analyzed with an atomic force microscope (Dimension 
Icon, Bruker, US) in an area of 5 × 5 μm2. 
 
Table 1 Melting temperature and bulk resistivity of metals, for interconnecting material 
 
Element Melting Temperature (°C) Bulk Resistivity (μΩ-cm) 

Aluminum 660 2.65 
Copper 1085 1.68 
Cobalt 1495 6.20 
Ruthenium 2335 7.80 
Molybdenum 2620 5.34 
Tungsten 3400 5.28 
 
 

DISCUSSION 
The SER and RR of Mo were evaluated to understand the effect of corrosion inhibitors on the corrosion 

and abrasive behavior of Mo. Fig. 1 shows the SER and RR of Mo according to various corrosion inhibitors 
in 2.5 wt% H2O2 solutions at pH. The results showed that presence of amino acids decreased the SER and 
RR of Mo surfaces. Table. 2 shows the comparison of Mo film ratio (RR/SER) for different corrosion 
inhibitors. At Fig1 and Table2, L-Histidine had a lower SER compared to a higher RR It shows that 
L-Histidine has the best inhibition role in the group of amino acids. Fig. 2 shows the etching and RR of Mo 
according to the concentration of L-Histidine in 2.5 wt% H2O2 solutions at pH 7. As the concentration of 
L-Histidine increased, the RR and SER of Mo decreased. 

 

 
Figure 1 Mo Removal Rate & Static Etch Rate with amino acids 

 
Table 2 Mo film ratio (RR/SER) according to the type of corrosion inhibitor 
 

Inhibitor Glycine L-Cysteine L-Histidine L-Arginine 

Ratio (RR/SER) 2.01 4.22 4.73 3.17 



 
 

 

 
Figure 2 Mo Removal Rate & Static Etch Rate each L-Histidine concentration 

 
The removal rate also decreased due to the addition of L-Histidine. Additional experiments were 

performed to increase the reduced removal rate to a certain level. Fig. 3 shows the result of increasing the 
RR by increasing the concentration of H2O2 as an oxidizing agent, and silica as an abrasive particle. As the 
concentration of H2O2 and silica increased, RR increased. To confirm the surface of the Mo film according 
to the increased RR, surface analysis was conducted through AFM. The Ra value of the Mo surface 
measured during AFM analysis has been showed in Fig. 4, which shows that the roughness value of the Mo 
surface increases when the concentration of silica and H2O2 increases. However, the increase of the Ra 
value when the H2O2 concentration value increased had more effective than the increase of the Ra value 
when the silica concentration value increased. It can be confirmed that the increase in the H2O2 
concentration has a more effect on the increase in the surface roughness of Mo after CMP than the 
increase in the silica concentration during CMP. 

Therefore, in this study, 6% Silica, 1wt% H2O2, and 5mM L-Histidine showed the most favorable 
conditions for Mo CMP slurry. 

 

 
Figure 3 Mo Ratio (RR/SER) results, the effect of H2O2 concentration 

 

 
Figure 4 AFM image, Mo surface by silica and H2O2 concentration 



 
 

 

 
CONCLUSIONS 

In this study, Mo etching and removal rates during CMP process were investigated by adding amino 
acids-based corrosion inhibitors to slurries containing H2O2 as an oxidizer.  and proposed a suitable slurry 
which has been optimized for Mo CMP. L-Histidine was selected from the group of amino acids as a 
corrosion inhibitor suitable for Mo slurries at pH 7. L-Histidine showed high removal rate as compare to etch 
rate. In addition, to secure a certain level of removal rate, the concentration of abrasive particles and oxides 
in the slurry was increased. turned out to be to have a low surface roughness of the Mo surface after CMP. 
The results suggest that a slurry with a low H2O2 concentration is suitable for Mo CMP be specific to the 
results in the study. 
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