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Abstract 
Chemical mechanical polishing (CMP) of copper 

films in is one of the most essential processes for the 

manufacturing of semiconductor devices, next- 

generation compact 3D microelectronic devices and 
integrated microelectromechanical system with through 

holes plating. In this paper, we firstly discuss the thermal 

bending effect for CMP process of 4 inch p-type silicon 

wafers. In our experiment, surface roughness and 

removal rate increased with polishing temperature 

because of wafer thermal bending. In order to avoid 

thermal bending effect, the softer pad - 545N polishing 

cloth which is better than IC 1000 was used in our CMP 
experiments because of its better polishing selectivity. 

Therefore, we also use 545N polishing cloth to 

experiment with many important fabrication conditions 

which involve physical and mechanical mechanisms 

such as pad rotation speed, down force, temperature, pad 

types and chemical additive concentration. The results 

indicated that the removal rate will increase with higher 

rotation speed and increasing loading pressure. Besides, 
higher polishing temperature will cause the higher 

removal rate and higher surface roughness and the slurry 

with 3wt% hydrogen peroxide has the highest removal 

rate for copper CMP process.  

Keywords: chemical mechanical polishing, polishing 

temperature, thermal bending effect  

1. Introduction 
The use of copper as an interconnect or wiring 

material in ultra large scale integration (ULSI) of 

microelectronic devices, vertical interconnections of 3D 

package or MEMS devices is being increasingly 

considered mainly due to its low resistivity and high 

resistance to electromigration compared to the widely 
used aluminium alloys [1,2]. For potential application of 

copper as interconnect material in many fabrication 

techniques such MEMs or semiconductor process, the 

wafer surface must be made planar on a global scale. 

Therefore, copper chemical mechanical polishing (CMP) 

has become one of the most critical and significant 

process in the manufacturing of state-of-the-art 

interconnects [3]. The role of CMP is to polish a 
patterned wafer for circuits planarization and to remove 

excess fill from the preceding deposition or 

electroforming step in such a way that it leaves a 

planarized surface having minimal roughness, defectivity, 

and no corrosion [4]. This technology is the most 

efficiency global planarization technology developed by 

International Business Machines Corp. (IBM) to solve 

the problem of layer nonuniformity at 1980s[5]. 

Although the process was initially developed for 

planarize interlevel dielectrics (ILD), CMP is also widely 

used in Tungsten, silicon, silicon oxide and several 
dielectric layer polishing. [6-10]. 

Compared to CMP for silicon dioxide, the metal 

(particularly copper) CMP process is poorly understood, 

due mainly to electrochemical interactions between the 

slurry and the metal film during polishing, and the 

coupled effect of these on the mechanical properties of 

the surface. Cu-CMP process involves several step such 

as chemical modification of the soft copper surface 
followed by mechanical abrasion [2], the dissolution of 

the metal passivation layer in the CMP solution, and the 

protection of recessed areas of the surface by using a 

corrosion inhibitor[11]. For typical CMP process, a pad 

and wafer are pressed together by a dynamic polishing 

head and held in place by a plastic retaining ring. The 

dynamic polishing head is rotated with different axes of 

rotation. This removes material and tends to even out any 

irregular topography, making the wafer flat or planar. In 

CMP process, the slurry which contains a colloidal 

suspension of abrasive particles such as alumina or silica 

and specific chemical additives is injected to the pad. 
Polishing pads were usually made by polymeric material 

(e.g. polyurethane) has porous surface or contains 

different pad grooves to liberate CMP slurry[12]. From 

previous literatures, many researches revealed that many 

factors may affect the polishing results such as pH value, 

loading pressure, rotation speed, pad rigidity, slurry flow, 

even slurry’s temperature. Du and Seal et al. found that 

the removal rate of copper decreased with increase in 
H2O2 concentration due to the formation of a less soluble 

copper oxide film and in 3wt% of hydrogen peroxide 

would get the maximum removal rate[4]. Du and Desai 

indicated the pH of the slurries plays a very important 

role in copper CMP removal and pH value at 2~3 was 

easy to generates soft passivation layer in CMP 

process[13]. Besides, sillca dispersion and its particle 

size and slurry stability were also changed accompany 
with pH value[14,15]. In addition, Tohru et al. used 

MnO2 slurry to improve the delamination generation 

from the copper CMP process, and various layers would 

cause different critical pressure which was relation to the 
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delamination of copper[16,17]. Defect of dishing is 
general problem which will be found in CMP process. 

Thomas et. al. indicated that the use of benzotriazole 

(BTA) provides a protective effect in H2O2 corrosion 

environments and stable film on copper surfaces.[18,19] 

Moreover, the slurry temperature effect in CMP on 

copper and SiO2 films was also discussed by 

Subrahmanya[2], Seo[20], and Sorooshian[21]. The 

results indicated increasing trend for copper polishing 
with a rise in polishing temperature by coefficient of 

friction (COP) measurement. In general, chemical 

mechanical planarization (CMP) models have relied 

heavily on parameters such as pressure, velocity, slurry, 

and pad properties to describe material removal rates and 

wafer uniformity[9]. However, one key parameter, 

temperature, which can impact both the mechanical and 

chemical facets of the CMP process, is often neglected. 
Therefore, experimental data involving the effect of 

thermal bending of wafer, pad selectivity, removal rate, 

and surface roughness were investigated in this paper to 

avoid the effect of higher temperature of CMP process. 

2. Experimental 
The polishing samples were two-layer structure 

of Cu/Ti with thicknesses of 500/20 nm, sputter 

deposited on a 4-in (~100mm) n-type (111) oriented 

silicon Si wafer which was covered with a 100-nm thick 

thermally grown SiO2. The under layer of 20-nm Ti was 

used as an adhesion promoter for the copper deposition, 

since copper does not adhere well on the thermal oxide. 

All polishing experiments were carried out by using 

R&D UNIPOL-1502 commercial polisher and the 
schematic diagram of CMP equipment was shown in 

Figure 1.  

 

 
 
The down force was applied by cast iron cob 

placed on the wafer carrier. The base slurry used in the 

experiments was based ETERPOL EPL-2361, with the 

value of PH 4~4.4, 4~6% colloidal silica and 2~23nm 

particle sizes diluted with H202. In order to determine the 

influence of the oxidizing agent and how this process 

really works, different amounts of H202 were added. 

Besides, for investigating the effect of different pads for 
thermal bending wafer, we prepared two kinds of pad: (1) 

rigid polishing pad and (2) Soft polish cloth. The rigid 

polishing pad IC 1000 (polyurethane) with squarely 

grooves is offered by Rohm and Haas Electronic 
Materials Corp. and the soft polish cloth (545N) was 

provided from R&D HI-TECH. In our experiment, the 

wafer carrier was heated by hot plate to melt the wax, 

and the wafer was fixed on the wafer carrier by this wax. 

Then both the wafer carrier and the polishing table were 

rotated at different rotation speed 60rpm, 70rpm, 80rpm, 

90rpm and a different down force of 21.9 kPa, 

31.85g/cm2、63.7g/cm2、82.8g/cm2 and 114.2g/cm2 was 

applied to the carrier with a constant slurry flow rate of 

100 cc/min constitute the experimental parameters. 

Furthermore, the wafer was heated by hot plate before 
the polishing process and the slurry container was heated 

with continuous stirring of the slurry contents to ensure 

uniform temperature rise of the wafer and slurry. Then 

the slurry was passed onto the polishing pad to achieve 

steady state temperature of the pad before starting the 

actual experiment. Post CMP metrology was performed 

by the thickness of 10 points from the center to the edge 
was measured on each wafer at different temperatures by 

using the surface profiler (Dektak 6M). AFM 

experiments were performed on a Digital Instruments 

Dimension Series 3100 AFM using Tapping Mode to 

determine the morphology of the Cu surface before and 

after the Cu-CMP process in this paper. 

3. Results and Discussion 
Temperature is an important issue of copper CMP. In 

CMP process, heat is generated at the interface of 

polishing due to friction and interaction of the asperities 

of wafer, pad and the abrasive particles. These heats will 

increase the temperature and induce the bending 

phenomena of wafer. In order to understand the thermal 

bending of wafer, the surface profile of unheated, heated, 

and cooling after heated wafer was measured by surface 
profiler as shown in Figure 2.  

 
However, as shown in Fig.2, the wafer is subjected 

to bending at room temperature because Cu thin film 

which causes the inertial stress was grown on the silicon 

[22]. Then, if we heat the wafer continuously, the 

bending phenomena of wafer will be enhanced with 

increasing temperature. Finally, after we cool down the 
wafer to the room temperature, the bending will reduce 

with decreasing temperature and is closed to unheated 

wafer. This serious bending phenomena is caused by the 
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deformation between silicon and copper film because of 
different thermal expansion coefficient of copper 

(17*10-61/oC) and silicon wafer (2.6*10-6 1/oC). 

Therefore, according to the results of Fig.2, it is 

interesting to understand the effect of thermal bending 

for Cu-CMP process. For this reason, thermal bending 

wafer (heated to23℃) which was polished with IC1000 

at loading pressure of 82.8g/cm2 was shown in Fig. 3(a). 

 

   
 

 Use Ansys software its analyse and shows overpolish 

phenomena by using IC 1000 pad polishing at polishing 

temperature230C in Fig.3 (b) 

 

 
 

 Over polished was observed near the center areas of 

the wafer. This result reveals that the removal rate is 

faster in the center than in the edge of wafer because of 
wafer bending effect. According to the Preston’s 

function[1], the removal rate of material is a function of 

polishing pressure[23], which is directly proportional to 

real contact area. It also means that the local pressure in 

the center of wafer is greater than in the edge of wafer. 

Besides, higher loading pressure makes relatively high 

temperatures at the interface causing the increased 

chemical activity between the copper and the slurry at 
elevated temperatures [24] and higher temperature which 

is directly proportional to real contact area also reduce 

the hardness of pad asperity, thus pad and wafer increase 

the real contact area [23,25]. These are resulting in the 

increase of over polished phenomena near the center of 

wafer. Therefore, in order to finding the solution to avoid 

the thermal bending effect of Cu-CMP process, two 

different kind of pads: IC1000 rigid polishing pad and 
545N soft polish cloth were used for Cu-CMP process at 

different polishing temperature as shown in Figure 3(c). 

 
 

 In this figure, the results, by using rigid polishing pad 

IC1000, showed that over polished was observed near 

the center of wafer and it becomes more and more 

serious with the increase of temperature because of 

thermal bending effect. Besides, with IC1000 polishing, 

the position of maximum removal rate is located at about 

1cm near the center of wafer which is correspond with 
the maximum bending of the wafer as shown in Fig. 2. In 

addition, as also shown in Fig.3 (c), the softer pad 545N 

shows better uniformity than the rigid pad IC1000. These 

results indicate that the larger pad modulus will cause 

smaller contact area thus resulting in a smaller number of 

particles in contact with the wafer[26] and then resulting 

in the selective area polishing of the wafer. Therefore, in 

order to avoid the thermal bending effect of Cu-CMP 
process, we use the 545N polish cloth to be our polish 

pad in our following experiments.  

Figure 4 shows the surface roughness before and 

after copper polishing process under the conditions of 

rotation speed 70rpm and pressure loading 63.7g/cm2 

with 545N polish cloth As also illustrated in Table 1, 

 

  
Table 1 

 before polishing after polishing 

RMS 37.88A 26.03A 

Ra 29.35A 19.09A 

     

    The root mean square (RMS) value of wafer was 

improved from 37.88A to 26.03A, and Roughness(Ra) 

was improved from 29.35A down to 19.09A. It shows 
that 545N polish cloth is a useful polish pad for Cu-CMP 

process. 
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Pad mechanical property will also have impact on 
CMP planarization performance. Figure 5 shows the 

removal rate improvement attained by raising the 

polishing temperature with 545N polish cloth at rotation 

speed 70rpm and loading pressure 63.7g/cm2. 

      
  This could be due to the formation of a thick 

passivating layer which prevents further oxidation of the 

copper surface reducing the removal rate. The 
passivating layer gets dissolved into the slurry at high 

temperatures exposing fresh copper surface for further 

oxidation and hence high removal rates[27,28]. Besides, 

another reason for removal rate increased with polishing 

temperature can be attributed to increasing the number of 

abrasive particles coming in contact with the wafer 

surface and decrease in the viscosity of the slurry occurs 

with increasing temperature, which increases the friction 
at the interface and hence increases shear resulting in 

higher removal rates[29]. However, as shown in Fig. 5, 

the surface roughness of wafer also increases with 

increasing polishing temperature. In our previous 

experiment, higher temperature will cause the lager 

thermal bending of the wafer. Although the higher 

polishing temperature will cause the increase of 

coefficient of friction and play a significant role in 
affecting shear force, large thermal bending of wafer 

with high temperature will reduce the contact area and 

generate the uncertainty of polishing process resulting in 

the increasing roughness of the wafer. 

Fig. 6 shows the dynamic and static removal rate of 

Cu as a function of H2O2 content.  

 

 
The removal rate of copper increased initially with 

an increase in H2O2 content at 3% and finally decreased 

with increasing H2O2 content. The suppression of the 
removal rate with hydrogen peroxide content beyond 3% 

was probably attributed to the surface repassivation 

process [11]. This repassivation layer will decrease in the 

chemical reactivity at higher H2O2 concentrations which 

is possibly due to the formation of a copper oxide film on 

the copper surface, providing some protection to the 

copper surface from chemical attack. The formation of 

passive CuO film is represented by Eq. 1, accompanying 
related reactions shown in Eq. 2 and 3 to form 

Cu(OH)2[30] 

     Cu2O + H2O2 ↔ 2CuO + H2O         (1) 

Cu + H2O2 + 2H+ → Cu2+ + 2H2O       (2) 

Cu2+ + 2OH− → Cu(OH)2          (3) 

Besides, another reason of the decreased removal 

rates at higher H2O2 concentrations is simply that the 
oxidation/passivation process is faster than mechanical 

removal, and an oxide layer is always present on the 

copper surface during CMP. It has also been suggested 

that at higher concentrations of hydrogen peroxide, the 

passive film changes characteristics, such as strength and 

porosity, thereby inhibiting further oxidation[31,32].  

Figure 7 presents the effect of the removal rate along 

with various loading pressure and rotation speed with 
2~23nm colloidal silica as the abrasives and 545N 

polishing cloth as the polishing pad. In Fig.7 (a),  

  
The removal rate is a function of rotation speed and 

it continuously decreases with raising rotation speed at 
different pressure. This phenomena can be explain that as 

the head speed increases, the rotation speed of slurry 

particles in contact with the wafer surface and shear 

stress acted on the wafer surface is also increased, thus 

the removal rate increases. Besides, as shown in Fig. 7(b)  
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The CMP load pressure is dependences of removal 
rate at four different rotation speeds. The results reveals 

that the removal rate with polishing pressure did not all 

follow the Preston behavior, which the removal rate was 

proportional to the pressure[33,34]. In the low loading 

pressure region, the removal rate-loading pressure 

relations show that the higher the rotation speed, the 

larger the slope, indicating that for a softer pad surface, 

the size of the valleys between the pad and the wafer is 
easier to be reduced with increasing loading pressure. 

This smallest valley decreased as the down force 

increased and thereby increased the contact ratio in the 

polishing interface thus increasing the removal rate. 

Therefore, in this low loading pressure region, removal 

rate linearly increasing along with the pressure 

increasing, i.e., fit for the original Preston’s theory. 

However, at the high loading pressure region, the data 
show that the removal rate becomes slowly increasing or 

saturated at the higher rotation speeds of wafer, 

indicating that on a softer pad surface, the size of the 

valleys reaches its minimum value at higher loading 

pressure[6].  

4. Conclusions  
The thermal bending effect of Cu-CMP process 

was investigated in this paper. Higher temperature will 

induce the larger thermal bending of wafer. In order to 

avoid overpolish phenomena resulting from the thermal 

bending effect, the softer 545N polish cloth which is 

better than rigid polish pad-IC1000 was used to be our 

polish pad for Cu-CMP process. In our experiment, the 

removal rate dramatically increased with higher 
polishing temperature, because of the increasing 

coefficient of friction and the increasing shear stress 

between the pad and copper film. However, higher 

polishing temperature also induces the larger thermal 

bending effect which reduces the polishing contact area 

and generates the uncertainty of polishing process that 

increases the surface roughness of copper directly. In 

addition, the effect of the removal rate along with 
various loading pressure and rotation speed are 

investigated. The results indicated that the removal rate 

which decreases continuously with raising rotation speed 

and increases linearly along with the loading pressure 

increase until it reaches the saturation region 
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