
In situ FTIR Spectroscopic and Kinetic Studies of Cu Surface Reduction by  

Using Formic Acid Treatment with Pt catalysts  
 

Pei-Wen Chou1, Chia-Chen Kuo1, Jing-Yuan Lin2 and Jenn-Ming Song1 

 
1Department of Materials Science and Engineering, National Chung Hsing University, Taichung 402, Taiwan 
2Process & Packaging Department, Microsystems Technology Center, Industrial Technology Research Institute 

, Hsinchu 310, Taiwan 

Phone: +886-4-22852482, E-mail: samsong@nchu.edu.tw 

 

 

Abstract 

The combination of excellent electrical and thermal con-

ductivity properties makes copper a good selection for 

interconnect materials and packaging. Because the cop-

per surface is easily oxidized, it causes the limit for man-

ufacture. Therefore, how to clean copper surface has 

been an importantly topic. In this study, the reduction of 

copper oxides at low temperatures can be achieved using 

formic acid treatment. An in situ FTIR was adopted to 

monitor the reactions between formic acid vapor and the 

oxidized copper surface at difference temperatures.  

The results show that cuprous oxide on copper surface 

can perfectly reduce to pure copper at the temperature 

down to 160oC. With the assistance of Pt catalysts, the 

removal of Cu oxides was more efficient.   

 

1. Introduction 

One of the main streams of the development of contem-

porary microelectronic packaging is 3D IC packaging, for 

which the Cu to Cu direct bonding is one of the key technol-

ogies for 3D chip stacking. However, Cu/Cu direct bonding 

needs to be performed at high temperature process (≧
400◦C), which may give rise to thermal mechanical stress 

and degeneration in device performance [1]. Easy oxidation 

of Cu surface is the main problem to be overcome for low 

temperature Cu to Cu direct bonding [2]. Ishikawa et al. [3] 

proposed that thermal reduction using a formic acid vapor 

treatment can efficiently clean Cu surface without physical 

damage.   

 According the studies using TPD (Thermal desorption 

spectroscopy), STM (Scanning tunneling microscopy) [4] 

[5] and FTIR (Infrared reflection absorption spectroscopy) 

[6], it has been proposed that Cu surface oxides can catalyze 

formic acid decomposition and thus the oxides are reduced.  

In the reaction process, the acid proton of formic acid reacts 

with basic oxygen at the surface, which will generate H(a) and 

HCOO(a), and then H(a) contacts with O(a) atom to form OH(a) 

(eq. (1)). When the reaction is elevated at above 450K, 

HCOO(a) become unstable and decomposes during the reac-

tion process to yield CO2(g) and H(a) (eq. (2)). The next step 

is the combination of desorbed H(a) to form H2(g) (eq. (3)) or 

the reaction between H(a) and OH(a)to generate H2O(g) (eq. 

(4)). Therefore, Cu oxide reduction can be achieved by the 

extraction of O atom from the surface [7]. 

 

HCOOH(a) + O(a)→HCOO(a) + OH(a)    (1) 

HCOO(a) → CO2 (g) + H(a)              (2) 

2H(a) → H2(g)                                (3) 

H(a) + OH(a) → H2O(g)                      (4) 

 

Recently, Suga et al.[8,9] suggested that with formic acid 

treatment with Pt catalysts can generate H radical, which can 

clean Cu surface and thereby robust Cu to Cu direct bonding 

can be obtained at 200oC for 5 min. However, there is still a 

lack of in-depth investigation on the kinetics as well as the 

mechanism.  In this study, the real-time observation of the 

copper oxide reduction at different temperature is carried out 

using in-situ FTIR. The effect of Pt catalysts on reaction ki-

netics is the main issue. Forming gas (N2-5%H2) is also 

adopted for comparison. 

 

2. Results and Discussion 

Copper oxide layer for investigation was obtained by an-

nealing fresh Cu surface at 200oC for 20min. According to 

GIXRD (Grazing Incidence X-ray Diffraction) analytic data, 

the copper oxide phase can be identified to be cuprous oxide, 

Cu2O.  

 

Fig. 1 X ray diffraction pattern of the oxide layer for investigation.  

 

In situ FTIR was applied to observe the evolution of 

Cu2O layer under the exposure of dilute formic acid vapor at 

different holding temperatures varied from 160oC to 225oC. 

Fig. 2 shows the case reacted at 200oC without using Pt cat-

alyst. The appearance of the peak at 655-605 cm-1 resulted 

from the absorption of the Cu2O. As the exposure time in-

creased, the signal of Cu2O layer decreased monotonically 
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and reached almost zero at about 18 min.   

 

Fig. 2 A series of in situ FTIR spectra obtained during the exposure 

of 0.4% formic acid vapor without Pt catalyst when the sample was 

isothermally heated at 200oC 

 

Derived from the in-situ FTIR spectra, Fig. 3 illustrates 

the decrease of Cu2O layer as a function of reaction time.  

In Fig. 3(a), it can be found that cuprous oxide can be per-

fectly reduced to metallic copper under 0.4% formic acid va-

por in 18 min at 200oC and 45 min at 160oC.  With Pt cata-

lysts (Fig. 3(b)), the reaction kinetics can be effectively ac-

celerated, i.e. 5 min at 200oC and 27 minutes at 160oC.   

 

Fig. 3 The evolution of copper oxides with increasing formic acid 

reaction time: (a) without Pt catalysts (b) with Pt catalysts 

 

3. Conclusions 

   The effect of Pt catalyst on Cu2O reduction using formic 

acid treatment was studied. The in situ FTIR observation 

demonstrates that Pt catalysis can significantly shorten the 

reduction time. At 160oC, it takes 27 min for complete re-

moval of Cu oxide, while at 200oC it needs only 5 min. 
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