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Abstract 

To establish the lifetime prediction model for Cu-

based metallization against moisture, temperature hu-

midity storage (THS) tests under various acceleration 

conditions are performed to measure the Cu sheet re-

sistance change with the Cu oxidation by four-point probe 

method. The activation energy and the humidity acceler-

ation factor for Cu-based metallization has been derived 

by the statistical analysis for the first time. It is found that 

the Cu metallization is more sensitive to the temperature 

than the humidity in moisture. 

  

1. Introduction 

Long lifetime of Cu-based metallization used in LSIs, es-

pecially storage class memories (SCMs) [1], is essential for 

long-term storage of digital data in an environment. To test 

the long-term reliability, temperature humidity storage (THS) 

test under the acceleration condition has been adopted for 

LSIs.  

The lifetime of THS reliability has been predicted based 

on the Peck’s model [2] mostly for LSIs with Al-based met-

allization, however, the prediction model for Cu-based met-

allization is lacking. We found that the accelerated humidity 

conditions of the THS test over 85% relative humidity (RH) 

at 85°C which is used for Al-based metallization were not ap-

propriate for Cu-based metallization because of the nonlinear 

humidity dependence of Cu sheet resistance change due to the 

rapid change of Cu oxide structure during THS test [3].  

This work proposes to establish the practical model for 

lifetime prediction of Cu-based metallization with testing at 

lower acceleration conditions than 85°C/85% RH corre-

sponded to the real usage of passivated Cu.  

 

2. Experimental Methodology 

100-nm-thick Cu film was deposited on 2×2-cm-size 

SiO2/Si substrate using DC magnetron sputtering at 200°C to 

complete the Cu grain growth for stabilizing the initial sheet 

resistance. To measure the change of Cu sheet resistance in 

various accelerated conditions, a couple of Cu film samples 

were kept in a THS chamber for testing the temperature de-

pendence (85, 75, and 65°C) at fixed 75% RH and the humid-

ity dependence (75, 65, and 55% RH) at fixed 85°C. During 

the THS test, the sheet resistance of each Cu film sample was 

measured by four-point probe method after 25, 50, 100, and 

200 h and normalized by its initial sheet resistance. 

Moreover, after 200 h of the THS test, each Cu sample 

was analyzed by X-ray photoelectron spectroscopy (XPS) to 

obtain the depth profiles of Cu and oxygen (O) [4] to investi-

gate the reason for the difference in sheet resistance. The Cu 

LMM Auger peak was also observed to determine the inter-

face between the metallic Cu and the Cu oxide layer [5]. 

The Cu lifetime prediction model was acquired by the 

correlated statistical models for lifetime acceleration. The im-

portant parameters of the derived model for Cu lifetime pre-

diction were compared with reported values for LSIs with Al-

based metallization. 

 

3. Results and Discussion 

3.1. Sheet Resistance Measurements 

Fig. 1 shows the time evolution of normalized sheet re-

sistance (R) for each Cu film sample under the THS test. In 

the temperature dependence, the resistance increase rate 

clearly increased with increasing the temperature. On the 

other hand, only tiny difference in R was observed in the hu-

midity dependence. The results indicate that the increase of 

Cu sheet resistance is more sensitive to the temperature than 

the humidity.  

3.2. XPS Analysis 

Fig. 2(a) shows the XPS depth profiles of Cu and O for 

the different acceleration temperatures after 200 h of THS 

tests. In Fig. 2(a), the interface of Cu/Cu2O, which was deter-

mined by the Cu LMM Auger region (Fig.2(b)), is also indi-

cated. From Fig. 2(a), the thickness of Cu oxide increased as 

the test temperature increased as schematically shown in Fig. 

3. The results accord with the temperature dependence of R. 

Therefore, oxidation of Cu is considered as the reason for the 

resistance increase.  

3.3 Lifetime Prediction Model 

We propose the lifetime prediction model based on the 

Peck’s model which is composed of the following dependen-

cies on the time, temperature, and humidity [6], as in eqs. (1) 

to (3), respectively. Total model is shown in eq. (4). 

 

Time (Power law):  
ntR   (1) 

 

Temperature (Arrhenius law): 
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Here, t and n in eq. (1) are time and law’s exponent, respec-

tively. aE , k, and T in eq. (2) are the activation energy, Boltz-

mann's constant, and temperature, respectively. In eq. (3), m 

is law’s exponent.  

With the statistical analysis by fitting the measured re-

sistance increase with the time, temperature, and humidity, 

the following model was obtained as eq. (5). 

 









 )0.056ln(

0.062
)0.039ln(1.708exp RH

kT
tR  (5) 

 

Fig. 4 shows the relationship between observed R and pre-

dicted R. This prediction model seems to be reasonable by the 

coefficient of determination (R2) that is closed to 1 (⁓0.984). 

To compare the necessary parameters of this Cu lifetime 

prediction model with those of Al-based metallization 

(Peck’s model; Eyring model) [2], eq. (5) is then modified to 

Peck’s model about the fixed R, as shown in eq. (6). 
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TTF and oA are time to failure and arbitrary scale factor, re-

spectively. The modified Peck’s model for Cu film ( aE = 

1.59 eV and m = 1.436) is larger in the activation energy and 

smaller in the humidity acceleration factor than the reported 

parameters for LSIs using Al-based metallization ( aE = 0.79 

eV and m = 2.66) [7]. Although further studies are required, 

the results suggest that different model parameters will be 

necessary for the lifetime prediction of LSIs using Cu-based 

metallization. 

 

4. Conclusions 

 Based on the temperature and humidity dependence of Cu 

resistance increase during the THS tests, the lifetime predic-

tion model for Cu film against moisture has been proposed. 

The increase of Cu oxide thickness measured by XPS depth 

analysis corresponds to the increasing of sheet resistance. It 

is also found that the increase of Cu sheet resistance by oxi-

dation is more sensitive to the temperature than the humidity. 

Our results suggest that different parameters of Peck’s model 

will be required for the lifetime prediction of LSIs with Cu-

based metallization in the THS reliability tests.  
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Fig. 1. Time evolution of the normalized sheet resistance (R) during 

THS test. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 2. (a) XPS depth profiles and (b) Cu LMM Auger peaks of Cu 

and Cu2O. 
 

 

 

 

 

 

 

Fig. 3. Schematic model to explain the difference of Cu thickness in 

the temperature dependency. 
 

 

 

 

 

 

 

 

 
 
 

 

 

Fig. 4. Correlation accuracy between observed normalized sheet re-

sistance and prediction, indicating very good accuracy of the model. 
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