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Abstract  

Au thin film bonding and Au stud bump bonding were 

performed after different plasma treatments at low tem-

perature (25 or 150 ºC). Atmospheric-pressure (AP) 

plasma using three different types of gases (Ar+H2, Ar+O2, 

and N2) and low-pressure (LP) plasma using Ar gas were 

used in this study. Ar+H2 AP plasma treatment and Ar LP 

plasma treatment were effective for increasing the bond-

ing strength. Based on these results, hermetic packaging 

using Au sealing rings was demonstrated in ambient air 

by using Ar+H2 AP plasma at bonding temperature of 150 

ºC. 

 

1. Introduction 

For hybrid integration of materially different optical com-

ponents, Au-Au bonding is a key technology because it can 

be used not only for electrical interconnections but also for 

sealing [1]. As a low-temperature Au-Au bonding method, 

surface activated bonding (SAB) has been studied [2,3]. Ar 

low-pressure (LP) plasma treatment is widely used for sur-

face activation of Au surfaces. However, it requires an expen-

sive vacuum system and has the problem of increasing pro-

cess time for the vacuum processing.  

Recently, atmospheric-pressure (AP) plasma was applied 

to Au-Au SAB alternative to Ar LP plasma. By using AP 

plasma for surface activation, whole bonding process includ-

ing surface activation and bonding can be achieved in ambi-

ent air. For example, Au thin film–Au micro-bump bonding 

using Ar+H2 AP plasma or Ar+O2 AP plasma at bonding tem-

perature of 150 ºC [4], Au thin film–Au Stud bump bonding 

using Ar+H2 AP plasma at 25 ºC [5], Au thin film–Au stud 

bump bonding using N2 AP plasma at 150 ºC [6] were suc-

cessfully performed. However, the influence of different 

types of plasma, sample structure, and bonding temperature 

has not been systematically studied.  

In this study, Au thin film bonding and Au stud bump 

bonding were performed after surface activation by four types 

of plasma (Ar+H2, Ar+O2, N2 AP plasma and Ar LP plasma) 

at different temperature (25 or 150 ºC). Furthermore, as the 

application of Au-Au SAB using AP plasma, hermetic pack-

aging in ambient air was demonstrated.  

 

2. Experiment method 

Atmospheric-pressure (AP) plasma using three different 

types of gases (Ar+H2, Ar+O2, and N2) and low-pressure (LP) 

plasma using Ar gas were prepared for surface activation. The 

details of plasma conditions are shown in table 1.  

The schematic diagrams of bonding samples are shown in 

Fig. 1. As bonding samples, Au thin film–Au thin film and 

Au thin film–Au stud bumps were prepared. Au stud bumps 

were flattened by coining process. The detail of fabrication 

process of coined Au stud bumps is described elsewhere [5]. 

 
(a)                    (b) 

Fig. 1. Schematic diagrams of bonding samples. 

(a)Au thin film–Au thin film, (b) Au thin film–Au stud bumps.  
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Table 1. Plasma treatment conditions 

 

Ar LP 

plasma

Ar+H2 AP

plasma

Ar+O2 AP

plasma

N2 AP

plasma

Pressure 7.9 Pa
Atmospheric-

pressure

Atmospheric-

pressure

Atmospheric-

pressure

Gas flow 

Ratio

Ar: 5 ccm

(=8.4×10-5 L/min)

Ar: 2.14 L/min

H2: 0.03 L/min

Ar: 2.14 L/min

O2: 27.0 mL/min
N2: 5 L/min

Power 100 W 150 W 150 W 8.5 kV

Frequency 13.56 MHz 13.56 MHz 13.56 MHz 20 kHz

Plasma treatment time 60 s 30 s 30 s 180 s

 H-6-04 (Late News)
Extended Abstracts of the 2017 International Conference on Solid State Devices and Materials, Sendai, 2017, pp411-412

- 411 -



After plasma treatment, bonding was performed with con-

tact load of 680 gf at bonding temperature of 25 or 150 ºC. 

The contact load corresponds to the contact pressure at 116 

MPa for thin film and 403 MPa for stud bumps. The pressure 

of stud bumps was calculated based on the bumps area before 

bonding. Bonding strength was measured by die-shear test. 

As the application of Au-Au bonding using AP plasma, 

hermetic packaging was performed. In previous study using 

Ar LP plasma, hermetic packaging was succeeded at bonding 

temperature of 150 ºC with contact load of 313 MPa or bond-

ing temperature of 300 ºC with contact load of 156 MPa [1]. 

In this study, Si substrate with cavity and glass substrate were 

bonded through the Au sealing rings with contact load of 30.6 

kgf (=300 MPa) at bonding temperature of 150 ºC after 

Ar+H2 AP plasma treatment. The sealing performance was 

evaluated by measuring the resonance frequency of the canti-

lever placed in the cavity before and after vacuuming. The 

detail of evaluation method is described elsewhere [7]. 

 

3. Experiment result 

The results of die-shear test are shown in Fig. 2. Ar+H2 AP 

plasma treatment and Ar LP plasma treatment increased 

bonding strength and the strength exceeded the failure criteria 

of MIL-STD-883 (56 gf for Au thin film–Au thin film and 

112 gf for Au thin film–Au stud bumps). On the other hand, 

N2 AP plasma treatment increased bonding strength only in 

the case of using Au stud bumps at bonding temperature of 

150 ºC, and Ar+O2 AP plasma did not increase bonding 

strength.  

To investigate the surface conditions after plasma treat-

ments, x-ray photoelectron spectroscopy (XPS) analysis of 

Au surfaces before and after plasma treatment was performed. 

From the relative peak intensity of carbon (at C 1s region), all 

plasma decreases carbon contaminants on Au surfaces. From 

the relative peak intensity of oxygen (at O 1s region), Ar+H2 

AP plasma treatment did not change the peak clearly. On the 

other hand, N2 AP plasma treatment formed hydroxyl (OH) 

groups, and Ar+O2 AP plasma treatment formed gold oxide 

(Au2O3) on Au surfaces. It means that hydroxyl (OH) groups 

and gold oxide prevent Au-Au bonding, but hydroxyl (OH) 

groups are unstable enough to be removed by plastic defor-

mation of Au stud bumps at 150 ºC. 

Hermetic packaging was performed using Au-Au SAB 

using Ar+H2 AP plasma. The resonance frequency of the can-

tilever placed in the cavity did not change before and after 

vacuuming, it means that cavity was sealed by the Au sealing 

rings. The calculated leak rate was below 7.4×10-10 Pa·m3/s, 

it satisfied the failure criteria of MIL-STD-883 (< 5.0×10-9 

Pa·m3/s).  

 

4. Conclusions 

Ar+H2 AP plasma and Ar LP plasma increased bonding 

strength of both Au thin film bonding and Au stud bump 

bonding at bonding temperature of 25 ºC and 150 ºC. On the 

other hand, N2 AP plasma increased only Au stud bump bond-

ing at bonding temperature of 150 ºC and Ar+O2 AP plasma 

did not increase bonding strength for any cases. From XPS 

analysis, cleaning of organic contaminants on Au surface 

without the formation of hydroxyl groups and gold oxide 

seems to be important for low temperature Au-Au bonding. 

As the application of Au-Au surface activated bonding using 

Ar+H2 AP plasma, hermetic packaging in ambient air was 

demonstrated at bonding temperature of 150 ºC. 
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Fig. 2. The results of die-shear test with differences of plasma types, sample shapes and bonding temperature 
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