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Aluminum is often used in semiconductor fabrication due to material and processing properties as well 
as the CMOS compatibility. Al layers are used as electrical traces, contact pads or passivation 
material. However, the usage of Al layers thicker than 4 µm is limited. Even though, high-rate 
sputtering is available and can be used for relatively thick Al layers in range of 10 to 20 µm, the 
patterning of full area deposited thick Al layers is challenging and causes problems in line-space 
ratios. For other typical metals, like copper, gold or nickel, electroplating is used to achieve thick and 
patterned layers by depositing through a resist mask, also called pattern plating. For those metals, 
water-based electrolytes are used. The electroplating of Al can not take place in water-based 
electrolytes due to its negative standard potential of E0=-1.67 V. The water would decompose before a 
reduction of an Al species occur. Therefore, ionic liquids (ILs) are used for the electrodeposition of 
metals with highly negative standard potential. ILs are organic salts which can be liquid at room 
temperature. They offer a wide electrochemical window, low vapor pressure and low flammability. 
Thus, electroplating with ILs as solvent has gained significant attention in the last 35 years  [1,2]. The 
deposition of Al is reported from different ILs for various application, like corrosion resistance [3,4], 
thermal and electrical conductivity  [5,6] or batteries [7–9]. By introducing the electroplating of thick Al 
layers on wafer level, new application possibilities open up in the back-end fabrication especially 
system packaging  [10]. 

The electroplating was developed on 150-mm wafer level from the IL 1-ethyl-3-methylimidazolium 
chloride (EMImCl) and aluminumtrichloride (AlCl3) in a ratio of 1:1.5. The electroplating process was 
carried out in a plating unit, which was placed within a nitrogen filled glove box. The inert gas 
atmosphere protects the IL for moisture and their decomposition. The seed layer changed during the 
process development from gold to highly doped silicon to Al. The deposition of Al onto Al seed layer is 
important to achieve a monometallic contact system, thus, reducing process steps and avoiding 
intermetallic compounds. However, the native oxide of the Al seed layer needs to be removed prior 
deposition. As the used IL is moisture sensitive, a wet chemical treatment was not possible. Therefore, 
an anodic reverse pulse was applied to break the oxide and achieve well-adherent Al deposits. 

The Al layers were patterned by using pattern plating with different lithography masks for different 
applications. Firstly, bonding frame deposition for wafer level thermocompression bonding were 
developed (Fig. 1)  [11]. Secondly, pillars for ultrasonic flip chip bonding and thus a parallelization 
option for wire bonded dies were investigated (Fig. 2)  [12–14]. Additionally, the bonding processes 
were investigated for both applications. The third dimension using vertical interconnects is still under 
development, but in printed circuit boards and their specific seed layer conditions a lot knowledge is 
gained to transfer the process to wafer level and semiconductor applications.  

Currently, all depositions on wafer level are carried out without any additives resulting in rough 
surfaces. The future work will focus on additives for an enhanced deposition process and the 
development of Al alloy deposition to achieve more compatibility to sputter-deposited Al-Cu or Al-Si 
alloys.  



MAM2024                                                                                             March 18-21, 2024 • Milan (Italy) 

 

 

 
Figure 1: SEM picture of an electroplated Al bonding 
frame with 60 µm width 

 
Figure 2: SEM picture of 30 µm diameter Al pillars 
wiith 50 µm pitch 
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