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To improve CMOS device performance, extensive 
research on high mobility materials has been done. 
Recently, GeSn alloys having higher hole mobility than 
Ge was demonstrated to be a possible channal material [1]. 
A GeSn pMOSFET has been realized and exhibits a 
higher hole mobility compared to that of Ge control 
pMOSFETs [2]. However, similarly to Ge, proper 
passivation of the GeSn/HfO2 interface is one of the most 
challenging issues to be resolved before it can be used as 
a channel material. Sulfur Passivation of Ge surfaces by 
immersing the wafer into (NH4)2S solution prior to high-k 
film is one passivation solution for Ge surface because it 
leads to improved performance of Ge-based devices [3]. 
Thus, in the paper, firstly we implement an ultrathin GeSn 
layer on Ge surface by first sputtering Sn on the Ge 
substrate and then removing the top Sn layer with diluted 
HCl solution. Then the effect of sulfur treatment of 
GeSn/HfO2 interface by the (NH4)2S solution method was 
investigated in this study.  

The starting wafers for the experiment were (100) 
oriented n-type Ge wafers. After cyclic rinsing between 
deionized water and diluted HF, a Sn layer(~35nm) was 
deposited on Ge substrates using a magnetron sputtering 
system, and after 200˚C, 30min RTA, the top Sn layer 
was removed using diluted HCl solution, leaving an 
approximately 1-nm-thick GeSn layer. After that, the 
substrates were immersed into 20% aqueous (NH4)2S 
solution for 30 min at room temperature. 5.5-nm-thick 
HfO2 was deposited by ALD using TEMAHf precursor 
and H2O. A 300-nm Al-gate electrode was then sputtered, 
which was followed by lithography and dry-etching 
processes.  

 
Figure 1 HRTEM image of Ge/GeSn/Sn stack 
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Figure 2 XPS analyse of Sn 3d spectra for Ge covered 
with GeSn after HCl cleaning  
 

The cross-sectional high-resolution transmission 
electron microscopy (HRTEM) image of the Ge/GeSn/Sn 
stack, as shown in Figure 1, indicates that an 
approximately 1-nm-thick GeSn layer is generated 
between the Sn layer and the Ge substrate. Figure 2 
shows the Sn 3d spectrum of the GeSn surface. The Sn 

peak can be observed at 497.5 eV for the samples. This 
indicates that, there are still Sn atoms on the Ge surface 
after HCl cleaning. Based on XPS data, the Sn and Ge 
atom concentrations are estimated to be 5.7% and 40.1%, 
respectively. 

The EOT value is about 2.4 nm for the 
Ge/GeSn/HfO2/Al capacitors.  And as shown in Figure 3, 
for the Ge/GeSn sample with sulfur passivation, well 
shaped C-V curves are obtained without significant 
frequency dispersion, stretch-out, or bumps near the 
flatband voltage. The densities of the interface states are 
estimated from conductance measurements to be 
approximately 5.3×1011 cm−2eV−1 for the samples. 

As shown in Figure 4, the leakage current density of 
the GeSn sample with sulfur treatment is lower than 
2.2×10−7 A/cm2 in the voltage ranges of 1 to -1V.  
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Figure 3 Capacitance-voltage (C-V) characteristics of 

Ge/GeSn/HfO2/Al with sulfur passivation 
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Figure 4 Leakage current density-voltage (J-V) 
characteristics of Ge/GeSn/HfO2/Al with sulfur 
passivation 
 

It was demonstrated that sulfur passivation for the 
GeSn/high-k interface leads to excellent electrical 
characteristics, with Dit reduced to 5.3×1011 cm-2eV-1.  
It was confirmed that a thin GeSn interlayer was formed 
at the Ge surface through the method. Electrical 
measurement results clearly demonstrated that sulfur 
treatment of the Ge/GeSn surface achieved by this method 
represents a promising method for improving the interface 
quality of the gate stacks.  
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