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1. Introduction 

Ge has recently regained considerable attention, since 
Ge can provide solutions to overcome major roadblocks 
that Si technology is facing for advanced CMOS devices. 
This is mainly due to the higher mobility of both electron 
and hole in Ge-substrate. Meanwhile, a Si-On-Insulator 
(SOI) devices become extremely attractive because of the 
advantages in high speed, low power dissipation and ex-
tended scalability. In particular, a fully-depleted (FD) SOI 
CMOS are better candidate for low power applications due 
to its superior short channel immunity, low junction ca-
pacitance and steep substhreshold slope. Therefore, FD 
strained Ge-On-Insulator (GOI) MOSFET, which is the 
combination of strained Ge channel and FD-SOI MOSFET, 
is expected to achieve a higher CMOS performance as 
compared to conventional CMOSFET with Si channel. Re-
cent work has demonstrated excellent capacitance-voltage 
characteristics from Ge MOS capacitors using high-k ger-
manium oxynitride [1] and HfO2 [2] for the gate dielectric. 
These very promising results suggest that the use of Ge 
channels will allow CMOS technology to be extended be-
yond the limitations imposed by the material properties of 
silicon. In addition, the metal gate electrodes such as W, 
TiN and Ta have been reported to be promising candidates 
to realize no gate depletion and low gate resistance [3]. 
Especially W/W2N has several merits such as high ther-
mal stability, good corrosion resistance, and mid-gap 
work-function (4.52eV). W2N was introduced as barrier 
material. It is expected that the surface nitridation of the 
gate dielectric occurs during in-situ reactive sputtering 
deposition of W2N layer. Thereby, the improvement of the 
gate dielectric reliability is achieved by the nitridation, 
which terminated the dangling bonds formed on the gate 
dielectric surface during the metal gate sputtering [4]. 

 In this study, we have investigated Ge MOSFETs with 
HfO2 gate dielectric and W/W2N metal gate which are fab-
ricated on GOI wafer obtained by the Ge condensation 
method. 

  
2. Experiments 

Ge layer was formed by the oxidation of a SiGe layer 
which was epitaxially grown on SOI wafer by ul-
tra-high-vacuum chemical vapor deposition (UHV-CVD) 
varying the gas ratio of Si2H6/GeH4. Using this method, it 

is expected that Ge is condensed during oxidation [5]. 
Throughout this research, the high-k dielectric (HfO2) 

was deposited at 400oC and W2N was deposited at 250oC 
by the RF magnetron sputtering system. W2N film was de-
posited changing the amount of Gas (N2) and the tempera-
ture of a substrate. As a merit of this research, HfO2 and W/ 
W2N gate stack was continuously deposited in the same 
chamber of sputtering system. Therefore, impurities and 
contaminations were able to be minimized in the thin film. 
Consequently, excellent C-V characteristics were obtained 
in a MOS capacitor fabricated on Ge substrate with low 
leakage current. 
 
3. Results 

Germanium compositions of all films were measured 
by secondary ion mass spectroscopy (SIMS), atomic force 
microscope (AFM) and X-ray diffractometry (XRD). First 
of all, an optimal formation of GOI layer was investigated 
changing the condensation condition. Figures 1 and 2 
show SIMS profiles before and after oxidation. In these 
figures, it is found that silicon is replaced by germanium 
after oxidation. In addition, Figure 1 shows that SiGe con-
centration changes with variation of gas flow (Si2H6/GeH4) 
in the profiles before oxidation. Figure 3 shows an AFM 
image of the GOI layer after removing surface oxide. RMS 
values for surface roughness before and after oxidation are 
3.80nm and 0.84nm, respectively. As shown in the figure, 
surface roughness characteristics are improved by dry oxi-
dation. Figure 4 shows the XRD result of germanium and 
W2N used for this research. As shown in this figure, Ge 
(111) peak is remarkable as a result of Ge condensation. It 
is positive proof to indicate that SiGe layer is changed to 
Ge layer, and it turns out that there is no W component and 
only W2N exists. 

The measured high-frequency C-V characteristic of 
n-MOS capacitor with W/W2N/HfO2/Ge stack is shown in 
Figure 5. EOT of 7.83Å is achieved, along with excellent 
agreement of HFCV, indicating high quality of n-MOS 
capacitor with W/W2N/HfO2/Ge stack.  

Figures 6 and 7 show characteristics independently in 
the gate length of n-MOSFET. These figures exhibit well 
behaved Id-Vd characteristics. Sub-threshold swings of 
112mV/dec and 86mV/dec are obtained for n-MOSFET. 
Operational n-MOSFET with gate lengths down to 2.3µm 
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was fabricated. In this case the Ge layer has a thickness of 
30nm. Electrical characteristics are shown in Figures 6 and 
7. The transfer and output characteristics of an n-channel 
transistor with a gate length of about 2.3µm are given in 
Fig. 6. A very low leakage current below 1nA was achieved. 
The on-current of 75µA/µm at Vd=Vg=1.2V shows evi-
dence of a high quality channel surface. Further enhance-
ment of on-currents is anticipated by using a spacer opti-
mization, or reducing the contact resistance (Nickel Ger-
manide, LDD).  

 
4. Conclusions 

We have presented the advantages and the current 
status of strain Ge n-MOS device (EOT~7.83Å) fabricated 
with GOI substrate obtained by the Ge condensation tech-
nology, and using W/W2N/HfO2 gate stack. It is strongly 
expected that MOSFETs based on Ge can provide new de-
vice option to sub-100nm CMOS technology with high 
performance and low power consumption. 
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Fig. 1. SIMS profiles of GOI layer before oxidation 
 
 
 
 
 
 
 
 
 
Fig. 2. SIMS profiles of GOI layer after oxidation 

 
 
 
 
 
 
 
 
 
Fig. 3. AFM image of the GOI layer 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The XRD result (a) after condensation and (b) W2N 
 
 
 
 
 
 
 
 
 
Fig. 5. Measured HFCV of n-MOS capacitor with 
W/W2N/HfO2/Ge stack 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Id-Vg characteristics for Ge n-MOSFET with Lg of 2.3µm 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Id-Vg characteristics for Ge n-MOSFET with Lg of 7.8µm 
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