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Introduction  Ge has been attracting a lot of interests as 
one of future high mobility channel materials to further 
enhance the performance of present Si MOSFETs [1]. 
Although high peak mobility has already been realized for 
Ge MOSFETs by employing thermal oxidation [2-4] and 
plasma post oxidation [5, 6], it is typically observed that the 
effective mobility in Ge MOSFETs severely degrades in the 
high Ns or normal field region. The mechanism of this high 
Ns mobility degradation is still not clear yet. 

In this study, Hall measurements are carried out to 
systematically study the degradation mechanism of the 
mobility in both Ge p- and n-MOSFETs with different 
substrate orientations and interface qualities. It is found that 
the effective mobility in Ge MOSFETs is significantly 
reduced in high Ns through the loss of induced surface 
carrier density in the channels of p- and n-MOSFETs due to 
interface states inside the valence band (VB) and 
conduction band (CB) of Ge, respectively.  

Experiment  Subsequent to the cleaning of Ge (100) 
wafers, SiO2 field oxide was formed on Ge substrates and 
the active areas were defined. After ion implantation of 
source/drain regions and activation annealing, the GeOx/Ge 
interface was fabricated by plasma post oxidation of 
1-nm-thick Al2O3/Ge structures at 300 oC. A 2nd-ALD 
deposition of 5-nm-thick Al2O3 was carried out to suppress 
the gate leakage. PDA was performed at 400 oC for 30 min 
in N2. TiN gate stacks were sputtered and patterned. Finally, 
Al was deposited for source/drain and back electrode 
contacts. 

Results and discussion  The normal operations of the Ge 
p- and n-MOSFETs have been confirmed from the Id-Vg 
characteristics (data not shown). The mobility of these Ge 
MOSFETs was evaluated by both the split C-V method and 
the Hall measurements. As shown in Fig. 1, hole and 
electron Hall mobility are much higher for both (100) Ge p- 
and n-MOSFETs than the effective mobility from the split 
C-V method. It is confirmed that the discrepancy between 
the Hall and the effective mobility of Ge MOSFETs cannot 
be explained by the Hall factor under carrier scattering 
mechanisms known for MOSFETs. Thus, this discrepancy 
is attributed to the difference in Ns between the Hall 
measurement and the split C-V (Fig. 2), which can be 
interpreted as the Ns loss due to interface states near or 

inside VB and CB, as recently been observed in InGaAs 
MOS interfaces [7]. 

The existence of interface states inside the bands can 
lead to the rapid decrease of the effective mobility in 
high normal field of Ge MOSFETs. The energy 
distributions of the interface state density (Nss) can be 
evaluated from the difference in Ns between the Hall 
measurement and the split C-V [7] for p- and n-MOSFETs 
under an assumption of the Hall factor of 1. It is found 
that large amounts of Nss, ~1014 cm-2eV-1 around energies 
of Ev-0.3 eV and Ec+0.3 eV, exist inside VB and CB for 
the present Ge MOSFETs. Particularly, Nss inside CB is 
dependent on the GeOx thickness, leading to the strong 
GeOx thickness dependence of the electron mobility. 

Conclusion The amount of Nss inside the VB and CB of 
Ge has been evaluated through Hall measurement of Ge 
MOSFETs. It is confirmed that the carrier trapping due to 
Nss is a dominant factor of the effective mobility 
reduction for Ge p- and n-MOSFETs in high Ns region. 
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Fig. 1. Effective and Hall mobility of Ge (100) p- 
and n-MOSFETs with different GeOx IL thicknesses. 

Fig. 2. Ns evaluated from Cgc and Hall measurements 
of Ge (100) p- and n-MOSFETs with different GeOx 
IL thicknesses. 

Fig. 3. Interface state density (Nss) of Ge 
MOSFETs with different GeOx IL thicknesses. 
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