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1. Introduction 

It has been recently pointed out that a 
fundamental scaling limit for MOSFETs is the 
source injection velocity into the channel limiting 
the drain current [1]. The lower effective mass 
(and lower valley degeneracy) of Ge could 
alleviate the problem by providing a higher source 
injection velocity [2], which translates into higher 
drive current and smaller gate delay. Surface 
passivation is a classic problem that obstructs 
CMOS device realization in Ge. It lacks a stable 
native oxide for MOSFET gate insulation and IC 
field isolation. For instance, a mixture of Ge oxides 
(GeOx and GeO2) would form on the Ge surface 
upon air exposure with the former desorbs at 
moderate temperature while the latter dissolves in 
water. In this paper we present a review of the Ge 
passivation with its native oxynitride (GeOxNy) and 
high-permittivity (high-k) metal oxides of Zr and 
Hf. A fundamental investigation of the scalability 
and stability issues on native GeOxNy MOS 
dielectrics is first presented. Various physical and 
electrical characterizations have been carried out to 
understand the dielectric-Ge interface properties. 
Various surface preparations prior to high-k 
integration are also examined for electrical 
behavior.  
2. Germanium Oxynitride 

The oxynitride formation was done by an 
initial rapid thermal oxidation (RTO) in dry O2 
followed by in-situ rapid thermal nitridation (RTN) 
in NH3 ambient to convert the Ge oxides into 
GeOxNy [3]. Fig. 1 depicts the C-V characteristics 
of W-gate Ge MOS capacitors fabricated with 
either GeO2 grown by RTO at 600 °C for 30 sec or 
GeOxNy formed by RTO at 600 °C for 5 sec 
followed by RTN at 600 °C for 2, 3, or 5 min. No 
intentional anneal in hydrogen was done to get 
information about the interface traps. A drastic 
reduction in C-V hysteresis after the nitridation 
indicates its effectiveness to lower interfacial 
electron trapping over the inferior quality GeO2. 
However, the degree of nitridation in GeOxNy 
should be optimized before the real benefit would 
be discerned. With excessive nitridation (e.g., 5 
min) the Cinversion shot up. an indication of 

excessive carrier generations near the nitrided 
GeOxNy/Ge interface (Fig. 1). Over-nitridation also 
led to increased interfacial charge trapping and 
positive oxide fixed charge generation which may 
ultimately degrade channel mobility. 

 
Fig. 1 W-gate Ge MOS C-V characteristics at 10 kHz 
for (a) GeO2 dielectric, and (b) GeOxNy dielectrics. C-V 
was measured on as-deposited samples [3]. 

 
Fig. 2 (a) and (b) show interface trap densities extracted 
from measured C-V characteristics on GeOxNy MOS 
capacitors using the combined low-high frequency 
capacitance method. [3] 

Quasi-static and high-frequency C-V 
measurements were done on GeOxNy MOS 
capacitors on n- and p-type Ge to extracted Dit. The 
as-deposited Dit is about 3x1012 cm-2 eV-1 on both 
n- and p-type Ge substrates with relatively 
symmetric distribution in both upper and 
lower-halves of the bandgap. After a forming gas 
anneal, the Dit dropped by about a factor of 3 on 
both substrates. On n-type Ge, the lowest Dit value 
obtained was 8.4x1011 cm-2 eV-1  and the spread of 
the Dit level in both halves of the bandgap was 
rather even. On the other hand, the post-annealed 
Dit map on p-Ge indicated a clear asymmetry that 
has a considerably higher level within the 
upper-half (Fig. 2(b)). This important observation 
may help to explain the asymmetric electron and 
hole mobility degradation in Ge n- and p-channel 
MOSFETs. In the MOSFET on-state, the surface 




