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Summary 
Introduction of high mobility channel materials including III-Vs and Ge into future CMOS generations offer the 
potential for enhanced transport properties compared to Si. The Implant Free Quantum Well (IFQW) architecture 
offers an attractive design to introduce these materials, providing excellent electrostatic integrity. Statistical vari-
ability introduced by the discreteness of charge and granularity of matter has become a key factor for current and 
future generations of MOSFETs and in this work numerical simulations are used to critically assess the statistical 
variability in IFQW transistors and compare results with equivalent conventional Si ‘bulk’ MOSFETs. 
 
The 20nm gate length IFQW device architecture con-
sidered in this paper is depicted in Fig. 1 [1-4], with 
the n-type device (nIFQW) using InGaAs/InAlAs III-
V materials and the p-type device utilising Ge. Both 
devices have a relatively lowly doped channel 
(1x1017cm-3). The 3D Glasgow atomistic drift-
diffusion simulator GARAND [5] has been calibrated 
to Monte Carlo (MC) simulations of the IFQW devic-
es (Fig. 2) and then used to simulate the impact of 
Random Discrete Dopants (RDD), Line Edge Rough-
ness (LER) and Metal Gate Granularity (MGG) on 
threshold voltage (VT) variability in ensembles of 
1000 devices and compared to an equivalent Si de-
vice. 

 
Fig 1. Cross section of 
the IFQW device. 

 
Fig 2. Example layout 
of dopants. 

Here, RDD variability simulations account for the 
random dopants in the source/drain, channel and sub-
strate (see Fig. 2). LER induced modulation of the 
gate length has also been simulated with a reduction 
in gate length leading to a decrease in VT. The effect 
of LER is significantly smaller than the RDD induced 
variability due to the excellent electrostatic integrity 
of the IFQW transistors. The final source of variabil-
ity studied in respect of these devices is MGG where a 
TiN metal gate is considered. A range of grain sizes 

from 5nm to 30nm has been simulated and the spread 
in VT distribution increases with the grain size. 

Combined variability simulations have been complet-
ed for both the IFQW and bulk Si devices and include 
a combination of LER and MGG grain sizes of 5nm 
and 20nm (always in conjunction with RDD). The Si 
MOSFETs have a metal gate of 20nm length and a 
typical halo doping profile. Table 1 compares the ΔVT 
for both architectures and highlights that the IFQW 
devices have better immunity to VT variability. This 
illustrates the benefit of the low doped channel, reduc-
ing the RDD induced variability. 

 nIFQW pIFQW nSi pSi 
σVT [mV]  (RDD + LER + MGG) 

MGG 5nm  
LER 2nm 44 42 94 79 
LER 4nm 44 44 94 91 

MGG10nm  
LER 2nm 74 76 110 96 
LER 4nm 77 75 110 1 0 

Table 1. Comparison of the IFQW device com-
bined VT variability with a bulk Si MOSFET. 

In conclusion, variability simulations have shown that 
high-mobility IFQW devices have excellent immunity 
to VT fluctuation compared to equivalent bulk Si 
FETs and are suitable for potential inclusion in future 
CMOS technology generations. 
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