Paper 22.3 “High Mobility III-V-On-Insulator MOSFETs on Si with ALD-Al2O3 BOX layers,” M. Yokoyama, et al., The University of Tokyo, National Institute of Advanced Industrial Science and Technology & Sumitomo Chemical Co. Ltd.
[image: image1.jpg]- MOS
<

interface

Bondin
<interfaé;]e



        [image: image2.jpg]Effective Mobility, 2  (cm’/Vs)

-
o
o
=]

500

=22 nm

dAIZOJ
InGaAs-Ol
-w/$
—wios]

— Si universal

=112

0.1
Effective Field, Ee" (MV/em)

1




[image: image3.jpg]Metal G Metal G

Metal S/D
BN e
ISl

1I-V-Ol nMOSFET GOl pMOSFET




Top left TEM shows 100 nm InGaAs-OI (On Insulator) with ALD Al2O3 BOX (Buried OXide).  Top right figure illustrates superior electron mobility of proposed III-V InGaAs-OI FET with high K insulator / Metal gate.  Bottom schematic illustrates ultimate CMOS structure of III-V nMOSTFET and Ge PMOSFET on insulator.
As stated in the 2009 ITRS roadmap “scaling of MOSFETs is likely to require alternate channel materials in order to continue to improve performance, power, density, etc”  For optimal performance leading channel materials of choice are III-V materials (for nMOS) and germanium (Ge) for pMOS.
Future ultimate CMOS structure requires integrating high electron mobility III-V MOSFETs on Si substrate. The authors successfully demonstrate III-V-semiconductor-on-insulator (III-V-OI) MOSFETs with ALD-Al2O3 buried oxide (BOX) layers under front-gate operation, for the first time. The high electron mobilities of ~3000 and ~2000 cm2/Vs are achieved for i-InGaAs and p-InGaAs channels formed on Al2O3/Si, respectively. It is shown that the InGaAs-OI channel bottom condition (the InGaAs-OI/BOX interface) is very important for the device performance.  Improvements by utilizing ALD-Al2O3 and S passivation (Fig. 8), result in high electron mobility of ~4000 cm2/Vs under back-gate operation.  These achievements open up the way for ultimate CMOS transistors.

















































































