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It has been well recognized that, under deep sub-100 nm regime, conventional device scaling concept has
confronted with several physical and essential limitations. Therefore, any new device engineering to realize
advanced CMOS is strongly needed for overcoming these difficulties. Particularly, the
carrier-transport-enhanced channel MOSFETs have been regarded as strongly important for obtaining high
current drive and low supply voltage [1]. From this viewpoint, attentions have recently been paid to I11-V
channels as a candidate of high performance n-MOSFETSs beyond strained-Si devices. It is also known that Ge
channels are suitable for p-MOSFETSs, because of the highest hole mobility among principal semiconductors. On
the other hand, MOSFETSs using these materials must be fabricated on Si substrates in order to fully utilize Si
CMOS platform. Thus, a possible ultimate CMOS structure is shown in Fig. 1 [1].

There are many technological issues to realize the Ge/lll-V MOSFETs on Si substrates, which are listed as
follows; (1) gate insulator formation with superior MOS/MIS interface quality (2) high quality Ge/lll-V film
formation on Si substrates (3) low resistivity source/drain formation (4) total CMOS integration. However, a
significant progress has recently been made for gate stack technologies for Ge/lll-V MOS interfaces. One typical
structure exhibiting superior interface properties is a thermally-oxidized GeO,/Ge interface. We have reported
that this interface provides the interface state density less than 10* cm™eV? without any interface passivation
annealing (Fig. 2) [2]. We have also demonstrated the inversion-layer hole mobility of as high as 575 cm?/Vs at
maximum for p-MOSFETSs using GeO,/Ge as an interface layer (Fig. 3) [3].

One of the other difficult challenges is to form thin and high quality Ge/lll-V films on Si. As for
Ge-On-Insulator (GOI) structures, the Ge condensation technique [4] is a promising technology for fabricating
thin GOI films on Si. We have demonstrated the successful fabrication of (110)-oriented GOI structures (Fig. 4)
[5] and the device operation of (110) GOl pMOSFETs [6]. Higher mobility performance of (110) GOI
p-MOSFETSs than (100) ones has been obtained.

As for 111-V materials, on the other hand, there can be two possible ways to form I11-V thin films on Si or
SiO,/Si. One way is the micro selective growth of Il1-V materials on Si. We have fabricated 1l1-V lateral
overgrowth regions for planer 111-V-Ol MOSFETs and vertical nano-wire 111-V MOSFETSs, applicable to 3D
integration by using InGaAs grown by MOVPE on (111) Si substrates [7], as shown in Fig. 5. The other way is
the wafer bonding of Si and IlI-V substrates. We have also recently succeeded in fabricating Ings3Gag 47As-
on-Insulator substrates with smooth and flat interfaces (Fig. 6) and high electron mobility nMOSFET operation
on this substrate (Fig. 7).

In summary, CMOS family utilizing SiGe/Ge channels and I11-V channels can be key devices for high
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