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1. Introduction   

Ion implantation is considered to be a precise technology for the dopant introduction not 
only in semiconductors but also in metals and insulators (Plummer et al., 2000; Sze, 1998). 
The other way of introducing dopants is the plasma treatment (Sze et al., 1998). However, 
ion implantation in semiconductors is extensiv ely used for various app lications in the field 
of optoelectronics, micro/nano-electro-mecha nical systems, power electronics etc (Plummer 
et al., 2000; Sze, 1998). In particular, ion implantation in silicon (Si) using light ions such as 
hydrogen (H) has gained significant attentio n since last two decades (Bruel, 1995; Tong & 
Gösele, 1999; Lee et al., 2004). This is because hydrogen in semiconductors, whether 
introduced intentionally or unintentionally, is known for its role in the defects and dopant 
passivation (Pankove & Johnson, 1991; Chabal et al., 1999). Moreover, as H in 
semiconductors is chemically reactive, it infl uences the transport mechanisms of the charge 
carriers and ultimately the device performanc e (Chabal et al., 1999; Höchbauer et al., 2002). 
The H-implantation in Si started a new era in th e electronic industry when it was first time 
coupled with the direct wafer bonding technique (Bruel, 1995). This coupled process is now 
called as ion-cut process, which was commercially employed by SOITEC, France by the 
name of Smart-CutTM process. This process came into existence by the end of twentieth 
century when first time the engineered substr ates such as silicon-on-insulator (SOI) were 
realized (www.soitec.com). Since then SOI technology really helped in boosting the device 
performance because of its numerous advantages leading to high speed microprocessors, 
low power consumption, low leakage current, low parasitic and latch-up effects etc (Bruel, 
1995; Tong & Gösele, 1999; Christiansen et al., 2006). After that, the ion-cut process was 
studied and successfully extended to germanium (Ge) for the fabrication of germanium-on-
insulator (GeOI) substrates (Deguet et al., 2006). Since then Si and Ge processing 
technologies have grown upto high maturity, wh ich are now applied on industrial scale in a 
regular basis. But, ion-cut process lacks its maturity when it is applied to other 
semiconductors due to various technical as well as commercial reasons (Radu et al., 2003; 
Cioccio et al., 1996; Moutanabbir et al., 2010). Nevertheless, this process is experimentally 
demonstrated on a small scale in silicon carbide (SiC), indium phosphide (InP) and gallium 
nitride (GaN) (Cioccio et al., 1996; Singh et al., 2010). In the past couple of years the 
extensive studies have been carried out in understanding the ion-cut process in these and 
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some other technological important semiconductors, such as (gallium arsenide) GaAs, 
silicon germanium (SiGe), and aluminium nitride (AlN) (Radu et  al., 2003; Singh et al., 2005, 
2010). These studies have shown that ion-cut process in these semiconductors still holds 
promise for potential applications in devices. 

1.1 Basics of H-implantation-induced Blistering in Semicon ductors 

Ion-cut process consists of H-implantation in semiconductors and direct wafer bonding 
techniques (Bruel, 1995; Christiansen et al., 2006). The implanted H ions induce damage 
within the semiconductor, whic h during implantation or after post-implantation annealing 
results in deformations of the implanted su rface (Tong & Gösele, 1999; Hayashi et al., 2008). 
If these deformations are in the form of surf ace blisters, then it is referred as surface 
blistering and if they are in the form of regions from where the implanted surface is 
completely detached, then it is called surface exfoliation (Fig. 1) (Kucheyev et al., 2001). 
However, there is no difference between the H-implantation parameters that lead to 
blistering/exfoliation or layer splitting/lay er transfer using direct wafer bonding. 

 
Fig. 1. Schematic illustration of the H-induced surface blistering, surface exfoliation and 
layer splitting process after post-implantatio n annealing at elevated temperature (T). 

In some cases large area exfoliation, where the implanted surface is completely removed 
over a large regions, also occurs (Dadwal et al., 2010). The detailed understanding of the 
hydrogen implantation-induced surface blistering mechanisms is very essential from the 
prospect of successful application for ion-cut process. H-implantation induces various types 
of defects within the damage region, which upon annealing agglomerates to extended 
defects like nanocracks/microcracks (Chabal et al., 1999; Höchbauer et al., 2002). These 
extended defects act as efficient trapping centres for the implanted H. The implanted H gets 
segregate into these defects in molecular form, which thereby creates internal pressure and 
hence takes them to an overpressurized state. When this internal pressure reaches to the 
fracture limit of the implanted material, it ultimately lifts the implanted surface in the form 
of surface blistering/exfoliation (Kucheyev et al., 2001; Di et al., 2008; Padilla et al., 2010). 
However, the detail mechanisms of the surface blistering are very complex and which even 
in the highly matured SOI technology are sti ll not fully understood (Moras et al., 2010). 

1.2 Layer transfer of semiconductors 

Hydrogen implantation-induced surface blistering/exfoliation can be extended to the 
transfer of a thin layer of the implanted semi conductor (donor wafer) onto an appropriate 
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foreign substrate (handle wafer) using ion-cut process (Höchbauer et al., 2002; Singh et al., 
2010). In this process the implanted wafer is bonded to a handle wafer after following the 
standard wafer cleaning procedure (Tong & Gö sele, 1999). Then these bonded wafers are 
subjected to thermal annealing at elevated temperatures for the sufficient duration. The 
thermal treatment induces defects migration and agglomeration, which leads to layer 
cracking parallel to the bonded interface. Hence, it gives transfer of implanted layer from 
the parent substrate onto the handle substrate (Bruel, 1995; Tong & Gösele, 1999; 
Moutanabbir et al., 2010). However, the layer splitting is only possible if bonding energy of 
the bonded interface between the handle wafer and the implanted layer is much stronger 
than the implanted layer and the donor wafer. Moreover, one can transfer multiple layers 
from the single donor wafer by tuning the en ergy of the implanted H ions. This feature of 
ion-cut process makes it very attractive in the case where donor wafer is highly expensive 
and is mostly available in small sizes such as in the case of III-V nitride semiconductors, like 
GaN and AlN (Kucheyev et al., 2001; Moutanabbir et al., 2010). 

1.3 Brief chapter description  

This chapter is basically an attempt to shed light and give an overview about the 
implantation-induced layer splitting of the se miconductors using ion- cut process. The layer 
splitting is discussed in some of the important compound and conventional semiconduct ors 
for the realization of current and new generati on technology. This chapter is divided into 
ten sections including introduction and reference section. Each section is further divided 
into different subsections. The extensive studies of the layer splitting mechanisms in Si 
makes ion-cut process highly matured in it and,  that is why highly explored in the layer 
transfer applications (Tong & Gösele, 1999). Therefore, the implantation-induced ion-cut 
process in Si is not discussed in this chapter. The focus is given to some other 
technologically important semiconductors such as Ge, SiGe, GaAs, InP, GaN, AlN and other 
important semiconductors for the understa nding of the H-induced layer splitting 
mechanisms. 

2. Ge and SiGe alloys 

Ge and its alloy with Si, which is SiGe, are two important materials which have promising 
applications in the integrated circuits (ICs) technology because of the higher carrier mobility 
and optimum forbidden bandgap (Singh et al., 2005; Huang et al., 2001). Specifically in Ge, 
the hole mobility is about 1800 cm2V–1sec–1. Whereas in SiGe, depending upon the 
concentration of Ge in Si, mobility enhancement of the charge carriers to the values up to 
40000 cm2V–1sec–1 could be achieved in the modulation doped structure of the strained Si 
(sSi) on silicon germanium-on-insulator (SGOI) (Huang et al., 2001). The process of H-
implantation-induced layer splitti ng was used to transfer thin layers of Ge and SiGe without 
investigating its dependence on the implantati on temperatures. Therefore in the following 
subsections we have discussed temperature dependent behaviour of the H-induced layer 
splitting process in these materials. 

2.1 H-implantation in Ge 

H-implantation in Ge results in ion induced defects which are quite similar to that in H 
implanted Si. These defects are vacancies, interstitials and their complexes with the 
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implanted H (Akatsu et al., 2005; David et al., 2009). When H is implanted in Ge, it results in 
surface blistering/exfoliation depending up on the implantation and post-implantation 
annealing parameters (Akatsu et al., 2005; Dadwal et al., 2009). For instance, Fig. 2 shows 
100 keV H ion implanted Ge samples at different implantation temperatures. For the 
implantation at liquid nitrogen (LN 2), the surface exfoliation is observed in the form of 
craters of different size (Fig. 2a). The room temperature (RT) H-implan tation displayed large 
area exfoliation after post implantation annealing at 500 °C for 30 min (Fig. 2b). This large 
area exfoliation is extended upto few 100 square micrometer over the implanted surface. 
However, H-implantation at higher temperatur e of 300 °C results surface exfoliation in the 
as-implanted state (Fig. 2c) (Dadwal et al., 2009). 

 
Fig. 2. Nomarski optical images of the 100 keV H implanted Ge at (a) LN2, (b) RT after post-
implantation annealing at 500 °C for 30 min, and (c) 300 °C in the as-implanted state 
(Dadwal et al., 2009). 

The increase of implantation temperature shows pronounced diffusi on of the H-induced 
defects and their re-arrangements within the damage band, which leads to the formation of 
extended defects like microcracks (Zahler et al., 2007). The role of implanted H is to 
passivate the internal damage lattice, which results in molecular hydrogen within these 
extended defects during implantation or afte r post-implantation annealing. These extended 
defects filled with H 2 molecules are responsible for the surface craters or exfoliation 
depending upon the implantation temperature (Dadwal et al., 2009). Since diffusion of the 
implanted species is also a time dependent process, that is why post-implantation annealing 
at temperature lower than 500 °C for time less than 30 min does not produced any surface 
deformation. However, one may obtain the H- induced surface blistering at an annealing 
temperature lower than 500 °C but the annealing should be performed for duration longer 
than 30 min. This blistering study of the H implanted Ge was successfully used for the 
fabrication of GeOI substrates where bulk Ge acted as donor substrate and the transferred 
layer thickness was about few thousands of angstroms (Deguet et al., 2006; David et al., 
2009). The root mean square roughness (RMS) of the transferred layer was below 0.2 nm and 
Z range value was around 2 nm on a 5 × 5 µm2 scan area after the chemical mechanical 
polishing (CMP) step. 

2.2 H-implantation in SiGe 

The introduction of Ge in the Si  lattice results in new applications of the SiGe alloy in the 
fabrication of strained SiGe (sSiGe) based high speed devices and modern complementary-
metal-oxide-semiconductor (CMOS) technology (Singh et al., 2005; Huang et al., 2001). 
When Ge adds into the Si lattice it gets strained. Depending upon the molar composition of 
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