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The growth of Germanium (Ge) with iso-butyl germane (IBGe) as germanium source and the study of Ge memory effect in GaAs grown in UHV environment (Chemical beam epitaxy CBE reactor) is presented. High quality Ge epilayers were grown and a strong Ge memory effect was found in GaAs epilayers grown in the same reactor.

I. INTRODUCTION

Germanium (Ge) shows a great interest for optoelectronic and microelectronic technology. With its low band gap (0.66 eV) and high absorption coefficient (10 4 cm -1 ) in the wavelength range 1 µm to 1.5 µm, Ge is very attractive for photovoltaic, infrared detection and thermophotovoltaic (TPV) conversion. Knowing that Ge has a lattice parameter similar to that of GaAs, In 0.5 Ga 0.5 P and AlGaAs, lattice matched epitaxial growth of heterostructures with minimal generation of dislocations can be carried out. This opens a wide range in the design and realization of new heterostructures for high efficiency solar cells for space and terrestrial applications [START_REF] Bosi | Germanium: Epitaxy and its applications[END_REF]. In fact, high efficiency multijunction solar cells such as triple junction (TJ) based on lattice mismatched InGaP/InGaAs/Ge show nowadays a conversion efficiency beyond 40% [START_REF] Attolini | MOVPE growth of homoepitaxial germanium[END_REF]. In such a structure, Ge junction is used to convert the part of solar spectrum between 0.66 and 1.4 eV [START_REF] Bosi | Germanium: Epitaxy and its applications[END_REF]. The growth combination of Si x Ge 1-x with GaAs-based III-V compound semiconductor, introduces new opportunities for integration of III-V materials on silicon (Si) devices [START_REF] Welser | Memory effect of Ge in III-V semiconductors[END_REF], such as solar cells and high-speed electronics [START_REF] Bosi | Germanium: Epitaxy and its applications[END_REF]. In TPV devices, Ge sub cells are employed instead of GaSb and several research groups are working on developing new ways to reduce the TPV system cost by using Ge [START_REF] Bosi | Germanium: Epitaxy and its applications[END_REF]. III-V multijunction solar cells require the growth of III-V structures usually on Ge substrates or even employing several nm of Ge as base cell. An easier approach will be the growth of solar cell structure, by group IV and III-V materials in the same reactor chamber. Such an approach was previously reported in literature for metalorganic vapor phase epitaxy (MOVPE) and molecular beam epitaxy (MBE) [START_REF] Welser | Memory effect of Ge in III-V semiconductors[END_REF][4], displaying a strong Ge memory effect in III-V semi-conductor such as GaAs and limiting the growth of high quality III-V layers. In this study, we investigate the growth of Ge by isobutyl germane (IBGe) as Ge source on GaAs substrates under ultra-high vacuum (UHV) environment. An important interest was given to the Ge growth and study of the memory effect of Ge in GaAs epilayer in the reactor chamber. High resolution Xray diffraction (HR-XRD) were carried out to study the structural properties of grown Ge and III-V layers. The Ge background doping was determined by Hall effect measurements.

II. RESULTS AND DISCUSSION

A. Approach

The epitaxial growth was carried out in a VG Semicon VG90H Chemical Beam epitaxy (CBE) reactor equipped with IBGe as Ge source, high purity (6N5) thermally cracked AsH 3 and triethylgallium (TEGa) as arsenic and gallium sources, respectively. Semi insulating GaAs (S-I GaAs) were used as substrates for the growth of Ge and GaAs layers.

B. Growth of Ge on S-I GaAs

To confirm the crystalline structure of the grown Ge layers, HR-XRD measurements have been performed. Fig. 1 shows the x-ray rocking curve of the symmetrical (004) reflection. It can be noticed the presence of two peaks attributed to Ge epilayer and GaAs substrate. Moreover, the appearance of Pendellӧsung fringes indicates a high crystalline quality and good interface between Ge and GaAs. Based on these fringes a ~ 620 nm thick Ge epilayer was calculated which agrees with the thickness obtained by secondary electron microscopy (SEM).

C. Growth of GaAs on S-I GaAs

Fig. 2 displays the HR-XRD rocking curve obtained on GaAs epilayer before the use of Ge source and after. We can notice that the crystalline structure of GaAs layer before and after Ge remains similar. Therefore, the impact of Ge at the structural level remains unnoticeable.

In our UHV chamber the background doping in GaAs was found to be in the range 5 × 10 15 to 1 × 10 16 cm -3 (with holes as majority carriers) when no Ge source was used. Since the memory effect is an expected consequence of using Ge source in the same chamber, Hall effect measurements on GaAs epilayers were carried out. Therefore, we have found that the background doping in the reactor chamber increased up to 5.5 × 10 18 cm -3 with electrons as majority carriers. This can be explained by the fact that Ge acts as donor in GaAs [START_REF] Welser | Memory effect of Ge in III-V semiconductors[END_REF]. Such a strong memory effect of Ge limits the growth of III-V heterostructures for solar cells. To reduce the strong Ge memory effect in our reactor, various methods are under study. An annealing of the reactor under AsH 3 flow showed a Ge background doping decrease up to 1 × 10 18 cm -3 . This result seems encouraging and additional methods to reduce further the memory effect are under study. The growth of Ge in UHV environment was studied indicating a high crystalline quality of Ge epilayers grown on GaAs substrates. Hall effect measurements have shown a strong memory effect of Ge in GaAs, with a background doping in the range 5.5 × 10 18 cm -3 . To decrease this high background doping in our CBE reactor, different methods are under study. An annealing under AsH 3 flow lead to a small reduction of Ge background doping in GaAs in the range 1 × 10 18 cm -3 . These results are highly interesting for photovoltaic applications.
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 1 Fig. 1. HR-XRD rocking curve of (004) reflection of Ge/GaAs structure