






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Si substrate for optoelectronics

The structure is bonded to 2- or 4-inch silicon substrates using thin SiO2 intermediate layer. Thermal stabilization at 200Â°C guarantees a high bonding quality ... 
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Evaluation of InP/Si substrate for optoelectronics 1
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INTRODUCTION Because of large lattice mismatches and great differences in thermal expansion coefficients between IIIV materials and silicon, the integration of high-quality IIIV based optical devices with low-cost Si based electronic devices remains nowadays a difficult technological challenge. As a matter of fact, even if GaAs or InP can actually be epitaxialy grown on Si, threading dislocations cannot be completely avoided, deteriorating the electrical and optical performances of the optoelectronic devices[1]. Numerous ideas have been proposed in order to solve the problem and the use of “compliant” substrates is one among them. A substrate is a compliant substrate when, in addition to act as a usual seed layer, it can either sustain all the plastic damage (plastic compliance) or elastically conform itself (elastic compliance) to the requirements of a stressed epitaxial overgrowth[2]. We report here on the behavior experienced by a thin InP layer when bonded to a Si host substrate via silicon dioxide. It is a first step toward the fabrication of real compliant substrates. Then, InP/SiO2/Si substrates are evaluated through the regrowth of lattice matched (InP) and lattice mismatched (InAsP and InGaAs) layers. EXPERIMENTAL Heterostructures are grown by Solid Source MBE on epi-ready semi-insulating InP (001) 2-inch substrates from InPact SA. A 200nm thick InP buffer layer and 300nm thick In0.53Ga0.47As stop layer are grown before growing the thin InP (10-15nm) seed layer (figure 1a,1b). The structure is bonded to 2- or 4-inch silicon substrates using thin SiO2 intermediate layer. Thermal stabilization at 200°C guarantees a high bonding quality without any default (figure 1c) . The selective back-etching of the original InP substrate and the thick In0.53Ga0.47As sacrificial layer is chemically performed. In addition, an epi-ready surface treatment is performed before regrowth. RESULTS High quality, dislocation free, thick InP layers (up to 3 µm) have been regrown on these InP/Si substrates. The excellent quality of the epitaxial surface morphology is confirmed by Atomic Force Microscopy (figure 2). The surface is smooth, with a root mean square (rms) of 2.79 for 25µm² area, close to 2.75 found for the initial surface and to 2 found for a standard epi ready InP substrate.



The electrical properties of a 1µm thick, unintentionally doped InP layer are assessed by Hall measurement. The room temperature Hall mobility is 2036 cm²/Vs with a corresponding electron concentration of 16 -3 2.97x10 cm . The 77K mobility is 6400 cm²/Vs for an 16 electron concentration of 1x10 . Theses values are slightly lower than those we usually obtain for InP grown on an epi-ready substrate [3] and correspond to defects localized at the interface. However the photoluminescence (PL) spectra at 77K and 300K of this layer is comparable to that of a 1 µm thick InP layer grown an InP substrate. Finally, the epitaxial layer crystal quality is checked using double crystal x-ray diffraction. We found that the InP peak has a full width at half maximum of 100 arcsec to be compared with the typical 15-20 arcsec we generally find for standard InP substrates. This peak broadening is attributed to some residual thermal stress which is introduced by cooling down the 1µm thick InP layer grown at 500°C on silicon. We have also performed the growth of InAs0.25P0.75 (lattice-mismatch ∆a/a = 0.81%) and In0.65Ga0.35As (latticemismatch ∆a/a = 0.81%) layers with thickness from 70nm up to 600nm. The growth and the relaxation of InAs0.25P0.75 on a thin InP/SiO2/Si substrate and on substrate InP bulk are similar. On the contrary, when comparing for In0.65Ga0.35As grown on an InP bulk substrate and on a thin InP/SiO2/Si substrate, the surface morphology clearly looks different. Superimposed onto the regular dislocation netting (typical of the classical plastic stress relaxation), a surface roughness (typical of elastic stress relaxation) is observed. The most certain explanation in our opinion, is to attribute it to the extra stress arising from a slight convex bending due to the different -6 thermal expansion coefficients of Si (2.6*10 /K) and SiO2 -6 (0.5*10 /K) [4]. The potential of InP/SiO2/Si substrates for optoelectronics was also checked by measuring the luminescence properties of 60Å thick InAs0.65P0.35 strained SQW and MQW confined in 0.2µm thick InP barriers. Photoluminescence (PL) spectra at 77K (Fig. 9) and 300K are similar to those grown on a classical epiready substrate confirming the excellent quality of our new substrate (figure 4 &5).



* Electronic address: [email protected].: Tel:+33 (0) 4 72 18 60 48 ; Fax:+33 (0) 4 78 43 35 93 [1] A. Krost et al. Appl. Phys. Lett. 64, 769 (1994) [2] Y.H. Lo, Appl. Phys. Lett. 59, 2311 (1991) [3] O. Aina et al. Appl. Phys. Lett. 58, 1554 (1991)
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Figure 1: Key technological steps for obtaining thin InP seed layer on Si host substrate. (a) MBE growth of III-V structure and bonding on silicon substrate. (b) Back-etching and a thin substrate preparation. (c) View of 2'' InP layer bonded on 4'' silicon wafer.
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Figure 4: PL spectra of 60Å thick InAs0.65P0.25 quantum well grown on InP/SiO2/Si and InP bulk substrate.



Figure 3: AFM images of 250 nm thick InAsP layer grown on a) InP bulk substrate and b) InP/SiO2/Si thin substrate for 40µm² area.



8 77K PL Intensity (a.u.)



Figure 2: AFM morphology of a) initial surface before regrowth and b)1µm thick InP layer grown on InP/SiO2/Si substrate for 25µm² area.
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Figure 5: PL spectra of 3 x 60Å thick InAs0.65P0.25 multi quantum well (MQW) grown on InP/SiO2/Si, InP bulk substrate and InP/SiO2/InP substrate.
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