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Characterization of Elastic Interactions in GaAs/Si Composites 
by Optically Pumped Nuclear Magnetic Resonance
Wood, R.M.; Tokarski III, J.T.; McCarthy, L.A.; Bowers, C.R. (UF Chemistry) and Stanton, C.J. (UF Physics)
Introduction 

Elastic interactions in GaAs/Si composite structures were studied by optically pumped nuclear magnetic resonance (OPNMR) [1-3]. The composites were fabricated by epoxy-bonding a single crystal of GaAs to a single crystal of Si at 373 K followed by selective chemical etching of the GaAs. Upon cooling to below 10 K, a biaxial tensile stress developed in the GaAs film due to differential thermal contraction. The strain within a few microns of the surface of the GaAs was deduced from the quadrupolar splitting of the Ga-71 OPNMR. 
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	Fig.1 Ga-71 OPNMR spectra of GaAs acquired at 3.0 T for unpolarized light, T~5 K, acquired at varying GaAs film thicknesses, as indicated.
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	Fig.2 71Ga quadrupolar splitting (absolute value) versus GaAs thickness. Blue circles: 5 mm Si. Blue curve: theory for 5 mm Si.  Black diamonds: 650 µm Si. Black curve: theory for 650 µm Si. Red curve shows predicted change in sign of the splitting/strain.



A series of samples were prepared with GaAs thickness varying from 37 to 635 µm, while keeping the Si support thickness constant at 650 µm. GaAs wafers were cleaved into square-shaped pieces and epoxy-bonded to Si support wafers with approximately the same dimensions. Two additional control samples were prepared by epoxy bonding GaAs wafers to 5 mm × 5 mm × 5 mm Si blocks. The GaAs layer was thinned by selective chemical etching.  Final thickness was measured by optical microscopy. OPNMR experiments were performed at 3.0T in an Oxford Instruments CF-1200 cryostat.  A saturation-pump pulse sequence with a fixed irradiation time of 120 s and 2 μs 90o pulse was employed. Pumping light was generated by a Coherent 899 Ti:Sapphire laser pumped by a 532nm Verdi G. Light was brought to the sample through a 0.6 mm optical fiber that terminated ~ 7 mm above the (100) surface of the GaAs. The laser power on the sample was 51 mW and the spot size was roughly 5 mm.
Results and Discussion

The OPNMR spectra of the variably thinned GaAs/Si samples at ~8 K are presented in Fig. 1. The lattice mismatch of GaAs relative to Si and resulting tensile strain are significantly greater at low temperature.  Note that in Fig. 1, the frequency of the quadrupolar satellite transitions does not increase monotonically with GaAs film thickness. The dependence of the absolute value of the observed quadrupole splitting (((Q on GaAs film thickness is plotted in Fig. 2. The black curve passing through the data points represents the splitting predicted by the theoretical model. Reasonable agreement between theory and experiment is obtained.
Conclusions

Strain relaxation by bowing of the composite was observed to an extent that depended on the relative thickness of the GaAs and Si layers. The variation of the strain with GaAs layer thickness was found to be in good agreement with a general analytical model for the elastic relationships in composite media.
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