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We show that monolayer graphene transferred onto III-V semiconductor substrate is capable of significantly 
quenching the optical phonons in thin epilayers of III-V semiconductor heterostructures grown by molecular beam 
epitaxy (MBE). Such a graphene-induced optical phonon quenching effect is observed to be even stronger than a thin 
metal (such as gold or chromium) layer deposited on the surface of these III-V semiconductor heterostructures.  
      The structure of our MBE-grown III-V semiconductor heterostructure is illustrated in Fig. 1a. A thin AlAs 
epilayer is grown on a semi-insulating GaAs substrate, and capped with another 3 nm GaAs epilayer to prevent 
oxidation. Several samples with different AlAs thickness in the range of 10 to 40 nm are grown. Monolayer graphene 
grown with chemical vapor deposition (CVD) is then transferred onto the surface of the III-V semiconductor 
heterostructures. Raman spectroscopy measurement is conducted to investigate the effect of the transferred graphene 
on the Stokes Raman lines corresponding to the optical phonons of the underlying AlAs epilayer. As can be seen 
from Fig. 1b and Fig. 1c for two different samples with 10 nm AlAs and 40 nm AlAs, respectively, the strength of the 
Raman lines near 400 cm-1 corresponding to the AlAs LO-phonon mode is significantly reduced in graphene covered 
regions (green and blue curves) compared to that of the bare III-V substrates (red curves). Furthermore, the 
magnitude of the graphene-induced AlAs LO-phonon quenching is not uniform across the entire graphene covered 
region, as manifested by the difference between the green and the blue curves taken at different locations on each 
sample, possibly due to the non-uniform doping density of the as-transferred graphene. The AlAs TO-phonon Raman 
line is much weaker and not resolved in our measurements. We also deposit thin layers of gold and chromium (with 5 
nm thickness to allow for Raman spectroscopy measurement with good signal to noise ratio) on these III-V 
semiconductor heterostructures, and observe that the thin metal layers also induce quenching of the AlAs LO-phonon 
Raman line, as shown in Fig. 1d. Surprisingly, by comparing the Raman spectra in Fig. 1c and Fig. 1d, one observe 
that the quenching effect induced by monolayer graphene is even stronger than the quenching effect induced by a 5 
nm of metal layer. We surmise that such significant graphene-induced optical phonon quenching is due to the strong 
interaction between the highly confined graphene surface plasmon and the LO-phonons of thin III-V semiconductor 
epilayers [1]. This effect may play an important role in hybrid electronic/optoelectronic devices combining graphene 
with III-V semiconductor heterostructures, and should be taken into account in developing such devices.  

 
Figure 1. a. Schematic of the graphene covered III-V semiconductor heterostructures. b. Raman spectra of the graphene 
covered III-V heterostructure with 10nm AlAs layer. c. Raman spectra of the graphene covered III-V heterostructure with 
40nm AlAs layer. d. Raman spectra of the III-V heterostructure with 40nm AlAs layer covered by thin (5nm) metal layers. 
All Raman spectra are normalized to the GaAs LO-phonon line near 290cm-1. The curves are offset by 0.05 in y-axis.  
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