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Structural Characterization of Structural Characterization of GaP/SiGaP/Si NanolayersNanolayers

MotivationMotivation :: Understanding of the Understanding of the GaP/SiGaP/Si heterogeneous growth for photonics on silicon applications and heterogeneous growth for photonics on silicon applications and multimulti--junction solar cells junction solar cells [1[1--3]3]..
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Main breakthrough of the Heterogeneous growth of GaP/Si
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AFM image of GaP20nm/Si grown by MEE
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XRD on a misoriented substrate

Ga and P in antiphase for weak reflections ((002), (006)…)
� (002) and (006) highly sensitive to APD !!!
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RSM of the two samples

Diffraction simulation – APD included in the main phase

Lx// = 1/� q ~ 1/IB (IB: integral breath of the broad component)
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S// scan extracted from RSM on (002) reflection
for the MEE (T g = 350°C) sample

Extraction of 2 parameters for each profile: 
•The thin/broad ratio
•The Integral breadth
of the broad contribution
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HRTEM image of the GaP/Si interface

Phase shift of 2p/3 rad
i.e 1/3 d111 across (111) 

� Stacking fault signature
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Microtwin (MT) 
configuration in GaP

Microtwins (MT) Surface morphology

Observation by TEM

• Homoepitaxy of a Si buffer layer on Si substrate by a LPCVD apparatus which is connected under 
vacuum with a solid source MBE apparatus. This will improve the quality of GaP/Si interface [1,2 and 10].

• Optimization of the growth procedure to avoid the emergence of defects at the surface of GaP/Si

• Laser quality of GaP surface for Opto-Electronic Integrated Circuits.

Conclusions

• By decreasing the growth temperature (from 450°C t o 350°C), the surface roughness has been successful ly 
lowered (from 2.6nm to 1.2nm).

• However, a combined analysis of XRD, HRTEM on the sample with lower Tg revealed structural defects in too 
high density � not appropriate for photonic applications.

• The WHL analysis is able to give us the evidence of APD by providing the corresponding defects correlation 
length and the micro-mosaicity.

Future works
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Clear APD contribution on weak 
reflections ((002) and (006)), lower 
Quality Factor.

Slope extracted from (002) and (006) 
� correlation length = 11 ± 1 nm 
mainly attributed to APD

� micro-mosaicity below 0.01°

The slope obtained from (004) 

� correlation length corresponding to 
other defects = 9.5 ± 1 nm.

No clear APD contribution, higher 
Quality Factor. 

� Correlation length calculated = 
23.7 ± 0.2 nm is attributed to all 
types of defects. 

� Micro-mosaicity = 0.22 ± 0.01°
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(111) dark field carried out on the same sample showing (111) planar defects and antiphase 
boudaries mainly vertically oriented or self anihilating
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