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Outline

Plane-polarized reflectance spectroscopy

Hydrogen plasma tube design

Experimental data on deposition enhancement

Temperature calibration

Conclusion 



  

General Procedure

Sinusoidal output due to constructive/destructive interference during growth



  

Increase Optical Sensitivity

Brewster angle for maximum transmission



  

Plane–polarized Reflectance Spectroscopy (PRS)
with Laser Light Scattering (LLS)

Pseudo-Brewster angle for Si = 75 deg



  

Mass Flow Diagram for Chemical Beam System

Pulsed metalorganic precursors



  

Instrumental View of Chemical Beam System

Plane Polarized Reflectance at 70 and 75 deg



  

Vapor Source Pulse Sequence

Reaction layer on the order of 2 monolayers thick



  

Optical Mediums and Interfaces

Chemical beam epitaxy of GaP on Si



  

Plane–polarized Reflectance Signal (Upper)

Laser light scatter intensity (Lower)



  

Plasma Tube

RF induction: 49 W @ 13.56 Mhz



  

Mass Flow Parameters

GaP heteroepitaxy



  

Flow Regimes

Mean free path > critical dimension



  

Growth Models

                                                                    Issues
                                                                    (1) lattice constant mismatch
                                                                    (2) wetting angle [ polarity ]

                                                                                           3D

Heteroepitaxy
(a) 3D
(b) layer → 3D @ critical thickness

Homoepitaxy
(c) layer by layer



  

Reflection @ 75 deg

Filament power:
16 to 49 W

Deposition enhancement



  

Reflection @ 70 deg

Filament power:
16 to 49 W

Deposition enhancement



  

Scatter

Filament power:
16 to 49 W

Deposition enhancement



  

Hydrogen Plasma

GaP heteroepitaxy



  

Temperature Measurement

e1 = 1
Vacuum

f1 = 75 deg
Si Brewster angle

l   = 632.8 nm
HeNe laser



  

Computation



  

Measurement

Io derived from
room temperature



  

Heater Calibration: Si

Reflectance measurements



  

Conclusion

(1) When polarized light is involved, can get resolution substantially 
lower than underlying wavelength.

(2) Hydrogen plasma seems to work better than filament methods 
to stimulate growth surface in molecular flow regime.

(3) A curious plateau appears in the scattered intensity signal at a 
thickness near 2400 Å, which could be an elastic to plastic 
stress/strain transformation, leading to 3D growth.

(4) If dielectric constants are known for a particular substance, 
temperature measurements can readily obtained from 
reflectance intensity.
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