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Sample: Fe/ZnSe bilayer 

Fe (2 nm) 

ZnSe (30nm) 

GaAs (100) 

The RHEED pattern taken right after the 
growth of an Fe layer on top of a ZnSe layer. 

Cross-sectional HRTEM image 



 RHEED observation of an annealed  
Fe/ZnSe bilayer 

Fe (2nm)/ZnSe(30nm) bilayer annealed at 4600C for 10min 

Standard RHEED Pattern for smooth thin films 

00 900 

Unusual RHEED observation 

00 900 

What are the 
corresponding 

reciprocal lattice of 
this bilayer? 



RHEED Movie of the annealed Fe/ZnSe bilayer 



Ex-situ AFM imaging  
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Its ex-situ AFM image 
clearly shows a 1D 
nanostructure aligned 
along the [110] 
direction though the 
resolution is poor due 
to air contamination.  



HRTEM-cross-sectional image of 
an annealed Fe/ZnSe bilayer with a Au cap 
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Apparently, the spacing 
of  the  1D  structures is  
7  to  10 nm ,   while  the 
height is about 1 to 2nm. 

Au film used to protect the surface 
The wavy boundary 
between the gold layer 
and ZnSe layer is the 
cross section view of 
one-D structure array.  
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Ewald 
sphere 

e-gun 

FFT 
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Ewald sphere and Reciprocal lattice 

The reciprocal 
lattice spacing of 
ZnSe along [110] 
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The intercepted streaks 
bent as  the sample is 
rotated. 

e-gun 

After a 
rotation  
of  900 



Optical Analogy 

Onsite Demo! 



APhO Experimental Problem E1 
Reflected optical diffraction patterns  

from  one-dimensional structures 

The setup used in Problem E1 



Part A: Alignment of the setup 
Sample 1:  a plane mirror (Si wafer) 

θ 

Zero-order spot 

h D 

Alignment sheet 

Sample 1 

Students are asked to measure the height h (5.5 cm)   
and then find out the angle θ(~ 20.10) 



Part B: Reflected Diffraction from Sample 2 

Sample 2:  a steel plate with non-uniformly  
                   spaced scratch grooves 
 

Task B1:  Students are asked to record diffraction patterns for four φ values 



Part C: Reflected Diffraction from a regular grating 

Sample 3:   a regular grating with equal-spacing grooves 
                    ( a Si wafer with periodic 1D photoresist pattern) 

Task C 1:   Students are asked to record diffraction patterns for four φ values 



Part D: Theory behind the reflected diffraction patterns 
from Sample 3 (regular grating) 

Using wave optics, (credits go to Prof. Michael KY Wong), one can derive the 
following two equations for the x and y coordinates of the diffraction spots: 

where “a” is the grating constant of Sample 3 



Tasks D1 (cancelled during the board meeting)  
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Solutions of D2-D4  involve solving a quadratic equation of “a” and getting the its 
mean value and standard error of the mean        straightforward! 

Tasks D2 - D4 (changed to D1 – D3 during the board meeting)  



Sample 4:  a steel piece with unknown angle 𝝓𝝓∗ 

Part E: Determination of the unknown angle φ*
 for Sample 4 

Observed reflected diffraction on the observation board 



Tasks E1-E2 

φ* = 23.20 

X(cm) 



Part F: Diffraction patterns from Sample 5 
Sample 5:   a steel plate with non-uniformly spaced scratch grooves +     
                    uniformly spaced grooves perpendicular to the scratch grooves 
                    (photoresist pattern) 

Sample 5 viewed  under microscope 

Schematic drawing of Sample 5 

Sample 5 is the optical analogy of the nano-grating ZnSe surface ! 



Tasks F1 



Tasks F2 

1st order 
diffraction 
arc  

Task F2 

φ = 00 for non-uniformly spaced grooves; 
 
φ = 900 for uniformly spaced grooves; 

× 
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1st order 
diffraction 
arc  



Part G:  Determination of the lattice-plane spacing for ZnSe 

Figure 16: The reflection high energy electron 
diffraction (RHEED) pattern from a nano-
structured surface of ZnSe, when the electron-
beam is perpendicular to the nano-grooves with 
non-uniform spacing.  

Given     V=13,000 volts, θ ≈ 00 and D = 26 cm 

RHEED  
screen 

D 

where λ is the wavelength of the incident electrons and V is the accelerating voltage.  

λ=
12.247 × 10−10 
𝑉𝑉(1 + 10−6𝑉𝑉)

[m] 

Schematic 
diagram of the 
RHEED 
diffraction 
geometry 

cm 



Tasks G1 

Solution: 

× 
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Task G1 continue  

Remark: For ZnSe, the actual plane spacing for the  
               corresponding lattice plane is 𝑎𝑎∗ = 4 × 10−10𝑚𝑚. 

   Δx 
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