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The “Phase Problem” 

Object 

A 

Object 

B 



Fourier Reconstruction with phases of  object A and phases of Object B 



Fourier Reconstruction with phases of  object B and phases of Object A 
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Scattering Geometry & Notation 

Wave-Vector:  q = kf – ki  

Reflectivity: 

qx= qy = 0 

qz= (4πλ/sinθ) 



Reflection of Visible Light 



Perfect & Imperfect „Mirrors“ 



Basic Equation: X-Rays 

 Helmholtz-Equation & Boundary Conditions             

              2 E( r ) + k2 n2( r ) E ( r ) = 0 
Ñ



 magnetic 

   part + 

 magnetic 

   part + 

Dispersion 
Absorption Minus!! 

Refractive Index: X-Rays & Neutrons 



Derivation of n for neutrons: 

 

Consider Schrodinger Eqn.  

 

-(ћ2/2m)         + (V –E)     =  0    E = (ћ2/2m)k0
2 

 

can be written: 

 

                   +[1 - (2m/[ћ2 k0
2])V] k0

2       =  0 

 

V= (2πћ2/m)b N;         k0 = 2π/λ 

 

so: 

 

n2 = (1 - (2m/[ћ2 k0
2])V) =  1 – (λ2b/π) N 

 

2nd term <<1, so  n = 1 – (λ2b/2π) N 
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Electron Density 

Profile ! 

Refractive Index: X-Rays 

E = 8 keV       λ = 1.54 Å 



Reflected 

Amplitude 

Transmitted 

Amplitude 

Wave- 

Vectors 

Single Interface: Vacuum/Matter 

Fresnel- 

Formulae 



 cos αi = (1– δ) cos αt  
Critical Angle: 

αc = (2δ)1/2 ~ 

0.3° 

 

G

R

A

Z

I

N

G

 

A

N

G

L

E

S

!

! 

Total External Reflection 



Total External  

Reflection 

Regime 

Fresnel Reflectivity:  RF(αi) 



Reformulation for Interfaces 

The „Master Formula“ 

Electron Density Profile 

Fresnel-Reflectivity 

of the Substrate 

ò



σ =10 Å 

λ = 1.54 Å 

Roughness Damps Reflectivity 
R(qz) = RFexp(-qz

2σ2) 

 



Braslau et al. 

PRL 54, 114 (1985) 

Fresnel Reflectivity 

Measurement 

X-Ray Reflectivity: 

Water Surface 

Difference  

Experiment- 

Theory: 

Roughness !! 



Slicing of Density Profile 

ε ~ 1Å 

Slicing 

& 

Parratt-Iteration 

Reflectivity 

from  

Arbitrary 

Profiles ! 

• Drawback: 

   Numerical Effort ! 

Calculation of Reflectivity 



Example: PS Film on Si/SiO2 

X-Ray Reflectivity (NSLS) 

λ = 1.19Å    d = 109Å 

Data & Fit  

Density Profile 


