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Interaction of linearly polarized light with perpendicular 
anisotropic magnetic thin films in transmission geometry 
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Au patterned GdFe layered thin film 

Si3N4 

↑     Fe (4.1 Å) 

↓     Gd (4.5 Å) 

↑     Fe (4.1 Å) 

↓     Gd (4.5 Å) 

↑     Fe (4.1 Å) 

↓     Gd (4.5 Å) 

↑     Fe (4.1 Å) 

↓     Gd (4.5 Å) 

Au (10nm) 

Ta (20 Å) 

Ta (20 Å) 

~100nm 



Charge Contrast 
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GdFe 
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GdFe 
(100nm) 
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GdFe 
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Best Case Poor Case 

𝐼𝑤𝑖𝑡 ℎ𝐴𝑈
𝐼𝑛𝑜𝐴𝑈

= 0.9315 

𝐼𝑤𝑖𝑡 ℎ𝐴𝑈
𝐼𝑛𝑜𝐴𝑈

= 0.989 

𝐼𝑤𝑖𝑡 ℎ𝐴𝑈
𝐼𝑛𝑜𝐴𝑈

= 1.052 

Off Res: 

On Res: 



Weak Scattering 

No sample (pinhole scattering) Off Resonance 



Problem of Weak Scattering 

illumination 

Sample Plane 
Far-Field Diffraction 

Related by F.T. in limit 
of infinite Distance 

Probe position uncertainty 
 

P. Thibault, et al, Ultramicroscopy 109 (2009) 338–343 



Weak Approximation 

𝐼𝑚𝑎𝑔 ≅ 𝐼𝑜𝑛 −
ℜ 𝑐𝑜𝑛  

ℜ 𝑐𝑜𝑓𝑓  
𝑒− 𝜇𝑜𝑛−𝜇𝑜𝑓𝑓  𝑧𝐼𝑜𝑓𝑓 +  

ℜ 𝑐𝑜𝑛  

ℜ 𝑐𝑜𝑓𝑓  
− 1 𝑒−𝜇𝑜𝑛 𝑧𝐼𝑊𝐹  

𝑐𝑜𝑛 = 𝑘0 𝑐1 ΒGd
𝑜𝑛 + 𝑖ΔGd

on  + 𝑐2 ΒFe
off + 𝑖ΔFe

off  −  ΒAu
𝑜𝑓𝑓

+ 𝑖ΔAu
off    

𝜇𝑜𝑛 = 2𝑘0 𝑐1ΒGd
𝑜𝑛 + 𝑐2ΒFe

off  ,Β𝐺𝑑
𝑜𝑛 ≫ Β𝐹𝑒

𝑜𝑓𝑓
 

𝑐𝑜𝑓𝑓 = 𝑘0 𝑐1 ΒGd
𝑜𝑓𝑓

+ 𝑖ΔGd
off  + 𝑐2 ΒFe

off + 𝑖ΔFe
off  −  ΒAu

𝑜𝑓𝑓
+ 𝑖ΔAu

off    

𝜇𝑜𝑓𝑓 = 2𝑘0 𝑐1ΒGd
𝑜𝑓𝑓

+ 𝑐2ΒFe
off  ,Β𝐺𝑑

𝑜𝑛 ≫ Β𝐹𝑒
𝑜𝑓𝑓

 

𝑧𝐺𝑑  𝑟⊥  = 𝑐1𝑧𝐺𝑑𝐹𝑒  𝑟⊥  ,  𝑧𝐹𝑒 𝑟⊥  = 𝑐2𝑧𝐺𝑑𝐹𝑒  𝑟⊥  , 𝑐1 + 𝑐2 = 1 

𝑧𝐴𝑢  𝑟⊥  + 𝑧𝐺𝑑  𝑟⊥  + 𝑧𝐹𝑒 𝑟⊥  = 𝑧 



5µm 

0 π 

Amplitude 

visible light 
microscope 

Reconstructed 
X-ray probe 

Reconstructed Magnetic Structure 



Weak Scattering Constraint 

𝜓 =  
𝐼𝑚
𝐼𝑊𝐹

𝐸0
 𝑒𝑖Δ𝜃  

cos Δ𝜃𝑅 − 𝜃𝑐 cosh Δ𝜃𝐼 =  𝐶0 𝛼, sin Δ𝜃𝑅 − 𝜃𝑐 sinh Δ𝜃𝐼 = 0 

𝛼 =
ζm + 𝐼𝑊𝐹

 𝐼 ∗ 𝐼𝑊𝐹

=
𝐼𝑚/ 𝐶0 

2 + 𝐼𝑊𝐹

2 𝐼𝑚 ∗ 𝐼𝑊𝐹

 


