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Outline 

 GISAXS: Grazing Incidence SAXS 
– Motivation 
– Description 
– Experimental requirements 

 

 Surface Sensitivity 
 Complications from Surface Scattering   
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GISAXS Applications 
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Elaine Chan, ALS and Jema Technologies LLC 



Grazing Incidence X-ray Scattering (GIXS):  
what is it? 

 Means of studying electron 
density contrast variations 
(structure) near surfaces and 
interfaces 

 X-rays incident at grazing 
incidence 
– Limited penetration into 

sample means enhanced 
surface sensitivity 

 Scattered x-rays observed with 
an area detector 
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 Images: 
Prof. Andreas Meyer, U. Hamburg, 
www.gisaxs.de 



GISAXS Experimental Requirements 

 Beam-defining and guard slits 
 Area detector 
 Diffractometer for sample positioning: 6 degrees of freedom: 

– x, y, z 
– Θ, χ, φ (pitch, roll, yaw) 

 Extended beamstop 
 Fast (point) detector for alignment 
 Synchrotron source 
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GISAXS Advantages 

 In situ measurements 
 No Scanning: time-resolved measurements 
 Study buried structures 
 Non destructive 
 Probe statistically relevant  sample  areas (mm2) 
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Growth of Ag nano-island on 
MgO(001) surface studied by 
GISAXS 
 
Revenant et al., PRB, 79, 1 (2009) 



7 

X-ray reflectivity gives GISAXS surface sensitivity 

 Total external reflection occurs at 
small angles (grazing incidence) 

– One critical angle for the polymer 
film αcp 

– One critical angle for the Si support 
αcSi 

– GIXS usually αcp < αi  < αcSi  (penetrate 
thin film but not substrate → surface 
sensitivity) 

 Reflectivity from a ~800nm polymer 
film supported on Si 
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Reflectivity from polymer  

film on Si, ~ 800 nm thick  

Range for GISAXS 
incident angle 

ki kf 

qz = kf -ki •Point detector and collimation measure 
strictly along qz = (4π/λ)sin(α) 
•Resolution constant over entire q-range 

αi αf=αi 
 



Review of surface scattering basics - reflection and 
refraction 
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Index of refraction 
𝑛𝑛 ≥ 1 

𝑛𝑛 = 1 − 𝛿𝛿 + 𝑖𝑖𝑖𝑖 
0 < Real 𝑛𝑛 ≤ 1 



Review of surface scattering basics - reflection and 
refraction 

cos𝛼𝛼 = 𝑛𝑛 cos𝛼𝛼′ 

R 

T 

α α 

α’ 

𝒛𝒛 𝒏𝒏 = 𝟏𝟏 

𝒙𝒙 

𝒌𝒌𝒊𝒊 𝒌𝒌𝑹𝑹 

𝒌𝒌𝑻𝑻 𝒏𝒏 = 𝟏𝟏 − 𝜹𝜹 + 𝒊𝒊𝒊𝒊 

𝛼𝛼𝑐𝑐 = cos−1 𝑛𝑛 ≈ 2𝛿𝛿 
                          = λ 𝑟𝑟𝑒𝑒ρ/π 
    re: e- radius; ρ: e- density 

Snell’s law: 
Critical angle for total 

external reflection (α’=0): 
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𝑞𝑞𝑧𝑧 = 2𝑘𝑘𝑘𝑘𝑖𝑖𝑛𝑛(𝛼𝛼) Wave vector transfer for reflected beam 

Typical  𝛿𝛿~10−5 , so  
𝛼𝛼𝑐𝑐~0.1° − 0.5° 



Review of surface scattering basics - evanescent 
wave and penetration depth 

 The reflection is almost 100%, and x-ray only penetrates a typical depth of a few 
nanometer. 

 By tuning the incident angle, x-ray can be a surface sensitive technique  
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Penetration depth on Si surface with λ=1.54A 



Review of surface scattering basics - Fresnel 
reflectivity and transmission  
 Fresnel formulas: reflection and transmission coefficients 

 
 Fresnel reflectivity:  
 Fresnel transmission:  

 
 
 
 
 
 
 
 
 
 

 For reflectivity from multilayers, use recursive method of Parratt 
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𝑟𝑟 =
𝑘𝑘𝑖𝑖,𝑧𝑧 − 𝑘𝑘𝑡𝑡,𝑧𝑧
𝑘𝑘𝑖𝑖,𝑧𝑧 + 𝑘𝑘𝑡𝑡,𝑧𝑧

 
 

𝑡𝑡 =
2𝑘𝑘𝑡𝑡,𝑧𝑧

𝑘𝑘𝑖𝑖,𝑧𝑧 + 𝑘𝑘𝑡𝑡,𝑧𝑧

 

𝑅𝑅𝐹𝐹 = 𝑟𝑟 2 

𝑇𝑇𝐹𝐹 = 𝑡𝑡 2 

For silicon/vacuum interface, λ=1.54 A 

Yoneda peak 



Distorted Wave Born Approximation 

 Born approximation, used in SAXS,  is insufficient 
for calculating scattering from surfaces 

 Treat scattering from buried structures as 
perturbations of the incident, reflected and 
refracted waves  

 Four terms to describe the scattering from 
surfaces 

"Beyond Rg" Workshop: Introduction to GISAXS  

12 

qz,1 = kf,z– ki,z  
qz,2 = –kf,z – ki,z  
 qz,3 = kf,z + ki,z  
 qz,4 = –kf,z + ki,z 



Transmission and reflection channels 
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Transmission 

Reflection 

B. Lee et al, Macromolecules 38, 4316 (2005) 

Both transmitted and reflected beams contribute to observed scattering. 



Form factor and structure factor  

 For samples with statistical distribution of particle size and positions (not gratings, 
not single crystals) – such as self-assembled block-copolymers on flat surfaces, 
statistical averaging is applied 
 
 
 

 F is the form factor; S is the structure factor to describe the statistical position 
correlation between particles. 
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= 𝐹𝐹 𝑸𝑸 2 𝑆𝑆(𝑸𝑸) 

Dilute nanoparticles 2D monolayer of nanoparticles 

Zhang Jiang Byeongdu Lee 
D. Smilgies, http://staff.chess.cornell.edu/~smilgies/gisaxs/GISAXS.php 
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