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Multilayer Nanostructures:

}   ~ nm

As the thicknesses of individual layers decrease and become 
comparable to the characteristic length scale of a given 
physical property, that particular property can get modified 
drastically, e.g,

Electronic properties - Fermi wavelength

(semiconductor quantum well)

Magnetic properties – exchange length

(PMA multilayers )

Optical properties – wave-length of the radiation

(x-ray mirrors, AR Coatings)

Electrical properties - electron mean free path

(GMR multilayers)

drastically, e.g,



A phenomenal development in the field over the last 2-3 
decades has occurred due to developments in the field of 
thinfilm deposition techniques, enabling a precise control 
on the quality as well as structural parameters of the 
layers.

Suitable structural characterization techniques have 
played an equally important role in developments in this 
field



Structural parameters of interest

1. Film/layer thicknesses. 

2. Film density

3. Interface roughness 

4. Inter-diffusion

5. In-plane correlations

1. Elemental Concentration 

2. Short range order 

3. Phase analysis 

Interface between two layers plays an important role in 
determining the physical properties of the multilayer structure

6. Vertical correlations



Diffused Interface:
- Concentration gradient across 
the interface
- Characterized by the thickness 
of the intermixed region, d

Ideal Interface: 
- perfectly sharp and flat

of the intermixed region, d

Rough Interface:
-Height of the interface varies 
from point to point in x-y plane
-Characterized by , ,h

Real Interface:




Z

If we define the average
interface z0 as

z0 =  z(x,y) dx dy ,

the roughness  is defined as
the rms deviation of the height
of the interface from the
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of the interface from the
average interface z0

2 =  [z(x,y)-z0]
2 dx dy

In the case of multilayers, the
total roughness can be devided
into correlated and uncorrelated
parts:

2
tot = 2

cor + 2
uncor





The distribution of height in the x,y
plane is characterised by the
height-height correlation function

C(x,y) = <z(0,0)z(x,y)>

C(x,y) can be approximated by an
exponential correlation function

C(x,y) = 2 exp(-R/)2h

where R=(x2+y2)1/2 ,  is the lateral
correlation length and 0<h<1 is
jaggedness parameter



 



GMR multilayers
(Fe/Cr ; Co/Cu)
Used in non-volatile memories; read-write heads

Strength of antiferromagnetic coupling depends 
upon the thickness of spacer layer (e.g. Cr) and 
the interface roughness
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- X-rays are powerful probe for studying atomic scale structure:

•X-ray scattering (WAXS, SAXS) long range order
•X-ray fluorescence elemental analysis
•XAFS local-order (element specific)
•Nuclear resonance scattering local order/magnetism of a 
•(of synchrotron radiation) given element (isotope)

X-rays are highly penetrating radiation, which makes 
them useful for studying buried structures. But this 
penetration depth also makes an X-ray beam 
inherently less useful as a spatially localized probe. 









Accessible Q range in x-ray scattering from thin films

accessible length scale d~1/Q

GISAXS

Laue zones



X-ray Reflectivity

c

Q ~ 0.5 nm-1

d ~ 10nm

n = 1 -  + i

c = (2) =  (re el / )1/2 ~ 0.50

~ 10-5                                          ~ 10-6



Fressnel reflectivity
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Specular Reflectivity

Kx,y=0

Yields electron density profile 
along z direction (averaged over 
x-y plane
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Off-Specular Scan:

- offset  is kept fixed

Pt/C specular and off-specular scan

with .11deg. off

Qz

Qx
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with .11deg. off

d=46.7 angs.(971107)

In
te

n
s
it

y

Incident angle (deg.)



Rocking Curve:

Magnitude of Q is kept fixed
Its direction is rotated so that Qx

varies

Qz

Qx



-Specular scan

-Off Specular scan

-Rocking curve





Gold film on float glass substrate:





X-ray reflectivity for interfacial diffusion:

n = 1 -  - i

= 1 + (2/2)i f0i
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