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X-rays are electromagnetic radiation of 
wavelength about 1 Å (10-10 m), which 
is about the same size as an atom.  
The discovery of X-rays in 1895 enabled 
scientists to probe crystalline structure   
at the atomic level. X-ray diffraction has 
been in use in two main areas, for the 
fingerprint characterization of crystalline 
materials and the determination of their  
structure. We can determine the size and 
the shape of the unit cell for any 
compound most  easily using X-ray 
diffraction. X-ray Diffraction Structural 
Analysis 
  X-ray diffraction provides most definitive structural information 
 .Interatomic distances and bond angles X - rays 
 To provide information about structures we need to probe atomic distances this 

requires a probe wavelength of 1 x 10-10 m ~Angstroms 
  

 

X-Ray Diffraction(Bragg's Law) 
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The Hall Effect 
the Hall effect is used to experimentally determine the charge carrier density n or p of a n- 
or p-doped semiconductor sample as a function of temperature in  the range 80–300 K. We 
can use the Hall effect to determine whether the mobile charges in a given conductor are 
positively or negatively charged.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Hall effect occurs because a charged particle moving in a magnetic field is subject to 
the Lorentz force given by: 

FLorentz = q v x B …………..(1). 
 
⎢FLorentz ⎢= q v B sin(θ) (1b) (θ is the angle between B-field and velocity vector v).  
Where  q is a signed quantity representing carrier charge, v is the particle velocity vector, 
and B is the vector magnetic field. The basic Hall measurement is performed on a  
semiconductor bar with an electric field applied along its long axis, and magnetic field 
applied perpendicular to it. 
If the sample is n-type, the majority carrier electrons will move opposite the applied electric 
field, right to left (-x) . The v x B cross product is in the positive y direction for a B field 
directed upward in the page. The carrier charge in this case is negative so the force is 
actually in the –y direction. This force causes the majority carrier electrons to be pushed 
towards the front edge of the sample.  
The system reaches equilibrium when the force applied on carriers by the second electric 
field Ey equals and opposes the forced due to the B field. 
 

                 q |Ey|= q | vx . Bz | ………(2) 
 
Ey gives rise to a voltage which can be measured from the front to the back face of the 
sample. 

 
The Hall voltage VH = Ey w (see the above Figure for the definition of w).  
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Now consider a p-type sample. Here the majority carrier holes move with the applied 
electric field, as shown in below figure. The force due to the magnetic field, q v x B is in 
the –y- direction and once more carriers are crowded to the front face of the sample 
resulting in an electric field. This time, however, because the carriers are positive, the Hall 
voltage measured from front to back on the sample will be positive. Thus, the majority 
carrier type determines the sign of the Hall Voltage. 
The velocity we have been discussing is the carrier drift velocity and is related to the 
current by: 
 

 =Ix/A……..(3) 
                              υx = Ex σ/nq ………………(4) 

 
where n or p is the carrier concentration per cm3, and A is the cross sectional area of the 
sample in cm2 (width times thickness: w.t). The quantity v can easily be solved for and the 
result substituted in Equation 2, resulting in: 
 

 Ey = J B /q n  =BzEx σ/nq    (n-type)  
                    Ey = J B /q p =BEx σ/pq    (p-type) ………. (4) 

 
If we substitute the product wt for A in Equation 4, where w is the sample width and t the 
sample thickness, we can multiply Equation 4 by the width to get the Hall voltage: 
 

VH = w Ey = w Bz Ex σ/nq      (n-type) 
                   VH = w Ey = w BzEx σ/pq      (p-type) ………..(5) 

 
Since VH, BZ, and q are all known (by measurement), it is possible to solve for the carrier 
concentration n or p, and determine whether the sample is n-type or p-type. 
 
 
 
 

                          n = -Bz Jx/ Ey q = - w Bz Jx / VH q……………(6) 
 

  n = - w Bz Jx/ A VH q  
where A is the cross-section area of the specimen. Since A = wxd then we can write 
eqn.(6). 
 
 
 

   
 

 

n = - Ix Bz / d VH q 
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