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Sphalerite (zinc blende)

((Zn,Fe)S)

- The most common crystal structure for semiconductors is the sphalerite or zinc blende

structure shown in Fig. 1.10. It consists of two different atoms, each located on the lattice 

points of a face-centered cubic lattice, and separated by one-fourth of the length of a body 

diagonal of the cubic unit cell. Each atom is bonded to four atoms of the other type. This 

configuration is not a Bravais lattice. 

- The sphalerite structure, however, is treated as a face-centered cubic Bravais lattice with 

a basis of two atoms displaced from each other by                          .

- When both atoms are the same, the sphalerite structure is called the diamond structure,   

which has inversion symmetry. 

- The diamond structure also has a face-centered cubic primitive unit cell with two atoms 

per cell, except that in this case, the two atoms are identical.

http://en.wikipedia.org/wiki/File:Sphalerite4.jpg
http://en.wikipedia.org/wiki/File:Sphalerite4.jpg
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Rock Salt (sodium chloride)

- Several of the more important IV-VI compound semiconductors have the sodium chloride 

or rock salt crystal structure shown in Fig. 1.11. 

- This structure appears to be a simple cubic lattice with alternating atoms of different

type. However, the sodium chloride structure can be most simply described as two 

interpenetrating face-centered cubic lattices, displaced from each other by one-half the 

body diagonal, with one type of atom on each lattice. 

-The primitive unit cell is thus face-

centered cubic with two atoms per unit 

cell: one at the origin and one of 

different type at (a/2)

- Some of the other IV-VI compounds 

form in an orthorhombic structure 

which can be represented by a 

deformation of the sodium chloride 

cubic unit cell into a parallelepiped with 

orthogonal sides.
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Source: 

http://mrsec.wisc.edu



5

Orthorhombic

base-centered

orthorhombic 

body-centered

orthorhombic 

face-centered

orthorhombic

aragonite

Source: Wikipedia

simple 

orthorhombic 

a = b = g = 90 a = b = g = 90 a = b = g = 90 a = b = g = 90

http://en.wikipedia.org/wiki/File:Aragonit,8_Maroko.jpg
http://en.wikipedia.org/wiki/File:Aragonit,8_Maroko.jpg
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Wurtzite Structure
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- A few of the III-V and several of the II-VI compounds have the wurtzite structure shown 

in Fig. 1.12. 

- This structure consists of two interpenetrating hexagonal close-packed lattices, each with 

different atoms, ideally displaced by    cz from each other. 

- As with the sphalerite structure, there is no inversion symmetry in this crystal, and 

polarity effects are observed along the a3 or z axis. 

- It has the primitive unit cell of the simple hexagonal lattice with a basis of four atoms, 

two of each kind, in each unit cell.
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Chalcopyrite Structure

- The most complex semiconductor crystal we will consider has the chalcopyrite

structure of Fig. 1.13. 

- This structure is found in the ternary I-III-VI2 and II-IV-V2 semiconductors. The atoms 

are arranged on the same lattice sites as in the sphalerite structure, except that in the 

chalcopyrite structure each nonmetallic atom is surrounded by four metallic atoms, two

of each type. 

copper iron 

sulfide mineral

(CuFeS2)

http://en.wikipedia.org/wiki/File:ChalcopyriteUSGOV.jpg
http://en.wikipedia.org/wiki/File:ChalcopyriteUSGOV.jpg
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Ordered structures
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Reciprocal Lattices

- The concept of a reciprocal lattice is essential for an understanding of wave propagation 

and the quantum mechanical properties of electrons in periodic structures. 

- It is also important for a determination of how the law of momentum conservation applies 

to motion in a periodic potential. 

- As a result , in work on semiconductors, we spend about as much "time" and effort in 

reciprocal space as in the direct space of the real crystal.

- Let us consider the set of Bravais lattice sites generated by the lattice vector R in (1.1).

We wish to define some arbitrary function f(r) in the direct space of the lattice which has 

the periodicity of the lattice. That is , we require that

f(r + R) = f(r)

for all values of r and all lattice sites (or vectors), R. In the Cartesian coordinate system

where  are unit vectors. Instead of using  (1.1) to define the Bravais lattice vector, R, 

in terms of the primitive vectors, ai, we resolve R into components , ax, ay, and az , along 

the Cartesian unit vectors:

zyx ˆ,ˆ,ˆ
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Reciprocal Lattices 

- In this equation, nx , ny, and nz are the sets of integers required to form the Bravais lattice; 

and ax, ay, and az indicate the period of the lattice in the directions.

We can now expand the function f(r) in a Fourier series,

where

- The integration in (1.10) is taken over the volume of the unit cell , which for a cubic 

Bravais lattice is given by

zyx ˆ,ˆ,ˆ
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Reciprocal Lattice Vectors 

- In (l.11) lx, ly, and lz are integers that specify the terms of the Fourier series, while the 

vectors K are the wave vectors with dimension of reciprocal length for each component. 

- For these reasons the vectors K are called reciprocal lattice vectors and are said to 

define a set of points in reciprocal space.

- From (1.8) and (1.11) we find for any K and R that

or

- Expanding the function f (r + R) in terms of K gives us
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Reciprocal Lattice Vectors 

- Since the direct lattice vectors, R, are normally described in terms of nonorthogonal

primitive unit cell vectors, ai, it is useful to define the reciprocal lattice vectors, K, in terms 

of primitive vectors for the reciprocal lattice, bi, which satisfy (1.14). 

- Let us construct the vectors

and write

where h, k, and l are integers. From (1.1) and (1.17),
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- Thus the vectors bi constructed in (1.16) satisfy (1.14) and can be taken as primitive 

vectors that define a primitive unit cell for the reciprocal lattice.

- From (1.17) we also see that the reciprocal lattice of a Bravais lattice is itself a Bravais

lattice.

- Let us next determine the volume of this primitive unit cell for any reciprocal lattice. The 

volume is determined from (1.16) and simple vector analysis as

- Thus the volume of the unit cell in reciprocal space is inversely proportional to the volume 

of the unit cell in direct space with units of reciprocal length cubed.

- It is also interesting to construct the reciprocal lattice primitive unit cells for the simple 

direct lattices discussed in Section 1.1. 

- For the simple cubic lattice, the reciprocal unit cell vectors are determined from (1.2) and

(1.16) to be

where the unit vectors are the same as in real space.

Reciprocal Lattice Vectors 
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- Thus the reciprocal lattice unit cell for the simple cubic lattice with a cubic unit cell of 

side a is a cube with side 2/a. From (1.4) and (1.16) the reciprocal unit cell for the body-

centered cubic lattice is constructed with the vectors

- A comparison with (1 .5) reveals that these vectors are the same as those of the primitive 

unit cell for the face-centered cubic direct lattice except that a is replaced by 4/a . 

- Thus the reciprocal lattice for the body-centered cubic lattice is face-centered cubic with a 

cubic unit cell of side 4/a. In a similar manner it can be shown that the reciprocal lattice for 

the face-centered cubic lattice is body-centered cubic with primitive cell vectors

(1.23)

- Finally, the reciprocal lattice primitive cell vectors for the simple hexagonal direct lattice are

Reciprocal Lattice Vectors 
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Wigner-Seitz primitive cells

- We can also construct Wigner-Seitz primitive cells for reciprocal lattices in the same 

manner that was used for direct lattices. That is, we 

(1) draw lines from one reciprocal lattice site (taken as the origin) to all nearby sites, 

(2) bisect each line with an orthogonal plane , and 

(3) use the smallest polyhedron that encloses the original site. 

- For the reciprocal lattice, however, the primitive cell constructed in this fashion is 

referred to as the first Brillouin zone. 

- The second Brillouin zone is obtained by a similar construction around the first zone, and 

so on for higher zones. 

- Since most of the important properties of a reciprocal lattice are found in this primitive 

cell, we will spend most of our time with reciprocal space working in the first Brillouin

zone. 

- Let us, therefore, examine the first Brillouin zones for the semiconductor crystal 

structures discussed in Section 1.2.
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First Brillouin zone

-The sphalerite, diamond, and sodium chloride structures all have the face-centered cubic 

direct Bravais lattice. Only the bases are different. 

- As we have seen, the face-centered cubic direct lattice has a body-centered cubic 

reciprocal lattice, and vice versa. Therefore, the sphalerite, diamond, and sodium chloride 

structures all have the same reciprocal lattice and first Brillouin zone. Figure 1.14 shows the 

lattice points in reciprocal space and two Brillouin zones for the face-centered cubic direct

lattice. Either cell can be used as the first Brillouin zone.
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Properties of Brillouin zone

- In discussing various properties of the first Brillouin zone it has become common to use a 

peculiar notation, from group theory, for high symmetry points. 

- Brillouin zones for the face-centered cubic and body-centered cubic direct lattices with the 

appropriate notation are shown in Fig. 1.15. The points within the zone are referred to an 

orthogonal basis kx, ky, and kz with origin at the enclosed reciprocal lattice point. 

-

-In Fig. 1. 15(a),  refers 

to the origin, with X, L, 

K, W, U being various 

points on the zone 

boundary. 

- , ,  are points along 

the lines from  to X, L, 

K, respectively. 

- Similar notation is used 

in Fig. 1.15(b).
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Properties of Brillouin zone

-The wurtzite structure has the simple hexagonal direct lattice. The appropriate Brillouin

zone is a hexagonal prism, as shown in Fig. 1.16. The reciprocal lattice site is at , with the 

notation for other high-symmetry points as shown.

- Since the volume of the chalcopyrite unit cell is four times as large as that for the face-

centered cubic lattice, its Brillouin zone is four times smaller. The two Brillouin zones are 

compared in Fig. 1.17 with some of the appropriate notation.


