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Miller Indices

- An important relationship exists between the reciprocal lattice vectors, K, given by (1.17) 

and the planes of the corresponding direct lattice. 

- A lattice plane is determined by three noncollinear lattice sites. Because of the 

translational symmetry of the Bravais lattice, however, each plane contains an infinite

number of sites (Fig. 1.18). 

- The relationship is that each K of the reciprocal lattice is normal to some set of planes in 

the direct lattice and the length of K is inversely proportional to the spacing between planes 

of this set.

- Consider the reciprocal lattice vector K in (1.17) with integral components h, k, l which 

have no common factor, and a direct lattice point,
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Miller Indices 

- From (1.13) we have

- Equation (1.26) tells us that the projection of the vector R1 along the direction of the vector 

K is

- Since the Bravais lattice is infinite, we can find an additional point with this same 

projection. For example, the vector R2 defined by

where p is an integer, is such a point. If we then let 

p range through all integer values , we construct an 

infinite set of points on the same plane (while 

keeping N constant). This plane is , of course, 

orthogonal to K because of the projection.
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Miller Indices

- In a similar manner, we can define the next adjacent plane by

so that the spacing between adjacent lattice planes perpendicular to K is

- Therefore, it is easy to see that sets of planes in 

a direct lattice can conveniently be characterized 

by reciprocal lattice vectors or points in the 

corresponding reciprocal lattice. 

- For this to be a unique prescription, the integers

h, k, l in (1.26) must have no common factors.
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- The use of reciprocal lattice vectors to designate planes in direct space is entirely 

equivalent to the Miller indices of crystallography. This can be seen by taking a given K and 

choosing the ni of (1.25) so that one plane of the set defined by (1.26) intersects the ai axes at 

ni ai, i = 1, 2, 3. 

- From (1.26) we then have

and so on, or

-Thus the intercepts of the plane are inversely proportional to the integral components of the 

reciprocal lattice vector. This result can also be demonstrated for planes that do not intersect 

the ai axes at discrete lattice sites.

- Although the primitive lattice vectors, ai , are in general not orthogonal, it is customary in 

all cubic lattices for the Miller indices to refer to the orthogonal simple cubic vectors. 

- The notation used for specific reciprocal lattice vectors (points) and specific sets of direct 

lattice planes is (hkl).

Miller Indices
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Miller Indices

- If a plane does not intercept a direct lattice vector (intercept at infinity) , the corresponding 

Miller index is zero. 

- If a plane intercepts in a negative direction, the Miller index has a line drawn over it. 

Figure 1.19 shows several examples of this notation for lattice planes in cubic lattices. 
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Miller Indices

- Referring to Figs. 1.15 and 1.17, the corresponding notation for reciprocal lattice vectors

is kx = (100), ky = (010), kz = (001). The origin or -point is also referred to as (000). 

-To avoid confusion with planes in the direct lattice and directions in the reciprocal lattice, 

square brackets are used for directions in the direct lattice and planes in the reciprocal lattice. 

That is , a1 = [100], a2 = [010], and so on, and the point

R = n1a1 + n2a2 + n3a3

lies in the direction [n1n2n3] from the origin.

-There is also a specific notation to indicate families of planes or reciprocal lattice vectors 

which are equivalent because of the lattice symmetry.

-For example, {100} is taken to indicate all the planes (100), (010), and (00l).

- The equivalent notation for directions is ⟨100⟩, which is taken to mean all the directions 

[100], [010], [001] and their reciprocals [  00], [0  0], [00  ] .1 1 1
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Miller Indices
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Miller Indices

- Four Miller indices are used for hexagonal lattices: one for each of three coplanar vectors, 

which are spaced at 120°, and one in the direction normal to this plane. 

- Thus planes and reciprocal vectors are (hklm), while directions in the direct lattice are 

[hklm]. Otherwise, the notation is the same as for cubic lattices. 

- Several examples are shown in Fig. 1.20.
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Hexagonal GaN Planes

 c -plane {0001}

m -plane {1100} a -plane {1120} r -plane {1102}

<1120>

[1120]

[1210]a3 [1120]

a1 [2110]

a2 [1210]

[2110]

{1122} plane

(1101) plane
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Diffraction
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Lattice Structure Factor 
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Diffraction Conditions
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Diffraction Conditions

Using (1.63) and (1.64) gives us
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Basis Structure Factor
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