Ahmad Asi & David Holub
9/15/11

Miller Indices

Miller Indices are a notation system in crystallography for planes and directions in crystal
lattices. Before describing the notation and use of Miller indices, let us briefly go over
semiconductors, crystalline solids and the crystal lattice.

Semiconductors are ubiquitous in electronics. The electrical and optical properties of
semiconductor materials enabled the advancement in electronic devices (e.g., IC chips). The
energy band gap and purity/impurity (doping) of the material are two very important properties
that distinguish semiconductors from other solids. The energy band gap determines what
wavelengths of light or energy can be absorbed or emitted by the semi-conductor. The energy gap
can be increased or decreased by adding or removing impurities from the semiconductor material.
This process is known as doping. Slight changes to the purity of the material can have dramatic
changes or impurities to the atomic arrangement of the material can have huge changes or effects
on the electrical properties. In order to fully understand these properties, it is necessary to learn
and understand and describe the atomic arrangement of the semiconductor material.

Semiconductors like Silicon are crystalline solids. What distinguishes crystalline solids
from other solids is the arrangement of the atoms making up the crystal are arranged periodically.
In other words, unlike amorphous and polycrystalline solids, the atoms in a crystalline solid are
not random and can be found to be the same throughout the crystal. The pattern that is repeated,
or the crystal’s periodicity is defined by a symmetric array of points called the lattice. A crystal
can be formed from the lattice when atoms are added to each lattice point.
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A volume that fills the space inside the lattice and is found repeating throughout the
crystal can represent the lattice. The smallest of such repeating arrangements is called the
primitive cell. Vectors can be defined such that the primitive cell can be translated by integral
multiples of these vectors. Primitive cells only have lattice points in the corner. Sometimes a unit
cell is easier to work with than a primitive cell. The unit cell is used when one wants to study the
properties of a crystal by studying a small volume of the crystal rather than the entire crystal
itself. Knowing the unit cell, the distances can be calculated between atoms can be calculated and
the force holding the lattice can also be calculated. This is important since the force holding the
lattice determines which electrons can participate in the conduction process.
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(Figures from left to right: Primitive cell, Unit cell)

When observing crystals, its helpful to be able to refer to directions and planes or a set of
planes with the lattice. This is done using three integers. Before finding the integers, an xyz
coordinate system is setup within the lattice with the axes lined up with the edges of the cell. The
three integers can be found by using the following three steps:

1. Find the intercepts of the plane with the crystal axes. Express these numbers as integer
multiples of the basis vectors.

2. Take the reciprocals of the three integers and reduce to the smallest set of integers h,k, and I.

3. Label the plane (hkl).

These three integers are called the Miller indices and are the standard method or notation
used to describe the orientation of planes within a lattice in relation to a unit cell. It was
developed and named after William Hallowes Miller. Miller indices are useful in explaining
physical phenomena including the shape of the crystal.

A (214) crystal plane.
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