Lattice translation, primitive lattice vector

1. The lattice with the basis of single
apple

2. Lattice vector
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R =na, +ma, +la,

3. Primitive lattice vector
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Triangular lattice
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Honeycomb = triangular lattice with two basis




For a lattice defined by a,, a,, a;

1. Unit cell volume

V=51-(672><673)

27 The primitive lattice vectors for the reciprocal lattice

— 27w . L =27 L — 20,

b1=7(a2><a3), b2=7(a3><a1), b3=7(a1><a2)
3. Show that 7 b =997
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a. -bj = 272'51.,]. i b, =977

l









(a lattice vector) « ( a Reciprocal lattice vector)

integer multiple of 277




We have three vectors p(7) = p(;'+1§)

1. Lattice vectors

—

R =na, +la, +ma,
2. Reciprocal Lattice vectors
Fourier transformation,,
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3. Bloch vectors
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Lattice translation, primitive lattice vector

—

R =na, + ma, +la,

Primitive unit cell, through the lattice translations, can fill out the
space without overlap and without void.

V=d-(bx?)

Volume of unit—cell is defined
above, but the shape of unit—cell
can be arbitrary.




The basis of the lattice




The basis of the lattice




(a) Simple Cubic Bravais lattice with the primitive cell of

— — E—

a =ai, a, =aj, a, =ak



How many lattice points in the unit cell ?

What is the lattice for the structure (¢ ) ?



How many lattice points in the unit cell ?

One apple and one grape

Single apple




FCC Bravais lattice,

Remember it has one spherical symmetric object in the unit cell



—_ A - A —

a,=ai, a,=aj, a,

But the FCC structure can be
described with a simple cubit
lattice ?

How many atoms are there in
this SC cell ?
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Example,

Choosing the following two set of coordinate, express
the components of lattice vector and basis vector.
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Honey Comb structure
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Diamond structure = FCC with two basis




Diamond structure = FCC with two basis

Using an appropriate set of coordinate, express the coordinate vectors for the basis atoms and lattice vector ?
How many atoms do you have in the unit cell when you see it as a SC ?

How many atoms do you have in the unit cell when you see it as a FCC lattice ?







Hexagonal Close Pack (HCP)




Hexagonal Close Pack (HCP)

Regular tetrahedron

In high school mathematics class, you might have learned that the height of
regular tetrahedron can be related to the length of edge. 5
h=a A

Show that the 39 lattice length, perpendicular the to plane lattice, is

c=a %



Hexagonal Close Pack (HCP)




FCC and Close-Pack

7, =0 a, =(a,0,0)

— 1 - — 11— \/_

5} 3(a1+a2)+3a3 a2:(2, ; ,0)
] = = 1= .

T, =7, +=(a +a,)+—-a; =21, a, =(0,0,c)

FCC is a type of closed-pack structure, when
you look 1t at from the [111] axis direction



FCC is a type of closed-pack structure, when you look it
at from the [111] axis direction

J3

DM =—a
2

— 22— 3

DH=-DM =""¢
3 3

(AH)’ =(AD)’ - (DH)’

AH) =a*——d*=Za
(AH) 3473

“AH = |24
3

Because FCC Structure has 3 layers,
c=34H

c=\/ga
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