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When dealing with crystalline materials, it often becomes necessary
to specify a particular point within a unit cell, a crystallographic
direction, or some crystallographic plane of atoms.

£

’

Three numbers or indices are used to designate point locations,
directions, and planes.
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Figure 2504. Evaluation of the crvstal direction in a cubic lattice.
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Directions in a Hexagonal Crystal
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Family of {100} planes

unu
A

Top Plane

Z

(NIINUVD=MOU . (001)
Face Plane

nan1vyovwan

Side Plane

N1SSzUMIITUOUU

WU@DITOOUTY
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AN INUVO=0U

nantvyovwan

N1SS=UMIINUVUU

WU@DITOOUTY
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unu

AN INUVO=0U

nantvyovwan

N1SS=UMIINUVUU

WU@DITOOUTY
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Origin in Crystals
unun

Cubic Structure Hexagonal Structure

zA z A
AINUVO=MOU

nan1vyovwan

5 — (0,0,0)

N1SSzUMIITUOUU
The origin can be anywhere, but this is the conventional choice

WU@DITOOUTY

91915¢55:0n8 walannov nauddn Wand aruzdDny1@a1ans Usn. USSUY Solid State Physics [ (1192516) U1 38



As you can see below, the point (1, 1, 1) looks a bit different
depending whether you have a cubic or hexagonal crystal structure.

unu

1/3 of a
hexagonal prism

\\/ (1,1,1)

. . Z Cube 7!
AUV o<eoU

(1,1,1)

nan1vyovwan

Hexagonal

N1SSzUMIITUOUU

WU@DITOOUTY
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unu

AN INUVO=0U

nan1vyovwan

N1SSzUMIITUOUU
T AR RN

Directional Family

G

Different

orientation

L

. A B

Once we arrange the same cube 1n a different frame of reference,
we can see that [001] direction 1n xyz corresponds to [100] in x'y'Z'

X

_

G

[100]

E

VZ.

Hence, both directions belong to the same directional family <100>.
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unun Members in family for cubic lattice

,, . 6 different directions belong to <100> family:
PHIALYO=0I0U [100],[100],[010],[010], [001], [001]

nan1ogaowan 12 different directions belong to <I110> family:
[110], [110], [1T0], [T10], [101], [101],
[101], [101], [011], [011], [011], [0T1]

8 different directions belong to <l11> family:
[111], [111], [1T1], [111], [T11], [111], [1171], [IT1]

N1SSzUMIITUOUU

WU@DITOOUTY
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) Cubic Lattice Tetragonal Lattice

‘ - -
z . .
<100> family T [001] Far;l(l)l(:es.
<100>

[001] C <001>
a

AN INUVO=0U

nan1vyovwan

a a4 |[010]
90° 90

N1SSzUMIITUOUU
All divections belong One direction belongs

WUEDYDOUTY to the same family i0 a different family
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unu

Miller Indices Practice: Directions

AN INUVO=0U

Draw the [100], [111],
and [010] directions

nan1vyovwan

in a cubic crystal.

WU@DITOOUTY

N1SSzUMIITUOUU
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unu

Miller Indices Practice: Directions

AN INUVO=0U

Write the Miller Indices for
the indicated direction.

nan1vyovwan

N1SSzUMIITUOUU
T AR RN
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unun
(ININUVO=ADU - (1121)
\
nan1vgovwan ><

(1010)

N1SSzUMIITUOUU

WU@DITOOUTY
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LLet’s use “u,” ‘v,” and “w,” to represent the distance

long the a;, a», and c vectors in the 3-axis system.

unu

When we add a3, we can use capital “U,” “V,” “1,” and

“W?” to represent the distance along the a3, as, az, and c

AN INUVO=0U vectors.

NANIVIOVWAN If we want to translate from [uvw] to [UVTW], we need

this equation to be true:

n1ss-us-uwluwan ] -
: uay +vaz +we =Uay + Vaz +Taz + We

N1SSzuMInUouuU :
! We also know that ay + a2 + asz will return to the

WU@DITOOUTY

starting point, so summing those vectors gives us zero.
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a; +az +az =0,ora; + ax = —ag

unti We can then substitute this into the equation to get rid

° . of az;
ANINUVO=OU

Uay +Vas +T(—ay —as) + We= (U —T)a1 + (V —T)as + W¢

nantvyovwan

To reduce this to one “correct” solution, we need to introduce one
more constraint. Just like a; + as + a3 = 0, we can require
|U + V + T = 0.If we do this, we get a unique solution which

N1SS=UMIINUVUU

WU@DITOOUTY
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uhnun We can rewrite u, v, and w without “T” because T' = — (U + V)

' ; s :r' ‘.-'P
GNINUVO=AOU u=2U0+1
v =2V + U

nanvyovwan w=W

This converts [hkl]to[hkil], but what about the reverse?

Rearranging a few terms gives us the answer.

N1SS=UMIINUVUU

WU@DITOOUTY
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unu Therefore, the final equation to convert from [uvw|to [UVTWis
INUNUVO=AOU U = 2uv
> : v = 21:3—:;
nan1ogaowan T =—(U+V)
W =w

N1SS=UMIINUVUU

WU@DITOOUTY
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unu

Hexagonal Miller-Bravais Indices for Planes

AN INUVO=0U

1. Defined plane (hkil). (1120)

(1120) 2. Calculating inverse values for

nan1vyovwan

\ h, k, 1, I Miller-Bravais indices.

3. Obtained values are the

intersections with axes.

a, "oo" means that the plane

never intersects the "c"

N1SSzUMIITUOUU

WU@DITOOUTY

axis = it 15 parallel to "c"
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unun Directions in a Hexagonal Cell

(z) c
MIinuvo=mMouU

| [001]

This direction does NOT
_ belong to the same family
as [100], [110], and [010].

nen1oyovwan <

[010] 2. ()

MSS=UGIAUOUU These directions belong to the
same family by 6-fold rotation.

WU@DITOOUTY
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unui (100) One of the Side Face Planes in a Hexagonal Cell

ci
AINUVO=MOU

(100)

nan1vyovwan

N1SSzUMIITUOUU

WU@DITOOUTY
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unu

(100)

ci

AN INUVO=0U

A

nan1vyovwan

1100} Family of Planes in a Hexagonal Cell

(110)

(100)

/

N1SSzUMIITUOUU

WU@DITOOUTY

(010)
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unu

Hexagonal Miller-Bravais Indices: Practice

AN INUVO=0U

ci

nan1vyovwan

N1sszus=uluwan

N1SSzUMIIUOUU
WuEoyoIITY
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