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Input arguments

alphai -499
alpha2 90

Information
Normalized by max: 0.0000 0.6843 1.0000
Normalized by min: 0.0000 1.0000 -1.4613 /[ S0.0000 45.0000 135.0000

Approx. integers: 0.0000 2.0000 -2.9227 | 50.0000 45.0000 135.0000

Miler indices: 0.0000 2.0000 -3.0000 / 90.0000 45.7392 139.7392




Usage:

The tool HKLforQuartz can be used to determine the Miller indices (hkl) and Miller-Bravais indices

(hkil) [i=-(h+k)] for a quartz cut defined by two angles, 0; and 6.
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Input values for

Click to determine the

0 and 6, Miller/Miller-Bravais indices
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oty HKLforQuartz
. ::ﬁ Input arguments
alphai -48
""" alpha2 90

Information
h

01 = Rotation about Y axis 0.0000

X 2 = Rotation about Z axis

Normalized by max:

Normalized by min: 0.0000

Approx. integers: 0.0000

(hkDr = (hrkr )
hr= (a/c) cos 01 cos 0
kr= (alc) cos 01 (V3 sin 02- cos 02) / 2
lr = sin 01

Miller indices: 0.0000

0.6843

1.0000

2.0000

2.0000

Output of the calculated...
Miller indices: (h k1)
Miller-Bravais indices: (h kil)

I phiX phiY phiZ
-1.0000 / 90.0000  459.0000 139.0000

-1.4613 | 90.0000  45.0000 135.0000

-2.9227 | 90.0000  45.0000 135.0000

-3.0000 /

90.0000 49,7392 139.7392

Angle to X axis

Additional output:

Normalized by max: (hkl)max = (hkl): / max{hr,k,I:}
Normalized by min: (hkl)min = (hkl) / min{hr,k,I}
Approx. integers: (hkl),
:

Miller indices: (hkl) = round( (hkl)n)

Angle to
Angle to Z axis

= n - (hkDmin , where n is the smallest integer satisfying: | (hkl)n - round( (hkl), ) | < 0.1



Background:
According to different cut angles to the quartz bars, there are different quartz plates, e.g. AT-, BT-, CT-,
DT-, NT-, GT-cuts. Different quartz cuts, indicated by a set of angles, have different available elastic,
piezoelectric and dielectric properties, which are the basic parameters for designing a quartz crystal
device. The most often used quartz cuts are shown here:
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e X-cut: 90° from X axis A
*Y-cut: 90° from Y axis Y Mechanical Axis
oZ-cut: 90° from Z axis
*AT-cut: Rotate 35.256° about the X axis towards the negative Y axis
*BT-cut: Rotate 49° about the X axis towards the positive Y axis
*CT-cut: Rotate 38° about the X axis towards the negative Y axis
*DT-cut: Rotate 52° about the X axis towards the positive Y axis
*NT(50,5)-cut: Rotate 50° about the Y axis towards the negative X axis,
then rotate 5° about the Z axis towards the negative X axis.

*NT(60,8.5)-cut: Rotate 60° about the Y axis towards the negative X axis,

then rotate 8.5° about the Z axis towards the negative X axis.

Y Plate

ectc...



0 is used to describe...
cuts defined by ONE ROTATION

(AT, BT, CT, DT, ST, ...)

0 = Rotation about X axis

Definition of angles 0 and (01, 02) used to describe quartz cuts/faces

(01, 02) is used to describe...

cuts defined by TWO ROTATIONS
7 (NT, GT, ...

Important:

1. (01, 02) can be used to
describe most cuts/faces

2. (01, 02) are used as

input for the tool

HKLforQuartz

>y

01 = Rotation about Y axis
0> = Rotation about Z axis
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Definition of 0 Definition of (01, 02)

0 = Rotation about X axis 01 = Rotation about Y axis

b 4 X 0> = Rotation about Z axis

Table 1: Miller indices and Miller-Bravais indices for typical quartz cuts/faces

Cut Face 0 [deg] (01,02) [deg] (hkl) (hkil) Angle to X-, Y- and Z- axis [deg]
35.4167 (354167, 90) 0 10 9 0 10 -10 9 90.0000 35.3167 54.6833

AT - - (35.4167,210) -10 0 9| -10 0 10 9 134.9630 114.0783 54.6833
- (35.4167,330) 10 -10 9] 10 -10 O 9 45.0370 114.0783 54.6833

-49 (-49, 90) 0 2 -3 0o 2 -2 -3 90.0000 49.7392 139.7392

BT - - (-49,210) 2 0 -3 2 0 2 3 124.0340 108.8525 139.7392
- (-49,330) 2 -2 -3 2 -2 0 -3 55.9660 108.8525 139.7392

38 (38, 90) 0 1 1 0O 1 -1 1 90.0000 38.2098 51.7902

CT zor R - (38,210) -1 0 1 -1 0 1 1 132.8812 113.1336 51.7902
- (38,330) 1 -1 1 1 -1 0 1 47.1188 113.1336 51.7902

- (38, -90) 0 -1 1 0o -1 1 1 90.0000 141.7902 51.7902

- r - (38,-210) -11 1 -1 1 0 1 132.8812 66.8664 51.7902
- (38,-330) 1 0 1 1 0 -1 1 47.1188 66.8664 51.7902

-52 (-52, 90) 0 8 -13 0 8 -8 -13 90.0000 51.9838 141.9838

DT - - (-52,210) -8 0 -13 8 0 8 -13 122.2335 107.9352 141.9838
- (-52,330) 8 -8 -13 g8 -8 0 -13 57.7665 107.9352 141.9838

42.75 (42.75, 90) 0 6 7 0O 6 -6 7 90.0000 42.5643 47.4357

ST - - (42.75,210) 6 0 7 6 0 6 7 129.6312 111.6083 47.4357
- (42.75,330) 6 -6 7 6 -6 0 7 50.3688 111.6083 47.4357

NT(50,5) - - (50,5) 92 -39 121| 92 -39 -53 121 50.1645 86.7737 40.0198
NT(60,8.5) - - (60,8.5) 27 -10 52| 27 -10 -17 52 60.3537 85.7539 30.0102




Definition of 0 Definition of (01, 02)

L /3

) = Rotation about X axis 01 = Rotation about Y axis

b 4 X 0> = Rotation about Z axis

Table 2: Miller indices and Miller-Bravais indices for typical quartz cuts/faces

Cut Face | Sub-face (01,62) [deg] (hkl) (hkil) Angle to X-, Y- and Z- axis [deg]

al+ (0, 0) 2 -1 0 2 -1 -1 0 0.0000  90.0000 90.0000

al- (0,180) 2 1 0 -2 1 1 0] 180.0000 90.0000 90.0000

% . a2+ (0,120) -1 2 0 -1 2 -1 0] 120.0000 30.0000 90.0000
a2- (0,300) 1 2 0 1 2 1 0 60.0000 150.0000 90.0000

a3+ (0,240) -1 -1 0 -1 -1 2 0] 120.0000 150.0000 90.0000

a3- (0, 60) 1 1 0 1 1 -2 0 60.0000  30.0000 90.0000

ml+ (0, 90) 0O 1 0 0O 1 -1 O 90.0000 0.0000  90.0000

ml- (0,270) 0 -1 0 0O -1 1 0 90.0000 180.0000  90.0000

v m m2-+ (0, 30) 1 0 O 1 0 -1 O 30.0000  60.0000 90.0000
m2- (0,210) -1 0 O -1 0 1 0] 150.0000 120.0000 90.0000

m3+ (0,330) 1 -1 0 1 -1 0 O 30.0000 120.0000 90.0000

m3- (0,150) -1 1 0 -1 1 0 0] 150.0000 60.0000 90.0000

7 . c+ ( 90,0) 0 0 1 0 0 1 90.0000  90.0000  0.0000
C- (270,0) 0 0 -1 0O 0 0 -1 90.0000  90.0000 180.0000

sl (155.5587, 0) 2 1 1 2 1 1 1 155.5587  90.0000 65.5587

sl’ ( 244413, 0) 2 -1 1 2 -1 -1 1 244413  90.0000 65.5587

) < s2 ( 155.5587,120) 1 -2 1 1 2 1 1 62.9227 142.0378 65.5587
s2’ ( 24.4413,120) -1 2 1 -1 2 -1 1 117.0773  37.9622 65.5587

s3 ( 24.4413,240) 1 1 1 1 1 -2 1 62.9227 37.9622 65.5587

s3’ ( 155.5587,240) -1 -1 1 -1 -1 2 1 117.0773 142.0378 65.5587

x1 (171958, 21.054)] -6 1 1 6 1 5 1 157.5280 110.8347 81.9526

x1’ ( 8.042, 21.054) 6 -1 1 6 -1 -5 1 22.4720 69.1653 81.9526

) < X2 (171.958 , 141.054) 5 -6 1 5 -6 1 1 39.6411 128.4937 81.9526
X2’ ( 8.042,141.054)] -5 6 1 506 -1 1 140.3589 51.5063 81.9526

X3 ( 8.042,261.054)| -1 -5 1 -1 -5 6 1 08.8594 167.9873 81.9526

X3’ (171.958,261.054) 1 5 1 1 5 -6 1 81.1406 12.0127 81.9526




