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A SIMPLE MITHOD ©¥OR 1

UvoF THE MOURTING POSITIONS

FOR LOw ACCuLL

JOHN G, CUALTIERI

US ARMY TLECTRONICS ST UTVICONS LABOUATORY (SRADCOM)
FORT M0enes S

INTRODUCTION

Calculaticns have s peci
crystal cut has a zero first-erder tumnera

nminimizes frequ saused v omechanical stress picees in the
] plane of the plate e ir ctont censeguences for ultra-statle
frequency contrel, cng~term ‘requency changes caused by
accelerations, Wec d rountine strecsses are minimized. Recentl
the mounting : o I T cloration sensitivity SC-cut
. Vint ¢ ion®. The

resonators have oeen Ceterminegd oG thred -
three-point configuration for & circular o
apart and a third 90° from the other two

found that the minimum zcceleration sens

at
pports 1800
tape. It wes

betwecn the X"-axis aznd the dia ;
was +159 and =759, as shown in Figure 1.

Simple methods for pelarizy ideatification and for locaticn of
the optimum three-pecint support pesitions are presented in this report.

POLARITY IDENTIFICATION

The plate to be tested should be placed on a horizontal electrode
of a diameter that is at le tn the diameter of the blank.
Pressure should be aprlicd ivrer Plank surface by means ci a
rod which has at its lower end asnother electrode equal in size o the
i The contact surface electrodes should be polisheéd tc
indent and =acratch- The upper electrode is
1 cf an electrometer (Keithley 6C00A
2 ¢ connected to the ground of the
Keltnlew 6004 os uﬁﬁf. it sn“uld bte set to "“yolts."

+:

cennected to the (+) pesizi
or equivalent), th
T
e

nstrument.

1y e

a
’ "multiplier"” to 0.3, "moter-kat' ra'zero-center,®. Before each
measurement the '"'zere-checok' ¢hould he first turned to the horizontal
position. The pla:c shou be insertecd between the electrodes and
very slight pressure should be applied. The "zero-check'" should then
be switched te tLe Ve fe<iticn for a measurement. The application
of a compressive forcrn of sbear 100, Zleng the thiclknese direction of

an SC-cut plate oI diameter VL2000 Lachies and thickness 0.02 inches
cheould produce & veoter U T approximately 0.09 volts. *

To relate the yp-iuvics of 7~ ¢ +-unuial difference to the crystal

*  See Anpendix A helow. ;




surfaces of an SC-cut, we first must determine the sign of the
plezoelectric strain coefricient in the direction of the applied force.
This direction coincides with the thickness (Y") direction, see Figure
2.

In this case the polarization may be written as

7= a1,
Since?
(2) dy, = d;, sin ¢ cos> 8 (3 cos?¢ - sin?y) #
and"
(3) d11 = 2.25 x 10" coul/kg wgt
¢ = 22°
6 = -34°
then

(&) dgz > 1.15 x 10! coul/kg wgt.

According to the 1978 IEEE standard on Piezoelectricitys, a positive
value of dY, means that tension (release of compression) parallel to
the Y)-a .is will cause a potential difference to be generated with
its positive terminal on the +Y" face, that is, the face toward which +Y"
points from inside the crystal.

POLAR ETCHING OF SC-CUT PLATES

Every SC-cut plates has two crystal_faces, one has the general
Bravais indices (h k-£) and the other (h k.£) when considering the
origin to be inside the plate (see Figure 2). Interpreting 1978 IEEE
standard the (h k-{) face should develop a (+) positive charge under
tension. It has been shown® that this face is etched smoother using
1:2 solution of 49% HF: 40% NH4F at 75°C for 30 minutes. It was shown
previously’ that the face which etches smoother is diffusion controlled
and is therefore the face which etches faster. To summarize, the
smocth face is the face toward which +Y" points from an origin inside
the crystal, has indices (h k-£), developes a (+) positive charge on
tension. The above applies equally well to both enantiomorphs, unless
one uses a right-handed coordinate system for left-hand quartz as the
1978 IEEE standard suggests. In this case the shiny face would again
be positive under tension, but this face would be indexed (h k-£) and

the associated d¥7 would be negative®.

LOCATION OF THREE-POINT MOUNT SUPPORT POSITIONS

If the plate is to be contoured on one side, one can be sure which

#See Appendix B
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side 1s contoured by first establishing the polarity. Fer the sake of
the following discussion we assune the contoured side is (+) positive
on compression.

The plate should be vlaced contoured (dull or (+) positive on
compression) side up on a rotating stage of a polarizing microscope.
Using crossed peolarizers, the projection of the Z axis (the Z" axis)
is found by rotating the stage .md plate until an isogvre (thick black
line) is observed. This line deflines the Z"-axis. The X'"-axis is
perpendicular to this line (sce figure 1), Two of the mounting
positions (A and B) are located 15° clocxkwise from the Z'"-axis, the
third is 15° clockwise from the X'"-axis at either of the positions
labeled C~. For left-~handed quartz plates the mounting points would
be located by rotating 15° counter-clockwise.

SUMMARY

To orient an SC-blank cut from right-handed juartz in a three-point
mount for minimum in-plane acceleration sensitivity:

1. Determine the positive (on compression) side of the blank.

2. Determine the Z'-axis direction.

3. Mount the blank so that two of the mounting positions are
located 15° clockwise from each end of the 2'"-axis. The third position
is then located 15° clockwise from either end of the X'-axis (see

fioure 1).

For left-handed quartz, in step 3, change clockwise to chunter-
clockwise.
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APPENDIX A

POTENTI1AL DIFFERENCE

The potential difference proc - i js piven by
- N et
v = -
€27

Now arme cnaryt sdeveloped

CS = PE x (area ¢: >lank.

frec (2 ad (&, U= gn, TV o= 1.l 0w 10°

22 "2 B kg wgt

A= 1,13 x 107 reul.

bt
)

r

17
e

7 = capacitance
ot = eV x (are: . tiank)
2 22 * (blani ‘hiceness)
- zarac 1.53 e
cn o= 4.0 x 10 13 -=Xds o -
2 T 0.05 cm
CS = 1.22 x 107 ‘fgrac
ther

v = 0.09 volts.




APPENDIX E

DERIVATIC. OF d22

d;, is found by a rotation transformation of a 3rd rank temnsor
d¥-0 ="3Y¥2, which transforms like the product of coordirates ¥J ¥j X3.
(3) X¥ = ap;x; + @no¥y + Ap3Xq is the direction of the plate ncrmal,
Y", Thisis descr1bpd by the direction cosines Gyp which zre derlved
by finding the product matrix R GR For the doubly-rotated plate of
Figure 2 the apy are: apy = —51n¢ cosf; app = cos¢ cosf, and
023 ~sin€.

3

(6) h" X" X"

2 X5 Xy X +

21 22 %o topy Xg)

3. . 2 2
21 X X X P op oy Xy X Xy oy anq Xy Xy Xy

(a

\'
Ayp X)Xy Xy + 0y @y Xy Xy Xy g, 0y

2 2 v
X 22 a23 X1 X3 X2 + a21 o] X, ¥, X

a5 X Xy X4

2, . 2 , .
21 X Xy Xyt oy Gy Xy Xy Xy g Opy Apg Xy Xy Ry

2 3 2 .
Ayp Xy Xy Xy + 0577 Xy X Xy +ay," Gyq Xy Xy Xg

2 2
Ayg Xy Xy Xy + 09y @y " X

a23 a21 X2 X3 X1 + a22

+ o .2 X, X, X, +a

. +
a23 21 X, X, X o3

2
3% M 23 %21 %22 %3 4 Xy 23
Xy X, X + 2% % X, +a 2

Qg3 G2 Op1 A3 A G23 %22 3 Ay &) T g €&

2 , 2 _
Ay X3 Xy Xp oy 0py Xy Xgx

¥, X, X

22 73 72 73

+ G23 2 + Q23 X3 }\3 ‘\3.

Since the d.., transform exactly like the X; X, X, they can be
exchanged. We cail then contract the tensor index notation to a matrix
index notation according to the scheme:

(k) => 11 22 33 23 or 32 13 or 31 12 or 21
A= 1 2 3 4 5 6

this makes the piezcelectric strain tensor a 3 x 6 matrix. To preserve
the normal rules of matrix rultiplicatien the




d

15k " %a o= 1, 2, 3)

= 1
24 (=4, 5, 6).

Now we can use the dik matrix gliven fcor class 32.

911 =41, 0 414 0 0 \\
0 0 0 0 -d;,  -2d),
0 0 0 0 0 0

to identify the non-zero elements (dll’ dy5, dy4, dp5 and dpg) which
will contribute to equation (6). These are underlined in equation (6).

Then dpy = @))7 dy) + ay) ayy" (=dy))
2
Yy Qg aygdy Tty 0y (F2d)

* 0y Ay Oyg (=dy,)

or

[T 2_ 2
(7) dj, = apy oy = 30p,7) dypy

after substituting the a2£ from equation (5)

dgz = sing cos39 (3 coszc - sin2¢) d

11°
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Figure 2 - A Doubly-Rotated, SC-Cut, Right-Handed Quartz Crystal Plate
with Oriagin in~ide the Plate,
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