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1

1 _
DyNy=—0, on §,
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MR D

1 o . 1
P/ (Egy ) = 2 CapcoSanSco ~€ancEaSpc = 5 ZaEiEy

1 R | N | 1
+EC4BCDEF‘5AB‘SCD‘SEF +Ek.wcnsf.455'c‘5m ’beﬁmfxﬁsém ’ElwcfAfsfcv

. 0 0 _ 0
Mikh X, =0 X W, Siy = (W wy )2 Ey =~k

o _ 0 0
Ty = xSy — e Ene

~ _ 70
Ckaty = T oy T CkanWyn + CxntyWan

0 0
—c ; +c, Sap K ikar, E
GK(ILY = Chary tCraty KaLyBO 4B T K akary B4

Ry, =ey, + éKLy éI(Ly =CramWym _kKLyAESgE +b_4KL,v£2

Ly, =& +&4 +‘5‘0(£2§Ly_£551(7 _E.Siﬁ.w,v5l\1)

éI(L = I(LABS_?!B + ZKLAT:g + SU (S.%M 6KL - 2510\1)

Note: The 3'd-order material constants are needed for a complete
description of the 1st-order effects of the biasing fields.

1% ) PR 5% A

o WIN I BE LAY PR IRES A A 25 4R
o ZREIEIARA, FhSHRE Reference
FER AT

o fEMELE A x=X RPN . 3

Initial

GKrzLy =Ckary T Ckary Increment

R

kiy = k1, T Ckiy

= o 044l
Lk’l_ =& +Ex Y, ¢%+¢ Present

o 0 0
Crary = TKLﬁny + kAKaL;/'EA

P 0 0 0¢ 0 o

Cxiy = bAKL;/EA +& (EK 5Ly - ELaK;/ - (EM amﬁm)

A 0
Ex = X

1) [R) A L D b T PR A5 280 s L R B
At pow =l +c,l,— gyl 12+ a I} + a1, + ad, + b1, +byl, +...
s L=tS, IL=ts?, L=ts’ I,=€€ L=E-$E I,=€5¢

VIR x, =X, x,=4X, x3=4X,

Bt WO

ARTYE LR L
Ry = =225 by + 2525 60 IV Ry, = =2, 020b, + A 326, J L,
Ry = =25, = 12 2 60 V2, Ry, =0,
Ry =0, Ry = =20, = 2 Al eo 1Y,
Ropy = =AW, = 125 60 o1, Ry =0,
Ry = =207 (b, +b,) = 2 °60J V5, Regy = =20,W5b, + 2 2 60 W
Roy = =2 W5'b, = 2" A5l 60 W, Regs = =2Wy'by = 25" Al 60 oWy
Ry =0, Rygy = =W, = 25125 60 WY

Rygp = =2, W;'by = 2250 W,
Rygy = =220 (b, +by) = 2360 5,

Rygy = =2 Wb, = 251270 W,
Rygy = =22 Wb, + 4,2 25 60 J Wy,

mRIESR 2 (resonator) R % (Oscillator)

Tuning
Voltage

-
Crysta
resonator

P > » Output
>l Frequency

Amplifier

gt bRE, T (RS AR, LGS,

® Temperature
« Static frequency vs. temperature
« Dynamic frequency vs. temperature (warmup, thermal shock)
« Thermal history ("hysteresis," "retrace")
® Acceleration
« Gravity (2g tipover) « Acoustic noise
« Vibration « Shock
® Time
« Short term (noise)
« Intermediate term (e.g., due to oven fluctuations)
« Long term (aging)

® |onizing radiation

« Steady state « Photons (X-rays, y-rays)

* Pulsed « Particles (neutrons, protons, electrons)
® Other

« Power supply voltage * Humidity « Magnetic field

« Atmospheric pressure (altitude)  « Load impedance

'SOURCE: Quartz Crystal Resonators and Oscillators for Frequency

KT A RSP — B 8 By
A7 3z B e sl A ) A
et + e Ytas + gy + 88, )01, = pod,, 0V,
[~exs, + g,y + (£ + 88 )P3 1 =0, in ¥,
u, =0, on S,
KL Ny = im0 + (€, +82,, )83, IN, =0, on S,
¢'=0, on S,,

DNy =lex, + &y, W, ~ (6 +£E0)P3IN =0, on S,

[ B s

Contral and Timing Applications: A Tutorial by John R. ig. Follow,

-0 1 1 UE?;&Z:(W degeneracy)
= ®
© ©)y2 isi
» 2(0™) L pouludv  is isolated

R o o R 0.0 00 w (bias) is infinitesimal
XJ.V (EC palarlty) +26€,,, 800U —£E ¢, $%’)dV.  wis time-independent

H. F. Tiersten, Perturbation theory for linear electroelastic equations for
small fields superposed on a bias, J. Acoust. Am., 64, 832-837, 1978.
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Application of the 1st-order Perturbation

F.T o

Patriot (By Raytheon )

SAW Oscillator

Current technology: relative frequency shift = 1019/g

Goal of the US Army: from the current 10-1%g technology
to 10'%/g in the near future

— U~ et
b sh
Eigenvalue problem: 1 =0’
’[(CLyMa + & e ngLyMa)ua,M + (eMLy + &8y, + SZEMLyW,lM],L = poﬂ'“y

= 2= = 2~ 1
[_(eKLy téeg, +& eKLy)uy.L +(eg, +E8x € )P, ]k =0

Abstract formulation: (A+zA+£°A)U=BU

i ) 20 40 4 g O
Perturbation expansions: A=ATre kv el
U=U9+:U® +520@
2nd-order frequency shift:
R T T - e [<AU® + AUO;UO 5 4O <BUD;UO >
< ) >

], (KUO+RUO),, Nyulds+ [ (DU +DBU®), N,¢ds]
\ .

(3. S. Yang and J. A. Kosinski, IEEE TUFFC, 53, 2442-2449, 2006)

A i I I ¥ 55l
Eigenvalue problem: (A+&A)U=1BU
Perturbation expansions: 1= +g®
D=3 U3 s
n=1

. N
Frequency shifts: > Ay = 2By ¥y =0
n=1

—< AU© -y KU© (0) DU© (0)
Ay =< AUV >+ RU )i Mty + [ BU), oS}

where

= z (0) 0)
= jV (CI.yMaua(m)‘Mu/(n),L

SO 4O L= O 40 = 40 40 _
+ @y, Bt + €y Bomvr —Exe Bom, 1 By VAV = Ay

By =< BUE% B U{S;)) >= I»' Pu“,(zn()m)“fxﬂ()n)dV =B
R A S A N TR BBl vk

(J. S. Yang and J. A. Kosinski, IEEE TUFFC, 53, 2442-2449, 2006)
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Pulse-echo: under a mechanical or electric bias

FREQUENCY o.C
SINTHESIZER PULSER

©€RT) (cRT)

surement of variation of velocity with static uniaxial stress surement of variation of velocity with static electric field

Thank You
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