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e The are many kinds of piezoelectric devices and
this report majorly focus on quartz crystal

|||||||H|

(Il

||I|I|

(@

resonators.
 Through the application needs to the process

effects on quartz crystals. This report cover
applications, the demand for oscillators and

crystals, and the manufacturing processes
iIntroduction, and the process effects which affect

the performance of quartz crystals.
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S8ER Piezoelectric devices

- Plezo-element is one (key) component

Other materials/packages are necessary

Must be installed into system to be functional
Unique Relationship

Applications — Devices — Manufacture

This report only focus on Quartz Resonator _

C - | W \/ O

High voltage and power source
Energy Harvest

Piezo-electric motors

Reduction of vibration and n0|se

ot [T
Infertility treatments : | M_’W i =

Surgery Devices
L Piezo energy harvest
_ Piezo lighter

Piezo surgery =

Quartz Crystal Resonators

Piezo high-voltage stack
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Quartz Resonator Applications

e Applications
e The comparison between human body and
Oscillators (Brain — IC, Heart — Resonators)

 Oscillator model

Think of Frequency, Think of TXC




Quartz Resonators Applications
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EeEtronics Applications of Quartz Crystals

Watches & clocks

Communications

Communications
Telecommunications
Mobile/cellular/portable

Navigation
IFF
Radar radio, telephone & pager
Sensors Aviation
Guidance systems Marine
Fuzes Navigation
Electronic warfare Instrumentation
Sonobouys Computers
Flash drives
Digital systems
Atomic clocks CRT displays
Disk drives
Modems

Instruments
Astronomy & geodesy

Tagging/identification
Utilities

Cellular & cordless
phones, pagers
Radio & hi-fi equipment
TV & cable TV
Personal computers
Digital cameras
Video camera/recorder
CB & amateur radio
Toys & games

Pacemakers
Other medical devices

Other digital devices

Engine control, stereo,

clock, yaw stability
control, trip computer,

Space tracking
Celestial navigation
Sensors
GPS
N ' 9 N Think of Frequédnly, Think of TXC ww‘t“m,p.mm 7 .



Technology Units Unit price, Worldwide
per year typical sales, $/year
Quartz Crystal Resonators & ~5 x 10° ~$1 ~$4B
Oscillators ($0.1 to 1,000)
MEMS ~100M <$1 ~$50M
($0.1 to 10)
Atomic Frequency Standards
(see chapter 6)
Hydrogen maser ~ 20 $100,000 $2M
Cesium beam ~ 500 $50,000 $25M
frequency standard
Rubidium cell ~ 40,000 $2,000 $80M
frequency standard

Think of Frequ%ﬁ%y, Think of TXC
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VYGA Card Hard Disk Driver

Computer
Product Desktop LCD Monitor Notebook Mother Board
R s . .
il | PP D W % ~ R W

i
For today’s daily life, we may pass more than
100pcs quartz crystals around us within 50m range

In one day, and we don’t know or feel about that.

Quartz resonators are every where
and majorly were produced in China.

Think of Frequency, Think of TXC




Crystal Oscillator and Homo Sapien (Modern Man)

Crystal Oscillator (XO) Homo Sapien (HS)
Current Blood
Voltage EBlood Pressure
Crystal- pumps and regulates current flow Heart- pumps and regulates Mood flow
ASIC Brain
Package Body
Other active/passive components Other organs
Input- food
Frequency- 1 Hz per 24 hours

Input- supply current
Frequency- sub-KHz to MHz and above

Can work long hours if needed

Anger- short term instability

Pullability
Jitter- short term instability

Aging- long term stability

Aging- long term stability
Person with more stable emotions

Death

TCXO. OCXO, ec.
CS Lam, 2003

Stop oscillation

Think of Frequency, Think of TXC
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Quartz Crystals

Material eFunctions

Quartz

epiezoelectric
components

ofrequency
generation and control
devices/subsystems

*KHz to up to a few
hundred MHz

*high frequency
stability and Q
(quality factor)

< f> 3 % =
=

*Applications

esignal timing and synchronization.
ecommunication, computer,

*Applications include military, instrumentation, tel
onsumer, and automotive devices. .
s Think of Frequency, Think of TXC
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Tuning
Voltage
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resonator
Amplifier
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crystal B

cd — —
You can treat the crystal as the

filter in circuitry.

Basic data :
1) The gain of inverted amplifier is linear over the entire spectrum.
2) The ESR of crystal is around 10 Ohm which is very small compared

with feedback resistance.
Think of Frequency, Think of TXC
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At the frequency of oscillation, the closed loop phase shift

= 2nTL

When initially energized, the only signal in the circuit is
noise. That component of noise, the frequency of which
satisfies the phase condition for oscillation, is propagated
around the loop with increasing amplitude. The rate of
Increase depends on the excess; Ii.e., small-signal, loop
gain and on the BW of the crystal in the network.

The amplitude continues to increase until the amplifier gain
IS reduced either by nonlinearities of the active elements

("self limiting") or by some automatic level control.

www.txccorp.com [

At steady state, the closed-loop gain = 1.

Think of Frequgﬁ%y, Think of TXC
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Af
Voltage T +10 ppm
Tune /\ \ 250C /
[‘I _450C \ +100°C
Output / T
> \/
Crystal Oscillator (XO) -10 ppm
— Af
Compensation T +1 opm
k
L '450(3\/\/\ 100°C
T
.................... B -1 ppm
Temperature Compensated (TCXO)
i Af
§  +1x10%
-45°C +100°C
.
-1x 108

Oven Controlled (OCXO)

WWW.tXccorp.com
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Computer timing
Frequency control in tactical

106
radios
Spread spectrum system clock

10 to 104

Crystal oscillator (XO)

Temperature compensated

crystal oscillator (TCXO)
108 to 107

Navigation system clock &

Microcomputer compensated
frequency standard, MTI radar

crystal oscillator (MCXO)
108 (with 1010

Oven controlled crystal

oscillator (OCXO) per g option)
109 C3 satellite terminals, bistatic,
& multistatic radar

Small atomic frequency
standard (Rb, RbXO)
1012 to 10-11 Strategic C3, EW

High performance atomic

standard (Cs)
*  Sizes range from <1cm? for clock oscillators to > 30 liters for Cs standards

Costs range from <$1 for clock oscillators to > $50,000 for Cs standards.

** |ncluding environmental effects (e.g., -40°C to +75°C) and one year of

17
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aging.
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The simplified circuit diagram tells the basic elements of
quartz oscillation circuitry.

The load frequency ( output frequency ) depends on the
effective parameters of crystal ( Cm, Lm and Co ) and
the effective load capacitance of oscillation circuit ( CL ).

The output frequency can be tuned by adjusting the load
capacitance by any means.

Rr Lm Cm fL = fs\/1+ Cm/(Co+ClL)

"""""" 1 '["""‘5., Load capacitance ( CL ) should include the TOTAL capacitance
11 N encounter from two terminals of quartz crystal unit. Usually, CL
Co covers capacitance of physical capacitors, stray capacitance in PCB
e 1 C and capacitance within the oscillation circuit in chipset.
g .

Cd — —
At N ==
271 \ LmCm

Think of Frequency, Think of TXC
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Osc Circuit
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Gain Curve of
Osc Circuit \
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Co : Shunt Capacitance ERNHER
C1l : Motional Capacitance  FEXEFHEE Lt C1 R
| |
L1 : Motional Inductance R R EE R {|_~|G
R1 : Motional Resist SF2 2% 5 A
otional Resistance R R ERE Xtal B
Rf
dnkdes BT e EE
L 0—|>O ®
. CL_—
§ RD
r
CI(Re) R - |D| AN O
N X' tal B
Ca 1 Co T
s 777

Negative R is important to reliable oscillation, usually the negative R
should be several times to Crystal resistance, depends on applications

Think of Frequency, Think of TXC




Megative Resistance model of

Oscillator
P — . !"""""':
: /J I : : Pierce Oscillator
} | ' |
— | I
A
| } - I : 1 as.e : @ RF @
__—||: L I : —|— e ClxCl :
— | Lfe ! _
T —| | S R +C,
§ o [ : 1 i
Equivalent l I I - T EE] nx.ﬂ I - il
Crystal Network I : | Integrated CMOS Inverter
Fundamental — I Gate and Capacitors
wede | T i :
l | [
|__J. E-t;lic L__________l
Moticnal Capacitance
Branch Equivalent Inverter/Capacitor
Metwork
Impedance Model

Negative-Resistance Oscillator Model

Think of Frequency, Think of TXC




Neglect Co
g RE-[ZE ): - Egm
o C,C,

i
Re(Z,)=- , Em-1%2
‘ {ngﬂ }2 + &J_{CICZ + C]Cﬂ + CICI'J J:-f
Im(Z,) = g2C, o0 s CXCCEFEC, + 0 C.)
| {gl[ngU ]2 +(HI{01C2 +C3C,|] +C1CU- ]EJ
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Negative 0

Drive power( W)

0 100 150

| -__L-—‘-"""“——-_

Resistance -

k’M‘

| —R|=RL=24.50)

~200 >l

0 )-300
() 7

—-400
r-

—-500
[

=600
T

Drive power vs
Negative resistance

700 =

-500

Oscillation becomes stable.

-900

=100

Power

o o — o — - -

Oscillation

------ start

56

1 ﬂ [\ compared only
. atdot line.

“.;;.u“.h. U i I8 1 O |

155 240 280 ¢ 40

S o e

= L = R

Qutput level change at start up
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R

Rd Start-up Freq. Dev. Swing Drive Power
11] Ohm mS5 ppm Vpp U
1 18 18 2,400 4.8 2.2 3.2 89
2 18 18 1,800 4.2 1.9 3.4 102
Rf
3 18 18 1,300 3.7 20 36 127 AN
4 18 18 750 3.3 2.1 39 143 2 Rd
5 | 18 18 430 2.8 2.0 4.0 166 )I(TAIL %
6 18 18 33 22 1.8 4.2 198 ||:|| J_
Cd 'E_ _I Cg
Cg Cd Rd Start-up  Freq. Dev. Swing Drive Power
pF pf Ohm mS ppm Vpp Uy
1 18 18 5 400 A7 1.2 3.4 g7 There is trade off between
: frequency stability, trim and
2 18 10 2400 4.1 10.9 3.4 76 power , start-up time, drive
power.
3 10 18 2,400 4.2 11.6 35 81
Designer need to decide how to
4 10 10 2400 3.2 21.3 3.7 50 reach opt|ma status for
5 | 82 82 | 2400 2.1 35.0 3.9 37 clgallediseln
Noise performance is another
key characteristics in RF
applications.

The data in above table is just one specific case for reference.

Think of Frequency, Think of TXC

These data do not mean other circuits have same characteristics.
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100 L T e e e The negative resistance for two
1{1 fﬁf?;}f“’ different oscillation circuits which
-200 x —F—1 adopted for lower and higher
300 | i frequency range.
T A
S 400 ~ /
f : Y
% 500 {f 100 ks o
e 7 l! \ -
g 600 ] 2200 LN~ L P
7 '-. S
2 700 7 300 '! \“\.H__,; ;?‘#!
I ; | -
-800 i S 400 1 /4
|| f'l g | /7
-900 ¥, Z 500 ll.1 ﬁ{y
-1000 e 1 ]
00 20 40 60 80 100 120 .z ~600 7
. Eﬂ i
Frequency [Hz] % 700 l\ur’} /
- - |'[ —OpF
The negative resistance of 800 IF 1pF
oscillation circuit will be - ] 2pF
changed with different load ) [ ——4pF
capacitance. 11000 J ]
0.0F 20 40 60 80 100 120 140 160 180 200

Frequency [Hz]
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@ Pulling Range from CL; ~ CL,

Pulling = fi2- fia
Cmx( CL2-CL1)
[ Jsx
J; (Co+CL2 )x(Co +Cl1)

& Trim Sensitivity at specific CL
Trim Sensitivit y A
dCL

-Cm

U 2
2x(Co+CL)
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SMD 7050 Fundamental 27MHz

FL-Fs ( ppm)
440

400
360

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

" Pulling between 14pF and 20p§F

320 |
Trim sen5|tIV|ty at 10 pF

I
-----------------
]
|
777777777777777777777777777777777777777777777777777777777777

o0

240

200 Py

160 _ b

e — ARl Irms@né@vf',t,vffaE?f%Ri
80%.1.. L i

40
0

CL (pF)

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

6
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There are two different kinds of crystal applications
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A stable reference frequency : the load capacitance is around 16~30 pF
A tunable reference frequency : need the low load capacitance, 6~10 pF

The influence of load capacitance
Low Load Capacitance

High Load Capacitance
Frequency will be shifted a lot due to the
variation of stray capacitance on PCB layout

Frequency can be kept in acceptable
range due to the variation of stray

Trim Sensitivity
capacitance on PCB layout

Lower power consumption

Higher power consumption

Power
Consumption
A little bit longer Short

Start up time
Good

Pullability limited

Think of Frequency, Think of TXC
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Quartz Resonators
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e The Resonator Model/Structure

* The requirements for Quartz Resonators —
Hermetic (Life and Stable Environment),
Mechanical Shock and Vibrations, Aging, Room

Temperature Performance, Temperature
Performance, DLD, etc...

e Quartz Resonator Materials — Piezo-materials,
Packaging Materials, Electrode Materials,...

Think of Frequency, Think of TXC



Quartz Crystals Structure
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3 o
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Structure of a Crystal Unit
DIP Type SMD Type

S
Crystal | SBAZ et Lid N
ﬁ'/ V
2 H Coated
Electrode \
A~ (OlUR
Blank

/4

B ’ |
Hig T \\ close
\“ Ceramic Base
i o Think of Frequency, Think of TXC www.txccorp.com (el
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Electrode

Package

Cap
Conductive glue
Blank
A RS
_—
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Conductive glue
Electrode

=110 O D— et Y € \
Package

33

WWW.tXCcorp.com

Think of Frequency, Think of TXC




iy
)

CORPFORATION

resonators — Crystals, LC, pendulums, balance wheels
Ceramic, MEMS, ...

Why Quartz?

|
e = & Why Quartz?




Quartz is the only material known that possesses the following

combination of properties:
Piezoelectric ("pressure-electric"; piezein = to press, in Greek)

Zero temperature coefficient cuts exist
Stress compensated cut exists
Low loss (i.e., high Q)

Easy to process; low solubility in everything, under "normal” conditions,
except the fluoride and hot alkali etchants; hard but not brittle

Abundant in nature; easy to grow in large quantities, at low cost, and
with relatively high purity and perfection. Of the man-grown single
crystals, quartz, at ~3,000 tons per year, is second only to silicon in

guantity grown (3 to 4 times as much Si is grown annually, as of 1997).
35
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Strained lattice

Undeformed lattice

The piezoelectric effect provides a coupling between the mechanical
36

properties of a piezoelectric crystal and an electrical circuit.
WWW.tXCcorp.com
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In quartz, the five strain components shown may be generated by an electric field.
The modes shown on the next page may be excited by suitably placed and shaped
electrodes. The shear strain about the Z-axis produced by the Y-component of the
field is used in the rotated Y-cut family, including the AT, BT, and ST-cuts.

Think of Frequgl_'l%y, Think of TXC WWW.tXccorp.com
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Some typical vibration modes in quartz plates

______ 4 4
Y w| [ w
K 4 Lo

Flexure Mode Extensional Mode Face Shear Mode

-
=

-
m

-
=

-
b

-

Thickness Shear Mode

e
oo

Mrmnal led Fraguency O
=]
=
=

{m]
m

o
-

i
B

ol 1 1 e Il L Il
-5 -1 =05 L] 05 1 15
aLEY Vivenumber X
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Frequency (2 vs. length/thickness
ratios a/b of rectangular AT-cut
guartz plates with constant width
(c/b=54.017). Solid lines are
predicted by present 2-D theory with
R=0.001 and dots are experimental
data by Koga and Fukuyo.

1.05

1.00
ooy

Frequency Q

0.95

(Prof. Peter Lee, SPAWDA 2010)

0.90

0.85

0.80

34 35 36 37 38 39 40 41 42

a/b (c/b=54.017)

N\ ' e w v Think of Frequency, Think of TXC




ZAMBRBRE  yjipration Modes -- Resonant Vibrations of a Quartz Plate

Response

I I
3600 3800

3200 3400
Frequency, in kHz

X-ray topographs (210 plane) of various modes excited during a frequency
scan of a fundamental mode, circular, AT-cut resonator. The first peak, at
3.2 MHz, is the main mode; all others are unwanted modes. Dark areas

correspond to high amplitudes of displacement.

: 3-6igL =
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g 1 Vibration Modes-- Unwanted Modes vs. Temperature

CORPFORATION
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Temperature (°C)

Activity dips occur where the f vs. T curves of unwanted modes intersect
the fvs. T curve of the wanted mode. Such activity dips are highly

sensitive to drive level and load reactance.
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C.
N =i (=135.

f =—
2h \ p

Where f = resonant frequency of n-th harmonic
h = plate thickness

p = density

c; = elastic modulus associated with the elastic wave

being propagated
dlogf,) _ 1df, _—-1dh 1dp 1 dc
f,dT  hdT 2pdT 2c, dT

T, =
dT
where T is the linear temperature coefficient of frequency. The temperature

coefficient of c; is negative for most materials (i.e., “springs” become “softer”
as T increases). The coefficients for quartz can be +, - or zero (see next page).

www.txccorp.com [
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The properties of quartz vary greatly with crystallographic direction.

For example, when a quartz sphere is etched deeply in HF, the
sphere takes on a triangular shape when viewed along the Z-axis, and

a lenticular shape when viewed along the Y-axis. The etching rate is
more than 100 times faster along the fastest etching rate direction (the

Z-direction) than along the slowest direction (the slow-X-direction).

The thermal expansion coefficient is 7.8 x 10-%/°C along the Z-
direction, and 14.3 x 10-%/°C perpendicular to the Z-direction; the

temperature coefficient of density is, therefore, -36.4 x 10-%/°C.

The temperature coefficients of the elastic constants range from
-3300 x 106/°C (for C,,) to +164 x 105/°C (for C).

For the proper angles of cut, the sum of the first two terms in T, on the
previous page is cancelled by the third term, i.e., temperature

compensated cuts exist in quartz. (See next page.)
3-12
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900
600
FCIT
3000 ¢ oo
SC
LC
O o e
300~ =—-=-~_SBIC
BT e
602 T
90%00 100 200 300

¢

The AT, FC, IT, SC, BT, and SBTC-cuts are some

of the cuts on the locus of zero temperature
coefficient cuts. The LC is a “linear coefficient”
Y cutthat has been used in a guartz thermometer.

Y-cut: = +90 ppm/°C
(thickness-shear mode)

X-cut: =-20 ppm/°C
(extensional mode)

3-13
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20 = o

fo = 3f, - f,
40  df

P - _g0 ppm/°C for the SC - cut

30 d—
20
Af 10
f 0
(PPM). 4
-20 AT-cut i
230 Reference angle-of-cut ( 0) is about
8 minutes higher for the overtone modes.
40 (for the overtone modes of the SC-cut,
the reference ©-angle-of-cut is about 30
-50 minutes higher)
-100 -80 -60 -40  -20 -0 20 40 60 80 AT, e
3-17
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Quartz Resonator
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e The requirements for Quartz Resonators —

Hermetic (Life and Stable Environment),
Mechanical Shock and Vibrations, Aging, Room

Temperature Performance, Temperature
Performance, DLD, eftc...
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 The Quartz Resonator Characteristics
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Symbol for crystal unit
C

1(

I\

e AVAVA——
R1

1. Voltage control (VCXO)
2. Temperature compensation

|_) S { (TCXO)

3-23
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Area of usual
operation in an
oscillator

Resonance{A Antiresonance, f,

Frequency

Reactance
o

[

3-28
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n:  Overtone number
A C C,: Static capacitance
C 0 [1E — r=—9 C,: Motional capacitance
t 1 C,,. C, of n-th overtone
L,: Motional inductance
L,,: L, of n-th overtone
1 1 f R,: Motional resistance
S~ fa = fs ] == R, R; of n-th overtone
21 L1C1 r € Dielectric permittivity of quartz
=40 pF/m (average)
A: Electrode area
1 L 1 t:  Plate thickness
Q = 1 ®C r-  Capacitance ratio
2nf.R,C, b= : ra
R, fe  Series resonance frequency =fy
f;:  Antiresonance frequency
Q; Quality factor
d 360 T,:  Motional time constant
T,=R.C, 110 s ¢ L] Q w  Angular frequency = 27
df T ¢: Phase angle of the impedance
k;  Piezoelectric coupling factor
=8.8% for AT-cut, 4.99% for SC
. 3
C _ICy L Ly R _n°R,, = Hz
1n 3 1n 13 W r=
n r r 2k

. 3-26 ’ — =
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d

=0 Energy stored during a cycle
Energy dissipated per cycle

Q Is proportional to the decay-time, and is inversely
proportional to the linewidth of resonance (see next page).

The higher the Q, the higher the frequency stability and

accuracy capability of a resonator (i.e., high Q is a
necessary but not a sufficient condition). If, e.g., Q = 106,
then 10-1° accuracy requires ability to determine center of
resonance curve to 0.01% of the linewidth, and stability (for

some averaging time) of 10-1? requires ability to stay near
peak of resonance curve to 10° of linewidth.

Phase noise close to the carrier has an especially strong
dependence on Q (L(f) O 1/Q* for quartz oscillators).

' Think of Frequoiacy, Think of TXC
Q‘) \,/ w W INK OF Frequency, Ink o www.txccorp.com [
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“ Decaying oscillation
f’ | Oscillation of a resonator
( F i / e :iof maximum intensity
| qnn e 27
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Exciting U
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Resonance
behavior of
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The maximum Q of a resonator can be expressed as:

O™ onfr

where f is the frequency in Hz, and t is an empirically determined “motional
time constant” in seconds, which varies with the angles of cut and the mode
=3.2
max

of vibration. For example, T = 1 x 10-14s for the AT-cut's c-mode (Q
million at 5 MHz), T = 9.9 x 10-1°s for the SC-cut's c-mode, and T = 4.9 x 10-1°s

for the BT-cut's b-mode.

Other factors which affect the Q of a resonator include:
Blank geometry (contour,
dimensional ratios)

Overtone
Surface finish
Material impurities and defects Drive level
Gases inside the enclosure
(pressure, type of gas)

Interfering modes

Mounting stresses
lonizing radiation

Bonding stresses

Temperature
Electrode geometry and type

Think of Frequ%-lgcgy, Think of TXC
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& & % Why Quartz? -- High Q, advantage and disadvantage

= = ta
- A

== TxC C

High Q
positive effect: high frequency resolution
negative effect: very sensitive on process variation

Advantage —
Frequency Purity - high accurate resonator (sub ppm)
Low close-in Phase Noise - high data rate clock

- -R margin need care
- Foreign material elimination

Disadvantage —
mass production know-how

Long start-up time
Sensitive to process variance

Www.txccor p.com %]
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ERAE Quartz Resonators
e Quartz Resonator Materials — Piezo-materials,
Packaging Materials, Electrode Materials, ...
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Manufacturing Processes
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* Blank Processes
o Assembly Processes

Think of Frequency, Think of TXC
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TEC CORFORATI IN

DESIGN
RESONATORS
(CHEETI\EI:IZAL ANGLE X-RAY

POLISH) CORRECT ORIENT

DEPOSIT PREPARE BOND

CONTACTS ENCLOSURE I

FREQUENCY
ADJUST

TEST
WWW.tXCCOrp.com

A 4
< OSCILLATOR >
3-30

Think of Frequency, Think of TXC
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TEC COR

% AUTOCLAVE
4 HYDROTHERMAL METHOD

® RAW MATERIAL :

@ HIGH PRESSURE : 900 ~ 1,000 Kg/cm?2
Band Heater

# HIGH TEMPERATURE : 330~ 400 C

4 HIGH TEMP. STABILITY

# LONG GROWTH TIME : 1

4 HIGH PURITY :
# |nfra-Red Absorption (IRA)

S, BT

natural crystal

|
otk X K

Preasure Guage ® Safty Valve
Cover

Seal Ring

Clamp

Thermo-couple Seed

f N Quartz
E Autoclay
DEIORZA S
Thermo-couple
~ 6 Month
Thermo-couple

Lascas
{ Natural Quartz )

: 3585 CM1

Thermo-couple

Think of Frequen
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Angle Setting(Quartz bar)

v

Cutting

v

Angle Sorting

v

Fine Lapping (#3000)

Blank Manufacturing Process

2. X-ray Measurement

1. Mounting on Glass




Angle Setting(Quartz bar)
v
Cutting
v
Angle Sorting
v
Fine Lapping (#3000)
\ 4

(#4000)

ire Saw Cutting

v 13 4
Dimension Lapping P ‘ .*-"‘ ‘_ |
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Blank Manufacturing Process

Setting Angle
v
Cutting
v
Angle Sorting
v

Fine Lapping (#3000)

Dimension Lapping
v i




Blank Manufacturing Process

Setting Angle
v
Cutting
v
Angle Sorting
\ 4
Fine Lapping (#3000)

(#4000)

utting




Blank Manufacturing Process

Setting Angle
v
Cutting

v

Angle Sorting

v

Fine Lapping (#3000)

e v

Fine Lapping (#4000)

[

.

1. 4000# Lapping

&

2. Cleaning




FACDAAR Blank Manufacturing Process

Setting Angle
v
Cutting
v
Angle Sorting

v
Fine Lapping (#3000)

Wire Saw Cutting

v
Dimension Lapping

T RAMR =

4. After Cutti

p— PN




Setting Angle

v

Cutting

v

Angle Sorting

v

Fine Lapping (#3000)

Blank Manufacturing Process

2. Cooking




Blank Manufacturing Process

Setting Angle 1 A

Cutting
v
Angle Sorting
v
Fine Lapping (#3000)
(#4000)
1. Etching 2. Cleaning
Dimension Lapping P . ®
v i . e & 3 L r: .

Etching




Blank Manufacturing Process

|
i
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9

Setting Angle
v
Cutting

v
Angle Sorting

v

Fine Lapping (#3000)

v

Fine Lapping (#4000)

v

~ Wire Saw Cutting

v

Dimension Lapping

v

F.Q.C

1. Frequency Sorting 2. Visual Inspection

3. Packing




ol-g X K Blank Manufacturing Process

Setting Angle
\ 4
Cutting
v
Angle Sorting
\ 4
Fine Lapping (#3000)

Dimension Lapping

v
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SMD XTAL Product
Metal Lid Tx ¥ Ry
q ~
Quartz ———0/_ S — SR
Blank Electrode

Ceramic /
Base :
Solder Pads
Think of Frequency, Think of TXC
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SMD XTAL Manufacturing Process

Blank Cleaning
v

Base Plating

v

Blank Auto-Mounting

v

Frequency Ad;.

v

Seam Sealing

v

Mechanical Testing

v

Final Testing

v

Marking

v

Taping

Blank Cleaning

Think of Frequency, Think of TXC

WWW.tXCcorp.com
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SMD XTAL Manufacturing Process
Electrode
Goating

Base Plating
Ag/Cr

Blank Cleaning
v
Base Plating
v
Blank Auto-Mounting
v
Frequency Ad;.
v
Seam Sealing
v
Mechanical Testing
v
Final Testing
v
Marking
72

WWW.tXCcorp.com
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SMD XTAL Manufacturing Process
Blank Auto-Mounting

Blank Cleaning
v
Base Plating
v
Blank Auto-Mounting
v
Frequency Ad,.
v
Seam Sealing
v
Mechanical Testing
v
Final Testing
v
Marking

73

WWW.tXCcorp.com
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SMD XTAL Manufacturing Process
Frequency Adjusting Elegtrode
poatir}g/Etching

Blank Cleaning
v
Base Plating
v
Blank Auto-Mounting
\ 4
Frequency Adj.
v
Seam Sealing
v
Mechanical Testing
v
Final Testing
v
Marking

www.txccorp.com [N
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SMD XTAL Manufacturing Process

Blank Cleaning
v

Base Plating

v

Blank Auto-Mounting

v

Seam Sealing

Frequency Ad;.

4

Seam Sealing

v

Mechanical Testing

\ 4

Final Testing

v

Marking

Think of Frequency, Think of TXC
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SMD XTAL Manufacturing Process
Mechanical Testing

Blank Cleaning
v

Base Plating
/ Aging

v
Blank Auto-Mounting
Y / IR Reflow

Frequency Ad;.
\ 4
Seam Sealing
\ 4
Mechanical Testing
\ 4
Final Testing
v
Marb'”g Gross Leak Test
Taping

Fine Leak Test
(He Bombing)

76

Think of Frequency, Think of TXC
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SMD XTAL Manufacturing Process
Final Testing

Blank Cleaning
v
Base Plating
v
Blank Auto-Mounting
v
Frequency Ad,.
v
Seam Sealing
v
Mechanical Testing
v
Final Testing
v
Marking

77

WWW.tXCcorp.com
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SMD XTAL Manufacturing Process

Blank Cleaning

v

Base Plating

\ 4

Blank Auto-Mounting

v

Frequency Ad,.

Marking

v

Seam Sealing

v

Mechanical Testing

\ 4

Final Testing

v

Marking

Think of Frequency, Think of TXC
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SMD XTAL Manufacturing Process
Taping

Blank Cleaning
v
Base Plating
v
Blank Auto-Mounting
v
Frequency Ad;.
v
Seam Sealing
v
Mechanical Testing
v
Final Testing
v
Marking
\ 4
WWWw.tXccorp.com

Taping

79

Think of Frequency, Think of TXC
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588 E Crystal characteristics and factors in Process
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Frequency
Resistance
TC-FL (TC-FR)
e Spurious

o TC perturbation
« DLD

« Considerations about reliability — Hermetic
capability and connections
— Mechanical Shock/Drop
— Aging and thermal environments

w.tx::nrp.l:nm 80 |

Think of Frequency, Think of TXC
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588 E Crystals Characteristics and Process Factors -- Freq  uency
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Blank thickness

Blank size

Beveling

e Electrode plating

« Assembly stress and thermal process (Aging)

Think of Frequency, Think of TXC
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It is standard practice to express the thickness removed by lapping, etching and polishing,
and the mass added by the electrodes, in terms of frequency change, Af, in units of “f”, where
the Afis in kHz and f is in MHz. For example, etching a 10MHz AT-cut plate 1f2 means that a
thickness is removed that produces Af= 100 kHz; and etching a 30 MHz plate 1f> means that
the Af= 900 kHz. In both cases, Af=1f? produces the same thickness change.

To understand this, consider that for a thickness-shear resonator (AT-cut, SC-cut, etc.)

=N
t
where f is the fundamental mode frequency, t is the thickness of the resonator plate and N is
the frequency constant (1661 MHzeum for an AT-cut, and 1797 MHzeum for a SC-cut’s c-

mode). Therefore, A_f —_E
f t
and,
At = -NA
f

So, for example, Af = 1f2 corresponds to the same thickness removal for all frequencies.

For an AT-cut, At=1.661 pm of quartz (=0.83 um per side) per f2. An important advantage of
using units of f2 is that frequency changes can be measured much more accurately than
thickness changes. The reason for expressing Af in kHz and f in MHz is that by doing so, the
numbers of 2 are typically in the range of 0.1 to 10, rather than some very small numbers.

' ; Think of Frequency, Think of TXC
Q? \,/ \y/‘ W INK OF Frequency, Ink o www.txccorp.com (R4
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888K Crystals Characteristics and Process Factors -- Resi  stance

[\

Blank surface roughness
Blank size

Beveling

e Electrode plating thickness
e Electrode size

e Electrode
 Mounting Structure

« Assembly stress and thermal process (Aging)

w.tx::nrp.l:nm 83 |
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Crystal ESR:ESE & /NEIAE(SMD) & i& ¥ ESR
s, FEEIC -R{E 17 E 8 ARV E

ESR: Equivalent Series Resistance

Ll

ELRE+

7| B,

FL +

ink of Frequency, Think of TXC
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AT-cut; f,=12 MHz; polished surfaces; evaporated 1.2 cm (0.490”) diameter silver electrodes

60 /
A
2

—~ 40 \

g N / Vs

L \ L~ /

C

v rd /
X 20 \\\\ 3
Fundamental ,74
L //
0
10 100 1000
—Af (kHz) [fundamental mode]

3-20
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588 E Crystals Characteristics and Process Factors — TC-FL
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Blank cut-angle

Wafer thickness distribution

In-plane angle

« Electrode plating material

e Electrode plating thickness

o Assembly stress and thermal process

Think of Frequency, Think of TXC
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There are many kind of cutting
angles for different applications.

High Frequency

Low Frequency AT cutting is the most widely used
AT : -35915/ in megahertz applications.
CT: +380 BT : _490
DT : -529 ' Different cutting angles mean the
ET : +669 electrical field will excite different
] Z crystalline respect to Cartesian
FT : -57° 1 coordinate system.

BT

+5%%

Think of Frequency, Think of TXC
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40 =
20
0
S
S -20
=
o -40
o
S
< -60
O
> o
2 -80 . ' T
o . GT cutting need double rotation in
g -100 coordinate system.
- . At cutting is still the most economic
-120 = method, compared with other cuttings,
- 140 to achieve acceptable TC performance.
- 160

-40 - 20 0 20 40 60 80
Temperature ( °C)

Think of Frequency, Think of TXC
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25 A
a0
15 — o —15 il < -1] 7
10 / d 5 NN A0 /
4 ° - \\ y
g . / ;"'//7’»."’ \: //])/,/
= Y Baa
=1 NN ] 1| 3
a- AA £ // A \\\\ = e,
N S 4./
- // ///, AVdva \ S
,, e
15 A AL \%\
-/ // // // q The precision of cutting gngle \\ X 6
220 depéends gn the tolgrarce \\ "—,z,
/ / / over temperature range \ -.4/
25 N 8l
-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Temperature ( °C)

Think of Frequency, Think of TXC
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1.0

/)

0.0
-25 o 15 59 55 75

Temperature ( °C)

Fractional Frequency Error (ppm)

410 TCXO = Temperature Compensated Crystal Oscillator

4-51

N ' 2 w " Think of Frequency, Think of TXC
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45

40

35

30

25

20

15

10

Normalized frequency change (ppm)

Lo Lo Lo Lo Lo L0
FI| i — N o™

Temperature (C)

55
65
75
85

Lo
<

-45
-35
-25

i 4-52
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50
40
30
20
Af 10
§ 0
(PPM). 4,
-20 AT-cut M
Reference angle-of-cut ( 0) is about
8 minutes higher for the overtone modes.

(for the overtone modes of the SC-cut,

-30
-40
the reference ©-angle-of-cut is about 30
-50 minutes higher)
-100 -80 -60 -40  -20 -0 20 40 60 80 AT, e

Think of Frequ4e-|§c7y, Think of TXC
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Crystals Characteristics and Process Factors -- Spur  ious
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ank length

ank width

ectrode length

ectrode width

ectrode thickness

e Beveling

* Frequency adjust mask size — length
 Frequency adjust mask size — width

N ' L w v Think of Frequency, Think of TXC cx w03




Crystals Characteristics and Process Factors -- DLD
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Nonlinearity
Mode coupling

Think of Frequency, Think of TXC
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R B Size reduction in Quartz Crystals

Voluume {mm”3)

1000

100

10

01

. 49S/SMD 12.0x4.5

. SMD 8.0x4.5
Y

"o SMD5.0x3.2

u.-_c'_\__b_

—

hﬁ“*m SMD 3.2x2.5
“x‘“ﬁ:‘hﬁ*hi
“ﬁ*—rﬁm_SMD 2.5x2.0

i -

SMD 1.6x1.2

2000

2005 2010
Year

Think of Frequency, Think of TXC
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88 8K Size effects

When Size reduced, many things change
Aspect Ratio get smaller, straight-crest wave assumption may not be right

Drive level effect become larger
Un-wanted modes become stronger under same drive level
Blank support conditions’ effect stronger

Design become more difficult

WWW.tXCcorp.com m
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DLD Sweep DLD Sweep
20 Resistance Frequency Resistance Frequency
19 -137.5 14 -115.0
-138.0 13
18 SMD 5032 40MHz 1365 5 SMD 3225 40MHz -117.5
4
17 / 00 . -120.0
16 i i) 1225 8
E 15 f/ -139.5 = é 10 . S
5 14 ,jj -140.0 § o 125.0
13 E. — — _,f___f,- -140.5 8 1275
. -141.0 7
- 4415 6t -130.0
-142.0 5 -132.5
102 101 100 107 102 102 101 10° 10! 102 108
uhatts uWatts
Suggest Drive level in package types
49S 8045 7050 6035 5032 3225 2520
Typical 200 100 100 100 50 30 10
Maximum 500 500 500 300 200 100 50

1. The drive level depends on the frequency range

2. The

is no recommend to use the maximum drive power in application.
i/ Think of Frequency, Think of TXC

Drive Level in (4 Watt
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102 10t 10°

A HIDLE (EX aliF A e e, HRE,
:DL#E%:10~100uW
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Contamination control is essential during the fabrication of
resonators because contamination can adversely affect:

* Stability (see )

- nonlinearities and resistance anomalies (
, Intermodulation in filters)

?

* Manufacturing yields

3-32
Think of Frequency, Think of TXC




I
i
9

A0b
5 il
¢ Bl
Xi¥

The enclosure and sealing process can have important

iInfluences on resonator stability.

* A monolayer of adsorbed contamination contains ~ 10%°
molecules/cm? (on a smooth surface)

e An enclosure at 107 torr contains ~10° gaseous

molecules/cm3

Therefore:
on its inside surfaces, there are ~10° times more adsorbed

molecules than gaseous molecules when the enclosure is sealed
at 107 torr. The desorption and adsorption of such adsorbed

molecules leads to aging, hysteresis, retrace, noise, etc.

In a 1 cm3 enclosure that has a monolayer of contamination

www.txccorp.com [0

3-33
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2z / N | ¥ \ PN
10 p W 100 p W 4000 p W
e e B RN
Frequency

At high drive levels, resonance curves become asymmetric
due to the nonlinearities of quartz.

- ' = Think of Fre ué}e-EcS Think of TXC
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T =L OBER
~
(o))
80
o
— 5 MHz AT
-
= 60
0
=
S 3 diopter
z: 40 10 MHz SC
(@)] 2 diopter
S 10 MHz SC
c 20
@) 1 diopter
> 10 MHz SC
e
o YT — —
>
o
&)
S
LL -20
10 MHz BT
100 200 300 400 500 600 700
Crystal Current (microamperes)

A~
Think of Frequeét%r, Think of TXC www.txccorp.com [/
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Anomalous Normal Drive level
starting operating effects
resistance range
o ~~ \
cn s /
O ~
S NN /.
g N
k% \ »
@ ~ \ / 7/
e ~ 7/
~
\
10= 102 e 1 10 100
Iy (MA)
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O A D  Drive level (voltage)

- 4-61
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S f

o
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(@p

o

LL

(db)] RL2

% RLl

0 N

0

¥

40 -20 0 207 <10 80 100

Temperature ( °C)

Activity dips in the f vs. T and R vs. T when operated with and without load
capacitors. Dip temperatures are a function of C_, which indicates that the dip is
caused by a mode (probably flexure) with a large negative temperature coefficient.

' - Think of Frequeaay, Think of TXC
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T = _aBRR
2.0x 1011
30 min.
—~ 4.0
O
o
£ 30
=
2 2.0
I .
= NO'__Z.
3 1.0
4 . No. 3
= -
o 0.0 _ﬁ: No. 4
o
= -1.0
r 0 2 4 6 10
Elapsed time (hours)

Think of Frequ4a-r§%, Think of TXC
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New Challenge

Think of Frequency, Think of TXC
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=== Sllicon Resonator & Oscillator

Resonator (Si): 0.2 x 0.2 x 0.01 mm3
5 MHz; fvs. T: -30 ppm/°C
Oscillator (CMOS): 2.0 x 2.5 x 0.85 mm3
* 150 ppm, +100 ppm; -45 to +85 °C
ppm demoed, w. careful calibration)

°* 1to 125 MHz
* <2 ppmly aging; <2 ppm hysteresis
* 1200 ps peak-to-peak jitter, 20-125 MHz

(15

www.txccorp.com i)
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=v—auns New Challenge

Mechanical processin . =
—{ (convention ;:' tachni quga} {Ph otolithographic prucassmg}»

Quartz wafer

"/ Quartz wafer
.
= 7/ Dicing
(mechanical process)
s
Exposure

Gr‘h'ig}l:hlps Abrasive
s = and development
& (patterning)

)‘ [Beveling (spherical)l
& 2} Crystal chips are

and photoresist layer

b 4
i 7 Passivation layer
-

|'. 1 W rocessed by the . ; :
g riction between the Shaping via etching
Wy = abrasive material and
e side wallsina rotating
s 4 drum b
& . 7 LF ey + -
_-;;..’.Ejg Final crystal chips _J:x_;}',___,j;_{f Final crystal chips

Differences in crystal chip shape :!

2.0%1,6mm
AT crystal unit

EPSON website: http://www.epsontoyocom.co.jp/englis h/special/gmems/photo_at.html

www.txccorp.com [eI0Z]
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Opportunities and Challenges
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Opportunities:

KRB ok SRa SR RN R AE S, (EH AR,
Rt Zknow-how, AEERE J158, EERIEAE P EE,
i EF BN FRANETE R, g

Challenges: Know-Why (R&D Y R)
/INEIAE, BB, FEEKEARAE (1T
b S N EEER ), P HH4ER
> axa %ﬁf‘f%ﬂ ALivAN

> R BB R
Performance need to compete with Japanese Level
Key Characteristics — DLD, TC perturbation
Low cost challenge to assembly solution —

currently control by Japan
Industrial Standards need to start to study
www.txccorp.com [kl

HE), BT

L}'L.)..

Think of Frequency, Think of TXC
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Opportunities and Challenges

= BB
XC CORPORATION

4 2 TH ST Y - S sl asdd

Quartz Crystal Design Capability build up

— Know-Why Capability
— Process-Characteristic Database

— Design Tool Improvement

— Analysis Capability Improvement
Low cost, small size, assembly technologies need to build up

— Assembly Materials
— Assembly Methods

Standards researches

Think of Frequency, Think of TXC

-ww.tx: corp.com
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Conclusions
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e Today’s environments request quartz crystal
makers can provide more value-added service and

products to customers, and more alternative
choices were and will be introduced into the world.
 To provide better performance-to-price solution
need more fundamental research and innovation in
design / materials / and manufacturing processes

developments.
 China already Is the biggest quartz resonators
manufacturing one, however, to be the leader still
need more and more dedicated researchers.

www.txccorp.com [k
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TXC(NGB) Introduction
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Area:56,326M 2

B % 4 & Plant layout

= ofRR

P2: Glass SMD /
DIP / ACAP

P4.Seam SMD /
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Toyocom founded,
KSS founded, produced quartz crystals from next year

1938
1941
1942  EPSON established
1948 NDK founded, produced quartz crystals from next year
1959  KDS founded,
1983  TXC founded,
1988 NDK, SMD Xtal, CP12A
1995  Vectron International founded and isolated from AT&T
1999 TXC(NGB) founded
2003  Kyocera merge KSS , TXC(NGB) new plant started
2005 EPSON merge Toyocom
TXC-NGB became biggest quantity AT-cut Crystals Factory in

2010
the world
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NGB ICTT Core Value

ASR & AP
And Case Study

Company Strategy &
Internal Driving Force Continue Process
Improvement

ER&TN
Evaluated Methods

Cost Down
Mechanism Define

New Tech & Product
Process Integrate

The Fundamental & Power for Development
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