
Introduction 
Purpose 

  To educate about crystal devices and present Epson’s crystal device portfolios 
 
Objectives 

  Explain timing devices, quartz crystals and the manufacturing processes 
  Review kHz and MHz crystal cuts and characteristics 
  Educate on Epson’s breakthrough QMEMS photolithography processing technology 
  Provide tips for oscillation circuit designs 
  Explain important electrical parameters  of crystal devices 
  Provide overview of Epson’s kHz and MHz crystal device portfolios 

 
Content 

  19 pages 
 
 



Timing Devices are Vital 

A timing device is the “heart” of an electronic equipment! 



Why Quartz Crystals? 
Crystal Properties 

Natural vs. Synthetic Quartz 

Crystal Device Timeline 

Natural Synthetic 

Piezo-electric effect 

Reverse 
Piezo-electric effect 

Contains Impurities Consistent Quality! 

Conceptual Illustrations 



Material: Natural quartz crystal (fragments), alkaline solution,  

                seed crystals 

Temperature: 360 deg. C 

Pressure: Approx. 1t  Time: Approx. 3 months at high heat 

5 Sealing 

The autoclave is sealed with a 

top cover and a clamp.  

6 Autoclave heating 

The top half (growth chamber) is 

heated to a lower temperature than 

the bottom half (solution chamber) to 

produce natural convection.  

7 Growth 

The elevated temperature and pressure 

of the autoclave are maintained, and 

the crystals are allowed to grow slowly.  

8 Completion! 

The synthetic crystal growth 

process, from start to finish, 

takes about 2-6 months.  

1 Washing  the natural 

quartz fragments  

The fragments 

are washed and 

then dried.  

2 Seed crystal 

processing   

Crystals are cut 

into the shape 

required for seed 

crystals.  

3 Solvent 

preparation  

An alkaline aqueous 

solution is prepared.  

4 Autoclave preparation 

Alkaline solution 

NaOH(sodium hydroxide) 

Na2CO3(sodium carbonate) 

1.Natural quartz 

   fragments 

Placed in the bottom half of  

the autoclave and separated by a baffle. 

3.Alkaline aqueous 

   solution 

Thechamber is filled to 

about 80% 

2.Seed crystals 

Hung in the top half  

(growth chamber) of  

the autoclave 

Baffle 

Growth chamber 

Solution chamber 

Top cover 

Clamp 

Growth starts 2～6months 

Process of growing synthetic quartz crystals 
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Quartz Bars in Autoclave 

Grown quartz bars in an autoclave Autoclaves are as tall as a 4~5 story building 



The process used to manufacture tuning-fork  

crystal devices are illustrated and explained here.  

Process for manufacturing tuning-fork 
crystal devices 

1 From rough sythetic crystal to block cutting 

Synthetic crystals grown for tuning-fork 

crystal devices are cut into blocks.  

2 Wafer slicing 

The blocks are sliced into thin wafers.  

3 Wafer polishing 

The quartz crystal wafers are polished.  

1.Lapping 

Surface hills and  

valleys are removed  

with a grinding fluid. 

2.Etching 

The wafer surface  

is etched to remove  

roughness. 

3.Polishing 

The wafer is polished to  

a mirror finish with an  

abrasive compound 

1.Sputtering 

The wafer is coated with  

gold and chrome. 

3.Electrode processing 

Electrodes are added and  

circuits are patterned by a  

photolithographic process. 

4 Photoetching 

A photolithographic process is used to form the tuning-fork shape.  

５ Mounting 

The crystal chip is 

connected to a base with a 

conductive adhesive.  

6 Lid sealing 

The low-melting-point glass is melted to bond 

the glass lid to the base.  

Chip snap-off Base Grass lid 

7 Vacuum sealing 

A ball of gold and germanium is melted to 

seal the device in a vacuum state.  

8 Frequency adjusting 

The frequency of the crystal chip is fine-tuned 

by shaving off part of the electrodes on the 

tips of the crystal chip with a laser. 

9 Marking 

The products are marked with a designated 

number.  

１０ Completion! 

The process from rough synthetic crystal to a 

finished tuning-fork crystal device takes about 

one month to complete.  

2.Contour etching 

The gold and chrome 

Is removed. 



Crystal Cut and Temperature Curves 

Crystal Cut 

kHz Temperature Curve MHz Temperature Curve 

 ∆f/f = B(Ti-θX)2  
θX: specified temperature 
B:  Parabolic coefficient 

∆f/f ＝α (θX-25)＋β (θX-25)2＋γ (θX-25)3 

θX: specified temperature 

A crystal's vibration mode differs depending  
on the angle at which it is cut. The vibration mode  
determines the frequency range of the crystal. 

Flexural 
“X cut” 

Tuning Fork 

Thickness Shear 
“AT cut” 



QMEMS: 
Epson’s Breakthrough Technology 

There is constant demand for compact, high-
precision quartz devices to serve the decreasing 

form factor and high performance electronic 
device market. 

“QMEMS” is Epson’s response to serve this need! 



QMEMS – Photolithography Process 

Stability vs. Temperature curve of a  
2.0 x 1.6 mm AT crystal unit (26 MHz) 

Click link below to 
learn more about 
QMEMS: 
http://www5.epson
device.com/en/quar
tz/aboutus/qmems/i
ndex.html 
 

http://www5.epsondevice.com/en/quartz/aboutus/qmems/index.html
http://www5.epsondevice.com/en/quartz/aboutus/qmems/index.html
http://www5.epsondevice.com/en/quartz/aboutus/qmems/index.html
http://www5.epsondevice.com/en/quartz/aboutus/qmems/index.html
http://www5.epsondevice.com/en/quartz/aboutus/qmems/index.html


Applications  
Cellular (Select “Cellular” as example) Cellular (Resulting web page) 

Click link below to access all applications: 
http://www5.epsondevice.com/en/quartz 
/application/index.html 
 

http://www5.epsondevice.com/en/quartz/application/index.html
http://www5.epsondevice.com/en/quartz/application/index.html
http://www5.epsondevice.com/en/quartz/application/index.html
http://www5.epsondevice.com/en/quartz/application/index.html


Circuit Design  
Freescale  
(Select “Freescale” as example) 

Freescale (Resulting web page) 

Click link below to access circuit design info: 
http://www5.epsondevice.com/en/quartz/ 
tech/c_design/index.html 
 

http://www5.epsondevice.com/en/quartz/tech/c_design/index.html
http://www5.epsondevice.com/en/quartz/tech/c_design/index.html
http://www5.epsondevice.com/en/quartz/tech/c_design/index.html
http://www5.epsondevice.com/en/quartz/tech/c_design/index.html
http://www5.epsondevice.com/en/quartz/tech/c_design/index.html
http://www5.epsondevice.com/en/quartz/tech/c_design/index.html


Circuit Design  

IC 

Typical Pierce Oscillator Circuit Parameters  to consider  when  
designing with a crystal device: 

• Rf and U1 are typically internal to the IC 

• RD to control drive level across crystal unit 

• CG and CD to control center frequency   

with respect to the load capacitance (CL) 

of the crystal unit :  

Inverter (U1) 

Goal:  

• Low drive level 

• Fast oscillation start up time 

• Sufficient oscillation allowance 

• Small frequency deviation 

Example values: 

Epson offers both kHz and MHz crystal oscillators  to 
help designers reduce board space and design risk,  
as well as save time and money.  

(stray) 



Important Electrical Parameters 
• Package Size and Type – SMD or Thru-hole 
 
• Frequency – Desired nominal frequency 
 
• Operating Temperature – Temperature range that the crystal unit electrical parameters are guaranteed 
 
• Stability – MHz xtals only, frequency deviation over operating temperature  
 
• Parabolic coefficient – kHz xtals only, used to calculate frequency deviation over operating temperature 
 
• Frequency Tolerance – Deviation of the actual/measured frequency from the nominal frequency value 
at +25°C ambient temperature  
 
• Load Capacitance – Match the crystal’s load capacitance to the oscillation circuit’s capacitance. The 
oscillation output frequency is determined based on this matching.  
 
• ESR – Equivalent Series Resistance or motional resistance. It can be regarded as a reference for the ease 
of oscillation. The higher the value, the more difficult for oscillation start up. 
 
• Drive Level – Power or oscillation output level required to operate (drive) a crystal device. 1µW to 
100µW range is used to maintain stable oscillation and minimize structural damage to the internal quartz 
crystal.  



kHz Crystal Products 



New kHz Products 



New kHz Products 

Infotainment Systems 

Safety & Security Systems 

Environmental Systems 

Engine Control Systems 



MHz Crystal Products 



New MHz Products 
Minimization trend (ex)…  



Summary 
 

  Epson offers an extensive portfolio of kHz and MHz crystal devices.  
 

 kHz crystal devices are sometimes called tuning fork crystals or clock crystals.  
      MHz crystal devices are sometimes called AT crystals.  

 
 Epson offers both kHz and MHz crystal oscillators to help designers reduce  
      board space and design risk, as well as save time and money. 

 
  A timing device is the “heart” of an electronic equipment 

 
  Epson has extensive knowledge of the growing and manufacturing processes of 
      synthetic quartz since it started producing it in 1960 

 
  QMEMS photolithography processing technology enables Epson to produce  
      miniature quartz crystals with outstanding electrical characteristics. 

 
  Epson’s website has great tips for recommending the appropriate crystal for  
      various applications and common circuit designs. 

 
 

 


