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1 Introduction 

MEMS First™ and EpiSeal™ are proprietary processes used by SiTime to manufacture very small silicon 
resonator die that are fully encapsulated in silicon, extremely stable, and highly durable. Because these 
processes use standard CMOS foundry tools and materials, they produce products are highly 
manufacturable with excellent quality and reliability. Moreover, production on a large wafer format 
results in high volume and fast volume ramping. The following sections explore the key aspects of the 
MEMS First and EpiSeal processes in more detail. 

1.1 Encapsulation  

Prior to the development of the MEMS First process, packaging was the foremost problem restraining 
the commercialization of MEMS resonators. The MEMS First process removes this constraint by 
producing finished wafers with resonators enclosed within individual micro-vacuum chambers. These 
wafers look like standard CMOS wafers and can be packaged with industry standard IC packaging 
processes such as plastic molding, flip chip, chip stack, and chip-scale packaging.  
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1.2 Stability 

The hermetic sealing feature of the MEMS First process, called EpiSeal, is done at very high 
temperature in a clean vacuum environment.  This leads to the high stability of the resonators. 
Conventional low temperature packaging, that uses ceramic packages or wafer bonding, leaves volatile 
organics and water residues in the package which cause mass loading of the resonator and frequency drift. 
MEMS First with EpiSeal is the only demonstrated fabrication process that produces resonators with 
stability that is comparable to or exceeding quartz crystals. 

1.3 Durability 

The MEMS First encapsulation is strong and highly robust. The resonators are protected under a layer of 
silicon that can withstand the high pressure used in plastic molding which can reach 100 bar, or 1500 
PSI. The MEMS First encapsulation remains intact at this pressure. 

1.4 Size 

MEMS First encapsulation requires no additional chip area compared to the other packaging methods 
such as wafer bonding. Finished MEMS First wafers can be back-grounded to less than 100 um thick. 
Because of this, SiTime resonators are the world’s smallest and thinnest. In addition, MEMS First 
encapsulation enables use of advanced IC packaging technology that results in the world’s smallest 
oscillators. 

1.5 Manufacturability 

SiTime uses state-of-the-art 200 mm CMOS manufacturing tools and facilities that enable use of a 
standard supply chain with the benefits of reliability of scheduling, scalability to volume, and economy 
of production. 

1.6 Quality 

An outstanding feature of modern CMOS wafer fabrication is the ability to precisely repeat the 
fabrication steps from wafer to wafer, lot to lot, and year to year with excellent control. SiTime 
leverages this highly accurate repeatability to produce resonators with optimized quality. 
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2 Detailed MEMS First Process Flow 

2.1 Resonator Definition 

The starting material is a thick 
silicon on insulator (SOI) wafer. 
The resonators are formed 
using the Bosch deep reactive 
ion etching (DRIE) process. 

 

 

 

 

 

 

 

 

2.2 Oxide Fill 

The wafer surfaces are 
planarized by filling the trenches 
with oxide and the oxide is 
patterned to form contact holes. 
The contact holes are etched to 
enable electrical connection to 
the resonator and electrodes. 
The oxide is also removed from 
the field areas around the 
resonators.  

 

 

 

 

 

Trenches formed  
by DRIE 
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2.3 Vent Formation  

Thin silicon layers are grown on 
top of the oxide, and fine vents 
are patterned through the 
layers. The vents enable the 
removal of the oxide 
surrounding the resonators, 
and are positioned above the 
resonators where they must be 
free to vibrate. 

 

 

 

 
 

 

2.4 Resonator Release  

The oxide is removed around 
the resonating structures with 
hydrofluoric acid (HF) vapor. 
This step defines the volume of 
the enclosed vacuum cavities in 
which the resonators operate. 
The oxide is not removed 
where the resonators and 
electrodes are anchored to the 
substrates. 

 

 

 

 

 

 

 

 

Free Standing 
Resonator Beam 
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2.5 EpiSeal Resonator 
Encapsulation 

The EpiSeal sealing process is 
key to forming stable resonators 
with frequencies that do not 
drift over time or shift when 
packaged parts are soldered 
onto printed circuit boards 
(PCB). SiTime’s EpiSeal process 
cleans the resonators and 
vacuum cavities and then seals 
the vents closed in high 
temperature epitaxial reactors. 
Hot hydrogen and chlorine gas 
clean the resonators while 
silicon containing gasses 
deposit polysilicon in the vents 
to seal the ultra-clean cavities. 

After sealing, thick durable encapsulation layers are grown. The chambers surrounding the resonators 
maintain ultra-clean vacuums. 
 

2.6 Via Formation 

Electrical vias are made to the 
resonators and electrodes.  
Trenches are etched and filled, 
forming contacts to the 
electrodes and resonators. 
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2.7 Metalization 

Electrical interconnection is 
made with aluminum traces 
and bond pads, and the process 
is finished with silicon oxide 
and nitride scratch masks over 
the traces. 

 

 

 

 

 

 
 

3 Features and Benefits of the MEMS First Process 

Features Benefits 

Standard processes and materials Leverage existing supply chain for lower cost 

Industry standard process-control and 6-sigma 
philosophy 

Higher yield, quality, and reliability 

High temperature in-process encapsulation to 
protect MEMS structure 

Smaller size, higher stability, reliability, and 
quality 

Standard IC backend (packaging and test) Leverage existing supply chain for lower cost 

 

4 Conclusion 

SiTime’s MEMS First process with EpiSeal is one of the key technologies that allow SiTime to produce the 
world’s most advanced, most stable, and most reliable MEMS resonators. This unique patented process 
is only available from SiTime. 
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Table 1: Revision History 

Version Release Date Change Summary 

1.7 02/17/2009 Original doc 

1.8 03/21/2018 Document reformatted with new logo and address, chip-scale packaging added,  
title change, minor edits 
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© SiTime Corporation, March 2018. The information contained herein is subject to change at any time without notice. SiTime assumes no responsibility or l iability for any 
loss, damage or defect of a Product which is caused in whole or in part by (i) use of any circuitry other than circuitry embodied in a SiTime product, (ii) misuse or abuse 
including static discharge, neglect or accident, (iii) unauthorized modification or repairs which have been soldered or altered during assembly and are not capable of being 
tested by SiTime under its normal test conditions, or (iv) improper installation, storage, handling, warehousing or transportation, or (v) being subjected to unusual physical, 
thermal, or electrical stress. 

 
Disclaimer: SiTime makes no warranty of any kind, express or implied, with regard to this material, and specifically disclaims any and all express or implied warranties, either in 

fact or by operation of law, statutory or otherwise, including the implied warranties of merchantability and fitness for use or a particular purpose, and any implied warranty arising 
from course of dealing or usage of trade, as well as any common-law duties relating to accuracy or lack of negligence, with respect to this material, any SiTime product and any 

product documentation. Products sold by SiTime are not suitable or intended to be used in a life support application or component, to operate nuclear facilities, or in other mission 
critical applications where human life may be involved or at stake. All sales are made conditioned upon compliance with the critical uses policy set forth below. 

 
CRITICAL USE EXCLUSION POLICY 

BUYER AGREES NOT TO USE SITIME'S PRODUCTS FOR ANY APPLICATION OR IN ANY COMPONENTS USED IN LIFE SUPPORT DEVICES OR TO OPERATE 

NUCLEAR FACILITIES OR FOR USE IN OTHER MISSION-CRITICAL APPLICATIONS OR COMPONENTS WHERE HUMAN LIFE OR PROPERTY MAY BE AT STAKE. 
 
SiTime owns all rights, title and interest to the intellectual property related to SiTime's products, including any software, firmware, copyright, patent, or trademark. The sale of 
SiTime products does not convey or imply any license under patent or other rights. SiTime retains the copyright and trademark rights in all documents, catalogs and plans 
supplied pursuant to or ancillary to the sale of products or services by SiTime. Unless otherwise agreed to in writing by SiTime, any reproduction, modification, translation, 
compilation, or representation of this material shall be strictly prohibited. 
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