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New MEMS manufacturing approaches pave the way to smaller, 
more performing and cost-effective devices!

A report entirely dedicAted to new MeMS proceSSeS And MAteriAlS

Athough MeMS technologies have not been driven by the same size demands as ics, it doesn’t 
mean that MeMS manufacturing is just standing still. the fast growing MeMS markets, now 

driven by consumer applications, are:
•	 Size-driven: for demanding consumer applications like smart phones and laptops
•	 performance-driven: for high end applications like aerospace
•	 cost-driven: for high volume applications like cell phones, automotive and games consoles

New	MEMS	manufacturing,	 packaging	 technologies	 and	 specific	materials	 are	 necessary	 for	
solving these issues. this yole développement report highlights the future challenges for 
MEMS production and packaging. From bulk micromachining to surface micromachining to 
SOI,	and	MEMS	technology	has	been	following	a	well-defined	evolutionary	technical	roadmap	
with	3D	 integration	being	 the	next	 possible	 step.	 In	 the	 report,	 you	will	 find	manufacturing	
trends for the different MeMS devices in terms of processes, new packaging approaches, 3d 
integration, cMoS MeMS integration, new materials such as structured wafers… 

the report analyzes the following MeMS processes at different levels:
•	 At the substrate level: engineered Soi, glass, thin wafers, silicon, a-Si,...
•	 At the front end level: piezo materials, getters, bonding, resists, cMoS MeMS, release 
stiction,	DRIE,	singulation,	lithography,	etching,	sacrificial	release,	CAD	tools...

•	 At the packaging	 level:	 thin	 film	 packaging,	 active	 capping,	 pixel-level	 packaging,	
through Glass Vias, through Si Vias...

•	  Technology platforms: tSV, hermetic wlp, interposer, standard packaging, MUMpS 
process, testing...
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t he objective of this report is to provide an understanding of current challenges of MeMS 
manufacturing, packaging & materials. For each MeMS manufacturing step, bottlenecks and 

challenges will be highlighted. It is a 350+ slide report.

key FeAtUreS oF the StUdy

this report analyzes the current MeMS 
manufacturing trends and presents some 

clues for understanding the next evolution in 
terms of die size, cost, packaging… 
Among other MeMS technologies to watch for 
the	future,	we	have	identified:	

•	at the substrate level: Soi, glass, thin 
wafers, silicon... 
•	at the MeMS die level: getters, fusion 

bonding, release stiction, singulation, 
cMoS MeMS, drie, trench isolation 
•	at the packaging level: tGV, tSV, pixel-
level	 packaging,	 thin	 film	 capping,	 active	
capping…

wafer forecasts 2009-2015 by type of step 
(DRIE,	 wafer	 bonding,	 sacrificial	 etch,	 through	
Si	vias,	thin	films	packaging,	CMOS	MEMS,	thin	
wafers) are estimated for all the analyzed MeMS 
technologies.

DRIE and wafer bonding are the technologies 
subject to major evolution: main reason is that 
both technologies are increasingly used for 3d 
tSV in the mainstream semiconductor business. 
wafer bonding is the direct competitor for cMoS 
MeMS approach. For example, microbolometer 
players are more and more considering wafer 
bonding approach to stack the MeMS to the 
roic wafer. MeMS have been scarcely pushed by 
technological innovation. Most of the time, a MeMS 

is developed either by the use of micromachining 
to reduce existing sensors or the push is coming 
from system makers. As an example, lateral 
MeMS (accelerometers) have been developed 
by leti because of military request from thales. 
drie has been developed by Bosch because of 
automotive applications. the only exception is 
Adi that wanted to use its existing cMoS lines.  
Using cMoS is sometimes an historical choice 
(with the disadvantage that now the cMoS 
technology is evolving quicker than the MeMS 
technology). indeed, CMOS MEMS is likely to 
be restricted to very specific applications 
where MeMS arrays will need very close 
electronic processing. For all other case, it will 
depend	on	MEMS	product	cycle	time,	flexibility,	
cost, integration, market demand and power 
consumption.

In	2011,	simplification	of	manufacturing	remains 
an objective: the yole développement MeMS 
law “One product, one process, one package” 
still rules. will it still rule in 2020? the current 
work on technology and product platforms 
attempts to overcome the yole développement 
MeMS law. But this approach will be custom-
made standard processes. By 2020, it is likely 
that MeMS fabs will have developed internal 
standard	process	blocks	but	it	will	be	fab-specific	
standard tools. 
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tABle oF contentS

who ShoUld BUy thiS report ?
•	MEMS companies: 

- to identify what will be the next MeMS 
production and packaging challenges

- Be update of new technical evolution

•	MEMS foundries: 
 - identify new processes to broaden your 

foundry service offer
- position your foundry offer in the competition

•	R&D players:
- Understand new technical challenges in MeMS
- develop new innovative solutions for MeMS 

manufacturing.

•	Equipment & Material suppliers:
- Understand the technical evolution of MeMS 

devices to develop solutions
- position yourself in the competitive landscape

•	Financial & Strategic investors: 
- Understand the potential of new MeMS   

processes 
- identify promising startups

Dr. Eric Mounier has a phd in microelectronics from the inpG in Grenoble. Since 1998 
he is a co-founder of yole développement, a market research company based in France. 

At yole développement, dr. eric Mounier is in charge of market analysis for MeMS, 
equipment & material. he is chief editor of Micronews, and MeMS’trends magazines 
(Magazine on MeMS technologies & Markets)
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TERMS AnD COnDITIOnS OF SAlE

Definitions:	“Acceptance”:	Action	by	which	the	Buyer	accepts	the	terms	and	conditions	of	sale	in	their	entirety.	It	is	done	by	signing	the	purchase	order		which	mentions	“I	hereby	accept	Yole	Développe-
ment (yole) terms and conditions of Sale”. 
“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business needs) entering into the following general conditions to the exclusion of consumers acting in their 
personal interests. 
“contracting parties” or “parties”: the Seller on the one hand and the Buyer on the other hand. 
“intellectual property rights” (“ipr”) means any rights held by the Seller in its products, including any patents, trademarks, registered models, designs, copyrights, inventions, commercial secrets and 
know-how, technical information, company or trading names and any other intellectual property rights or similar in any part of the world, notwithstanding the fact that they have been registered or not 
and including any pending registration of one of the above mentioned rights.   
“license”: For the reports and databases, 3 different licenses are proposed. the buyer has to choose one license:
1.     Single user license: a single individual at the company can use the report.
2.     Site license: the report can be used by unlimited users within the company at the same company location.
3.     corporate license: the report can be used by unlimited users within the company regardless of location. Subsidiaries are not included.
“products”: depending on the purchase order, reports or database on MeMS, cSc, optics/MoeMS, nano, bio… to be bought either on a unit basis or as an annual subscription. (i.e.  subscription for a 
period of 12 calendar months). the annual subscription to a package (i.e. a global discount based on the number of reports that the Buyer orders or accesses via the service, a global search service on 
line	on	I-micronews	and	a	consulting	approach),	is	defined	in	the	order.	Reports	are	established	in	PowerPoint	and	delivered	on	a	PDF	format	and	the	database	may	include	Excel	files.	
“Seller”: Based in lyon (France headquarters), yole développement is a market research and business development consultancy company, facilitating market access for advanced technology industrial 
projects. with more than 20 market analysts, yole works worldwide with the key industrial companies, r&d institutes and investors to help them understand the markets and technology trends. 
1.      Scope 
1.1    the contracting parties undertake to observe the following general conditions when agreed by the Buyer and the Seller. Any AdditionAl, diFFerent, or conFlictinG terMS And conditionS 
in Any other docUMentS iSSUed By the BUyer At Any tiMe Are hereBy oBJected to By the Seller, ShAll Be wholly inApplicABle to Any SAle MAde hereUnder And ShAll not Be 
BindinG in Any wAy on the Seller. 
1.2    this agreement becomes valid and enforceable between the contracting parties after clear and non-equivocal consent by any duly authorised person representing the Buyer. For these purposes, the 
Buyer accepts these conditions of sales when signing the purchase order  which mentions “i hereby accept yole’s terms and conditions of Sale”. this results in acceptance by the Buyer. 
1.3				Orders	are	deemed	to	be	accepted	only	upon	written	acceptance	and	confirmation	by	the	Seller,	within	[7	days]	from	the	date	of	order,	to	be	sent	either	by	email	or	to	the	Buyer’s	address.	In	the	
absence	of	any	confirmation	in	writing,	orders	shall	be	deemed	to	have	been	accepted.	
 2.      Mailing of the products 
2.1    products are sent by email to the Buyer: 
-	within	[1]	month	from	the	order	for	Products	already	released;	or	
- within a reasonable time for products ordered prior to their effective release. in this case, the Seller shall use its best endeavours to inform the Buyer of an indicative release date and the evolution of 
the work in progress. 
2.2    Some  weeks prior to the release date the Seller can propose a pre-release discount to the Buyer 
the Seller shall by no means be responsible for any delay in respect of article 2.2 above, and including incases where a new event or access to new contradictory information would require for the analyst 
extra time to compute or compare the data in order to enable the Seller to deliver a high quality products. 
2.3    the mailing of the product will occur only upon payment by the Buyer, in accordance with  the conditions contained in article 3. 
2.4. the mailing is operated through electronic meanseither by email via the sales department or automatically online via an email/password. if the product’s electronic delivery format is defective, the 
Seller undertakes to replace it at no charge to the Buyer provided that it is informed of the defective formatting within 90 days from the date of the original download or receipt of the product. 
2.5    the person receiving the products on behalf of the Buyer shall immediately verify the quality of the products and their conformity to the order. Any claim for apparent defects or for non-conformity 
shall	be	sent	in	writing	to	the	Seller	within	8	days	of	receipt	of	the	Products.	For	this	purpose,	the	Buyer	agrees	to	produce	sufficient	evidence	of	such	defects.	.	
2.6    no return of products shall be accepted without prior information to the Seller, even in case of delayed delivery. Any product returned to the Seller without providing prior information to the Seller 
as required under article 2.5 shall remain at the Buyer’s risk. 
 3.      price, invoicing and payment 
3.1    prices are given in the orders corresponding to each product sold on a unit basis or corresponding to annual subscriptions. they are expressed to be inclusive of all taxes. the prices may be reeva-
luated from time to time. the effective price is deemed to be the one applicable at the time of the order. 
3.2				Yole	may	offer	a	pre	release	discount	for	the	companies	willing	to	acquire	in	the	future	the	specific	report	and	agreeing	on	the	fact	that	the	report	may	be	release	later	than	the	anticipated	release	
date. in exchange to this uncertainty, the company will get a discount that can vary from 15% to 10%. 
3.3    payments due by the Buyer shall be sent by cheque payable to yole développement, credit card or by electronic transfer to the following account:              
hSBc, 1 place de la Bourse 69002 lyon France           
Bank code: 30056                          
Branch code: 00170 
Account n°: 0170 200 1565 87
Bic or  SwiFt code: ccFrFrpp             
iBAn: Fr76 3005 6001 7001 7020 0156 587 
to ensure the payments, the Seller reserves the right to request down payments from the Buyer. in this case, the need of down payments will be mentioned on the order. 
3.4 payment is due by the Buyer to the Seller within 30 days from invoice date, except in the case of a particular written agreement. if the Buyer fails to pay within this time and fails to contact the 
Seller,	the	latter	shall	be	entitled	to	invoice	interest	in	arrears	based	on	the	annual	rate	Refi	of	the	«BCE»	+	7	points,	in	accordance	with	article	L.	441-6	of	the	French	Commercial	Code.	Our	publications	
(report, database, tool...) are delivered only after reception of the payment. 
3.5 in the event of termination of the contract, or of misconduct, during the contract, the Seller will have the right to invoice at the stage in progress, and to take legal action for damages. 
 4.     liabilities 
4.1    the Buyer or any other individual or legal person acting on its behalf, being a business user buying  the products for its business activities, shall be solely responsible for choosing the products and 
for the use and interpretations he makes of the documents it purchases, of the results he obtains, and of the advice and acts it deduces thereof. 
4.2    the Seller shall only be liable for (i) direct and (ii) foreseeable pecuniary loss, caused by the products or arising from a material breach of this agreement 
4.3    in no event shall the Seller be liable for: 
		a)		damages	of	any	kind,	including	without	limitation,	incidental	or	consequential	damages	(including,	but	not	limited	to,	damages	for	loss	of	profits,	business	interruption	and	loss	of	programs	or	infor-
mation)	arising	out	of	the	use	of	or	inability	to	use	the	Seller’s	website	or	the	Products,	or	any	information	provided	on	the	website,	or	in	the	Products;	
   b)  any claim attributable to errors, omissions or other inaccuracies in the product or interpretations thereof. 
4.4All the information contained in the products has been obtained from sources believed to be reliable. the Seller does not warrant the accuracy, completeness adequacy or reliability of such informa-
tion, which cannot be guaranteed to be free from errors. 
4.5	All	the	Products	that	the	Seller	sells	may,	upon	prior	notice	to	the	Buyer	from	time	to	time	be	modified	by	or	substituted	with	similar	Products	meeting	the	needs	of	the	Buyer.	This	modification	shall	
not lead to the liability of the Seller, provided that the Seller ensures the substituted product is similar to the product initially ordered.   
4.6 in the case where, after inspection, it is acknowledged that the products contain defects, the Seller undertakes to replace the defective products as far as the supplies allow and without indemnities 
or compensation of any kind for labor costs, delays, loss caused or any other reason. the replacement is guaranteed for a maximum of two months starting from the delivery date. Any replacement is 
excluded for any event as set out in article 5 below. 
4.7 the deadlines that the Seller is asked to state for the mailing of the products are given for information only and are not guaranteed. if such deadlines are not met, it shall not lead to any damages or 
cancellation	of	the	orders,	except	for	non	acceptable	delays	exceeding	[4]	months	from	the	stated	deadline,	without	information	from	the	Seller.In	such	case	only,	the	Buyer	shall	be	entitled	to	ask	for	a	
reimbursement	of	its	first	down	payment	to	the	exclusion	of	any	further	damages.	
4.8				The	Seller	does	not	make	any	warranties,	express	or	implied,	including,	without	limitation,	those	of	saleability	and	fitness	for	a	particular	purpose,	with	respect	to	the	Products.	Although	the	Seller	
shall take reasonable steps to screen products for infection of viruses, worms, trojan horses or other codes containing contaminating or destructive properties before making the products available, the 
Seller cannot guarantee that any product will be free from infection. 
5.      Force majeure 
The	Seller	shall	not	be	liable	for	any	delay	in	performance	directly	or	indirectly	caused	by	or	resulting	from	acts	of	nature,	fire,	flood,	accident,	riot,	war,	government	intervention,	embargoes,	strikes,	
labor	difficulties,	equipment	failure,	late	deliveries	by	suppliers	or	other	difficulties	which	are	beyond	the	control,	and	not	the	fault	of	the	Seller.	
6.      protection of the Seller’s ipr 
6.1 All the ipr attached to the products are and remain the property of the Seller and are protected under French and international copyright law and conventions. 
6.2   the Buyer agreed not to disclose, copy, reproduce, redistribute, resell or publish the product, or any part of it to any other party other than employees of its company. the Buyer shall have the right 
to use the products solely for its own internal information purposes. in particular, the Buyer shall therefore not use the product for purposes such as: 
-		Information	storage	and	retrieval	systems;	
-		Recordings	and	re-transmittals	over	any	network	(including	any	local	area	network);	
-		Use	in	any	timesharing,	service	bureau,	bulletin	board	or	similar	arrangement	or	public	display;	
-		Posting	any	Product	to	any	other	online	service	(including	bulletin	boards	or	the	Internet);
-  licensing, leasing, selling, offering for sale or assigning the product. 
6.3    the Buyer shall be solely responsible towards the Seller of all infringements of this obligation, whether this infringement comes from its employees or any person to whom the Buyer has sent the 
Products	and	shall	personally	take	care	of	any	related	proceedings,	and	the	Buyer	shall	bear	related	financial	consequences	in	their	entirety.	
6.4				The	Buyer	shall	define	within	its	company	point	of	contact	for	the	needs	of	the	contract.	This	person	will	be	the	recipient	of	each	new	report	in	PDF	format.	This	person	shall	also	be	responsible	for	
respect of the copyrights and will guaranty that the products are not disseminated out of the company. 
6.5    in the context of annual subscriptions, the person of contact shall decide who within the Buyer, shall be entitled to access on line the reports on i-micronews.com. in this respect, the Seller will 
give the Buyer a maximum of 10 password, unless the multiple sites organisation of the Buyer requires more passwords. the Seller reserves the right to check from time to time the correct use of this 
password. 
6.6    in the case of a multisite, multilicense, only the employee of the buyer can access the report or the employee of the companies in which the buyer have 100% shares. As a matter of fact the inves-
tor of a company, the joint venture done with a third party etc..cannot access the report and should pay a full license price. 
7.      termination 
7.1	If	the	Buyer	cancels	the	order	in	whole	or	in	part	or	postpones	the	date	of	mailing,	the	Buyer	shall	indemnify	the	Seller	for	the	entire	costs	that	have	been	incurred	as	at	the	date	of	notification	by	the	
Buyer of such delay or cancellation. this may also apply for any other direct or indirect consequential loss that may be borne by the Seller, following this decision. 
7.2	In	the	event	of	breach	by	one	Party	under	these	conditions	or	the	order,	the	non-breaching	Party	may	send	a	notification	to	the	other	by	recorded	delivery	letter	upon	which,	after	a	period	of	thirty	
(30) days without solving the problem, the non-breaching party shall be entitled to terminate all the pending orders, without being liable for any compensation.
8.      Miscellaneous 
All	the	provisions	of	these	Terms	and	Conditions	are	for	the	benefit	of	the	Seller	itself,	but	also	for	its	licensors,	employees	and	agents.	Each	of	them	is	entitled	to	assert	and	enforce	those	provisions	
against the Buyer. 
Any notices under these terms and conditions shall be given in writing. they shall be effective upon receipt by the other party. 
the Seller may, from time to time, update these terms and conditions and the Buyer, is deemed to have accepted the latest version of these terms and conditions, provided they have been communica-
ted to him in due time. 
9.      Governing law and jurisdiction 
9.1 Any dispute arising out or linked to these terms and conditions or to any contract (orders) entered into in application of these terms and conditions shall be settled by the French commercial courts 
of lyon, which shall have exclusive jurisdiction upon such issues.  
9.2 French law shall govern the relation between the Buyer and the Seller, in accordance with these terms and conditions.


