
BiTS 2015

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

Proceedings Archive

March 15 - 18, 2015

Hilton Phoenix / Mesa Hotel

Mesa, Arizona

© 2015 BiTS Workshop – Image: BCFC/iStock

Archive – Session 1



BiTS 2015

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

Proceedings Archive
BiTS Workshop 2015 Schedule

Session      

Session Chair

Frontiers Day
Monday March 16 10:30 am

Putting MEMS to the Test

"'Taking MEMS Test and Calibration to the Next Level' - An Integrated 
Platform Approach Driving Further MEMS Growth“

John Rychcik - Xcerra Corporation

"The Target for Consumer MEMS Testing Should Be Under

1 Cent Level"
Vesa Henttonen - Afore Oy

"MEMS IC Manufacturing Test Cost Effective Strategies"
Wendy Chen & Andrei Berar - KYEC

"BURst Pressure (BURP) Stress Test for MEMS Pressure Sensors"
Peter Jones & Ray Sessego - Freescale Semiconductor

1
Marc Mössinger

Approved/BiTS2015s1p1Rychcik.pptx
Approved/BiTS2015s1p2Henttonen.pptx
Approved/BiTS2015s1p2Henttonen.pptx
Approved/BiTS2015s1p3Berar.pptx
Approved/BiTS2015s1p4Jones.pptx


BiTS 2015

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

Proceedings Archive

Copyright Notice

The presentation(s)/paper(s) in this publication comprise the Proceedings of the 2015 BiTS Workshop. The 
content reflects the opinion of the authors and their respective companies. They are reproduced here as they 
were presented at the 2015 BiTS Workshop. This version of the papers may differ from the version that was 
distributed in hardcopy & softcopy form at the 2015 BiTS Workshop. The inclusion of the presentations/papers 
in this publication does not constitute an endorsement by BiTS Workshop or the workshop’s sponsors.

There is NO copyright protection claimed on the presentation content by BiTS Workshop. However, each 
presentation is the work of the authors and their respective companies: as such, it is strongly encouraged that 
any use reflect proper acknowledgement to the appropriate source. Any questions regarding the use of any 
materials presented should be directed to the author(s) or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks of BiTS Workshop. All rights reserved.



Putting MEMS to the Test - Testing MEMS DevicesBiTS 2015
Session  1 Presentation 3

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

MEMS IC Manufacturing 

Test Cost Effective 

Strategies

Wendy Chen & Andrei Berar

KYEC

2015 BiTS Workshop

March 15 - 18, 2015
Conference Ready 

mm/dd/2014



Putting MEMS to the Test - Testing MEMS DevicesBiTS 2015
Session  1 Presentation 3

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

Content

• Market needs 

• Change? New Concept, New Strategy

• The learning curve

• Summary
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Consumer MEMS TAM 

Source: IHS MEMS Forecast 2014 
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Microphones 

Akustica MEMS Microphones 

 

 

IHS Technology – Abstract 

MEMS Microphones Report – 2014 

Marwan Boustany. Senior Analyst, Jérémie Bouchaud, Director and Senior Principal Analyst  
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Adoption of high-quality microphones promises revenue 
growth 
The success story continues! Global MEMS microphone shipments expanded to 2.6 billion 

units in 2013, up 37% from 1.9 billion in 2012. By 2017, shipments will reach 5.4 billion units. 

MEMS microphone revenue will jump from $582 million in 2012 to $1.3 billion in 2017 up 

from $833 million in 2013 and $609 million in 2012 .  

The reason for the fast growth is a combination of factors. First, the penetration of MEMS 

microphones in handsets continues to increase unabated. Second, there is a rapid adoption of 

multiple microphones in smartphones for noise suppression. Third, new applications such as 

HD video recording call for higher performance i.e. more expensive MEMS microphones. 

MEMS microphones are becoming more widely adopted in laptops, not to mention headsets, 

gaming, and cameras. Finally MEMS microphones find theiry way in new applications outside 

of consumer electronics such as automotive and hearing aids. 

 

This report takes a detailed look at the opportunities for MEMS vs. ECM in handsets, 

consumer electronics, and emerging applications (e.g. in automotive, medicine, and industry). 

Adoption of higher performance MEMS microphones and digital versus analog MEMS 

microphones is examined. A unique analysis of the supplier landscape, with market shares, 

supplier agreements, and IP situation is provided. Through numerous IHS teardown analyses, 

we estimate the penetration of MEMS microphones and respective consumption of MEMS 

microphones at the top OEMs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key Issues Addressed 

• Can MEMS microphones fight commoditization? 

Which applications call for higher performance 

microphones? How much more are OEMs ready 

to pay for better microphones? 

• What are the real advantages of MEMS 

microphones compared to ECM according to 

users? 

• Will the market transit to digital MEMS 

microphones? 

• How much to the top 15 OEMs spend on MEMS 

microphones today and in future? 

• What will the suppliers’ landscape likely be in 

2015? What are opportunities for newcomers? 

Applicable To 

• OEM (mobile handsets, tablets, 

laptops)  

- Purchasing 

- R&D 

• MEMS Component Manufacturers  

• MEMS Foundries  

 

MEMS Microphone Revenue Forecast by Performance Level 

Actuals and Forecast  

Frequency, Time Period  

• Annual forecast from 2006 to 

2017  

Measures 

• Revenues 

• Shipments 

• ASP 

• Market shares (units and 

revenue, by brand and by die 

supplier) 

Detail Level 

• By application 

• By type: 
- Analog vs. digital 
- Performance (SNR) 

• Supplier agreements analysis for 

handsets and tablet in units and 

value from MEMS microphone 

supplier to OEM (pivot table 

format) 

• Historical (2006-2013) and 

forecasted (2014-2017) 

consumption of MEMS 

microphones by handset OEM  

New features in this edition 

• Segmentation by performance (Signal 

Noise Ratio; below 60 dB, 60 to 63 dB 

and above 64 dB) for units, ASP, 

revenue forecast, market shares and 

supplier agreements 

• Specific section on Chinese handset 

OEMs 

• Wearable electronics segment added 

• Teardown database with MEMS 

microphone suppliers and part number 

for over >150 handsets, tablets, 

laptops  

 

Applications/Products Covered  
• Mobile handsets 

• Media tablets 

• Wearable electronics 

• Laptops 

• Headsets 

• Digital video cameras 

• Handheld game players 

• MP3 players 

• Set top boxes 

• Automotive 

• Medical  

• Industry 
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Typology of MEMS Companies 
Diagnostic 

Size 
(MEMS 

business) 

Number of MEMS 

devices 

Large 

Medium 

Small 

Specialized Diversified Medium portfolio 

$300M 

$100M 

2 

devices 
4 

devices 

… … … 
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Typology of MEMS companies 
Business models for MEMS makers: no « pure » foundry in the 

TOP 30 

Size 
(MEMS 

business) 

Business model 

Large 

Medium 

Small 

Foundry 

service 

Fablight Internal Fab 

$300M 

$100M 

IDM with 

foundry service 

Fabless 
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MEMS sensor & actuator functions 

• Gyroscopes  

 

 

 

 
 

• Accelerometers 

 

 

 

 

• Magnetometers 

 

 

 
 

• Fusion sensor 

combos & IMUs  

• Pressure

-sensors 

 

 

 

 

 

• TPMS 

modules 

• Oscillators / 

Resonators 

 

 

 
 

• RF-MEMS 

switches 

 

 
 

 

• FBAR / BAW 

filters 

 
 
 

 
• SAW filters 

• Micro-

mirrors 

 

 

 

 

 

• Ink-jet MEMS 

modules 

 

 

 

 
 

• Microfluidic & 

Bio-chips 

• µ-Displays, 

MEMS 

 

 

 
 

• Auto-focus 

actuators 

 
 

 
 

 

 

• IR sensing 

… 

• Silicon 

microphones 

Voice / 

Sound 
Pressure 

monitoring 
Motion / 

position 

Projecting / 

receiving Light 

RF related 

functions 
Managing 

fluids 

Emerging 

MEMS… 

Sensing applications Actuating applications 

One$Device$–$One$process$–$One$package$–$One$test$system$$One Device – One Process - One package – One Test System
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 Extend test Capacity still making Profit ?  

 Decide the Investment to reduce Risk ?  

 Define a test strategy to test Combo sensor 

with Multiplex Physical Stimulations? 

MEMS IC Manufacturing Test Cost Effective Strategies

Test Cost to Support the ASP 
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The sweet spot of discrete is 2014 

Combo sensor

2012 to 2017  grow up 720%
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MEMS Foundry Model
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Invested to fill the gap

MEMS IC Manufacturing Test Cost Effective Strategies
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Changing the Model

11

Copyright © 2013 Silex Microsystems. All rights reserved.  12 

Resulting in a lag in the expected growth 
of the fabless model 

• Leverages extensive 

standardization 
– Processes 

– Sophisticated CAD/EDA 

– Scalable designs 

– Single Design – Multiple Fabs 

– OSAT Infrastructure 

– Widespread design expertise 

• Paradigm is extensive 

customization 
– No standard processes 

– Limited CAD/EDA 

– No scalability of design 

– No multi-fab support 

– Custom package & test 

– Esoteric design expertise 

uP & 

Memory 

50% 
IDM & 

Analog 

19% 

ASIC & 

ASSP 

31% 

Fabless Dominates in the IC Space 
ASIC & ASSP 

IDM 

94% 

Foundry 

6% 

Fabless Still Lags in the MEMS Space 

Source: Yole Developpement and WSTS Data 

MEMS IC Manufacturing Test Cost Effective Strategies
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Transfer Investment Risk 

The Test cost of  10 DOF unit

 Test budget < 5% of ASP

 Drop 10%/ year  

The Cost of Testing Equipment  

10 DOF

Depreciation 3years, OEE= 70%

Charge of testing 115.7 US$ / hrs.

IDM and Design company started to outsource 

test requirements to Test Sub-Con to reduce 

investment risk.

MEMS IC Manufacturing Test Cost Effective Strategies 12
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Addressing the MEMS Testing Market

Market driving and Customer demand

– MEMS integrate CMOS process or 3DS which open a new 
manufacturing prediction.

– Lower test cost and Large flexible capacity requirements. 

KYEC Strength

– Fully utilize facilities. 
8” prober capacity could supply MEMS wafer probing to solve 
increasing ratio of 12’’ to 8” prober.

– Good experiences on SOC testing. 

The trend of MEMS devices testing was similar to image sensor 

testing. KYEC is number one image sensor testing service provider.  

We could copy success model.

MEMS IC Manufacturing Test Cost Effective Strategies 13
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A + Pressure sensor

Accelerometer ( +/-1G)

Accelerometer 

< 6 G

Gyro 

A + Magnetic sensor

Microphones

A+ M + Gyro

Fusion 

Sensor

Accelerometer 

< 12 G

2009 2010 2011 2012 2013 2014 2015

Executed Roadmap 

MEMS IC Manufacturing Test Cost Effective Strategies 14
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Gyro

Accelerometer

Strip Handler

J750 tester

 ( +/- 1G)

Magnetic

Accelerometer

Magnetic

Accelerometer

Gyro

MEMS IC Manufacturing Test Cost Effective Strategies 15
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WLCSP Accelerometer Testing

16MEMS IC Manufacturing Test Cost Effective Strategies



Putting MEMS to the Test - Testing MEMS DevicesBiTS 2015
Session  1 Presentation 3

March 15-18, 2015Burn-in & Test Strategies Workshop www.bitsworkshop.org

MEMS Magnetic Sensor Test Solution

17

 Magnetic fields are generated inside 

each socket by 3 independent Helmholtz 

pair coils (on X, Y, Z axis)

 The shielding around each socket stops 

external magnetic fields from entering 

the device area, while keeping the 

generated magnetic fields inside the 

area

MEMS IC Manufacturing Test Cost Effective Strategies
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MEMS Pressure Sensor Test Solution

18

• Testing environment including the vacuum chamber and the pressure control 

system. The vacuum chamber can produce pressure from -100 kPa to 600 

kPa with the resolution of 0.1 kPa.

• PLCC and WLCSP two type of test socket had been developed. 

MEMS IC Manufacturing Test Cost Effective Strategies
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MEMS Microphones Test Solutions
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Pick & Place handler solution

 KYEC design Chamber and Kit

Tester consign by customer

Test capability 

 Digital MEMS Microphone

 Package size > 3x3 mm

 High SPL 94dB, 

 Frequency range  100HZ~6KHZ
Test capability 

 Digital and Analog 

MEMS Microphone

 Package size > 3x3 mm

 High SPL 120dB, 

 Frequency range 100HZ~10KHZ

Test capability 

 Digital and Analog 

MEMS Microphone

 Package size < 3x3 mm

 High SPL  130dB, 

 Frequency range 10HZ~20KHZ

 S/N > 60 dB

Pick & Place handler solution

 KYEC design Chamber and Kit

 KYEC  E320 Tester + PXI module

 4 sites parallelism

Superior  handler solution

 Input : Bowl feeder / Tube 

 Output : Tape & Reel

 KYEC design Chamber and Kit

 KYEC  E320 Tester + PXI module

 16 sites parallelism

Mini socket with chamber

MEMS IC Manufacturing Test Cost Effective Strategies
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Sharing Capacity for MEMS testing

Sharing capacity of test equipment between MEMS 

devices and semiconductor IC

 Reduce risk of investment 

 Share the testing resource ( facilities, technology..)

MEMS IC Manufacturing Test Cost Effective Strategies 20
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Core 

Technology

Test system Design 

Technology

Automation Control 

Technology

Tool/ Modeling 

Technology

KYEC’s Contribution

MEMS IC Manufacturing Test Cost Effective Strategies 21
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Summary

MEMS IC Manufacturing Test Cost Effective Strategies 22

MEMS revolution is coming 

 Cost Down  Force Supply Chain Model Change.

 The Innovation of Design and Process Benefit 

Test Cost Reduction.

 Changes and Challenges open new windows of 

Opportunities 


