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W Oscillators

B RF MEMS
Microdispensers (microfluidics)

m Microfluidics for IVD

m Microfluidics for research

m Other optical MEMS

¥ Projection systems

W Micro displays

m PIR & thermopiles
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B Inertial combos

W Digital compass
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M Pressure sensors
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How to roadmap More than more Technologies?
Discussion Topic: Integration Path

Electronic System in a Package
Components System on a Chip

From: Discussion topic in the MEMS Technology Working Group
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Integration Path and Integration Node

Integration path: Number of sensing functions

n-1 n n+1

Year of Production 2011 2012 2013 2014

Integration path at the 6 DOF 9 DOF 9 DOF 10 DOF
package level

Integration path at the 3 DOF 6 DOF 9 DOF 9 DOF

chip level Integration node: Scaling of size,

power dissipation, cost, etc

20
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Computing Growth Drivers Over Time, 1960 - 2020E
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Figure MEMS Illustration of the time evolution of the computer from mainframe, mini, PC, laptop, to the present era of
mobile Internet. Each step has an accompanying exponential growth in the number of units manufactured and sold (Source:
2009 Morgan Stanley Estimates)
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Devices

Accelerometers

Gyroscopes

Magnetometers

Pressure Sensor

Microphone

Temperature Sensor

Conductivity Sensor

Camera/Optical Sensor

Micro Speakers

eNose

pH Sensor

Humidity Sensor

Galvanic Skin Response
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Caloric Consumption
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Exercise Safety

Sleep Patterns

Heart Rate
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Walking Directions
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Motion
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Messaging

Emergency Response
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MEMS Manufacturing Cost Ratio
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I TRS—Tabl e (JIERE:E)

Table MEMS]! Accelerometers

Year of Production 2013 I 2015 2016 2017
ORTC Dyiver line item copy from the ORTC tables]
Peyformarnce
Range [+/- g] +16 +16 +16 #16 +16
Resolution [pz/vHz] 75 75 RO RO RO
Zero g level (biais) [mg 135 135 30 +30 125
Zzro g lavel énft over temperatrure [me™C) #).5 .5 +1.4 .4 +1.4
Paclage Sz [mmS] i ¥ g 22wt Zxix1 Zx1x1 1x1x1
Power consumption [uW) 25 25 20 20 15
Packaging and Integration
MEME Pacloaming Standardization
Digital I'0Y and raduction of paclars pin covnt, powsr and sipnal
Testing
Watfer-Level Test: Probe Eesovrces (# probes per dis) « 10 probesidls | = 10 probesidie (= 10 probesidis | < 10 probesidis | = 10 probesiie
Wafer-Level Test: Probe Eesovrces (% dis tested in parallsl) up to 4 up pto 4 uptos up to & up to 3
E:;Z’:;ﬁl Test: Equipment and Prober Capacity (Annual S0M Davicss IYT |S0M Devicss I¥r [75M Devicss ¥r [75M Devicse rer| 1500 I,E_f” .
Wafer-Lavel Test: Equipment and Prober Cost / Svstem HMK HEK K 0K MK
Device-Laval Tast: Fixture Eesovrees (F pins per devics) " 20 pinsigavice) < 20 pinslasvics) 20 pinsidavics < 20 pinsiosvics) < 20 pinsidevics
Devies-Laval Tast: Parallelism (% devicas tastad in parallsl) Fminimum | Sminmum | 1minimum | 16 minimum | 32 minkmum
Device-Laval Test: Equipment and Handler Capacity (Annual P FE n—— ———— s D
Capacity) e
Device-Laval Test: Equipment and Handler Cost / Svstem (TR0 F1.25M $1.25M $1.5M §1.5M M

Eeliability testing: B&D required to extend lnowlades on phyvsics

Work in Progress - Do not publish
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Table MEMS2 Gyroscapes

I TRS—Table (Zv(40O) &H

Year of Production 2013 2014 2015 2016 2017
ORTC Dyviver line item [copy from the ORTC tablez]
Peviormancs
Fange ["/s] +2000 +2000 +2000 +2000 +2000
Fesolution [V/avHz] 0.015 0.015 0.01 0.01 0.008
Zero g level (bais) [7s] +10 0 0 +#0 f 1]
Zezro g lzvel drift over temperatrors [7/27C] .03 +1.03 +1.03 .03 .03
Paclkags &ize [mm®] vy Jxdxd b vy b vy b wi g
Power Conssmption [mW] 15 15 10 T - |
Packaging and Integration
MEMSE Paclaging Standardization
Dhzital LY ang recuction of packags pin covnt, powsr and siznal
distribution
Testing
Wafer-Level Test: Probe Eesovrces (% probes per dis) 20 pro 20 pro =20 pro =20 pro =20 pro
Wafer-Level Test: Probe Resources (£ dis tested in parallsl) up o4 up pio 4 up tos up tos up to®
Waler-Laval Tast: and Prober Tz 7 [Annual
assrtaval Lat Equipment b pacity | SOM Devicss /YT |50 Devicss (¥ |75M Devicss r¥r |75M Devicss iy | o DoVIcEE
Capacity) e
Wafer-Level Test: Equipment and Prober Cost / System oK ook oK 00K oK
Device Level Test: Ficiure R (& pins per device) « 3 pinsidevics = 20 pinsidevics|« 30 pinsidevics|« 50 pinsidsvics|< 3 pinsidevics
Device-L evel Tast: Parallelism (& devices tested in parallel) Fminimum | Sminmum | 1Eminimum | & minmum | 32 minimum
Device-Laval Tast: Equipment and Handler Capacity (Annual am ) - prelrsme P ———
Capacity) e
Devies-Lavel Test: Equipment and Handler Cost / Swstem (USD) $1.25M $1.25M $1.5M $1.5M 52N

Reliability testing: B&D requirad to extend lonowladse on phyvsies

Work in Progress - Do not publish
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http://www.epson.jp/products/pulsense/

Enhancing women's health and wellbeing
Digital Basal Thermometer

" Wristband Activity Monitor
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