itk Foas
Rz £ 5 48 3 AT o

fang@pme.nthu.edu.tw
http://mdl.pme.nthu.edu.tw
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http://lwww.aztex.biz/general- MDL
computer/integrated-circuit-work/
Texas Instruments Inc.




e Automobile © Robert Bosch

Barometric
Pressure Sensor

Inertial Sensor for
Navigation

©@

Sensor Cluster
with Yaw Rate
and Acceleration
Sensor

- Rollover Sensor
.*+) Yaw Rate Low-g (central)
Sensor

Acceleration
Sensor(central)

Manifold Air
Pressure Sensor

T|re Pressure
Monitoring System
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e 2006~present




A..nr
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1947 :
1958 :

1959 :
1969 :

1971 :

B FR

1st Transistor (Bell lab)
Planar technology (Fairchild)

1st 1C (TI, Kilby)
1st commercial RAM (Intel, 256 bit)

1st Micro processor (Intel, 2300 transistors;
7.5M transistors for Pentium Il at 1997)
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The 4004 - 2,300 The 8088/8086 - 29,000 The Pentium 1V -
transistors, 1971 transistors, 1978 42.000,000 transistors,
2000
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The 16kb DRAM, 1976

The 2Gb DRAM, 2011
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von Neumann and his IBM 650, 1954
“computer”, 1952




Jobs & Wozniak with Apple Il - 1976 IBM PC - 1981/2
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FLPF B g

Year 71987 1996 2001
— Miniﬂturizﬂtiﬂ"
Smaller
Lighter

Analog = Digital
Lower Voltage
Lower Power

Higher SNR
Multi-functional

—  H (1 performance
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T el FHFE R FLE

IC: oA R, BT, BN . (HER BL, )

Magnetic recording head : Seagate, Hitachi, ...
LED/VCSEL/Diode laser : R84, k&, > %, ...
TFT-LCD: =%, + £, B, ...

MEMS : #2c, I % B4, SH T, .
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Semiconductor processes

Repeat

| ‘ o ‘__

Etching Photolithography Film deposition Si substrate

ik E;. | iMI HH

Dicing Chip Package Package
Assembly Seal
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Iversi

State Un

Arizona

Photo source
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e Discrete vs Integrated electronics components

ATM Elektro, Czech Republic ADI, USA
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Sandia National lab., USA

i MDL

NTHU




flie L%

Sandia National lab., USA
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Sandia National Lab, USA
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Fiezoresistive Pressure Sensor S

Tl e K et e b b b
~
.

S~ fipm

Silicon Wafer Silicon Wafer

Bull
Etched
FPressure
Mozzle







 MBRBE - B

A= F1 A

W~ R

T. Tzou and W. Fang, 1999
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M RE R

By
)
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¢ BHESR SR

W. Fang, 1995
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/ Reinforced folded frame

H.-Y. Lin and W. Fang, the ASME IMECE, Orlando, FL, 2000
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Motor

www.classictesla.com/photos/ www.sportruck.com/feature/
tesla/motor.jpg tangerine/engine.jpg
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1.4y B 0/
60064 Nicrons Test 1D: LSFTR

L.-S. Fan, Y.-C. Tai, and R.S. Muller, Int. Electron Devices meeting, 1988.

i MDL

NTHU




!
\-

- —
et
{

BN SRl

X \ \—_-_




LR - ERSRE R E

e Vertical comb electrodes !
+ Comb thickness ~20um
+ Travel stoke ~20um
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J. Hsieh and W. Fang, Transducers’99, Sendai Japan, 1999
J. Hsieh and W. Fang, Sensors and Actuators A, 2000
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Spring (passive)

V-beam actuator (active)

'- ‘ i

Supporting frame (passive)
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Lens (passive)
C. Lai, J. Hsieh, and W. Fang, IEEE Optical MEMS’04, 2004







Move upward

=

Move downward

W.-C. Chen, J. Hsieh, and W. Fang, IEEE MEMS’02, Las Vegas, NV, 2002 #
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www.precisionscalereplicas.com www.kukausa.com







SENSOR LOAD
RESISTOR

1 |TTPEI:HB;IL=E ' _'
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ER-HRPRES

 Manually - Micro probe/gripper

Keller, UC Berkeley, 1998




BE R RPBRES

Zyvex Inc.
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Zyvex Inc.
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e E‘E‘EI 1'5

C.-Y. Wu, and W. Fang, 2002
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Y.-P. Ho, M. Wu, H.-Y. Lin and W. Fang, IEEE Optical MEMS “02, 2002
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Y.-P. Ho, M. Wu, H.-Y. Lin and W. Fang, IEEE Optical MEMS ‘02, 2002
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J. Hsieh and W. Fang, Transducer’99, Japan, 1999
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H.-Y. Lin and W. Fang, IEEE Optical MEMS, USA, 2000
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w45 SEE8Mm MTHU ™MDL S kLU #*33 NTHL MDL

H. Yang, and W. Fang, IEEE MEMS’06, Istanbul, Turkey, 2006
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e Scanning images

Yang, and Fang, JIMEMS, 2007
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filfe T 4|

Sensing Tri-axis Pressure 1-axis Tactile  Temp.
circuit G sensor sensor G sensor sensor sensor
_E-iﬂ.ﬁ%ﬁiﬂf::i::i Bt -5

Si

CMOS-based sensors platform

Si . Poly-Si . W-via . Metal

. Polymer SiOo, Pt

® Standard TSMC 0.35um 2P4M CMQOS process
® Post-CMOS processes developed by Prof. Fang’'s group
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G-sensor
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Pressure Sensors

Suspended diaphragm Packaging

Diaphragm

I Air-gap

“Sensing electrode

MTHU MHDL

FIB sectioning !i
MDL
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Magnetic Sensors
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1-axis G Sensor 2-axis G Sensor

Tactile sensor
P sensor T sensor

W kTS 6B
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MNTHLU HMDL Skuy XZee BB prn MNTHU MDL

P Sensor Array T Sensor




e Batch of Sensor, Multi Sensors, and Sensors Integration

] e lpe— S |

SEnsx89r e expradimm

I T-L &

Accelerometer
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Temperature sensor




AT 5|l

DRIE

MUMPs
process

DRIE trimming
SixNy passivation

Bulk etching
Remove passivation

M. Wu, C. Lai, and W. Fang, IEEE MEMS’04, the Netherlands, 2004




H fh;\ ek Fm =B

Vertical comb actuator

Rib-reinforced ‘
HUULY

mirror and frame

Torsional
spring
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MOL KMTHU

M. Wu, and W. Fang, IEEE MEMS, Masstricht, the Netherlands, 2004
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s ek m E
Springs (passive)

Driving electrodes
(active)

‘ il

(passive)

Mirror (passive)

M. Wu, C. Lai, and W. Fang, IEEE MEMS’04, the Netherlands, 2004 #
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e Scanning images

Inner axis: 4.1kHz

Outer axis: 7.1kHz




e Scanning images




Fde A

Microvision Inc. 2000




Olympus

Micro
Optical




ML FEE T F

gt

In-plane and out-of- Stiff supporting In-plane and out-of-
plane actuators frame plane springs

MDL

U, and W. Fang, , .



 Polymer lens and Driving test Tracking
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4T 5

3-axis accelerometer Chip-scale micro-instrument

Si SiO, Poly-Via

Hsu, and Fang, Transducers, Denver, USA, 2009
Hsu, and Fang, JMM, 2009

i MDL

NTHU



 Process integration - Micro test chip (SOI process)

MTHU MDL




e Existing mechanical property tester — by assembly
+ EX: Tensile test

Load/displacement applying

Baagitedpadémegnt detection

Sample preparation

G, E =ole

Controller
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Miniaturization (%g-]*) - length scale
Distribution (4 #) - array, multi function
Integration (& &) - mechanical and electrical

Motion (:& #+) - moving parts and media
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® | - DLP Projector, TI

DLP Board

Color Filter
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Mirror

Landing Tip

Mirror Address
Electrode

Yoke Address
Electrode

Bias/Reset Bus

Torsion Hinge

Yoke

Via 2 Contact
to CMOS

Landing Site

Mirror Layer

Yoke and
Hinge Layer

Metal-3 Layer

Memory Cell
(CMOS SRAM)
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Projection

Light Lens

Absorber ; if

DMD Array
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Optical fiber communication

SUPFLIER

MULTIFIBER

CONNECTOR

CONSUMER
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Optical switch array Optical switch array

Output Output

NTHU
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Stresse d:in duced

Electrostatic
Actuation

Polysilicon Cantilever

V Si Substrate

R. Chen, H. Nguyen, M.C. Wu, IEEE MEMS Conference, 1999
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Fiber-collimator

3[..&
S
s array

Fiber-collimator
array

OMM




Pressure senso

)

X-,Z-
Accelerometer

Temperature
sensor

Driving Real-Time Detection

RF transmitter

a0 e TSy
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paly 3

fixed capacitor plate
maoving capacitor plate

________________________________________________

Wii-Remote MEMS accelerometer




#7172+ -IPod Touch

Parallel
plate
electrodes

Movements control the action using MEMS accelerometer
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“Small ”, “ Easy integration”, MEMS Microphone #
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g # 3 - Fitbit tracker

A 3-axis accelerometer to sense user movement
for Health Care application
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¢ ¥¢+ - Blood pressure sensor

Pressure sensor for Health Care
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EREZ AR R

e Macro world (m/cm) > MEMS (mm/um)
— Micro/Nano world (um/nm)




C. Chang, H.-Y. Chu, and W. Fang, 2004




ERZZAE Ko

13kU X27,000 8 i BEa1 JSM-S618LU

Micro needle (~ 10 um)

Conducting wire (~ 1 pm)
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T.-Y. Kuo, H.-Y. Chu, B. Chang, and W. Fang, APCOT’04, Japan, 2004
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Moore’s Law and More than Moore

More Moore: Miniaturization |

Logic

130nm

&
[l
3
3

Baseline CMOS: CPU, Memaory
BN B
= =
3 3

T

More than Moore: Diversification

Interacting with peaple
and environment

MHon-digital confent
System-in-pachkage

Informaticn
Processing

Duigital content
Systfem-on-chip
{Sal)

o T )

Beyond CMOS

ITRS Roadmap 2005, www.itrs.net
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Architectures in the city

e From “2D” to “3D”



Architectures on the chip

e From “2D” to “3D”
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What’s the primary applications for IC at 1960’
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Hearing aid !!

e 1956 Nobel prize : Shockley, Brandon, and Bardin
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e 2000 Nobel prize : Kilby

%i§ IC e P %4 Information technology ¥ = &

e Vacuum tube to Transistor to IC ...to N/MEMS...
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