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INTRODUCTION TO 
MICRO 

MECHANICAL SNESORS
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(Kaigham Gaberiel, CMU)

MEMS vs. IC process flow
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Lithography process
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Mask Aligner
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Mask aligner Stepper
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Double-side alignment

Infrared illumination Bottom side alignment
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Surface Micromachining

(Howe and Muller, 
1982) 
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Fabrication steps

• Pattern transfer to SiO2 buffer/isolation layer  

(- A blanket n+ diffusion layer defining ground plane)

- Buffer/isolation passivation layer: thermal oxide; LPCVD nitride etc. 

- Wet pattern transfer to SiO2 film
* buffered HF (e.g., NH4F:HF=5:1) isotropic etch 

(unbuffered  HF attacks the photoresist)
* monitoring the color change or observing the 

hydrophobic/hydrophilic behavior
* strip resist in a piranha etch bath
* BHF dip

- Pattern transfer to nitride/oxide film

* dry etch (e.g., SF6 plasma) 
followed by a 5:1 BHF etch

NTU50235100NTU50235100

周元昉100年6月14日

• Base (spacer, sacrificial) layer deposition and etching

- LPCVD phosphosilicate glass (PSG) layer
* high etch rate in HF
* diffusion dopant source
* help to control window taper 

- Densify PSG at 950 C for 30 min to 1 hr in a 
wet oxygen ambient to obtain a uniform etch rate 

A: taper by reflow;   B: taper by ion implantation

- Windows in the base layer are used to make
anchors onto to the buffer/isolation layer

- Tapered window can minimize coverage problems

* plasma etching: introduce etch rate gradient
* reflow of the etched spacer
* ion implantation of PSG has created a rapidly 

etching, damaged PSG layer
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• Deposition of structural material

- CVD provides best coverage over the base window

- LPCVD polysilicon is the most widely used structural material

* structures
. below 575 C: amorphous 
. above 625 C: columnar structured poly-Si 
. heat amorphous or columnar poly-Si : 
crystalline grains growth amorphous

columnar

crystalline 
grains
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• Selective etching of spacer layer

Rm: etch rate of microstructurral element
Rs: etch rate of spacer layer
Ri: etch rate of insulator layer

isms RRRR     and   

HF:HCl=1:1   

RSiO2
:RSi3N4

=310

HF:H2O=1:1   

RSiO2
:RSi3N4

=91

- The etching reaction shifts from kinetic
controlled to diffusion controlled as
the etch channel becomes longer
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Silicon Bulk Micromachining

Kazuo Sato, Nagoya 
University

Etching rate normal to [100] direction
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Anisotropic etching of  Si
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Primary flat [110]

• Anisotropic etching of  (100) Si

)74.54tan(/20  zWW m
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LIGA Fabrication process

NTU50235100NTU50235100

周元昉100年6月14日

(S. Sugiyama, K. Shimaoka, and O. Tabata, 1991)

Micro Pressure Sensors
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ALL SENSORS
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Operating Temp.: -45 to 125°C
(-49 to 257°F)
Compensated Temp.:0 to 70°C
(32 to 158°F); (0 to 50°C for mmHg)
Overpressure:
±50 mmHg ±170 mmHg
0-15 45 psi
0-100 200 psi
0-150 300 psi
0-250 500 psi
Response Time: 1 ms
Gage Type: Silicon
Media Compatibility: Limited to those
media which will not attack invar,
copper, silicon, stainless steel, glass
and solder: i.e. air, water, refrigerants,
engine fuel
Weight: 5 g (.18 oz )

PX40
Miniature Voltage Output Pressure Sensors, 
Fully Temperature Compensated
$ 60.00
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PX305
General Purpose Current Output Pressure Transmitter, 
Available in Gage, Absolute and Vacuum Ranges

$ 260.00 Accuracy: 0.25% FS (linearity,
hysteresis, repeatability)
Long Term Stability: ±0.5% FS
Operating Temperature:
0 to 160°F (-18 to 71°C)
Compensated Temperature:
30 to 160°F (-1 to 71°C)
Total Thermal Effects: 1% FS max
over compensated range
Proof Pressure: 200% or 13000 psi
max, whichever is less
Gage Type: Stainless steel diaphragm,
silicone oil filled semiconductor sensor
Shock: 50 g @ 11mS
Vibration: 15 g, 10-2000 Hz
Wetted Parts: 17-4 PH and 300 Series
Stainless Steel
Weight: 9.4 oz max (266 grams)
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High Temperature Pressure Transducers

PX1004 $ 1,850.00
PX1009   $ 2,500.00 Sensing Element:

4 active-arm bridge using sputter deposited
thin film elements.
Accuracy: Combined Linearity,
Hysteresis and Repeatability: ±0.25%
Operating Temp Range:
PX1004: -54 to 232°C (-65 to 450°F)
PX1009: -54 to 343°C (-65 to 650°F)
Compensated Temp Range:
PX1004: +24 to 204°C (+75 to 400°F)
PX1009: +24 to 316°C (+75 to 600°F)
Thermal Effects:
Span: ±0.01% FSO/°F
Zero: ±0.01% FSO/°F
Natural Frequency:
50 kHz at 5000 psi decreasing
logarithmically 5 kHz at 15 psi
Shock: 100g, 11 msec half sine wave
without calibration shift or damage
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Hitachi Naka Electronics

Differential transmitter Pressure transmitter
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Micro Accelerometers
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Silicon piezoresistive accelerometers  
(Roylance, 1979)
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Piezoelectric accelerometers
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(IMM, Germany)

LIGA process

Capacitive accelerometers
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Analog Devices

ADXL50



2011/6/14

17

NTU50235100NTU50235100

周元昉100年6月14日

NTU50235100NTU50235100

周元昉100年6月14日

Model Status
Package

Description
Pin

Count
Temperature

Range
Price*

(100-499)

ADXL250AQC PRODUCTION CERPAK(HERM CER SURF MOUNT) 14 COMMERCIAL $24.94

ADXL250EB PRODUCTION CERPAK(HERM CER SURF MOUNT) 14 COMMERCIAL $29.95

ADXL250JQC PRODUCTION CERPAK(HERM CER SURF MOUNT) 14 COMMERCIAL $19.95

ADXL150 ADXL250
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(http://content.edu.tw/local/tainan/kunhwa/tolo.htm)
(Wrigley, Hollister, and Denhard, 1969)

GyroscopesTops

Micro Gyroscope
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Resonator Gyroscopes

rc mF v 2

Coriolis force
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角速度

科氏力引發的感測振動

驅動振動

壓電傳感器

(a) (b)

(c) (d) (e)

(f) (g)

( Soderkvist and Jan, 1994)( Putty and Najafi, 1994)

NTU50235100NTU50235100

周元昉100年6月14日

(Maenaka, Fujita, Konishi, and Maeda, 1996)
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彈簧

中心軸

振動環

矽層

驅動、感測、平衡電極

驅動、感測、平衡電  振動環

矽層

空氣間隙

( Putty and Najafi, 1994)

Ring gyro
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Silicon Sensing Systems Japan, Ltd.
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( M. Yajima, et. al., “Self-standing Polysilicon-metal Thermopile for Micro Power Generator,” 2002. )

Thermopile
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Micro hot wire

Conventional hot wire

Micro hot wire

( F. Jing et. al., “ A micromachined 
polysilicon Hot-Wire Anemometer,”
1994.)
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