Optical MEMS

Il. Fundamentals of Micromachining

- Two Different Approaches of Micromachining
- Bulk or Surface
- Fundamental Four Techniques of Micromachining
- Thin Film Deposition
- Photolithography
- Etching
- Sacrificial Release
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Micromachining (1)

On the extension of conventional machining

Micro Robot "Monsieur"
. Seiko Epson

. lcc, 98 parts,
~ $500

‘B

http://www.epson.co.j p/epson/mm/emr os/5.htm

Watch Movement
Miniaturizing

Cutting, Slicing, Drilling, Milling, Grinding, Embossing, Blasting,
Electro Discharge Machining (EDM)
Laser Cutter,
Assembling
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Wearable PC and Magnetic Storage

Fraduet aversiaw

Imagine... A ol

the world's smaliest, Designer's eatnar : :

lightest hand disk drive. &8/ g f;?i:)im IBM Microdrive
e @ inch 42.8x36.4x5mm?3

Tntrod rx-r'iug nen microdrives

Jrom IBM. 7 Foe MM mee et Phalekina™ 209 340MB

, - 1 ) _#
S aplemiber 16-21__-
',_r—— _—

http://www.stor age.ibm.com/hardsoft/disdedI/micr of

Microphone

-

Earphone

—" Pointing Dévice
LCD Display
Wearable PC http://www.ibm.co.jp/News/leads/980911
1998.9 microdrive/

Also for Storage of Digital Camera
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Micromachining (II)
On the extension of IC Fabrication Techniques

Motorola Power PC

UCLA Micro Optical Bench

Electric Circuits

%DﬁﬁdWl rights reserved.
http://www.ee.ucla.edu/labs/laser/

http://www.mot.com/
Thin Film Deposition
Photolithography
Etching
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Example of Micromachined Structures

Both of them are micromachined structures.

Can you tell the significant difference ?

H. Toshiyoshi, UTIIS S-S. Lee, UCLA

Bulk Micromachining Surface Micromachining
~5mm Device size <1 mm
~1um Feature size ~1um
~ 100 um Thickness 1~ 3 um

Through hole, Trench and Thin film patterns on substrate
grooves in substrate
Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Fundamental four techniques of micromachining

Reviewing Fabrication Process and Nomenclatures

1. Thin Film Deposition

- Chemical Vapor Deposition (CVD)
- Sputtering

- Vacuum Evaporation

- Electroplating

2. Photolithography

- Photoresist Spin Coating
- Mask Alignment
- EXxposure

- Development

3. Selective Etching

- Dry or Wet Chemical Etching
- Isotropic or Anisotropic

- lon Milling

- Focused lon Beam

4. Releasing
- Sacrificial Layer Removal
- Anti-sticking Release

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Thin Film Deposition (1)

Chemical Vapor Deposition

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu

_ e _
[ |
SiHg 600~800 C
= —
02 AL, 0.1~ 1 Torr
il 1L

SH, ® S + 2H,
SH, +0,® SO, + 2H,0

Polysilicon (~ 2 um)

SiO2 (~ 2 um)

PSG (~4 um)

SixNy (~ 0.3 um)

Mainly Si related materials

+ stress controllable
+ high density
- high temperature
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Thin Film Deposition (2)

@ Sputtering

e Water Metal (Cr, Au, Ni, Fe, Ti, Cu, Pt, ...)
Alloy (FeNi, TiNi, ...)
Ar ~ 10 mTaqrr Oxide (Si02, Al203, ..))
ZN\ AN . .
@\ {Mﬁ% Nitride (AIN, SiN, ...)
| w I ' All'in 0.1 ~ 5um range
1

13.56 MHz + various materials other than
oxide or nitride

- residual stress
- less density
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Thin Film Deposition (3)

Evaporation

(Joule Heat or Electron Beam)

Metal (Cr, Au, NI, Fe, Ti, Cu, Pt, ..)
Alloy (FeNi, TiNi, Siw, ..))

Vacuum Oxide (MgO, ...

Nitride (AIN, SiN, ...)

All in 0.1 ~ 5um range

+ high melting temp. materials
+ density higher than sputtering (EB)
- poor adhesion (JH)

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Photolithography

Spin Coating
Photoresist® Wafer

hv ¢ ¢ Bridging

Photoresist —> \ A

Molecule

Exposed Area

Y Y YYY v

S1 11 I—II—II—II_E

S Wafer

Negative Photoresist
(Dark/Clear Inverted)
Thick Patterns
IBM SU-8 (t > 100 um)

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu

4
Prebake 8 e Cr pattern

5 &— photoresist |
§Wafer !

Mask Alignment & Exposure

uv L|ght
Photomask

Development - ¢ ¢ Decomposition
Photoresist —
Molecule

Exposed Area

[ — %WV

S Wafer

Positive Photoresist
(Same patterns as mask)

Fine Patterns ~ 1 um
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Etching

Etched Material

Etching Chemical

Wet Etching
(Reaction in Liquid)

<>
\/

Silicon

KOH, TMAH, EDP

Silicon oxide

HF

Silicon Nitride H3PO,
N D) Cr
Wafer with Photoresist Al H.PO
__ Dry Etching Silicon SFg CF,
(Reaction in Plasma or lon Sheath)
Reactive Gas
EHDHDH:@
Vacuum 10~ 100 mTorr lon Sheath . )
el = = Wl Silicon oxide CHF5
Wafer with Photoresist
Chemical
Plasma Etching
Reactive lon Etching (RIE)
Sputtering é
lon Milling Al C|2
Physical
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Nomenclature of Selective Etching

S: Side Etch  w: Minimum Width

>‘ |< > |=<
. Etch Depth
Selectivity = -------m-m-mmmmmeee-
d; : Etch Depth Over Etch
Etched Layer
d, : Over Etch X A - Etch Depth
spect Ratio = -----------------m--m---
Etch Stop Layer Minimum Width

\/\

Over Etch << Etch Depth —  Selective

o

Over Etch ~ Etch Depth —= Non-selective Yy

)

Side Etch << Etch Depth —= Anisotropic

-
Side Etch ~ Etch Depth —> Isotropic V\T%v
-
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Accuracy of Selective Etching

Isotropic Anisotropic

Etch Depth —s | Side Etch

* _\ Photor(‘esist
WET \¢® \ ;

!

Si02
SiO2 / HF
Ol"’lum/mln ®xEDA Sapm S4B8832
=| Orms ~ 10 nmII
(SiO2 etch stop)
—_
DRY WW

SF6 dry- etched Slllcon. ,i,-'- SF6 + Freon dry-etched Silicon

TR T T D PETERNETT  iET E T
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Anisotropic Etching of Single Crystalline Silicon
fcc@(0,0,0) + fcc@(1/4,1/4,1/4) = diamond / silicon

<100>

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu




Optical MEMS

Silicon Cube

Belt

Best results when printed on a

—
= =2 |2
= | = = Try Make Your Own Cube
. 2N ~ ~~ .
Side 1 - 2 I— - Use double side scotch tape
S — — - Make the side caps first and
=g N’
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—
=l = L
-’ N )
N’
~~ ~ ~~ ~ ~ ~~ ~~ ~~
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Belt — & — — — & — —
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Crystallographic Facets of Silicon

N=1/1,1/m,1/n)=(a,b,c)
LCM

X
3, <abc> Vector
n (100)
- (110) -

(abC) Surface ‘w \ (111)“ (110) (11:
(100)
>m> \ (110) -
X
| 2 (111)

XBA XSA X3A

(111)

(100) (110) (111)
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Anisotropic Wet Etching of (100) Silicon

Cleave

)

11
\/611) /

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu

(100)
B

LPCVD SiN

BVAN

~

pY

Under cut
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Anisotropic Wet Etching of (110) Silicon

Cleave

> @10y 1D (110)/ N
e’ )\ \\
27 o
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Examples of Silicon Bulk Micromachining
—i

Beam Splitter

(100) Si

</

Etalon Mach-Zehnder Interferometer

(110) Si

- Y. Uenishi, M. Tsugai, M. Mehregany, "Micro-Opto-Mechanical Devices Fabricated by
Anisotropic Etching of (110) Silicon,"” J. MEMS vol. 5, 305 (1995).
- Y. Uenishi, "Low-damage and smooth etching of GaAs by using a neon ion beam,"

Jap. J. Appl. Phys. Part 1, vol. 34 2037 (1995).

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Fiber-optic Switch by Silicon Micro Joinary

C. Gonzalez, S.D. Collins, "Micromachined 1xn fiber-optic switch,"
IEEE Photon.Tech.Lett. vol.9, (no.5), IEEE, May 1997. p.616-18.

Anisotropic Etching of (100) Silicon

VEYAY

Wafer Bonding

Wafer Lapping x Bi-Directional
Input Fiber Switching
- . S

Coupling

Output  Fibers
Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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What happens on Silicon Sphere after KOH Etching ?

Prof. K. Sato's Group at Nagoya University, Japan
http://www.kaz.mech.nagoya-u.ac.j p/r esear ch/pr ojects.html

Fig. 2 Etching rate contour lines for all directions

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Silicon Etching Simulator

SEGS: On-line Etch Simulator, DalTech / Caltech
http://mira.me.tuns.ca/segsWelcome.htmi

| rcng h: |=.-||d|r|l|-|
s Fir e dmel Dol

| Frohigy Amisabion W T 2 [

ne= 1 T e,

Other simulation soft wares

- Prof. J. Judy, UCLA
http://www.ee.ucla.edu/~jjudy/classes/eel5la/cad/animations/
- Anisotropic Silicon Etching Program from the University of lllinois at
Urbana-Champagne
http://galaxy.ccsm.uiuc.edu/aces/

Etching rates of MEMS materials

K. R. Williams, R. S. Muller, "Etch Rates for Micromachining Processing,"
IEEE J. Microelectromech. Sys. vol. 5, no. 4 (1996), p.256-.
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Silicon Bulk Micromachining by Deep RIE
Inductively-Coupled-Plasma Reactive lon Etching
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L uc NovaSensor

- Aspect ratio > 200

- Etch depth > 200um (through wafer)
Robert Bosch GmbH,

: Patent 5501893,
- Etch speed 1~2 um / min March 26. 1996

- Independent of crystallographic axis
- DRIE machine available from STS and Plasmatherm
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Mirror Surface (Vertical Side Wall) by Deep RIE

Magn F———— @Pum
1336x  imt - Prof_de R

1 oo cosO ¢° U
Scattering Loss 3 =1- expi - iﬁr O

Orms ~ 36 NM —— > Loss <0.27 dB

C. Marxer, C. Thio, M. Gretillat, N.F. de Rooij, R. Batig, O. Anthematten, B. Valk, P. Vogel, "
Vertical mirror fabricated by deep

reactive ion etching for fiber-optic switching
applications," J. MEMS vol. 6, 277 (1997).
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Simplified Total Process of Micromachining

Sacrificial Layer Release by Selective Etching

Structural Layer

Sacrificial Layer

1. Thin Film Deposition

Photoresist

2. Photolithography

3. Selective Etching

4. Releasing

Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu
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Surface Micromachining

One-mask Process Two-mask Process
Photoresist Mask #1
Structural 1\ / -
Sacrificial Sacrificial

Mask #2

Photoresist
Structural

Sacrificial Layer Removal
by Time Control

-

+ Simple Process (self alignment) - Needs Mask alignment

- Time control + No time control
Hiroshi Toshiyoshi Hiroshi@ee.ucla.edu



