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Characteristics of Etching Techniques

B Selectivity
» Etching method removes a specific material but does not (or
only slightly) remove other materials

W Directional Property
» Isotropic: etching speed is the same in every direction.
» Anisotropic: etching speed is NOT the same in every
direction.
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Etching Mechanisms

B Chemical Wet Etching
» Dipping the substrate into an etching bath or spraying it with
the etching solution.
» Etching solution is acidic or alkaline to dissolve the material
to be removed.

B Dry Etching
» Expose the substrate to an ionized gas.

» Chemical or physical interaction occur between the ions in
the gas and the atoms of the substrate.
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MEMS

W Si (Single-Crystal Silicon, Polysilicon)
» Anisotropic etching: KOH (Potassium Hydroxide), EDP (Ethylene-
Diamine Pyrocatecol), TMAH
» Isotropic etching: HNA etching system, hydrofluoric (HF), nitric
(HNO,), acetic acid (CH;COOH)

m SiO, (Thermal SiO,, LTO, PSG)
» Release process using 49% HF
» Oxide patterning using buffered HF (28 ml 49% HF, 170 ml H,0O,
113 g NH,F), also know as Buffered Oxide Etch (BOE)

B Quartz (Crystalline SiO,): Anisotropic etching in heated HF and
ammonium fluoride (NH,F) solution

B SOG: dissolved in HCI:HF:H,O
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| sotropic Etching

B Chemical wet etching for amorphous or polycrystalline (ex.
polysilicon) is always isotropic.

B Cavities with rounded off edges (undesired in design).

B Resist is undercut.

l IH# N

B Limited in deep forming.

B Dimension control is difficult.

W Useful in surface micromachining. &

H4in FETLPRKE
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Anisotropic Etching

B Etching speed depends on the crystal’s orientation in
single-crystal silicon.

B Typical etching rate : {110}>{100}>>{111}
P EH ¥ K

W Precisely structured in 3D. . } } L J I R '
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[ | TMAH (Hydrazine) EDP
> (Hydrazine) EDP
» TMAH IC (etching
mask)
| KOH, NaOH, LiOH, CsOH, NH,OH,
(IPA)
» KOH
IC
[ |
PH
M%
-
_ @ NKFUST
TMAH EDP KOH
HERRE 5 E 3 Y]
Hi 3 %] 3
B ay kg ik R ~1gm/min | 0.02-1 ym/min |1-2 ¢ m/min
%) & T8 E % g A&t 1
IC #2485 M PR3 iR F A8
bR ] 4% 1k >10%%cm’ =5X10%em’ | >10%%cm’
H bbby B8 Al** Ta, Au, Cr, Ag, Cu N/A
£h %) [15 R Si3zNy, SiO; Si3Ng, SiO, SiOSi3N4 .
* etchrate of Si0,=435 nm/hr at 80°C 30% KOH MEOD 1S Lab @
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Si+20H" — Si(OH);" + 4e”
4H,0+4e — 40H +2H,

Si(OH);" +40H™ — Si0,(OH); +2H,0
Si+20H" + 2H,0 — Si0,(OH); + 2H,

|
4
»
»
|
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Silicon Lattice Structure
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m {100} {111}
» KOH

» {111}

» {100}

OH

»  R{111}/R{100} = 1:80~1:120

Si atoms on a {100} plane

Si.. Si
SiTSi*OH -—>Si  Si OH T e cm
Si Si

(@)
Si- . Si- - OH

. .Si*20H > . Si . 2e cond Si atoms on a {111} plane
Si- Si- "OH
MEMS Lab.
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m {110}

(Hesketh, 1993)

(Channeling effect)
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Dry Etching

B Expose the substrate to an ionized inert gas (argon,
helium, xenon).

B Chemical or physical interaction between the ions in the

gas and the atoms of the substrate. m=
T I'-T-Ir'll =
R L L | | [R5

B Three groups: ? %5 g: B m
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» Physical sputter etching o i Hz I ki
(ion beam etching) M"‘ e lj!["

. . E¥E LT R R =
» Chemical plasma etching : G i

» Combined physical/ A B

PR AR R

i
chemical etching

=R = Ak
mif

o)
L
- L-l_l.! i [
¥ aui :

%
el et A

I\/IEM_S_La.b_.@,_
e

ey

=® NKFUST
Dry Etching

B Physical sputter etching / lon beam etching
» Inert ions bombard the substrate fixed to the cathode
» Anisotropic
» Selectivity is not guaranteed.
» Etch rate ~10 nm/min

B Chemical plasma etching
» Active radical
» Isotropic
» Excellent Selectivity
» Etch rate ~100 nm/min

B Combined physical chemical etching
» Reactive lon Etching (RIE)
» Etch rate 20~200 nm/min
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Reactive lon Etching

B RIE F,Cl,C,0O

m RIE
®E % £
1 Aluminum CCly 5 BCl;
2 Silicon CF4+0,:SF¢+0,; CF4; CCly: CBrF;
3 Silicon dioxide  CF4tH; ; CoFg 5 C3Fg 3 C4Fg
4 Silicon nitride CF4+H; s CHyFg s CH5F
5 GaAs CF,CL ; CCly s Clp
6 InP CClL+0; 5 Cl,
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Example of Dry Etching

B Free standing Al structure on a silicon substrate

Ball fmEEFMEUREERZ EENEMRE - SE the Usversny
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B Often used for making FEH M TN R
electrically conductive layers
from hard-to-etch metals

W Lithography of PR pattern ;= L ILEEEE AR

B Sputtering structuring
material (or CVD)

B Aceton

Lift-Off

_ B

FTEHA

as solvent

W aaz
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W Interdig

Typical Application of Lift-Off

ital capacitor

PEEH
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Bulk Micromachining

B Structuring of silicon in three dimensions using anisotropic
etching

B High aspect ratio is possible.

B Crystal orientation decides the structure geometry

W ] -0 Pl s i
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MEMS Lab.
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Bulk Micromachining

n (111)

N4 FRTHERENTINE - B8 [Howe 93]
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Basic Structuresin Silicon

B Anisotropic Etching of Silicon

W49 ESEa (110) B b(100) 8 EMe X 40iE
MEMS Lab.
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{100}
m {100} Jad
<111> ‘:}l F{Im}hmmm
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m {100}
» {111} {110} a=tan((v2/2)/1) = 35.26°
> <111> <110>

1.1+1.1+1.0=+/1+1+141+1+ 0 coscx

=® NKFUST

{100}

H<111> <100>
1.1+1.0+1-0=+/1+1+14/1+ 0+ 0cos6, O =54.74

a1
-—W e '
<100>

<111> = Eioh

) -

Anizciropic Elching of {100} Sikoon

Pigure &8 Helation of botiom caviey plane widsh with moek opening

width. W MS Lab
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Undercut of {100} Wafer

B Undercut due to finite selectivity between the etch rates of
{111} and {100}.

tan@ = /1/3x R{113} / R{100}

.0

R{ 1000}

=® NKFUST
{100} V-Groove Depth Ruler
m {100} V V21
r - - ~ Source: -
oo BB N Y ERTE TR - 8 leu"_ RNk |-_-
B Al (RN R SRR I EREEE S | | @
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Anisotropic Etching in {110} Wafer

Mustration of anisolropic etching in (110} orenfed silican

Eachad siieSuas an deireated Dy bor eertisal [117] plaress drd bed slimed |11 Slass Tha
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slavind [117}

wartiest (171} LU
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Anisotropic Etching in {110} Wafer
m {110}
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Long Narrow Groovesin a <110> Wafer

Vertical sidewall dueto
perfect alignment

Rough sidewall dueto
misalignment

29
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andrarched
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» <100>
» <110>

=® NKFUST

m {100} KOH .
(110)>(100)>(111) S

| o

m {100} EDP
(100)>(110)>(111)
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P+ Etch-Stop

B Doping the silicon substrate with germanium, phosphorus
or boron atoms

B P* (Boron) concentration of about 102° cm or higher will
drastically reduce etching rate

W Doping
» Diffusion method
« Difficult to get a uniform membrane thickness
» lon implantation
» Good concentration and depth control but slow
» 2 um with a concentration of 102° cm-3, a 150 pA

implanter needs up to an hour per wafer
MEMiLaQ@_
36
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Membrane using P+ Etch-Stop

B Boron doping ity

W Silicon layer by epitaxy

B Both sides oxidized

W Lithography of the silicon]
dioxide

JE -1|
LT

Wans B NS

4 -
N7
MEM&Lab.@ —

B Anisotropic etching
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Electrochemical Etch-Stop Technique

B Etching process is interrupted when an electric voltage is
applied to an np or pn silicon substrate

Haie BREPFHHMRLEEER MS Lab
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Source: MEMS handbook p16-75
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Membrane Nozz e
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Piezoresistive Pressure Sensor

B Process of piezoresistive sensor using bulk micromachining
Eptixial layer n Source: Fundamentals of Microfabrication, Madou, Fig 4.1
[ |
Dwpas Photorastst

Dipen Cantacls

E-ili:ﬂﬂ'h'.a_luf _
LULLY L) jinees.

Deposit Aluminum

mﬁﬂ

Pattam Aluminum

[ | jihography+RIE

Fallern Back Chide

Develop Resist

L)L e

Boron
! |

Annaal ang Caication
I - —— 1

Sikcon Eich

.— Electrochemical etch stop
= — - MEMS Lab.
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Surface Micromachining

B Planar structuring of the surface of a substrate

W Use thin layer techniques and selective etching

B Make complicated planar structures with a maximum

thickness of a few micrometers
s iiEs

e s
L T A TSt A AR
J.'J J.\'J i J‘J‘J J.\'J.\'I.' J.\' J.\'J.\' i "J"'J" ! J"J‘ J.\'J.' J.\'F J‘J‘F J.\'J 3
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|
» Low-Temperature Oxide, LTO
(Phosphorous Silicate Glass, PSG)
» BOE(Buffer-Oxide-Etch; HF:NH,F=1:6)
|
»
» HF
|
»
» SF6
MEMS_Lam@
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|
|
|
» LPCVD
» (silicon rich)
LPCVD
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Stiction Phenomenon

Flpure 517 Sricwwin phigrsiivesiom b sarbece miboromabeiirgg ad the
sifect of purface iemsdon nm micomes ban leal sireciures. (41 Lareleaoesd

bea. (0 Acleased beam befons drying. (T Relrawd beam palled in

the sokvatrang Ba papdlbany e as thie walsr drks

wicMS Lab.
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(methanol) (Iso-Propane Alcohol, IPA)

MEM_S_LB.D_.@,_
8

©2005



- 25

=® NKFUST

Comb-like Free-standing Microstructure

[ (From Polysilicon)
» Beam: 0.8 um wide and 2 um high

Wiy EESEeET A WER - B Uniemsiy of Readudid
ilrm priz vl Micorchindapr |

49
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Microgripper

W Microgripper made from
polysilicon using surface
micromachining

B Moved by electrostatic
force from comb-like
actuators

WA EEEMWNTRSNIER - S e Beldn

Sermer and Actiedor Cenier, Lindversity ol Califomia, Beredes
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Electrostatic Micromotor

B Motor diameter: 100 um

W Distance between rotor and
stator: 1-2 um.

W 15,000 rpm at 35V

E 4l HasSwmEnTEpmmEEiTeNEsin
M i e

MEM_S_Lab.@,_
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Fabrication Procedure of MIT Micromotor

W Patterned 15t polysilicon
layer

B Dimples patterned on PSG

B Anchors patterned on 1%
PSG

B Patterned 2" polysilicon
layer

B Blanket 2" PSG layer
B Hub anchor

B Patterned 3" polysilicon
layer

B PSG removal

1 - " [ . b A .
Source: Semiconductor sensors p69 M E M' s | a b @
52
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Optical Microshutter

® Drive by comb actuator

B Made from 2 um
polysilicon

n 100%X30 um

B Max. move: 8.3 um

WA s s T A - B he Linersin

f Memchie] | Indlitgle o Microlechaodagy)

MEM&L&D..@
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Optical Fiber Aligner

B Grooves made from anisotropic bulk micromachining on a
single crystal silicon wafer

B Use in the light coupler
it i

B4 SUBAMEDTEMEZ XETHANE - BH the

Industrinl Microelectranics Center, Kisla -
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By P

Micro-Mechanical Devices

(B el i L i uT o

B N R

- "t“%‘-. :

=® NKFUST

Micromotor using Rapid Prototyping

B Three deposition and three lithography

©2005
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Micromotors by Surface Micromachining

e I ey I e o o
i

o e e e
B — ! E— !

| R T m Photolithography and RIE on polysilicon
- ' to define rotor, stator, and rotor/stator
gaps (a)

W |sotropic etching LTO to define flange(b)

Deposit 2.4 um LTO on Si substrate

Deposit 2 um doped polysilicon on LTO

W Oxidation to create bearing clearance
oxide (c)

W Deposit 1~2 um heavy-doped
polysilicon film, and patterned by
Photolithography and RIE (d)

B Release the rotor by etching the
sacrificial oxide in HF (e)

L e Source: MEMS handbook p15-13 M Eh ﬂS | a b @
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Bulk vs. Surface Micromachining

i ”
w

Figure 5.0 Compason of buk micromachingd and urber oecre-
machined shuchsic prooen wese oqeipped with peposisiee ok
meres. [Top) Bulk micrsmachinieg i drgle-crndal S (Botlem)
Surbce micomschinng wilk poly-5i

Source: MEMS handbook p16-95M Eh ﬂ S | a b
@ 58
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[ | (optical
oscillator)

» CO, 10.6

» Nd:YAG 1.06
» Nd glass

» Excimer Laser

. ArF (193nm), KrF (248nm), XeCl

(308nm), XeF (351nm)
MEM&LaQ@
59

He-Ne Ne 632.8nm

Ar 488nm

514.5nm IC
CO2 10.6um
N2 337.1nm

ArF  KrF | 193 248

XeCl 308

XeF 351nm

Cu Au 511 578
628nm

MEMS | ab./%
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Rhodamine6 | 0.32~1.2n
G m
coumarin
Cr 694.3nm
YAG Nd 1.06um
Ndo 1.05um
GaAlAs/GaAs  0.84nm
InGaAsP/InP | 1.2~1.6um
(PbSn)SnTe | 2~20um
MEMS Lab.
61
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|
» CO, Nd:YAG
W Excimer
>
4
» (ablation) (etching)
>

I\/IEM_S_La.b_.@,_
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m CO, Nd:YAG

B Excimer

B4 S ke w e ek R G MOTAG B O TR e e TR

MEM&L&Q@_
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Why “Excimer” Laser?
B Short wavelength, high image resolution
min. laser beam size d;,=f A/zd,
® High power density

B Strong absorption by polymer leads to efficient laser-target
coupling and small heat-affected zone, i.e.. precise
dimension control !

Type Wavelength Pulse Min. feature size | Structure height
width/energy

Excimer (ArF, KrF) 193, 248 nm 20 ns/500 mJ 2um <200 um

Nd:YAG 1.064 um ~ 10 ns/10mJ 50 um <200 um

I\/IEM_S_La.b_.@,_
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Typical Excimer Laser System - macro mode

Source : Andrew S. Holmes, Laser fabrication and assembly processes for
MEMS

=® NKFUST

Various Laser Micromachining Process

_‘,.f"" e

g s
i ¥

mcs RASSA e
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3D Laser Micromachining

Swmiraic St makr |
Lisgrtr L mackammg
|'” Ill__ 1" plasiic |"-_..-"'|l'_
II |—— TR P — -
=
Firpudmitay 2 hhdfuaes
il
! I
Tl Ml iston chamiisTang I komkerneg
[Lar1sl B HPRIEEY o T e

w S| e ——

b ng vl

iai ik
Source : http:/www.fzk.de/pmt/ Source: Andrew S. Holmes, Laser fabrication and assembly processes for

MEMS
MEMS Lab.
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