Lecture 13

Microfabrication

— Pattern Transfer (V1)
« Wet Etching

- Anisotropic Wet Etching of (110) Silicon Wafer

(110) Silicon Wafer
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Fabrication using Different Masks
Etch Rate

Etch-Rate-Ratio

Surface Profiles

Results

Ultrasonic Agitation in Wet Etching

Surface Roughness due to Micromasking
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(110) Silicon Wafer

- (110) Silicon waferE At&otH BHH0| 90° ¢l S =& Bt= == UL

— L _ Cover Plate

Micromachined
Channels for
Coolant

| i Front Side of
W, \ﬂ IC Substrate

Diagram of a micromachined silicon heat sink incorporated into an integrated
circuit (IC). For a 1 cm’ silicon IC chip, using water as the coolant, the optimum
dimensions are approximately W = W_= 57 um and z = 365 um. The channels
are anisotropically etched into the (110) wafer with a KOH-based etchant. The
cover plate is 7740 (Pyrex™) glass anodically bonded to the silicon (see below)
forming a fluid-tight seal. Thermal resistances less than 0.1°C/W were measured,
demonstrating extremely high heat transfer capability. Adapted from Tuckerman
and Pease (1981).
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Alignment Target

Alignment target

— Need for minimizing the undercut

— Indicator for precise (111) orientation
— Effect on aspect ratio

250um etching
— 45%, 60C in KOH

Alignment target is etched before
fabrication of desired structure

Each narrow hole (10umnx5mm) is apart by 0.1 degree

From Lab. for MiSA
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Fabricated Structures Using Different Masks

Film mask Emulsion mask E-beam mask

\-_
- 2, A
N &

Layout 1004m width 40um width 104m width
S0um gap 20um gap 104m gap

Fabrication  75um width 354m width 8um width
754m gap 254m gap 124m gap

Selectivity 45 55 90

From Lab. for MISA
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Etch Rate

@m/min)

Etch Rate
(um/min)

Etch Rate of (110) and (111) Planes

Etch rate of (110) Plane « Etch rate of (110) plane
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From Lab. for MISA
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Etch-Rate-Ratio between (110) and (111) Planes

» Etch-Rate-Ratio

Etch rate ratios between R<110> and R<111>

_ Etch Rate of (110) Plane

0O 140-160 =
B 120-140 Etch Rate of (111) Plane
160 m 100-120
o 140¢% @ 80-100 . .
g 120 @ 60-80 * The highest etch-rate-ratio in
o L00F 0 40-60 _
g &0 m 20-40 lower temperature and higher
£ 60p @ 0-20 _
g a0 , concentration.
2(()) Weight %
60  The maximum etch-rate-ratio 150
Temperature(%) in 45 wt.%, 60C KOH aqueous

solution.

From Lab. for MISA

00| FZA|AE] 7] Y= MEMS Lectl3 6



Surface Profiles of Etched (110) Planes

Roughness of Etched (110) Plane

30 ——60C
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41Wt%, 65 C 4 5Wt%, 6 5 C 30% 32% 34% 36% 38% 40% 42% 44% 46%

Weight %

 The minimum surface roughness
R, min IS taken in 41 wt.% aqueous
KOH Solution.

* Unique surface profile
— Wave shape : Under 41 wt.%
— Hillock : Over 41 wt.%

41wt%, 70C 45wt%, 70C

32wt%, 90C 36wt%, 90C 41wt%, 90C 45wt%, 90C

From Lab. for MiSA
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Results on (110) Wet Etching

15kV x1, 188 18Mm

2aky xzam dese’ &5770N 9
SEM of etched cross section Cross section of etch front
(One side etching) (Both side etching)

’ .}.

SEM of comb finger SEM of comb structure
(Both side etching) (Both side etching)

From Lab. for MISA
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(110) Si Etching at 41 wt.2% KOH at 65C, 60 min.

- Gap Variance XSO = :104m
2

b2 2um ~10um (step 1 um), 124m ~20um (step 2 um)

Bad43 2BKU widd 1@86pm WD3I3

Gap : 184m ~204m

Gap : 2um ~4um

- Width Variance

e [AXEO| = :2um ~50um

o 2t - 5um

From Lab. for MISA
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Ultrasonic Agitation in Wet Etching

- A AZME E40 Oel A=200 ZetAH, JIE2] masking 0l 2 of
HHEO HEN &= 40| ECIC

- Geometry-dependent etching : 2&8HH2| 0|&4d
AJI2t 020 U= AAE= 2A= A0 44 E

- Ohwada : (110) &l2|22 21 &2 89 Ald=E:2 22 =it 229 Ul Xl
A Fets g=L.

- BI=xgt Sidt= plasma/RIE A0 M 2&ECH Ol EBIESZ aperture
effectet = 2 X QI BIE X2l Z & (local reactant depletion)0il J1 21 &t L.

- Ohwada : 28 kHz 2t 28, 45, 100 kHz2| ==2Ut= W B,
Dynashock?2| &%, 2 A=2| I J[Lt Ul X

z2 =

Dynashock

- DynashockOI =2 Z2UE U= 0l=7e
BIS 22 S MHE MOWZ3== standing waveJt \/ \/ \/ \/ \/ \/W
S =0|J] [ 20ICH. 28KHz 45 KHz 100 kHz
1ms 1ms 1ms
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Ultrasonic Stimulation

Ultrasonic Stimulation

Single-frequency Dynashock

1 £m

Groove Width
3 4m

10 #m

SEM cross-sections of grooves etched at 60 °C in KOH solution for 6
hours, showing the effect of varying groove widths and ultrasonic
stimulation
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Surface Roughness due to Micromasking
CAIRIE AI2UAl A JIAS SMAITIE B, KHFE 2.
-0lE BAS B0ls 2.
(1) HES S2LHE ALS.
(2) =21+ Mel.
(3) JHADL MOIXI &M SR O Hel.
- Ohwada : DynashockE AtE, KOH etchingAl JH Rt EHE S ALY,

4
o

(a) (b)
SEM views of etched surface :a) without ultrasonic, b) with Dynashock ultrasound.
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