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Introduction

• Selective removal of specific materials
• Chemical process
• Isotropic etching
• Anisotropic etching
• Advantages

– Simple, inexpensive
• Disadvantage

– Poor process control



Wet Etching

1. Reactant transport to surface
2. Selective and controlled reaction of 

etchant with the film to be etched
3. Transport of by-products away from 

the surface
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Etching of Silicon



Isotropic Etching of Silicon
• HNA system

– HNO3

– HF
– CH3COOH or H2O (as a diluent)

222623 6 HOHHNOSiFHHFHNOSi +++→++

OHSiFHSiOHF 2622 26 +→+

22
4 4 HSiOOHSi +→+ −+

+− ++→++ HOHHNOHNOOHHNO 222 2223

Etching Profiles

Without agitation

With agitation



Iso-Etch Curves 

Masking Materials



Anisotropic Etching

Anisotropic Etching of Silicon

• Alkali Hydroxide (KOH, NaOH, etc.)

• Ethylenediamine Pyrocatechol (EDP)

• Tetramethyl Ammonium Hydroxide (TMAH)





Anisotropic Etching



Silicon Crystallography

Miller Indices

• [i, j, k]
– a specific direction of a unit vector

• < i, j, k>
– a family of equivalent directions

• (i, j, k)
– a specific crystal plane

• {i, j, k}
– a family of equivalent planes



Miller Indices

• Angles between planes
– ∠ between [abc] and [xyz] given by
– ax+by+cz = |(a,b,c)|*|(x,y,z)|*cos(Θ)

• {100} and {110}: 45°
• {100} and {111}: 54.74°
• {110} and {111}: 35.26°, 90°, and 144.74°



Silicon Crystallography

Lateral Underetch



EDP <100> EDP <110>

KOH <100> KOH <110>

Anisotropic Etching





EDP Etching





Wet Etching of Thin Films

• Silicon dioxide
– HF
– Buffered HF (BHF)-10:1 HF/NH3F “BOE”

• Silicon Nitride
– Phosphoric acid
– Selectivity [Si3N4/SiO2] = 40/1

• Polysilicon
– KOH, EDP, and TMAH

Wet Etching of Quartz

• Anisotropic etching by HF
– with 10.9mol/l, Rate ~ 9.6 µm/hr

• Ammonium fluoride (NH4F)
• Saturated ammonium bifluoride (NH4HF2)
• Require metal mask or oxide mask
• Amorphous Si or Poly Si can be used as 

mask for deep etching
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Etching Bias

• Bias = df - dm

• Complete isotropic 
etching B=2hf

• Complete 
anisotropic etching 
B=0

mask



Degree of Anisotropy

• Af = 0 : isotropic

• Af = 1 : anisotropic 0=B

fhB 2=

Etching of Steps with a Slope

final



Worst-Case Design Considerations 
for Etching

Step height 
variation

Variation of 
film thickness 
across wafer

Etching mask 
can be eroded 

during film 
etching

Design Considerations for Etching

• Film thickness variation

• Film etching rate variation

• Over-etching around step

• With mask erosion
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Bulk Micromachining of 
Silicon

ESS4810 Lecture
Fall 2010

Introduction

• Purpose of bulk micromachining
– Selectively remove significant 

amounts of silicon from a substrate
• Three categories

– In terms of the state of the etchant
– Wet, vapor, and plasma

• The majority of currently shipping 
silicon sensors are made using bulk 
etching



Purposes

• To undercut structures that are 
required to physically move

• To form membranes on one side 
of a wafer

• To make a variety of trenches, 
holes, or other structures

Possible Machined Structures



Possible Machined Structures

Possible Machined Structures
Wafer Surface
<100> Plane

Cavity

Nozzle

Membrane

Cantilevers

Bridge

Wafer Surface
<100> Plane

Cavity

Nozzle

Membrane

Cantilevers

Bridge



Comparison of Silicon Etchants

Etching Profile

[100]-oriented wafers [110]-oriented wafer



Corner Compensation

Corner Compensation

KOH
(110) > (100) > (111)

EDP
(100) > (110) > (111)



Etch-Rate Modulation
• Highly p-doped silicon regions greatly 

attenuate the etch rate
• Selective doping can be used to define 

specific regions of the silicon that 
remain, while the bulk is etched away



Vapor-Phase Etching

• Xenon difluoride etching

• Non-plasma,  isotropic, and dry
• Very high selectivity for aluminum, 

silicon dioxide, silicon nitride, and 
photoresist

Vapor-Phase Etching

• Interhalogen etch chemistries
– Avoid the extremely rough silicon 

surfaces that are formed using XeF2
etching

– Thermal silicon dioxide mask and 
various interhalogen gases (BrF3 and 
ClF3) with a xenon diluent

• Laser-driven vapor-phase etching



Deep Reactive Ion Etching



Deep Reactive Ion Etching
• Alternating between etching and 

protective polymer deposition

CMOS Integration





Lab 1 and 2

Si

Lab 1:
1. Wafer cleaning
2. Thermal oxidation

Wet Oxide

Lab 2-1: 
1. Lithography 
(PR AZ 5214, mask #1
for bulk etching window)

Si

PR AZ 5214 (positive)

Si

Lab 2-2: 
1.Break wafer into A and B
2.B: BOE wet etching           

A: RIE dry etching
3.PR strip, wafer cleaning

Part A Part B
dry etching wet etching




