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Wet Chemical Etching

Wet Chemical Etching: Immersion of the patterned substrate in a suitable
liguid chemical, and the etchant attacks the exposed region and leaves the
protected region alone.

The rate of etching and the shape of the resulting etched feature depend on
many thing:
the type of substrate,

the specific chemistry of the etchant,

the choice of masking layer and the tightness of its adhesion to the substrate,

the temperature (which controls reaction rates), and

whether or not the solution is well stirred (which affects the rate of arrival of
fresh reactance at the surface).

Depending on the temperature and mixing conditions, the etching reaction
can be either

reaction-rate controlled, dominated by temperature, or

mass-transfer limited, determined by the supply of reactants or the rate of
removal of reaction products.
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Isotropic Wet Etching

« Most wet etching is isotropic, in that the rate of material removal dose not
depend on the orientation of the substrate. Isotropic etching.

« When etching single-crystal substrates with certain etchants, orientation-
dependent etching can occur. It is called anisotropic etching.

Masking Layer Tapered and fUndirClét
‘ of mask edge
Curve sidewall p g

\

Substrate Etched Structure

Because the wet-etching is isotropic, the mask is undercut, the side
wall is typically papered and curved.

 Adhesion of the mask to the thin film is also important.

« If the adhesion is weak, enhanced etching can actually occur at the film-mask
interface, exaggerating the sloping of the sidewall.

 Such tapered sidewalls can be an advantage when attempting to cover the
etched feature with an additional film. Perfectly vertical steps are harder to cover.
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Selected Wet Etchants and Selectivity

Etch rate : Speed of etching for the desired materials.

Selectivity : Discrimination between the etched materials and the un-etched
materials.

HF etches silicon dioxide, but also etches silicon nitride slowly.

If silicon nitride is the mask material, one must be concerned with how long it it
must remain exposed to the etchant.

In surface micromachining, where long etch times may be required to remove
all of the oxide beneath structural elements, the etch selectivity of protective

layers is important.
Table Selected wet etchants

Material Etchant
Thermal or CVD silicon dioxide | Buffered hydrofluoric acid (5:1 NH,F: conc HF)
Silicon nitride Hot phosphoric acid
Polysilicon KOH or ethylene diamine/pyrochatecol (EDP)
Aluminum PAN (phosphoric, acetic, nitric acids)
Copper Ferric chloride
Gold Ammonium iodide/iodine alcohol
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ISOTROPIC WET ETCHING: AGITATION
Si0, Mask

-

ISOTROPIC WET ETCHING: NO AGITATION

sotropic Wet Etching
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lllustration of isotropic etch cross
sections showing the effects of mask
geometry and agitation. Note that
this type of etchant is an option for
silicon and is, in general, the only
wet etch option for glasses. After
Petersen(1982).
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Surface Micromachining Material Systems

A sacrificial layer is deposited Top view
and patterned on a substrate.

Cross Section

« Then, a structural material is
deposited and patterned so that
part of it extends over the
sacrificial layer and part of it
provides an anchor to the
Substrate.

sacrifical |
layer

Deposit
and
pattern

. Finally, the sacrificial layer is
removed, leaving a cantilever
beam of the structural-layer
attached at one end to the
Substrate.

lllustrating surface micromachining: the
use of an isotropic wet etchant to remove
a sacrificial layer beneath a cantilever
beam.
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Design of Surface Micromachining Process

Enormous flexibility in the design of surface micromachining process.

 One needs three or four different materials:

(1) a substrate (or a suitable thin-film coating over a substrate to provide the
anchoring surface),

(2) a sacrificial material,

(3) a structural material,

(4) and an electrical insulation material (isolation the structural elements form
the substrate).

. The etchant that is used to release the structure must etch the sacrificial
layer quickly, and the remaining layers very slowly, if at all.

« For example, 5:1 buffered HF etches thermal oxide at about 100 nm/min,
but etches silicon-rich silicon nitride at a rate of only 0.04 nm/min.

Table Surface micromachining material systems

Structural Sacrificial Release Etch Isolation Ref.
Polysilicon SiO, Buffered HF Si;N, + SiO, [20]
Polyimide Aluminum PAN Etch SiO, [21]
LPCVD SizN, + Al Polysilicon XeF, SiO, [22]
Aluminum Photoresist Oxygen plasma SiO, [23]
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Etch Selectivity in Surface Micromachining

« During the release etch, when it is typically necessary to exploit the
undercutting of the structural elements to remove thin films over distances
large compared to the isolation-layer thickness, the etch selectivity
becomes critical.

 In the case of silicon dioxide as a sacrificial material with silicon nitride as
the isolation material, if the stoichiometry is adjusted to make the nitride
silicon rich, not only does the etch rate in HF decrease significantly, but its
residual stress decreases, allowing thicker layers to be deposited without
cracking or other deleterious mechanical effects.
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Stiction in Fabrication

. The unintended adhesion of released mechanical elements to the substrate.

« When using a wet release etch, the surface tension during drying can pull
compliant beams into contact with the substrate, and during the final drying,
they can adhere firmly together.

e Methods of avoiding stiction include

(1) the use of self-assembled molecular monolayers (SAM’s) to coat the
surfaces during the final rinse with a thin hydrophobic layer, reducing the
attractive force,

(2) the use of vapor or dry-etching release methods, such as XeF,,

(3) various drying methods (freeze drying and drying with supercritical CO,)
that remove the liquid without permitting surface tension to act,

(4) temporary mechanical support of the movable structure during release
using posts of photoresist or some other easily removed material.
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Surface Micromachining Materials

« The most widespread material system used to date is silicon-rich silicon
nitride as a coating on an oxidized silicon substrate to provide electrical
Isolation and an anchor, silicon dioxide as the sacrificial layer, polysilicon as
the structural material, and buffered HF as the etchant.

« This combination is used in Analog Devices surface micromachined
accelerometers.

« The use of LPCVD Si;N, with aluminum electrodes as the structural material,
polysilicon as the sacrificial layer, and the vapor etchant XeF, as the release
etch is used in the Silicon Light Machine optical projection display.

« Texas Instruments uses aluminum as the structural material in their
projection display, with photoresist as the sacrificial material removed by
plasma etching.
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HF/HNO,/Acetic Acid (“HNA”)

- HNA : a mixture of HF, HNO;, CH;COOH.
= HN03 - Al a|ig /\I-;l-
- HF : HF2| fluoride ion2 E0of Jt= &t silicon compound@! H,SiF,E M 4.

- Acetic acid : HNO;Jt NO-; Lt NO,2 Zolict= S Y1, alelZ29 &g
NEHMOZ 2ot =28 U= =L
N,O, < 2NO,
- =401 8l et= NOJE 8O E A HAI A 20] = T
- A2F SteA 2 S&EOtU, Al Ske EHRS X4t silicon dopinglll &g
2 =Lt
18HF +4HNO; +3S1 — 2H,SIF; +4NO , +8H,0
- AR HEZ2 S0, E HluA WE =5 (30~70 nm/min)= & oAl

_IR

- Light doping ( <10'” cm3 n- or p- type )& F A2 heavily doped regionE Lt
150 8 % GICIAH A2 =lCh= &0 =2l oH0F etLt.
(continued)
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HF/HNO s/Acetic Acid (“HNA™)
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Table of HNA Etchant Formulations

Table of HNA etchant formulations, assuming standard acid concentrations (note that
water or acetic acid can be used) and their properties. From Petersen (1982).

) ) Masking
Etchant Reagent o Etch Rate (10011 oo
(Diluent) Cuantities Temp.°C (Lmfmin) Etch Ratie Dopant Dependence Films
1 (etch rate)
HF 10 ml <1017 em-3 norp
reduces etch rate =150 =
HNO 5 30 ml 22 0.7 to 3.0 1:1 5109 (30
nmfmin}
(water, 80 mil
CH3COOH)
HF 25 ml
HMNO g S0 ml 2 4 1:1 no dependence SizMy
{water, 25 ml
CHyCOOH)
HF S ml
HNO3 75 ml 22 7 I:1 - Si0; (70
nmy' min)
(water, 30 ml
CH3COOH)
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HNA Isotropic Etching

HF (49%) HF : HNO; ; CH;COOH m
(a)  (12:1 :2) . r—A

CH,COOH HNO4(69.5%)

HF-HNO; Al etchantoll 2|3t 22| 22| S&d A2}
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