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Abstract

Micropits are MEMS widely used in gas sensors, because they provide thermal isolation, Micropits will be used for gas
microsensors, and polysilicon microheater and gas sensor thin film will be deposited later. Today gas sensors have several
applications in manufacturing & industry, such as, automotive, medicine/biomedical, consumer products, aerospace, chemical,
optical displays, fluidics, wireless and optical communications. Three sized Micropits were developed. Micropits were designed by
L-Edit V16 of Tanner EDA and fabricated using wet etching. MEMS fabrication consists of thin film deposition and patterned of
several geometric structures. For Si substrate etching three layers SiO./ SizsN4/ SiO, were deposited and patterned. They were used
as a mask. Micropit pattern was transferred by lift off technique. SiO,, SisN4 layers and Si substrate were etched by HF, HsPO, and
KOH solutions. Si substrate has 7um/h etching rate. Micropit micrographs were obtained by scanning electronic microscopy

(SEM).
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1. Introduction

The meanning of MEMS is micro-electro-mechanical
systems. MEMS use microelectronical technology to develop
by mean of deposition, patterned and etching of some
materials to make very tiny electronic and structures on a scale
ranging of microns. Usually these systems have electrical
inputs and outputs. The most important characteristics of
MEMS are low power comsuption and batch fabrication
techniques similar to integrated circuits electronic industry.
For all these reasons, development of miniature devices like in
manufacturing and industry, such as automotive, consumer
products, aerospace, chemical, applications, among others,
requires components with minimum power consumption and
better performance. As is well known MEMS may be
miniaturized structures, sensors, actuators, and electronics
circuits, the most interesting elements are the microsensors
and microactuators. Microsensors and microactuators are
categorized as transducers, by definition, transducers are
devices that convert a kind of energy to another one. on the
other hand microsensors can convert a measured physical
signal into an electrical signal.

Today MEMS are applied in the most of ours electronical
devices and gadgets, and they are very famous as inertial
sensors, such as microaccelerometers and microgyroscopes.
The worldwide MEMS market is predicted to reach more than
top 20 billion U.S. dollars by this year.
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Another type of MEMS applications are gas sensors based on
thin films, due thin films must be heathed, MEMS micropits
are widely used to provide thermal isolation, because the most
of micro gas sensor thin films need to be heated above room
temperature even several hundred grades. Micropits had been
used for gas sensors forming a micro hot plate (membrane)
which held up both a microheater and a gas sensor thin film.
The membrane usually is supported by four cross shaped arms
of SiO,. Micropits had been patterned by etching of p-type
silicon wafers with <100> crystallographic orientation, silicon
is used as substrate due their semiconductor and mechanical
characteristics. (Senturia, 2001; Petersen, 1982; Gonzélez-
Vidal, et al, 2005a , b; Maluf et al, 2004; Reyes-Barranca et al,
2009; Sze et al, 2007; Hongwei, 2016).

2. Development

The three micropits were designed by L-Edit® V16 of Tanner
EDA®, using a work station HP Z440®, processor Intel®
Xenon®, 8GB RAM, at 3.1 GHZ. Figure 1 shows three
micropits with different dimensions: figure 1a) first (smaller)
micropit with 100 pm x 100 um, with a squared centered
membrane of 20 um x 20 pm and supporting cross shaped
arms with width of 7.1 um; figure 1b) second ( medium)
micropit with 200 pm x 200, with a squared centered
membrane of 40 um x 40 pm and supporting cross shaped
arms of 14.1 um; figure 1c) third (largest) micropit with 300
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Figure 1 Three different sized micropits. a) Smaller micropit,
b) medium sized micropit, c) largest micropit and d) Micropit
Ccross section view.

pm x 300 pum, with a squared centered membrane of 100 pm x
100 pm, and supporting cross shaped arms widths 35.4 um;
figure 1d) shows the crosssection of the micropit. There are
several eatching techniques and etchants for patterning the
micropit, like dry or wet etching techniques and systems like
deep reactive ion reactive (DRIE) that can also be used for
micropit etching (Deepak et al, 2016; Dhineshkaarthi et al,
2017; Gonzalez-Vidal et al, 2005b, 2018; Vazquez Acosta &
et al, 2012a).

Wet techniques use suitable chemical solutions such as
trimethyl ammonium hydroxide (TMAH) or potassium
hydroxide (KOH) among others. It is well known that
depending on the patterned material there is a variety of
etchant substances and techniques used. Also, lift off process

is used to pattern several materials that are difficult to achieve
with plasmas. Commonly, anisotropic wet etching is used for
Micropits patterning because this technique exhibits
crystallographic orientation dependent each rates (Gonzalez-
Vidal & et al, , 2005; Pandya et al, 2015; Gatzen et al, 2015;
Hongwei, 2016; Beeby et al, 2004; Bhansali et al, 2012;
Reyes-Barranca et al, 2010; Vazquez-Acosta et al, 2012h).

In the case here presented, patterning of a silicon substrate was
made using as protecting layers three deposited layers of
silicon oxide/ silicon nitride/ silicon oxide (SiO2/ SisN4 /
SiOy); the lower SiO, layer was grown by thermal oxidation,
the SisN,4 layer was deposited by the LPCVD technique using
silane (SiHs) and ammoniac (NHs), and the upper SiO; layer
wasdeposited using SiHs and O,. After these layers were
deposited, the micropit pattern was defined with
photolithography and the definition process was completed by
lift off. Next, the upper oxide layer was etched with
hydrofluoric acid (HF), followed by the etching of the SisN.
layer with phosphoric acid (HsPO.), and finally etching the
last layer of SiO- again with HF. This process defines the areas
where silicon is unprotected and ready to be etched away
using potassium hydroxide (KOH), releasing at last the
membrane with the micro-hot plate (Gonzélez-Vidal & et al,
2005, 2006; Hongwei, 2016; Varadan et al, 2006; Vazquez-
Acosta et al, 2012c).

On the other hand, micropit micrographs were obtained by a
SEM model JSM-6300 JEOL®. Figure 2 shows the largest
micropit and a detail, in Figure 2a both cross shaped arms and
inverted truncated pyramid obtained can be noticed, also
micropit floor is completely flat and membrane has not been
patterned yet, but in figure 2d a corner detail is shown, then
very steep slopes are appreciated and the shadow of cross
shaped arm is visible.

Furthermore, the medium sized micropit resulted in an almost
completely released membrane. Figure 3a shows the partial
etching of silicon under membrane. Although still incomplete,
it went further beneath the membrane in comparison with the
larger structure and there remains a little hillock keeping the
membrane unreleased. Figure 3b shows a detail of medium
micropit and its membrane by SEM. In this case, a flat floor
can be noticed, too.

Finally, figure 4 shows the smaller micropit, where the Si
under the membrane was almost etched away resulting in steep
walls, a smooth bottom surface and a membrane almost
released (figure 4a). Figures 4b-c show two broken arms after
the etching process and the membrane, because KOH had
etched the Si substrate and the SisNs mask, giving an
indication that the size and width of the geometries used in this
membrane were not optimum for this kind of micromachining
technique due etching time was too long.
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Figure 2 Largest micropit, a) Entire micropit by SEM, b) detail of a largest micropit corner by SEM.
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Figure 4 Smallest sized micropit, a) Entire smallest micropit by SEM, b) Smallest micropit, membrane and arms etched and c) detail
of smallest micropit with membrane and arms etched.

3. Conclusions

MEMS micropits have several applications as micro
structures; one of them is to provide a membrane for thermal
isolation to semiconductor gas sensor systems based on thin
films with micro hot plate and microheaters. The gas sensors,
in this case, operate at high temperature while the associated

electronics used for temperature control or signal conditioning
should be at room temperature. Three micropits with different
sizes were proposed to carry out micropits by etching
techniques. A membrane consisting of a stack with three
layers (SiO2/ SisN4 / SiO,) was configured for the experiment.
A lift off technique was used to pattern the micropit areas and
HF, HsPO, and KOH were used as wet etchant for
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micromachining the membrane. SEM figures of micropits are
shown, as three micropits are in the same substrate. The
etching rate produces different results due to different
dimensions of the micropits.

Resumen en espafiol
Microfosos MEMS
Resumen

Los microsfosos son MEMS ampliamente usados en
microsensores de gases, debido a que les proporcionan
aislamiento témico. Los microfososo serd utilizados en un
proceso posterior cuando se depositen un microcalefactor de
polisilicio y una pelicula delgada sensora de gas. Hoy en dia,
los sensores de gas tienen mdltiples aplicaciones en procesos
de manufactura y en la industroa, principalmente en la
automotriz medicina/ biomédica, de productos de consumo,
aeroespacial, quimica, pantallas opticas, fluidica, inalambrica
y comunicaciones dpticas. En este trabajo se desarrollaron tres
microfosos MEMS de diferentes tamafios, fueron desefiados
con el software L-Edit V16 de Tanner EDA vy, fabricados por
métodos de grabado himedo. La fabricacion de los MEMS
consiste del deposito de peliculas delgadas y el grabado y
modelado de estructuras de geometrias diversas. Para el
grabado de sustrato de silicio, se depositaron y grabaron tres
capas de SiO./ SisN4/ SiO, las cuales se usaron como
mascarillas. EI modelo del microfoso se transfirid por la
técnica de fotolitografia, las capas de SiO, SisN. y el sustrato
de Si fueron grabados con soluciones de HF, HsPO4 and KOH
respectivamente. La razén de grabado del silicio fue de 7
um/h. Las micrografias de los microfosos fueron tomadas con
un microscopio de barrido electrénico (SEM).

Palabras clave
Grabado, MEMS, microfosos.
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