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« MEMS Market should rise tremendously [1]
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Value per device in Billion USD

Pressure sensors should have been the biggest part until 2018
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We need to be careful because advanced technologies often come with
increased Energy Demand and GHG emissions: for example CMOS [2]
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MEMS Piezoresistive pressure sensor:
Principles and Process flows
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 Silicon Membrane

» Doped silicon resistors
as strain gauges

1-d-S1
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P+

P—\ STrain g

gauges

* Differential pressure sensing

 Variable resistors as strain gauges
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Bulk silicon wafer

Cleanings, lithographies,

dopings, depositions,
] ]

\ / metalizations,...

Doped silicon or

olysilicon
PO Membrane release

MEMS Pressure sensor
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Membrane released by

anisotropic wet etching (KOH,
TMAH)
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Membrane released by

anisotropic dry etching (SF, -
DRIE)

* Reduced Area thanks to no slope side walls

© DTIP'2021 - A virtual Symposium 9 August 25th-27th, 2021



B UCLouvain

Basis of process flows o/cteam

Bulk silicon

t ~10pm

SOl :

 Reduced membrane thickness

» High precision membrane patterning
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1) Kumar et al. (2006) [3]

Sensor resistors PECVD oxide Gate poly (n")

, Metal Gate oxide of 50 nm

" Fieldoxide of 0.6 pm g e —_ + SOl substrate

"i‘ [EER © T

~ Buriedoxideof06pm | |t | « Membrane released
by wet etching
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2) Lietal (2018) [4]

* SOl substrate

Front side

* Membrane released
by dry etching

Rear side

(b)

High concentrated
stress profile (HCSP)

SOl wafer

BF33 glass

(c)
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Piezoresistive pressure sensor:
Bottom-Up Life-Cycle Assessment
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Quantifiying :

« Cumulated primary Energy Demand (CED): Energy needed
during the MEMS pressure sensors manufacturing.

« Global Warming Potential (GWP): Global Warming
Potential of the greenhouse gases emitted during the
MEMS pressure sensors manufacturing.
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Perimeter of the study
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Inventory model [5]

Energy associated
with electricity use

. FO r C E D : Raw material Chemical [kWh]
flows [kg] flows [kq]

N
CED = CED,, + CEDyo =) [Mmaxe]+) [(MohomX €) + €prod

|

Raw material energy Chemicals energy
intensities [kWh/kg] intensities [kWh/kg]

* |dem for GWP

Data come from previously generated life-cycle inventories for
CMOS processes [2,6-7]
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LCA : Main results

* Major contribution in CED and
GWP is coming from the silicon

wafer production
» Impact of SOI versus bulk silicon: %
~20% CED increase ;i
~10% GWP increase U
(only for the wafer)
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B Wafer manufacturing steps
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LCA : Main results

» About process steps : dry etchings
have a huge amount of GWP

* Impact of dry etching versus wet
etching:

~ GWP multiplied by 7 for
membrane release step, mainly
due to SF, released in the
atmosphere (90% abatement)
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MEMS Piezoresistive pressure sensor:
Impacts versus Performances
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Mechnical figure of merit (FoM): S,  /cteam
S, = Sensitivity divided 102 F
by membrane area [8] : I
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* By normalization regarding to
the membrane thickness, we
found the best performances

: : S |
achievable depending on - !
o

technology mix. £ 9
S :
< 100} 2 : 8

. . . = 0

* Going from bulk-silicon, with E o ox d AN

membrane release by wet S sihaintaiiasal 5
etching, to SOI with '

) . . . .
membrane released by dry 10 A B C D

etching with patterning allows
for a 50-fold reduction of area
needed per sensitivity units.
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CED and GWP versus Sensitivity

* Improvement of S, thanks to
SOI, dry etching and
membrane patterning is way
bigger than the increase in
CED and GWP, that become
marginal.
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« IMPACTS:
* Major impacts in CED and GWP are coming from the substrate

* Increase of 20% and 10% of the substrate CED and GWP due to
SOl substrate.

* Multiplication by 7 of the release step GWP due to dry etching.
« IMPACTS vs PERFOMANCES:

« A 50-fold reduction of area needed per sensitivity units, thanks
to SOl susbtrate, dry etching and membrane patterning.

* Perfomances improvement supplants by far impacts increases.
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 Imrovement tracks:

* Investigation about an low-GWP alternative to SF,for silicon dry
etching to reduce release step GWP.

* Analysis of Yield reduction versus wafer thickness reduction to
reduce substrate impacts.
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