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What are MEMS Pressure Sensors?




Why do we care?

2019-2026 MEMS pressure sensor market dynamics

(Source: MEMS Pressure Sensors - Technology and Market Trends 2021 report, Yole Développement, 2021)
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Who Makes These?

2020 MEMS pressure sensor players revenues (M)

(Source: MEMS Pressure Sensors - Technology and Market Trends 2021 report, Yole Déy ent, 2021)
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Pressure Sensor
Application

»f Bosch Sensortec’s latest BMP390

nsor in smartphones, enables a high

s alization service that ultimately has the
Emtentlal to save thousands of lives.

BMP390:

High-performance barometric pressure sensor for
accurate altitude tracking applications such as
enhanced emergency calls in smartphones



https://www.bosch-sensortec.com/news/accurate-indoor-localization-can-save-thousands-of-lives-enabled-by-pressures-sensing-solution.html

A Cool App for

your phone
Check out

your pressure
sensor!
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Pressure Sensor How it Works




MTTC Pressure Sensor Process Overview

 Two mask process

* Backside Chamber pattern
* Frontside Wheatstone Bridge

* Process Steps

* SiN Deposition

* Backside Pattern (thick resist)
RIE Etch
Frontside Liftoff Pattern

Sputter Deposition (metal)
Liftoff
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Backside Pattern (Chamber) — Hard Mask

* Transfer the Chamber pattern into the SiN protective layer

* Requires
* Photolithography
* RIE Etch
* Resist Strip




Photolithography

e Clean- ® Resist * Develop e Microscope
QDR/SRD Dispense Pattern e CD's

e HMDS ® Spin Speed e QDR
Deposition ¢ Soft Bake e SRD
e Rehydration




Water Prep - Clean




EVaferPrep ]

oClean-
QDR/SRD

*HMDS
Deposition

Apply HMDS —
Hexamethaldisilazane
Why?
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¢ Resist Dispense

¢ Spin Speed
e Soft Bake
e Rehydration

Apply Photoresist

Photoresist contains a photoactive
compound, polymer and solvent.

It is spun on in a coater, usually
followed by a soft bake to remove the
solvents.




t(pose ]

Exposure

Transfer the mask pattern to
the wafer

First layer masks don't need
alignment
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oF
Microscope

Inspection

e Microscope
e CD's




Profilometer Inspection - DekTak




After Pattern, Before RIE Etch — Profiles

Pre RIE Etch Top Profile




e Pressure e Resist e Clear
e Power Etch e DekTac

Rate

e SiN Etch
Rate

e Flow




e Pressure
e Power
e Flow

* STD Program 2 steps:

. . Pressure 300

°« . Power - 250W

e - EndPoint-100

e - Time -2X5min

* - Temp O (not controlled)

- . BP/RP - 80 (bleed pressure)
* - Flow

o Gas 2:CF, - 80% open of 50sccm
o Gas 4:0,- 8% open of 250sccm



After first 5min

Remaining
Nitride

Due to non-uniformity of
the etch plasma, we etch %
the wafer and then rotate.

Starting to Clear




After Etch before Resist Strip

‘ Selectivity ]
e Resist Etch Rate Ay ’vm“"”““é -y —
e SiN Etch Rate

After Etch but before resist strip
shows stack of remainingresist and

nitride ~ 2.7um total




Etch Inspect

..................

After resist strip shows etched Silicon Nitride ~1.2um
Note, back of the wafer is rough, not polished.

oClear
eDekTac



Selectivity:

What you want etched Vs Masking Material

\ " '\U

After resist strip shows etched Silicon Nitride ~1.2um
Note, back of the wafer is rough, not polished.

Before the strip, total stack was ~2.7um

Resist Thickness starting out ~7um

Therefore, resist lost, 5.5um, SiN etched ~1.2um which
means the selectivity is about 1:5

‘ Selectivity ]
e Resist Etch Rate
* SiN Etch Rate




Backside is
now etched




Frontside Pattern — Dark or Bright Field?

Colored is dark, used with nLOF2070 Colored is clear — Used with LOR5B/AZ1518



Karl Suss MA6/BA6




Backside Alignment

Microscopes




Pattern the Wheatstone Bridge
— Align the patterned back of the wafer to the frontside mask.

Step 1 —align bottom scopes to mask

Bottom Side
Alignment with
Digitized Image

Bottom Side
Alignment with
Digitized Image




Alignment Details

Backside wafer alignment marks

Captured mask frontside alignment marks




Photolithography — Liftoff LOR5B

- = -

eSoftbake

eSoftbake *\What shows eDissolves *What's the
goes exposed resist undercut?

*Bake Plate

Key Points
Process is different than the backside pattern
Positive Resist AZ1518 - "What shows goes"

Dark Field Mask




Membrane (shaded portion)

LOR5b Results - Inspect

Wheatstone Bridge




Photolithography — Liftoff nLOF2070

= -

*Bake Plate
*NO HMDS

*180mj/cmA2
*\What shows

Key Points

Process is different than the backside pattern

Negative Resist nLOF2070

Clear Field Mask



NLOF2070 Results




So Far....

* Backside hard mask is patterned and etched, resist removed

 Will be the Chamber -‘

* Frontside is patterned with either negative or positive photoresist
* Will be the Wheatstone Bridge circuit after metal deposition and liftoff




Deposition of the
metal

* Different than the SEMI process — the
metal is deposited on top of the
photoresist and later lifted off.

5kV -Image JUL 18 201
4] 363 pm BSD Full nLOF



I Sputter — CrAu or
NICr

v" Ar+ lons — DC Plasma

v’ Target Bias Voltage
v" lons collide with the target

v Metal is ejected from target

v’ Deposits on wafer




Sputter
Process

Load

Select

Start

Start Process

Unload Wafer

Load Waferin Load Lock

ePump down
*Open Gate Valve
eTransferto main chamber

Select Targetand Deposition process

eChoose power

Start waferrotation and substrate heater

Select and run recipe

Unload sequence




Load Wafer in Load
Lock

e Pump down
e Open Gate Valve
e Transfer to main chamber




Sputter Wafer Stage and Target




Select Target and Deposition process
SeIeCt eChoose power

Start wafer rotation and substrate
Start heater

Start

Select and run recipe
Process



Vletal on Photoresist

== fBi= ~




I Liftoff

Acetone bath
IPA Rinse
QDR

SRD

Inspect




Inspect



What's Next?

TI'JO OO um/div




Chamber Etch — Anisotropic Wet Etching of
Silicon in KOH!

Before Etch After Etch
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SCME PROFESSIONAL DEVELOPMENT
OPPORTUNITIES FOR YOU!

¢ CLEANROOM PRESSURE SENSOR 5-DAY SHORT COURSE
e (ONLINE SHORT COURSES

e 40+ LEARNING MODULES

e YOUTUBE CHANNEL — SHORT LECTURES, ANIMATIONS

WWW.SCME-SUPPORT.ORG



http://www.scme-support.org/

NEW: URE - UNDERGRADUATE
RESEARCH EXPERIENCE TARGETING
2YR TECHNICIAN STUDENTS WITH THEIR
FACULTY!



MNTESIG COMMUNITY MNT SIG

MICRO NANO TECHNOLOGY
education
SPECIAL INTEREST GROUP

Our Mission

Foster collaboration between educators at all
levels, industry, and agencies for relentless
improvement of the micro and nano

technology workforce.

Micro Nano Tech education Special Interest Group

MNTeSIG.net

Congratulations to Jared Ashcroft and the MNT-EC Team!

Check out the MNT-EC Professional Development Webinar Series

Join the Collaboratory below to receive meeting information

Our Mission
Foster collaboration between educators at all levels, industry, and agencies for relentless

improvement of the micro and nano technology workforce.




Want to Give it a shot? &

Matthias Pleil

505-272-7157

YOUTUBE: SUPPORT CENTER FOR MICROSYSTEMS
EpbucaTioN (SCME) AND THE UNDERGRADUATE RESEARCH
PROGRAM. |
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MNT SIG

SPECIAL INTEREST GROUF

NUESTIONS?

mpleill@unm.edu




