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LETI : PRESENTATION AND MISSION

LETI WITHIN CEA

16 000 collaborators 10 research centres
10 % PhD and post-doc

Technological Research
Division
Leti Eiectonicand
information technologies

LELen New Energies
REst Software
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LETI : PRESENTATION AND MISSION

A BUSINESS MODEL

CREATE AND TRANSFER INNOVATION
TO OUR INDUSTRIAL PARTNERS

Mass production
Al

Pilot line ©

Technological Nl

Research
Basic

research v
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LETI : PRESENTATION AND MISSION

RESEARCH PLATFORMS IN GRENOBLE

Embedded systems Integration

Chemistry Nanocharacterization

_ ) Micro and
Photonics _ nanoelectronics
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LETI : PRESENTATION AND MISSION

ELECTRONICS WITHIN SOLUTIONS

Consumer

loT & Smart objects

Manufacturing

Biology and health

Transport Safety and Security
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MEMS ACTIVITIES IN LETI

LCMC Lab. LCMA Lab. LCRF Lab. LPl Lab. LCFC Lab.

Sensors Actuators RF Components Packaging & Characterization
Components Components Interposer & Reliability

verall MEMS activities > 200 pérsons

- ‘

TCHNOLOGICAL PLTFORM

*  MEMS 200mm (1000 m?) + FE 200mm (3000 m?) Cleanrooms
* Specific MEMS equipment : DRIE, HF-vapor, bonder...
* 5shifts working: 7days/week — 24h/days
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MEMS ACTIVITIES IN LETI

FROél\/I MEMS DESIGN TO SYSTEM
INTEGRATION

Prototyping
N 3D assembly

/4
e

Leti covers the whole
chain of
development
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MEMS ACTIVITIES IN LETI

Inertial Sensor

3-axis Accelerometer 3-axis Gyroscope

4

Pressure sensor v

TRONIC'S

Capacitive pressure sensor Piezoresistive pressure ser-2,  5-w i< force sensor

Acoustic sensor
Microphbne
e L

g b

A

Above-IC GMR sensor TMR sensor and MRAM 3-axis Compass
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http://www.thalesgroup.com/index.html
http://www.thalesgroup.com/index.html
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MEMS ACTIVITIES IN LETI

N

B .© <
Gas sensor L L LS %{’ v

M-TOF Mass-spec for NRBC Humidity

MEMS Actuator

R e ema——

Energy harvesting

m D 20 H Orpm (1Hz)

Electret-based harvester Breakthrough concept

RF-MEMS -

® ® ©© 0 9o e

Micro-switch BAW filter
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Nano-scale
technologies

MEMS ACTIVITIES IN LETI

NEMS resonator

M&NEMS platform

Hermetic packaging

MEMS / CMOS
Co-integration

NEMS with 0.35unt‘'EMES ¢~

3D integration

Cu pillars (pitch 40um)

Pre-CMOS co- mtegratlon

Top Die

- -1 =e
3 SIIIcon Inmlposar

- E‘l F’ Heontroje,

Silicon Interposer Multi-die stacklng
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http://www.futurity.org/science-technology/nanobridge-weighs-molecules-one-by-one/
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Material Expertise

Characterization
Expertise

SEVENTH FRAMEWORK
PROGRAMME

MEMS ACTIVITIES IN LETI
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AF permanent magnet @ stack—

Piezoelectric material
(actionneur, RF, high k)

Packaging reliability
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Magnetic material
GMR, TMR, high permeability mat. (RF inductor) and
high permitivity and permeablity mat. (for antenna)

MEMS
device &
Passive

m nen i
e Thermal beha\ﬁorljp_ngterm

reliability [¥stability, resoriance freq.,..

e
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LETI's CONTRIBUTION IN
PIEZOMAT PROJECT

LETI’S MISSION IN PIEZOMAT

Steps made at LETI

" Process dicing |
Wafer level 200mm m—) 1.5x1.5 cm?dies =msslmmm) Project partners

- Nanowires growth
- Encapsulation
- Top electrode

Specifications:

High patterning density, choice of

materials (in & out seed layer), integration 3000 dpi 10 x 10 NWs

|
|
|
|
|
|
|
|
|
|
I . pitch 8um
|
|
|
|
|
|
|
|
|
' active area 0.8 x 0.8 mm?

I
!
I
!
l .
- Seed layer patterns for NW growth for 3000 dpi: . - Bonding
@2pm [ - Testing
matrix 10x10 I
around 1.5 cm :
- Bottom electrode connected to seed layer T oo : v‘ ‘ ‘ ‘ ‘ ‘
- Electric lines B 1] a '
- Pads for bonding : 100 pads = 1 % I
- Dies around 1.5x1.5 cm? A j n% I
o XEn R
. 7—‘-.. b | ‘ffﬂ
Challenges : LMMLJ :
!
I
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LETI's CONTRIBUTION IN

ATERIALS & PIEZOMAT PROJECT

TECHNOLOGICAL CHOICES

1 Materials choice
O  Seed layer : GZO (8% doping) conductive layer allowing nanowires growth
O  Electrical lines : W thin patterning by dry etching without overetch
O Thermal SiO2 : isolation from substrate
0 TEOS SiO2 : passivation & no NW growth out of seed layer patterns
1 Technological choices
0  GZO deposition by pulsed CVD : high deposition rate
O  Dry etching & stripping only to preserve GZO : RIE or IBE, microwave plasma
O Cleaning : Mechanical spray only (no chimical bath)
| ELECTRODE . W100nm |
4 )
Challenges :
*  GZO best material but etched in almost all chemical =» dry process only
«  GZO as stop layer for 3 etching -)A seed layer patterns consumption
- J

Thermal oxyde 500 nm
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LETI's CONTRIBUTION IN
PIEZOMAT PROJECT

STACKING & PROCESS FLOW

GZO

GZo

| ELECTRODE : W 100nm pattern

VIAS : ZnO nanowires PADS :
4 @ 350nm Ti 10 AICu 650nm

contact pad 100x100 pm2 GZO == = W
SEED LAYER:

GZO 200 nm \K II I I PASSIVATION :

Si02 TEOS 400 nm
ISOLATION LAYER:
Thermal oxyde 500 nm

Step I: GZO deposition and etching (seed layer patterns)

Opening @ 2 ym

Wlines

m

-]
=

GIO = — S0, w

m

>

Step II: W deposition and etching (electric lines)

Ti/AICu B
AN 8e' pad

GZ0 = | w

Step llI: SiO, deposition and etching (pad location)

i

Step IV: Ti/AICu deposition and etching (contact pads)

-0

Step V: SiO, etching (future NW's location) czo ._i_. sio, H w

Step VI : Dicing

i
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LETI's CONTRIBUTION IN
PIEZOMAT PROJECT

GZO ETCHING DEVELOPMENT

Polymere & GZO residues

1 GZO etching improvement
U Many difficult points solved

Improvement solutions

RIE etching IBE etching
Homogeneity Gaz change ok
End point detection Gaz change Fixed time
Corrosion Stripping in situ ok
Vertical etching side ok Postbake resist
Polymere residues Mechanical cleanning Mechanical cleanning
Reproducibility Steps sequences Protective layer

®8@8.0K " "375nm

Overetch Corrosion

1 Final results : 2 processes compliant with specifications

U  Reproducible
O GZO & SiO2 : low non-desired consumption
U  Electrode W well shaped
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LETI's CONTRIBUTION IN
PIEZOMAT PROJECT

SEM VIEWS OF THE DEVICE

1 High density patterning = low critical dimensions CD_,,.=400nm

min

W lines
spec :
pitch
900nm

seed

layer
pattern
@2pum
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LETI's CONTRIBUTION IN
PIEZOMAT PROJECT

CONCLUSION

1 Functional dies sent to project partners
O Dies compliant with specifications : NW growth on seed patterns
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Thanks for your
attention

a strong partner for innovation
development research from
technologies to applications,

in a dynamic
and global
environment
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