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Plasma etching consists in using a plasma to transfer a mask pattern in a layer or the substrate itself

I" 1) Basics of plasma etching

Quick definition

=> physico-chemical interaction between the plasma and material to remove the material

Masked wafer

Sample (ex: wafer...)

Mask

Cross section view
Layer

Substrate

Chang & Cchen
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""I" 1) Basics of plasma etching

Fields of application (very general)

Microelectronics

Optoelectronics

https://www.extremetech.com .
https://www.photonics.com

https://www.memsjournal.com
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“. 1) Basics of plasma etching

[
L

Criteria and profile shape

Parameters characterizing an etched profile => To be optimized

- The depth (d), the critical dimension (CD, w)
- The etch rate: ER (um.mint or nm/min)

=> Etch rate for all materials exposed to the plasma (layer, mask...)

Chang & Cchen

- The selectivity S (critical for choice of mask)

Anisotropic profj]e Isotropic profile
=> ratio of the etch rate of one material to that of another [._I\ ‘l IU | ‘

=> usually S = ER(layer)/ER(mask)

- Aspect ratio: AR = d/w

Negative slope Positive slope
- Anisotropy: is the etch directive? U T
- Slope of profile: is it tapered?

quﬁl / thomas.tillocher@univ-orleans.fr — Réseau Plasmas Froids, Bonascre, October 2022




I l I 1) Basics of plasma etching

Etching mechanisms in low pressure plasmas

- In a plasma, both radicals and ions are involved in the etch process

© Chemical etching (spontaneous): neutral  ion

: : : : ?
Adsorption, chemical reaction between radicals and /

the surface and desorption of etch product

@® Physical etching:
substrate
lon bombardment at the surface

- In an etch process, these 2 mechanisms happen at the same time and more...

© « lon energy driven etching » : combination of mechanisms 1 and 2

® « lon-enhanced inhibitor etching » :

Same as before + passivation layer at the sidewalls
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"""' 1) Basics of plasma etching

Chemical etching

The chemical etching of a material is effective if two conditions are met simultaneously

© Formation of a thermodynamically stable reaction product

@® The etch product must be volatile

- Example of silicon etching by F-based plasma: main etch product = SiF, => Volatility?

10000y
10004
° _ Solid Phase - At low pressure and room temperature of
Q1007 o
2 ; the substrate, SiF, is in gas phase
§ 10+ Gaseous phase 3
= ?
S 13 E
S E
011 ; - Same trend even at low temperature
0,014 ————————————

-120-100 -80 -60 -40 -20 0O 20 40 60 80
< Temperature (°C)
< v )
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"""' 1) Basics of plasma etching

Chemical etching

- Standard plasma etch chemistries

Si, Ge F, Cl, Br SF¢, Cl,, HBr... SiF,, SiCl,, SiBr,
Sio, FF+C CHF,, CF,, C,Fs... SiF,, CO,...
SisN, FF+C SF¢, CF,, CHF;... SiF,, N,...

Al Cl, (Br) Cl,, (HBr) AICl;, (AIBr;)
Cu Cl (T >210°C) Cl, Cu,Clg

C, polymers O o, Co,

W, Ta, Ti, Mo, Nb F, CI SF, Cl,... XF,, XCl,

GaAs, l1I-V Cl Cl,, BCl;... GaCls, AsF,

= No very effective chemistry for some materials (e.g. Au, Pt)
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"""' 1) Basics of plasma etching

Chemical etching

- Effect of volatility of etch product: example of titanium etched by SF, plasma

Room temperature — 30 min Heated surface- 30 min

Bulk Ti sample
SU8 mask

- The main etch product TiF, is not volatile at room temperature => heating necessary

- Silicon etching by SF, plasma: SiF, is volatile over a wide range of temperature

<— neutrals
Bulk Si sample %

SiO, mask

Room temperature
<«— Isotropic cavity

=> Pure chemical etching leads to isotropic profiles
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1) Basics of plasma etching

“Physical” etching / role of ion bombardment

lon-surface interaction: principle

- A plasma contains positive ions which obviously participate in the etching

= The interaction depends on their energy

- Effects of ion bombardment on adsorption:

= Adsorption activated by induced desorption

N L
Adsorption induced by surface damage Less significant role

= Incorporation into the material

- Effects of ion bombardment on desorption:
= Induced desorption

= Sputtering (physical etching) => requires ion energy > sputtering threshold
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| l I 1) Basics of plasma etching

“Physical” etching / role of ion bombardment

- Under etching conditions, the energy of the ions is generally from a few eV to a few hundreds
of eV (for the strongest materials)

- Positive ions acquire their energy during the acceleration in the RF sheath:

E=qWBptVe) — _______ Plasma
With Avec V, the plasma potential and V, the dc bias sheath
=> Approximation of monoenergetic ions ® & & & O +ions
=> In reality, there is an IEDF \ I I I \
- Promotes anisotropic etching (normal incidence of ions) [ Mask | I

- Mask can be sputtered

= Risk of roughness (micromasking)
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"""' 1) Basics of plasma etching

lon energy-driven etching / Reactive lon Etching (RIE)

- The combination of chemical etching and sputtering leads to higher etch rates

- Demonstrated by Coburn and Winters under specific conditions (1979):

Reactive neutrals
KE‘FE Ar+ Art

(F, F,, XeF,...) GAS  ION BEAM  ION BEAM
ONLY + XeF, GAS  ONLY
lon beam < 100 "
(1 keV Ar*) E
< B0 |-
= L
S 60 s S
v - —-— -
5 a0
~ Etch products e L
/ Mass spectrometry § 20 |- _
Quartz Crystal S ot 1 1) Ve
. 100 300 500 700 800
Microbalance TIME (SECONDS)

Synergy : V,(chemical etching + sputtering) > V, (chemical etching) + V, (sputtering)
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"""' 1) Basics of plasma etching

lon energy-driven etching / Reactive lon Etching (RIE)

- Case of GaN etching: critical role of ion bombardment (Cl,/Ar plasma)

7000 I 1 I | 1
-4--RBE] |
6000 - —&—ICP
-RIE
% 5000 E LECR 7
@ 4000 .
2
& 3000 7
<=
= 2000 N
o J. Pearton et al. JAP, 86: 1-78, 1999.
1000 __El'
/ . @ B
0 & & = _Q A
0 200 400 600 800 1000
de-bias (-V)

- Fluorine plasma chemistry not efficient = GaF; not volatile in standard etching conditions
- Chlorine-based chemistry typically used for IlI-V etching
= GaCl; boiling point: 200°C at P, NCl; boiling point: 79°C at P,

- GaN is effectively etched only under ion bombardment
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“. 1) Basics of plasma etching

lon-enhanced inhibitor etching / Deep Reactive lon Etching (DRIE)

Bosch process lons

v’ Isotropic etching step: SF, plasma

v’ Passivation step: C,F; plasma

< Passivation layer = Fluoropolymer (CiF))

v The polymer at the etch front is sputtered by the ion
bombardment in the etch step

Advantages

> Process at room temperature

> Robust process

Drawbacks

> « Scalloping » at the sidewalls
> Decrease of etch rate because of passivation steps

> Removal of polymer by O, plasma
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“. 1) Basics of plasma etching

[
L

Cryogenic etching

Plasma etching with substrate temperature <-90°C

=> Use of liquid nitrogen
=> specific design of the substrate holder

- First question: Can we etch at such low temperature?

=> YES, if the etch product is still volatile

=> Case of silicon compounds etched with F-based plasmas

- Second question: Why etching at such low temperature?

=> Etching of high aspect ratio profiles (deep silicon etching) => Part 2
=> Specific mechanisms at cryo temperature (passivation) => Part 2
=> Low damage etching and low contamination of reactor => Part 3

quﬁl / thomas.tillocher@univ-orleans.fr — Réseau Plasmas Froids, Bonascre, October 2022



2) Deep cryoetching of silicon

Brief history of cryoetching

At room temperature, high etch rate with SF, plasmas, but anisotropic etching was not possible without
adding another gas (CF,/O, , SF,/CHF;, ...)

Tachi’s team proposed to cool the substrate down to a temperature between -100 and -130°C while
running a microwave SF, plasma.

1988 : S. Tachi et Al. Appl. Phys. Lett., 52(8), 616(1988)

The idea was to freeze chemical reactions on vertical sidewalls of the toaf- S | ?g
L I
[ i}‘\i\\_&_r____&
o]

sample and favor ion-assisted reactions at the feature bottom. —
i
@
B WO ?nhmaii_” —
o
p S S
i o

FiG. 3. Silicon profile etched at - i -r@,:,;,,m,:(m =
with the use of 8F, gas plasma.

performed with high selectivities of 30 for organic resist fiims. High etch rates of 500 and 1000
nm/min by reactive ion etching and microwave plasma etching, respectively, were achieved
with a SF, gas plasma at low wafer temperatures from — 130 to — 100°C. It is concluded that
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Brief history of cryoetching

- 1995 : J. W. Bartha et Al. Microelectron. J., 43, 453(1995)

- For the first time, a mechanism based on sidewall passivation was suggested in cryogenic
etching instead of a mechanism based on a low reaction probability of the radicals on very cold
silicon surfaces.

- 1997 : Beginning of cryogenic etching related activities at GREMI (initiated with STMicro.Tours)
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Monocyclic SF,/0, plasma

v’ Chemical etching (selective)

SiF, : main etch product

v Passivation layer (SiO,F,)

= Forms only at very low temperature

= Fragile passivation layer, easily
removed by ion bombardment

Simultaneous mechanisms

Etching of high aspect ratio features

=> Depth >> CD
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2) Deep cryoetching of silicon

Low temperature + oxygen + bias = anisotropic structures

without
bias

Sk, /0,
without
bias

| )X chadndedg arverv iow iemperature

with bias
-110°C

-80°C
Anisotropic etching at -110°C, with oxygen
and bias
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Performances of the cryogenic process

Example of profiles :

Holes (TSV)
CD=14 pym

30 minutes

Depth =210 pum
AR =15
ER (30°) = 7 um/min

Advantages
> Monocyclic process
= High etch rates, smooth sidewalls

> Desorption of the passivation layer at room
temperature = clean process

100 um

-100°C
-97°C
93°C _g95C
) Positive slope Negative slope
o TC T°C

Drawbacks

> Very sensitive to temperature and O, flow variations
> Requires liquid nitrogen

> ARDE is quite pronounced
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2) Deep cryoetching of silicon

Effet ARDE (Aspect Ratio Dependent Etching)

- ARDE is also called « RIE Lag » (Reactive lon Etching Lag)

- The etch rate of features with increasing aspect ratio (narrower or deeper) decreases
because of the decrease of both ion and neutral fluxes
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2) Deep cryoetching of silicon

Undercut and bowing

Undercut:
- caused by spontaneous reactions of fluorine radicals.

—
undercut
- keeps growing linearly during process

Possible to decrease significantly decrease this defect

Local bowing increases with:

Flow
A

- process time

- self-bias (ions are partially responsible for its
formation)

- the mask side slope (straight and vertical mask side
slopes are preferred)

“«re ptime
1) )
(1): overpassivation regime

Bowing appearance can be controlled by adjusting (2): etching regime (standard mode)

the balance between ion flux and F/O relative
density ratio

Undercut = 0.46 pm
ER =4.7 ym.min

M. Boufnichel et al. 2002 J. Vac. Sci. Technol. B 20 1508
M. Boufnichel et al. 2003 J. Vac. Sci. Technol. B 21 267 M. Boufnichel et al. 2005 Microelectron. Eng. 77 327
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RF Antenna

Matching box
13.56 MHz ~{=
Generator

Confinement coil

Permanent magnets ——» = -
Diffusion chamber l Throttle

Silicon substrate

Substrate holder

13.56 MHz
Generator W\~
Matching box
He LN, N,
Chuck X
pumping }
©
Reactor pumping
13,56 MHz ICP source Substrate temperature : -130°C — 30°C
13,56 MHz RF substrate holder (synchronized) Cooling with liquid nitrogen
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Applications

Deep Etching is intensively in MEMS and
microlectronic industries

Key parameters for profiles are:

> Etch rate, throughput (units per hour)

> Sidewall roughness
> Reduction/Elimination of defects

> Reproducibility

3D capacitors

Width: 1 pm
Depth: 31 pm

ER :2.6 pm.min!

TSV for interconnects

200 pm

Yias :

Diam: 20 pm
Depth : 400 pm
ER:7 pm.min!

2o 0Py
ﬁ-‘ 444
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I l 2) Deep cryoetching of silicon

Passivation mechanism

- SF,/0, plasma interacting with a cooled silicon wafer
- The passivation layer is composed of silicon, oxygen and fluorine (~SiOF;, shown by XPS analyses)

= It is formed at the surface from SiF, and O species at the surface (not in gas phase)
= The passivation is more fluorinated as the temperature decreases

= The physisorbed layer desorbs at room temperature, which releases SiF, desorption mass spectrometry)

- The passivation layer is almost entirely removed when the subtrate is warmed back up to room temperature

L= SE1 ESIW:;OU KV WD- 3 r MAG= X 950.  PHOTO= 0
Ex-situ XPS
A
Etched part Lines Center [eV] Ratio ¢-0,01)

5 A B C
S < F/SiSi F 1s-688 0,02 0,02 0,01
ee? 3 O/ SiSi 0 15-533,5 013 015 014

C /SiSi C 1s-285,3 0,11 0,15 0,11

.++. Bulksi ; ; SiO / SiSi Si 2p-303,7 0,03 0,03 0,03

P c o
Teest R. Dussart et al J. Micromech. Microeng., 14, 190-196 (2004)
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““" 2) Deep cryoetching of silicon

Passivation mechanism

- A SiF,/0O, plasma can be used to grow a SiO,F, passivation layer on flat surfaces

= monitoring of growth by in-situ ellipsometry for different substrate temperatures

- Thicker layer by decreasing the temperature from 20 to -100°C

O, flow = SiF, flow = 50 sccm, P =1000 W, P,,,. = 0 W, Pressure = 3 Pa, process duration: 30 s

1SS N S S
50 ] I before venting L
45 ] V777 after venting i
40 L
35 B
30- i
25
20 -
15
— 00°C [ 10
--- s0°C | 5

- 25°C o

0 ! T T T LI | I | — T
0 20 40 60 80 100 -140 -120 -100 -80 -60 -40 -20 O

Time (s) T(°C)

source

60

Plasma
OFF

Plasma
ON

55 Plasma
OFF

(nm)

50

45 4
40 4

[
!
[
[
!
[
35 ;
30
25
20 1

15
10 A

Y

SiOxF thickness

SiO,F, thickness (nm)

- During venting/warming of the sample, a part of the layer desorbs.

- Below -100°C, the deposited layer thickness decreases G. Antoun et al. JJAP, 58, SEEB03 (2019)
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"""' 2) Deep cryoetching of silicon

Passivation mechanism

- Both SiF, species and O atoms are required to form the SiO,F, layer

- Decomposition of their role... R. Dussart et al., J. Phys. D: Appl. Phys. 47 123001 (2014)
- Alternation of O, plasma and SiF, plasma L —
_ ——-100°C
30s E n| —20C I
0, § 0, plasma
1000 W £
éj 30_. Spillzgsma _
()
E 20 \ L
10s T _
Ar purge UQ) 104 i
w/o plasma 1000 W
0 . . . . . . . , :
- Growth during the SiF, plasma ° 10 ZOOT. >0 0 >0
ime (s)

- Thicker SiO,F, layer at low temperature
= Physisorption and accumulation of SiF, at the surface favored at low temperature

= Higher surface residence time

= Oxidation of the SiF, during the oxygen plasma (not detected by ellipsometry)
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"""' 2) Deep cryoetching of silicon

Passivation mechanism

OPTIMIST Platform (IMN, Nantes) => Quasi in-situ XPS

Hemispherical
analyzer

4 gas feed — Electron multiplier
T controller source lenses
| e |
Load lock
A N N N N N N N NN NN AN o Y
Sample rod
-180°C < T < +1100°C
Differential Surface analysis
pumping
Ny [MN ) Réseau
w L IVII | o
. i UMYERSITE DE MAKTES
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"Il“l 2) Deep cryoetching of silicon

Passivation mechanism

- SiO,F, layer growth at 3 different temperatures : -40, -65 and -100°C

a-Sisample; 30s; SiF, /O, :25 % ; 3.0 Pa; 200 W ICP power ; no bias ]Si2p-N1S O 1s -F1S -C1S
100 - -5 b n
- At -40°C, 17.1% [F] ; 23.6% [O] '
=
=> After heating: no significant change e, sod 1280 i
C
RS,
- At -65°C, 20.0% [F] ; 22.8% [O] g 60 - _
=> After heating: a little decrease of [F] §
S 404 i
- At -100°C, 52.3% [F] ; 18.0% [0] ; 15% [N] & 66.5
(stoechiometry of ~SiOF,) =
o 20 1 W
After heating: a large part of F-based ZE
species has desorbed (~SiO,)
0
Optical index n of the order of 1.2 , which R'ef -46°c -46°c -65]°C -6€;°C -1ob°c-1ob°c
indicates that the remaining layer is quite - After - After - After
pOrous heating heating heating

G. Antoun et al 2022 ECS J. Solid State Sci. Technol. 11 013013
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""I" 2) Deep cryoetching of silicon

Passivation mechanism: summary

- Passivation at cryogenic temperature: higher surface residence time favoring reaction
between SiF, and O

- SiO,F, passivation layer obtained by SiF, / O, plasma

=> grows more efficiently at low temperature with an optimum at -100°C

=> partial desorption of the SiO,F, layer (physisorbed species) when the wafer is warmed back
toroom T

=> the remaining layer after venting is mainly composed of porous SiO, (chemisorbed species)

=> Fluorine content in the SiO,F, layer increases at low temperature

- SiF,/0, plasma can reinforce the passivation layer => Time-multiplexed cryoetching

- Enhanced physisorption at cryogenic temperature

=> Low-damage cryogenic etching of low-k materials

=> Cryogenic Atomic Layer Etching
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2) Deep cryoetching of silicon

STiGer process

EHT= 20.0 K¥ HD- 10 mm  MAG= X .00 K PHOTO- ()
10.0pm f———————4

Alternated cryogenic process

O SF, plasma step
@® SiF,/0, passivation step

A few seconds to a few 10s ps for
each step

< Anisotropic profiles _
Same experiment at Q°C

[SE1 EHT= 20.0 KV WD= 12 mm MAG= ¥ 2.00 K PHOTO= 0
20.0mpbr——m@8 M

Role of substrate temperature

2 4 alternances 1min SF; etching -
SiF,/0, deposition + a final 1 min etch

Anisotropic microstructures can be
eched provided the substrate is
cooled at cryogenic temperature

_ T. Tillocher et al., J. Electrochem. Soc., Vol. 155, 3, D187-D191 (2008)
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I l I 3) Cryogenic plasma processes

Cryoetching of low-k materials

T E L . umec ﬂAm LIQUIDE

CreaﬁueO?;m
- Porous Organosilicate glasses (OSG) are low-k materials used for advanced interconnects
- Miniaturization of integrated circuits = Increase of switching time (RC-like)
= Materials with lower and lower dielectric constant
A
- Introduction of porosity (p-SiOCH) ‘5\ Yo
@ fluorosii @) ‘0—/Si—0\ / 0
= plasma-sensitive materials ® copper - o FNd 9.
i CHs cHy W~ \O—Sli g
= very sensitive to radicals, ions and UV photons 6\3/0—3\0 on ot \/o nEl%l(-c)ts
i Nz L i/o wW-
= Depletion of methyl groups (increase ok both k-value + Pesio”| o s|i_o/s'\o_3i\° %
leakage current) ® cor N—o” o/ ; /O/CH
d S/ \ o—si
= “Plasma Induced Damage” ~~~..O_\Si_0/s'\0\ /o/s{/cmo o— kol
g ¥g o | o
Dol /0 s(O_SI
: . . Si H O-....
Reduction of PID by cryogenic etching A" 0
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"""' 3) Cryogenic plasma processes

Cryoetching of low-k materials

AIR LIQUIDE

Capillary condensation of a fluorocarbon gas (example of CéF§ below) TE L ‘mec 1

Creafive 0/7;::;4

-Goal : etching of a densified material to prevent radical diffusion

B A Monitoring of Rl with in-situ ellipsometry

1.38 4 | —a—adsorption s, ]
o L e
1 | —a—desorption | &—a., 4f‘/.>‘5.

1.36 . il '
] N .

1,34 - .
i L]

1.32 J i
1 L]

1,30 - . ; il

C4F8, Flux: 27scem
1,26 Chamber pressure: 1Pp

Refractive Index

\ 4
v

85 90 -95 -100 -105 -110 -115 -120 -125 -130 Condensation Desorption

Chuck temperature ("C)

- Hysteresis between adsorption/condensation and desorption
- Full condensation at -120°C for C,Fg
- Other chemicals with a Higher Boiling Point Organic (HBPO) can be used

=> Full condensation at -50°C
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[ \
lil=

Process based on capillary condensation step (case of HBPO here) ~ TEL "umec @™

"' 3) Cryogenic plasma processes

Cryoetching of low-k materials

r 100

] M Etch rate

° COOlIng at-50°C - - e | I Equivalent damaged layer g
/_\120— F80
@® Pore Condensation of HBPO (flow "o >
100 + -
of SF/HBPO, 3 Pa) = o0 B
£ 801 &
£
© SF, or SF,/HBPO plasma (500W, & oo Lo €
3 Pa, 1 min) E 40- %
- 20 >
® Heating/Unloading e 207 =
0+ 0
. ° . -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40
© Annealing at 400°C under N, (10 min) Temperature (°C)

- Low etch rate in the absence of ion bombardment => Anisotropic etching

- Strong reduction of the damage layer as a function of temperature, until it reaches almost 0 at -50°C

= Almost no PID at -50°C

(—7—}‘&%, / thomas.tillocher@univ-orleans.fr — Réseau Plasmas Froids, Bonascre, October 2022



, I" 3) Cryogenic plasma processes

Measurement of k-value (IMEC)

Cryoetching of low-k materials ]
& TEL umec ™ =2

- The k-value is very close to its initial value

Q

after etching at -50°C g 3
- Confirmation of the strong reduction of PID T2

1

. 0- .
Etching of patterned samples 20 35 50 Pristine
Substrate temperature (°C)

= Trenches of CD = 45 nm Top view

= Depth = 67 nm within 1 min 30
= 44,7 nm.min1

= Anisotropic profiles, no defects

= No distortion of the original pattern
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""I" 3) Cryogenic plasma processes

Cryogenic Atomic Layer Etching (CryoALE) of SiO, ——
Precursor
in plasma phase Ar plasma 9
. Se, ce e TEL
Substrate ,',;,'. . Adsorbed layer . . ® . . ‘. ¢
30000 — 0000 — 30805 — 30006 — by — anwe
Usually Room temperature Self-Limiting Self-Limiting Etching (SLE)
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: . : S -5
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D. Metzler et al., ). Vac. Sci. Technol. A 32 (2014) 020603
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“SiO.etching continues past the removal
of the CF film, which clearly indicates the
presence of a secondary supply of F from
the chamber walls”

Observation of a drift after few cycles
due to reactor wall contamination

R.J. Gasvoda et al, ACS Appl. Mater. Interfaces 9, 31067 (2017)
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""“' 3) Cryogenic plasma processes

Cryogenic Atomic Layer Etching (CryoALE) of SiO,

Adsorbed Ar plasma T E L |
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""I" 3) Cryogenic plasma processes

Cryogenic Atomic Layer Etching (CryoALE) of SiO, TEL

TOKYO ELECTRON

Adsorption -/ Purge Pumping

* C,F; gas flow e Ar gas flow e Ar plasma e w/o gas
*10s *30s *2 min e15s
e Source: 400 W
e Bias: -20V
%
1000 L 1 " 1 " 1 " 1 L 1 L 1 L 1 J \ J
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* No etching at -110 °C (and higher temperatures)

G.Antoun et al, Appl. Phys. Lett. 115, 153109 (2019)
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II" 3) Cryogenic plasma processes

Cryogenic Atomic Layer Etching (CryoALE) of SiO2 TEL

TOKYO ELECTRON

Pumping

Adsorption
—

* C,Fg gas flow * Ar gas flow * Ar plasma *w/o gas
¢10s *10s * 1 min ¢15s

e Source: 400 W

¢ Bias: -10 V

T SR S S . Regular Etching along cycles

100 + =-120°C [ e 27 nm etched in 70 cycles
E = 70 cycles |  EPC=0.4 nm/cycle
5 No drift, no wall contamination
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Time (s) G.Antoun et al, Appl. Phys. Lett. 115, 153109 (2019)
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"I To summarize...

Benefit of cryogenic cooling of substrates for plasma etching
= Increased surface residence time of species => passivation, capillary condensation, physisorption...
= Less plasma induced damage

= Less contamination of chamber walls (layers deposited only on cooled surfaces)

Renewed interest of cryogenic industries in the industry... but little communication
= Alternative designs of cooling technologies (without liquid Nitrogen)
= Main argument = less damaging (lower radical diffusion)

= example: Flash Memories (vias in 3D NAND)

Thank you !
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