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LTPSE: ROBUST SCIENCE, SOCIETAL BENEFIT

e Operating premise:

LTPSE has a history
and future of robust,
interdisciplinary
science challenges
whose resolution
provides immediate
and long term
societal benefit.
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Market for Plasma treatment &%

& Bio-medical

& Sterilization

& Textile

& Plastics

& Solar

& Glass

& Automotive, Aeronautical, ...

& Multiple 100Mi$ markets, several growing at
more than 20%/year.
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KAKO NAPRAVITI INTEGRISANO KOLO
MOORE OV ZAKON

Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia fa[“




SILICON
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Proizvodnja integrisanih kola

ILIGON

SYCLE 1S HEPEATED
¥ DOWN METAL LINKS
BETWEEN TRHANSISTORS

IOME SHOWER THE
ETGHED AREAS, DOPING THEM

/

FROJECTED

RETICLE
{OR MASK)

PATTERNS ARE PRO
REPEATEDLY ONTG

AREAS UNPROTECTED
BY PHOTORESIST ARE
ETCHED BY GASES

LIGHT

FHUOTUHESIS

IS REMOY

Naine'senjeRtankiilh
slojeva

ifilkeNzalnje
esebina
matenijalllas
implantacija

Ukilanjanje ete
HezStal

Blazina
nagrizamnje

Izverd svetlostd



REMOVABLE STORAGE

2013

IBM 350 for IIII[ 3 Illilﬂl: SanDisk Ultra microSDXC
5 Megahytes...$120000 65,536 Megahytes...$60
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KAKO PROIZVESTI NERAVNOTEZNU
PLAZMU

IZVORI PLAZME

Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia




Unique properties of LTP &

&

& & & &
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I$ Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia fﬂ

lon and fast neutral Impact at Surface

* lon current density ~ 10 mA cm2 (1077 ions cm2 s1);

time between impacts on area of ~ 1 nm2 is about 10-3 s.

 Energy of single impact dissipates to background heat in ~ 10-12 s

» Conclusion: ion impacts dissipate energy long before another ion hits
nearby: impacts are isolated

Single lon/Fast Neutral Impact at Surface: Peak and Mean Power
Deposited

* lon energy ~ 100 eV, deposited in 1 nm2 and dissipating in ~ 10-12 s

» Peak power density dissipated by single ion impact: ~ 10°W cm-

 But for 1077 ions cm2 s-' @ 100 eV: average power density ~ 1 W/cm?
Peak power is large: chemical bonds broken easily at surfaces
Average power is modest: easily removed, e.g., from wafer backside
Strong Gradients in time and space near surface

Dramatic surface chemistry at low temperature: First key to LTP
uniqueness

e N




Unique properties of LTP2 &

& Sheaths form near surface naturally due to mass differences between
electrons and ions

& e« These high field regions conveniently accelerateions, often with no
collisions, to allow (nearly) normal incidence impacts at surfaces,
converting thepotential energy in sheath into kinetic energy at the surface

* Collisionless at fairly high pressure if sheath thickness < A,

Energetic ion impact at normal incidence: Second key to LTP
uniqueness

& e« Neutral, chemically active radicals are of coursecreated in large numbers
by electron-impact dissociation in molecular gas plasma

& e« Surface flux scales with pressure (density) — higher neutral gas pressure
allows greater fluxes of radicals, increasing processing rates

& + Well known that individual effects of ions and neutrals can be dramatically
altered when both impact surfaces:

& SYNERGY - third and perhaps most important key to LTP uniqueness
& Strong fields at the surface, liquid, organic materials, charging of the

& &

organelles ., ... I
Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia fﬁ“
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KAKO NAPRAVITI INTEGRISANO KOLO

PLASMA ETCHING (PLAZMA
NAGRIZANJE)

Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia @a‘:;{-;
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Semiconductor Mfg Market

Plasma Etch: 3-5 Bi$ / year
Oxide -- Growing with metal layers
Silicon -- Const, but increasing value
Plasma CVD: 5-10 Bi$ / year
Low-K ILD -- Growing with metal layers

So, how do we get our cut?
1% is 80 Mi$ / year
Wealth-Generation-Company




SOA: 2006

<

& Largely, existing products based on 15—
year—old technology

% ...




B
Minimum Entry Requirements<%

& Chamber matching
& Process repeatability

Metal 6 Via
Some 240 A\ Another 100
- Process steps V7 N Process step
4
W Dice, test,
and identify

4 chambers chamber faults
in parallel

8000
Wafer-sta
Per week



Presenter
Presentation Notes
Old technology:  some 10 steps after our etch, ER tests performed, allow local control loop to ‘tweak’ the chamber to account for drifts.

Short-loop wafers remove production time, remove profit, may require more tools in parallel, all hurting the economics of the fab!

Failures detected at yield-testing are massive 


KAKO OBEZBEDITI KONTROLU UZ
MODELOVANJE, KAKO KONRTROLISATI
PLAZMU

KAKO SMANJITI BROJ GRESAKA

ZAHTEVI PRED PLAZMA FIZIKOM

ISTRAZIVANJE
PROIZVODNJA

o o
Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia fﬂ




CCP-experiment for 2D-t OES CT
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N.Shimura, Z.Lj.Petrovié¢ and T.MakabePhys. Rev. E. 49 (1994) 4455
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CCP: models and experiments

Atom/Molecule
Jundamental process

Reaction rates o Impedance
for A/B, A*/B, & /B, A Je Q-section, lifetime : Oscillator OWES Marl)ghlng
Transport parameter : Amplifier Network

Bol £ V-Probe
Boltzmann Eq. Gas out

DC-electron swarm parameter i {

Numerical analysis in a DC field

Relaxation Continuum Model I-Probe

spatiotemporal RF plasma structure
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$p atiot empora | etch pr Oﬁl o | FIG. 1. Schematic diagram of experimental apparatus and systems.




Gas Phase Plasma

Plasma Hydrodynamics

Poisson’s Equation

Liquid Phase Plasma

MODEL.:
nonPDPSIM

e 2-unstructured
mesh with
spatial dynamic
range of 104.

e Fully implicit
plasma
transport.

e Time slicing
algorithms
between plasma
and fluid
timescales.

Bulk Electron Energy Kinetic “Beam”
Transport Electron Transport
Neutral Transport Neutral and Plasma
Navier-Stokes Chemistry
I
Radiation Transport
Surface Chemistry lon Monte Carlo
and Charging Simulation
Circuit Model

University of Michigan

SPIG2012 Institute for Plasma Science & Engr.



CCP: models and experiments
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100 MHz
V(1) =100sin @t=35[V]

Ay [10%em™ s

( Voltage waveform | 100 MHz

ON OFF
10us 10ps

Pylye
orve - M D

Bias Cw

Schematic diagram of the pulsed two-
frequency capacitively coupled plasma
source developed to reduce charging
defects

V(t) = 300sin =263 V]
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a Plasma related problems: CHARGING AN%

CIRCUITS
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Naelektrisavanje dielektrika kao uzrok g
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Potential on Electric field on
AR =4 5 profile profile
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@b CHARGING OF HIGH ASPECT RATIO
NANO-TRENCHIS

BELGRALE
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Naelektrisavanje dielektrika kao uzrok gt
Proradun polia u toku proizvodnie
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Osteéenja tokom proizvodnje

Breakdown condition:
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HIGH ASPECT RATIO CONTACT (HARC) ETCHING

e Processes for HARC etching with aspect ratios > 50-100 are being
developed for capacitors and through wafer vias.

e Twisting, bowing and curvature of
features is randomly observed.

e NOTHING changes in the plasma
over the scale of a few microns.
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e What is the source of twisting and
how do you fix it?

University of Michigan
SPIG2012 Institute for Plasma Science & Engr.
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HEE EFFECTS on TWISTING:

e E-beam current neutralizes sufficient
charge to prevent major twisting.

e Difference in etch depth results from
randomness of fluxes.

e 40 mTorr, Ar/C,F;/O, = 80/15/5, 300 sccm,
RF 5 kW at 10 MHz, DC 200 W.
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University of Michigan
Institute for Plasma Science & Engr.



N radicals do not etch
(C-N passivation layer)

- H Isotropic etching

J. Appl. Phys., Vol. 91, No. 5, 1 March 20
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() BL/H; = 1000 scom

ST
(] Hy¥y = 25715 scecm



Intensity [arb.]

Ar/CF4etching of 5102 Kol
versus H2/N2 etching of Silk WS
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. \nduklwno spregnule p\azmeduagnoshka (OnSHIURC]a

Konstrukcija

Kompjuterska tomografija:
Optiéka emisiona
Laserska apsorpciona
Uloga metastabila (E-H)

Pobudenih stanja

Impulsni rad

Dvofrekventni rad

 pressures 20-500 mTorr  griaxma Siscenje
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Direktno povezane plazma tehnologije

IMPLANTACIJA

PLAZMA CISCENJE

PLAZMA ASHING (SPALJIVANJE)
NANOSENJE TANKIH SLOJEVA
IZVORI SVETLOSTI

Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia @




DA LI SU NASI (PLAZMA FIZICARI)
STRUCNJACI POTREBNI, GDE | KAKO

LOKALNA RADNA SNAGA PROFIL |

ZAHTEVI:
JEFTINI-PRODUKTIVNI-OBRAZOVANI-NEZAHTEVNI

. EAN
Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia @::;gi




DA LI Ml IMAMO PERSPEKTIVE
PERSPEKTIVE

Im Laboratory for gaseous electronics, Institute of Physics Belgrade, Serbia @:;-g-;
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- possibly a missing link for merged technologies
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EXCITATION COEFFICIENT [

a) E/N (CG) = 0 kTd; E/N (GA) =15 kTd

329 J. Vac. Sci. Technol. A 16(1), Jan/Feb 1998

Fast neutrals may also contribute to secondary electron
.25 - 24 T -
production,”™ sputtering,” and etching.”™ Bemg more eth-
clent in producing excitation, fast neutrals may be more cas-
ly diagnosed than 1ons, meluding their velocity distribution
function.” In addition etching by fast neutrals may not sufter
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Neutral beam source &
6.56E+08 fs

Neutral flux

Neutral beam source |\

1.37E+04
b S 2.985

Neutral energy
Density of the particles

in the plasma

Neutral angle

Source Neutrals

! m\ilovié-Radjenovié , Z. Lj. PetrovicC et al., Particle-in-cell Modeling of a Neutral Beam Source for Material Procesy
le Structures Fabrication, Material Science Forum 555 (2007) 47-52.




‘ Nanocolumn and Nanodisk using BIO-NANO PROCESS
- Process Flow M Hy

1. Pre-treatment @ 2. Ferritin coating = 3. Remove protein 4. Etching 5. Remove iron

Si substrate I

Possible Applications

".\ -

Neutral beam

ferritin iron core: 7nm

High Aspect Nanocolumns:
Vertical Surrounding Gate MOSFET,...

Floating gate memory, Single electron transistor,...

—

Purpose: fabricating uniform and defect-free nanostructure.




High Aspect Nanocolumns

High aspect nanocolumn can be
fabricated by simple one-step etching.
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Mireaturization
Higher Parformance
Lower Power Consumption

Device Size

Toward Era of Ultimate Si Technology

— Realizing Dream World with Integrated Devices Breaking 1-nm Barrier —

Toward Convenient and Toward Era of Friendlier
Toward Safe, Secure and Frultful Social System | and More Natural Interface
Efficient Social System s
Soif-Help Robot: i
Work Assistance Robot: -'rmipn place of human being M ;Mmj;ra Erunhm"r (
Conversational ability kel fob imjona; olecular Technology
'Er':;;l?"“]“"' of objecd emerging over -Accessble easly and beely
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135“ - Interface with Moleculsr Device
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Chip

Introduction of naw

«Aulomated medical treatment] robot raveling
through bood vesard

Mind-Fesding Ubiguity:
- Allowing felecommunication juslt by imadening

HNanocapsulo
MEhamahinng
1.Dimansioanal Trasistos

imatenalslsiruciures

Razocnant Tunnaling Devico

Singie Electron Device Every Space Beng Infammation Sendisg Sounce:
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“iWfirtisal experence
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Plasma - Process Technology

Output

Products, Application
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