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Picesun  Picosun i- the company overview

Background

Picosun Oy (Ltd) established in 2004.
Pioneering ALD experience since early seventies.

A

A

A Core business: Developing and manufacturing high quality R&D and
production ALD tools for the world wide markets.

A

A

Profitable for 5 consecutive years, fast-growing: 100% growth in FY 2010
(5/ 201014/ 2011) .

Salesest. 10+Mdi n FY 2011 (5/201117v4/2012) .
Mission

A To develop and manufacture top quality ALD equipment and processes
for todayods and futurebds glBechuseof pr o dw

our uniquely scalable and versatile design, the same ALD s AL T

equipment can be smoothly upgraded from R&D to industrial scale
manufacturing.

Team v

A Coreteam:12PhDé6s & experts in ALD (Board

A Altogether 35+ people and 40+ subcontracting companies take part in the
operation.
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Picesun  Picosun I- the company overview

Uniqueness in the field

A Picosunds hi st origverdiantoétheAbd c k t o t
technology itself. Picosun Board Member Dr.(tech.) Tuomo Suntola
invented the method in 1974 and another Board Member, Mr. Sven
Lindfors has designed and developed top quality ALD process tools
since 1975 A almost four decades of pioneering experience and
know-how on ALD.

\ \\\\\\\\\\\\\\\\\\\\\\\\

Sole concentration on ALD since the beginning

A Since the beginning, ALD has been
exclusive business area.

A Reactor design honed to perfection through over 15 tool generations
and constant two-way feedback with customers

A Picosun tools in daily use in high profile industries and top research
organizations on four continents

A Global sales and support organization, redistributors in ca. 30
countries.
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Picesun Picosun worldwide

HQ in Espoo, Finland

Factory in Masala, Finland

-~
o Picosun Asia,

> Singapore
N

Picosun USA,
Detroit, Michigan

vl
Global Distribution Partner Network

Worldwide Sales and Support
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(Al,O, film growth as an example)

TMA Pulse N, Purge
Surplus 3 g v i

:" & ‘/ trimethyl aluminum (TMA) b &
8 L molecule

Chemisorption\ k q \ /
Surplus TMA molecules and methane CH, molecules

Trimethyl aluminum (CHs),Al molecules react with the released from surface reactions leave the reaction space.
—OH groups on the substrate surface.
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Surplus H,O molecules and methane CH, molecules released H,O molecules react with the TMA molecule fragments
from the surface reactions leave the reaction space. attached to the substrate surface.

Picosun Ov Proprietar



Picesun Advantages of ALD

Heat treatment
/@ Final crystallization \ l / \ | /
® ®

Source control Surface control
= ALD = surface controlled
LTl
Vacuum evaporation Sputtering CvD m eth Od
A ~100% conformal
Conventional CVD methods = A Precise thickness control
source controlled deposition A Excellent uniformity

A Pinhole- and defect-free films
A Repeatable process
A Low process temperatures
A Graded or mixed
Pictures credit T. Suntola layers/nanolaminates
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Picesun ALD precursors

Inorganic Metalorganic Organometallic

cl

CHs C(CHs)s ?Hﬁ

cl—zr-cl - 0+0H3 10 Al

& CHs "o cHy  CHs H3C—2Zr-CHs

4 C(CH3)3

Metal Halides: Metal alkoxides 4
M-F, M-CI, M—Br, M-I Metal B-diketonates Metal alkyls

Advantages:
Thermal stability
Reactivity
Molecule size

Disadvantages:
By-products
Vapor pressure

Metal dialkylamidos Metal cyclopentadienyls
Metal amidinates

Advantages:

Reactivity

Thermal stability
By-products

Vapor pressure

Advantages:
Vapor pressure

Disadvantages:
Thermal stability
Reactivity

Molecule size Disadvantages:

Availability

A Typical deposition pressure 1i 10 hPa (mbar)

A Typical deposition temperature (100) 200 i 400
(500) °C (even < 100°C temperatures with plasma-

enhanced ALD)

Properties of an
optimal precursor

A Highly reactive to
complementary precursor

A Sufficiently volatile,
reproducible vaporization
rate

A Stable, no self-reaction,
decomposition

A Optimal ligand size

A No etching of the
film/substrate

A Easy synthesis and
handling

A Non-toxic, environmentally
friendly

A Sufficient purity
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Picesun ALD processes
Oxides Dielectrics AlLOg, TiO,, ZrO,, HfO,, Ta,05, Nb,Os, SGO;, Y,0; MgO, B,0O;, SiO,
GeO,, La,0;, CeQ, PrQ, Nd,0;, Sm0O;, EuQ, Gd,0;, Dy,0;, Ho,0,,
Er,0; TM,0;, Yb,O,, Lu,05, SITIO;, BaTiO,, PbTIO,, PbZrQ,
Bi, Ti,O, Bi,Si,0, SrTg0g, SrBLTa,0,, YScO;, LaAlO;, NdAIO;,
GdScQ, LaScQ, LalLuQ;, Er,Ga0,,
Conductors/ In,O5, IN,05:Sn, INO4:F, IN,O5:Zr, SNQ, SnO;:Sb,Zn0O, ZnO:Al,
Semiconductors Zn0O:B, Zn0O:Ga RuG,, RhO, Ir0,, Ga0;, V,05, WO,;, W,0;, NiO,
FeQ, CrQ,, CoQ, MnQO,
Other ternaries LaCoO,, LaNiO;, LaMnG;, La, ,CaMnO,
Nitrides Semiconductors/ BN, AIN, GaN, InN, SiN, TaNs, CuN, Zr;N,, Hf;N,
Dielectrics
Metallics TiN, TiSIiN, TiAIN, TIAICN, TaN, NbN, MoN, WG, WN,,
Ternaries WN,C,, TaGN,
Il -Vl compounds Binaries ZnS ZnSe ZnTeg,
CaS SrS BaS

CdS CdTe MnTe, HgTe

Doped compounds

ZnS:M (M = Mn, Th, Tm),
CaS:M(M = Eu, Ce, Th, Pb),
SrS:M(M = Ce, Th, Pb)

[l -V compounds Binaries GaAs, AlAs, AIP, InP, GaP, InAs

Fluorides Binaries CaF, Srk, MgF,, LaF;, YF;, ZnF,

Elements Metals Ru, Pt, Ir, Pd, Rh, Ag, Au, W, Cu, Co, Fe, Ni, Mo, Ta, Ti, Al, Si, Ge
Others La,S;, PbS In,S;, Cu S, CuGas, Y,0,S, WS, TiS,, SiC, TiC,, TaC,

WC,,
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Picesun ALD application areas

Semiconductors Nanostructures
Micro/nanoelectronics Optics A Inside pores
A Gate dielectrics A OLED layers A AFM tips
A DRAM A Optical filters A Around particles
A Gate electrodes A Transparent conductors A Nanotubes/wires
A Metal interconnects A Solar cells |
A Read heads A Antireflection Chemical
A Diffusion barriers A Photonic crystals A Catalysis
A Multilayer capacitors A Integrated optics 2 Fuel C.e Is
A MEMS/NEMS A UV blocking Batteries
A Electroluminescense
Wear resistant A Colored coatings Other
A Solid lubricants A Microchannel plates A Nano-glue
A Anti-corrosion A Fresnel-zone plates A Internal tube liners
A Mold and dies A Roll to roll
A Blade edges A Biocompatible
A Magnetic
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Picesun PipcguonS pantaisatipnarn HU ipiojieqesa t

A FP7: Corrosion protection with perfect
atomic layers (CORRAL); ended in 2011

A FP7: All-inorganic nano-rod based thin-film
solarcells (ROD-SOL); ended in 2011

A FP7: Modern polymer-based catalysts and
microflow conditions as key elements of
iInnovations in fine chemical synthesis
(POLYCAT); 2010-2014

A ENIAC: Efficient silicon multi-chip system-in- Q@)nlac
package integration T Reliability, failure
analysis and test (ESIP); 2010-2013

A ENIAC: Energy-efficient piezo-MEMS
tunable RF front end antenna systems for
mobile systems (EPAMO): 2011-2014 — EPAMO
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PIL CGOSUNE A4FD syst.ems

R-Series

A Manual or semi-automatic for research and
development

A Highly versatile and customizable for single/batch
wafer, 3D, through-porous, particle samples

P-Series

A Fully automatic single and batch wafer processes
for High-Volume-Manufacturing

A Wafers up to 300 mm diameter and large 3D
objects

A Throughput can be upscaled to even thousands of
wafers per hour with several P-series reactors
clustered together and operated with an industrial
robot
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