CHEMICALS FOR VAPOR AND
ATOMIC LAYER DEPOSITION

NNCI ALD/MOCVD Symposium
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COMPANY HISTORY & BACKGROUND

>

HQ in Strasbourg, France

2014 Strem celebrated its
50th year anniversary

Global network of distributors
Europe, Asia, Middle East

Company Sirategy: Provide specialty chemicals of high quality, in a timely fashion

EStrem Chemicals



HUMAN RESOURCES

Approximately 1/4 each in manufacturing, customer
service, warehouse, administrative/facility

In 2006 Strem implemented an ESOP (Employee
Stock Ownership Program), making all employees
partial owners of Strem
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ENVIRONMENTAL, HEALTH, SAFETY + SECURITY (EHS+S)

>

Strem subscribes to SOCMA's EHS+S program
Regular fraining of staff, internal and external audits
First Responders trained from lab and warehouse

2012-2019 Gold, Silver and Bronze Performance
Improvement Awards from SOCMA for ouistanding
commitment to continuous improvement in EHS&S

practices.
ISO 9001:2015 certified (canristes 4
‘-
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PRODUCT & MARKETS SERVED

Key Product Lines
(product booklets available)
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Ol !"'. tREsIS and Compounds Pl"eCUI'SOI‘S
IESANTCIOVITUTESIS + o

.~ New
- Products!

15

F 25 twmewivrs woparrwteeton Wireeiobet itses i 78, \!
CoE HONVISTY YOS STVIIWIHD j)';

&
. -

'\.
.t'\
\

Y
'
Blocks

Y
.
\
R

Pharmaceutical Micro \arious

Markets Chemical/Petrochemical Electronics markets
Served

Academic / Government Research Centers

E£21Strem Chemicals Customer base is global



Catalog 25/StremCatalog 25_US_Version.pdf
Booklets/2015 08 mcos_orgcat.pdf
Booklets/2015 08 phosphorusligands.pdf
Booklets/2015 08 mocvd.pdf
Booklets/2015 08 nanomaterialsbook.pdf

HOW STREM BUILDS IN HIGH QUALITY:
High Quality is built into the product at each step

Reaction
Vessel

material of composition,
cleaning, dedicated equipment

EStrem Chemicals

Raw Materials

Distillation, sublimation,
recrystallization

Environment

external- clean room
internal- dry, filtered gas

Packaging
Handling
QC
Analytical
Picking
Shipping



MORE THAN 450 METAL PRECURSORS FOR CVD, ALD

Strem has a broad range of CVD/ALD precursors

MOCVD, CVD & ALD PUR ATRE M '
Precursors > Metal alkyls eI oA,

> Metal alkylamides and alkylimides
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VOLATILE PRECURSORS FOR CVD, ALD ON STREM WEBSITE

Log In | Register

quick order form your favorites

m— Your cart is empty.
=1lREM

CHEMICALS, INC.

"o G | NEWPRODUCTS | CUSTOM SYNTHESIS &

We manufacture high purity chemicals

and deliver them globally. Metal Carbonyls

Catahlyzt=z and Chiral Catahyztz

Nanomaterialz

REQUEST THE .
CATALOG! letal =

lonic Liquids
PURATREM

Bubblers and Other Equipment

®_ Bulk Quote Reque:
D - 2 on our B

REQUEST THE
CATALOG!
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New products for ALD/CVD (2018-2019)

79-1700 DIPAS, 14-1560
03-8000

40-1028

64-6000 78-1375

12-0865 57-1500
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Gold ALD/CVD Precursor

Me,Au(S,CNEt,) -~ N\

0 Chem. Mater., 2017, 29 (14), 6130-6136

Thermal Atomic Layer Deposition of Continuous and
Highly Conducting Gold Thin Films

University of Helsinki

o 1.Chem. Mater., 2017, 29 (14), 6130-6136
o 2.Journal of Crystal Growth 2015, 414, 143-150
o 3. Physics Procedia 2013, 46, 167-173 ] O

o 4. Gold Bulletin (Berlin, Germany) 2011, 44(3), 177-184 E Strem Chemicals
[ ]



NEW PRODUCTS IN DEVELOPMENT;
STREM # 44-5150 AND 78-0550.

44-5150

Lisa McElwee-White, University of Florida
Volatile material, sublimes at room temperature at 100 mTorr.

Cis-Dichlorodicarbonylplatinum(li).

Used for focused eleciron beam induced deposition of Pt




HIGH PRESSURE CAPABILITIES AT STREM
CHEMICALS - METAL CARBONYLS

27-0400, Cobalt carbonyl (Dicobalt octacarbonyl)

E Strem Chemicals



CCTBA IS USED FOR COBALT DEPOSITION
COBALT CARBONYL IS THE PRECURSOR
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http://semimd.com/chipworks/2017/12/18/
iedm-2017-intels-10nm-platform-process/
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Metal Alkyls crcre” oo

CH2CH3
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Metal Alkoxides =&
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Metal Halides

ElStrem Chemicals 17



Volatile Metal
Carbonyls

Be
Mg
Ca
Sr
Ba

ElStrem Chemicals 18



Metal Beta-Diketonates
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Volatile Organometallics
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Metal Amidinates

H CH3 | CHa
-Pr )\ i-Pr  i-Pr )\ i-Pr  t-Bu )\ t-Bu  Et
\N R N/ \\N N’/ o Mo N/' \N

Yb 70-1000

La 57-1200 Lu 71-1050 Fe 26-0145 Lu 71-1020

Y 391550 Co 27-0485 Ni 28-0045
Sc 21-1060 Ru 44-7915
Sn 50-1170

Cu 2Zn
Ag e
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PATENTED METAL AMIDINATES

s-Bu s-Bu

N—Cu—N

e

N— —N
G | 297100

s-Bu s-Bu

Pr
71-1050




STREM # 03-8000

(N,N-Di-i-propylacetamidinato)lithium, min. 97% (99.99+%-Li) PURATREM

| Onset 268C
\\ Ends 305C

2.47% residue




STREM# 27-0485

Bis(N,N'-di-i-propylacetamidinato)cobalt(ll), min. 98% Co(iPr-MeAMD)2

STREM# 27-0486

temperature (350°C) co

Low TGA residual mass: 9% 50 100 180 200 250 300 350

Temperature[°C]

Highly air and moisture sensitive
Inorg. Chem., 2003, 24, 7951-7958.
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STREM# 27-0485

RECRYSTALIZATION

Product Detail

CAS Number: 635680-58-9

MDL Number MFCD08458350

Molecular Formula C15H34CoNy

Formula Weight 341.40

Chemical Formula (CgH47N3)2Co

Color and Form green xtl.

Product sold under, use subject to, terms BAD UN’T
and conditions of label license at

www strem_com/harvard2

Stability: air sensitive, moisture sensitive

Physical Characteristics: melting point 84°C, boiling point sublimes 50°C
(50 mTorr)

E Strem Chemicals




25-0230

Bis(N,N’-diisopropylpentylamidinato)manganese(ll)

~——_  Vapor pressure
50 mTorr/90 °C

60 \\

1 Melting point | Thermally
40+ 60-70 °C | stable
‘ |\ >200°C

1
|

|||||||

Temperature (°C)

Roy Gordon‘s Powerpoint

Superior step coverage of films

in holes with aspect ratios 52:1.
J. Electrochem. Soc., 2011, 158, D248-D253.
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STREM# 29-7100

Bis(N,N'-di-sec-butylacetamidinato)dicopper(l), 99%

TG (%) DSC (uv/mg)
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150 200
Temperature (°C) 5 10 15 20 25

Time for Precursors at 190°C (x10°sec)

& Strem Chemicals Inorg. Chem., 2005, 44, 1728-1735.



STREM# 57-1200
TRIS(N,N'-DI-I-PROPYLFORMAMIDINATO)LANTHANUM(III), (99.999+%-LA) PURATREM LA-FMD

Roy Gordon ‘s Group
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-0.12272 0.15751
0.15979 0.00274
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STREM# 57-1200

Product Catalog

57-1200 Lanthanum> Tris di-i ormamidins thanum(lIl)

CAS Numbe

MDL h

Note:

Stability: 2

Safety:

E Strem Chemicals



Bubblers for
MOCVD, CVD

CVD Bubblers (150 - 1000+ml)

E Strem Chemicals

ALD Cylinders

5TREM Cylinders & Adapters

26-1070 Swagelok® Cylinder Assembly, 50mi with %4” VCR Male | 96-1071 Swagelok® Cyhinder Assembly, S50ml with 4" VCR Male Beliow-
Ball Valve and Female Nut Sealed Valve (High Temp) and Female Nut

95-1077  Swagelok® Cylinder Assembly, 50mi with % VCR Male
DP Valve (Ultra High Purity) and Female Nut
electropolished

Components shown separately

- b

Standara Ball Vaive High Temp Belowz-Sesiec Female Nut Silverpistec Cyfinger body
vane Gesket Azsembiy

96-1077 Swagelok® Cylinder Assembly, Soml with %" VCR Male DP valve (Ultra High Purity) and Female Nut, electropolished components

€7 Maie OP high pressure EP Female Nut EP Unplatec EP Cyfincer body
Diaphragm vaive Gasket Azzembly

ALD CYLINDERS (50ML)

30
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CVD BUBBLERS

Stainless Steel Bubblers: Vertical Electropolished
(DOT 4B, UN stamped)

" FEMALE BLIND NUT
WITH GASKET, 55-4-VCR-1-BL

1/4” MALE NUT
55-4-VCR-4

_—1/4" GLAND ORBITAL BUTT
WELD S55-4-VCR-3

S SWAGELOK VALVE: SS-DSTW4
DIAPHRAGM VALVE OR 55-4H-TW HIGH
TEMPERATURE BELLOWS VALVE

T——1/2" CAP S5-8-VCR-CP

“—1/2" MALE VCR S5-8-VCR-4

T~——TESTED, CERTIFIED AND
ELECTROPOLISHED 316L-S5, .065" WALL

H"“—DIF'TLIBE 316L-5S 114" OD STANDARD OR 216L-
S5 WITH END ADAPTER NECKING TO 1/8°0D

-_

[0[89 |13 | snders
o2 [ [ |5 [sens |
Go [ (& |5 (swds |
[0 40 [ |5 | Stonders | repacenie seotvaives win romes raries
105 [ [ |5 [Sorders [wohcommesrongie |



https://www.strem.com/uploads/resources/documents/electropolished_stainless_steel_bubblers_.pdf
https://www.strem.com/uploads/resources/documents/electropolished_stainless_steel_bubblers_.pdf

ALD CYLINDERS

We offer a variety of precursors prepackaged in 50mL
Swagelok® Cylinders.

E STANDARD

HIGH-TEMP

E Strem Chemicals



SERVICES OFFERED

33
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97-7000

OUR SMALL BUBBLER WILL MAXIMIZE GAS CONTACT TIME, REDUCE THE AMOUNT OF - ,'
MATERIAL NEEDED TO RUN TRIALS WHILE PROVIDING THE SAME FUNCTIONS OF A
REGULAR BUBBLER.

34
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HOW TO LOOK FOR CVD/ALD PRECURSORS &
BUBBLERS/CYLINDERS ON THE STREM WEBSITE

Water Prepackaged in Cylinder
for ALD

Catalog # S

Iridium Catalyst

Catalog # 77-1845

Metal Carbonyls » MOCVD Bubblers » PURATREM (99.99%) »
Catalysts and Chiral Catalys's » ALD Cylinders » Acronyms »

Ligands and Chiral Ligands » Nanomaterials » Kits »

Precursors for MOCVD/ALD » Biocatalysts » Product Families »

View Complete Product List

E Strem Chemicals



ALD APPLICATION ISSUES: 28-1301

Bis(cyclopentadienyl)nickel, 99% (Nickelocene)

Solids at VCR connection between

cylinder and valve Outlet valve blockage

E Strem Chemicals




ALD APPLICATION ISSUES

Closer inspection shows decomposition evident

Solids at top of cylinder near valve Decomposed (brown) material
assembly (viewed via sliced end of cylinder). coating fill port of cylinder.

E Strem Chemicals




NiCp, is prone to decomposition when subjected to
higher temperatures over long timeframes.

Over a short timeframe this decomposition is not detected

»
73
o
»
73
©
=
S

400 600 800 1000 1200 1400
Time / minute

TG curve in isothermal mode for [Ni(cp):| at 77°C and [Ru(cp):]| at
95°C.

Over time (15 hrs at 77 C), the mass loss becomes constant
leaving 18% residual mass from decomposition.

E Strem Chemicals Experimental investigations of thermodynamic properties of organometallic compounds.
Thesis; R.A. Siddiqui, section 4.1.3. University of Duisburg-Essen, 2009




Conclusion and Recommendations

When using Nickelocene, if practical run at lower temperatures (ie. <70 C) to
avoid oo much decomposition.

Similarly, during “non-run time” periods consider decreasing the heat applied

Where possible consider using an alternative material
such as Strem 28-0045.

e cONSUTER ET
oe. Goy CHEMICALS, INC.

‘AS 940896-79

4
Store ina ’
Pose o comemslc""’

PURATREM
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THANK YOU !

5 ﬂt

é&

-Lab scale to 22 L/ 50L glass reactors
-ancillary equipment (rotovap, filtration)

1L, 2L & 5, 25
For larger scale Strem works with partners gallon autoclaves

E=lStrem Chemicals
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