. Thin Film Deposition
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. What'’s in a Vacuum?

Composition of gas in vacuum chamber is very different from atmosphere

pumps remaove certain gasses preferentially (depends on pump type: e.g. Turbomolecular)

Comy olume % in dry air|Volume % in ion pumped chamber at 2x10°? torr|
N, 78 % trace
Q, 21% tfrace
Ar 0.83 % trace
co, 0.03 % 3%
CH, trace 3%
H,0 trace 5 %
co trace 6%
H, trace 78 %

Evaporation

+ Evaporation - -~
— Mostly for metals
— High vacuum -
~ Poor step coverage +
* heating rottion

— Crucible heating
* Resistive
= Inductive
* Electron-beam

Gas Transport

Gas Transport

+ Viscous flow
« Diflusion

+ Convection
+ Thermal conductivity anergy ransfen

{moment tranafir)

(particle transher)

lasues:

« film thickness unifarmity

* growth rales

+ efficnt ulifization of process gases
» compuler modaling of CVD reactor

Gas Phase Mass Transport

s iranspon depends on
Mass transpert in gas

goais [reactant concenration

« deliver gas uniformly fo substrate (uniform fims) gttty )
= optimize fiaw for maximum deposstion rate jboundary layer thicknass

Two flow regimes

= Mclocular fiow
> dffission i gas
a 0=~ T P from Knetc Theory of Gasses
« maduze Pressure for higher [ and higher depossion rate
- Viseous fiow
= low Sow rates produces laminar flow (desred)
high fiow rates produces hurbulent flow (avoid)

Laeminar flow: simple cane! flow past a plate

- [
" E = .
v = ol ) ICBST: _-gas viscosity
7 T e TR dimanson
&= = =y =
. Yo R = o
o plate veiocity = 0 =a> stagnant layer Ra— A gas veloaty . Payroics humbar
= difusa gas thiough stagnant layer i surince.

[pas propertes (viscosity .|




ﬂ Reynolds Number

Reynolds number: Re = ratio of inertia to viscosity forces

(density)*(velocity)*(distance)/viscocity

Re < ~2000 for laminar flow
Re > ~3000 for turbulent flow

Typical values of Reynolds number
Spermatozoa ~ 1x10-2

Blood flow in brain ~ 1x102

Blood flow in aorta ~ 1x103

Onset of turbulent flow ~ 2.3x103

Person swimming ~ 4x108

Aircraft ~ 1x107

Blue Whale ~ 3x108

A large ship (RMS Queen Elizabeth 2) ~ 5x10°

ﬂ Physical methods to produce thin layers

Sputtering: originally a method to clean surfaces, Ar*-ions are accelerated in
an electrical field and hit the target that has to be cleaned; as a consequence
surface atoms or molecules are removed from the surface

Epitaxy: Thin oriented layers (thickness of some um) are deposited on a
substrate with similar crystal structure (e.g. InAs: a=603.6 pm on GaAs:
a=565.4 pm, both sphalerite structure).

Molecular Beam Epitaxy (MBE): Evaporation at very low deposition rates
under ultrahigh vacuum but at relatively low substrate temperatures

Gas phase epitaxy (CVD = Chemical Vapour Deposition): Decomposition of
molecules in the gas phase (e.g. by radiation or electron beam/Laser) and
deposition on a suitable substrate;

(e.g. fabrication of LEDs with GaP und GaAs,_,P,, epitaxial layers are produced by
thermal decomposition of compounds like AsH;, AsCl,, PH3, PCI5, ...)

Sputtering

+ Physical process
— Chemically inert atoms
(Ar) ionized in plasma e i
— lons accelerated into a \
target by the E-field

Sputtering

T :‘l__l
Argon gas. b [ plasma -
{mTon - 100 mTom ! o L
»

hok: A F> 50
o W [,

J A
_ Source (targen) =1

Atoms into gas state

at target:

target atoms ejected
target ions ejected (1 - 2 %)
electrons emitied

= helps keap plasma going
Ar” lons reflected as Ar neutrals
Ar buried in tanget
« photons emitted

W are most interested in the first of these: target atoms gaing into the gas phase

=
— Atoms from the target i
knocked out
(sputtering)
~ These atoms reach the
substrate
Sputtering
Comparison of evaporation and sputtering
EVAPORATION SPUTTERING
low energy atoms higher energy atoms
high vacuum path low vacuum, plasma path
« few collisions = many collisions
« line of sight deposition) = less line of sight deposition|
«_little gas in film « gas in film
larger grain size smaller grain size
fe'wer grain crientations many grain erientations
poorer adhesicn _||better adhesion
wider range of materials
better step coverage
(but not as good as CVD)

Sputtering

» momentum transfer process
o involves top 10 A
o model as hard sphere collisions
= goad for energies < 50 keV
« 95 % of incident eneray goes into target
o == COOL the target
+ 5 % of incident energy is carried off by target atoms
o typical energies of 5-100 eV
« target atoms come off with a non-uniform distribution
o more atoms normal to the surface
o cosine distribution (like surface source)




Sputtering

Why sputtering? What's wrong with
evaporation?

- some materials are difficult to evaporate.

- low melting point substrates.

- evaporating thick layers quickly may burn  photoresist er
heat up target.

- Adhesion of sputtered films is often better.

- Deposition is different from evaporation- which is from a
point source.

-+ - changes in composition easy to do.

Sputtering

Sputtering alloy targets

compasition of alloy in film is approximately the same as alloy in target {unlike avaporation))

Why ¢

rapid maerg mn bguids (evaperation)
show diffusion mixing in solids (sputlering)
o largel reaches sleady slale
o surface composition balances sputter yield

Transport to substrate

« Target atoms pass through Ar gas and plasma environment

o ona Art 1an for avery 10,000 Ar neutrals

= electrons in plasma collide with Ar neutrals to form ons and more elecions
« Target atoms collide with Ar atoms, Ar* ions and electrons

= treat as random walk "diffusion” through gas

o target atoms lose energy (down to 1-10 &V)

= chemical reactions may occur in gas

o nola ne of sighl process (unless pressure reduced)

= Can coat around comers

Sputtering

Deposit on substrate

« target atoms and ions impinge
« electrons impinge
« Aratoms impinge

o Ar pressure about 0.1 torr

o Ar may be incorporated into film
« energetic particles may modify growth
« substrates heat up

o 100 -200 Cis common

Sputtering Yield

S = number gjected / number ncident

5 depands on

« largel matenal
o binding enargy
o mass of atoms
« sputtering gas -
& mass of atoms (S increasas for heaver gasses)
o incident enargy (5 increasas for highar enenges)
« goeomatry
o most efficent 20-30 degrees from glancing N ™
& dep on and energy e ganong
» thesa depend on relative massas and collision angle angheciincidence
= MEXimum oncrgzl i}ans‘errcd to target atom in hard sphere collision
Iy,

gt

E._ - .
T M M)

o depands on binding enargy of target atom
» number of layers involved in process.
= mean free path of ion in target
« Iypcally about 2 layers
» surlace densily of larget atoms
» collision cross saction of ion with target atom

Sputtering

DC sputtering

simplest - basically what we have talked about so far

e

W N —

Anade (subsiratel

alew shuller
o

Cuihode (argen
oot 2.2 54V =

DC Sputtering

Parameters:

« Argon Pressure
5 eplimurn deposition rate around 100 mTor
& compromise betwien
u increising nummiber of Ar ions
= increasing scatieding of Ar ions with neutral Ar atoms.
o if you can increase the number of ions without increasang the number of neutras,
N Oparate ol lwer pressurnes
- Sputter vol
o maximize sputher yield (5)
o typecally -2 1o -5 kK
« Substrate Bias Voltage
= Subsirate is being bombarded by electrons and ions from target and plasma
u sputtiing S whi you depasit
o neutral stoms deposi independenthy
= put negative bias on the substrate o control thes
= can significantly chage film properties.
- Substrate temperature
o controd with substrate heater
= haating from deposited material
u increses with increasng sputher voage
u decriases with increasing substrate bies
- Depositicn rate
o changes with Ar pressure
o increases with sputter yield
= usually increases with high voltage
= Particle Energy
o INCreases with iNCreasing sputter voltage
» docroasis with mcreasing substrate bes
& GECTEases with NCreasing As prissune




MBE

Molecular Beam Epitaxy

« evaporation at very low rates

» typically in ultra-high vacuum

« very well controlled

» grow films with good crystal structure

« expensive

+ often use multiple sources to grow alloy films

« deposition rate is so low that substrate temperature does net need to be as high

Half of the lasers that are used in CD players are grown by MBE, as
well as those in pen-sized laser pointers.

MBE

Epitaxy

epitaxy = growth of film with a crystallegraphic relationship between film and substrate

h P \ e )= film and sub are same material
h i = film and sub are different ial
structures
« matched
e in i i mn
m:ll‘ll sene
s
ssees - oS
substrate s s e e @
o materal g 900 e
« strained (pseudomorphy)
o film grows with structure different from bulk
Pl o 0 3o cccee
sranea
a . soene T
(LX)
substrate e e e e @
o material o Lo g e L

MBE Growth Mechanisms

Growih
direction

Homoepitaxy

Heteroepitaxy

same dilterent
structure

Basic arrangement of the MBE process |

Target (can be cooled or heated)
/

Production of a Ga, ,Al,As
on GaAs by the MBE process

'3‘1‘6::,;,:i AMCHAlS

b sty

Effusion furnaces withl a small pinhole

MBE Interfaces

Highly abrupt
interfaces ———_

- Pd/ZnO(000-1) 2777 rd
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MBE Growth Mismatchs

Misft dislocation

L]
Separate layers

thickness of epilayer
< eritical thickness

thickness of epilayer
> critical thickness




MBE
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MBE Growth Mechanisms

(1) Volmer-Weber: (island growth):

M. Volmer and A, Weber, 2 Ploa. Chem. 119, p. 277 (19263

(2) Frank-Van der Merwe: (laver growth; ideal epitaxy):

F.C Frankand ). H. Van der Merwe, Proc. B Soc. London, Ser. A 198, p. 205 ( 1949).

(3) Stranski-Krastanov: (lavers + islands )

J. N, Swanski and L Krastanoy, Ser, Akad. Wisa, Wien 146, p. 797 (1938),

MBE Growth Mechanisms
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CVD Growth Plus Surface Analysis

»Load locked UHV system » Spectroscopic ellipsometry
»Remote plasma for atomic » Mass spectrometry, TPD
hydrogen, nitrogen etc. » RHEED, FTIR

Thin Films, Il




CVD: Chemical Vapor Deposition

>
a -
Y .-‘&mau&mﬁdm ;

Chemical Vapor Deposition

The Materials Science of Thin Films,
Milton Ohring, Acad. Press, 2001 (800 p)

' First CVD: Carbon Black

h pyrolytic carbon black
as pigment: paleolithic

ndia & China: lamp-blank ink
Today: ~ 5 x 108 tons/yr.

™ . . . . :
| i s Tha 12 PO TR Lodyguine (1893)
o 1 + tungsten coating of
e carbon lamp filaments
E o | | Mond-process (1899)
'E « production of high
T purity nickel
| &l
ot |+ tloday
important process in
*| microglectronics
= T] e e 2000 o

CVD

* materials -
superconductors, metals,
semiconductors, insulators
optical films, protective films

* structure

i MOS raeston structure
amorphous or crystalline |Gring 2002]

epitaxial, columnar or granular

« film thickness
from 1 monolayer to 100pm

» conformal coating
of complex shapes (holes and trenches)
[

omiyama el al.,
Cham, Eng. Sci. 54 (1999), 1941]

CvD

reactant (precursor):

source of growth species

« volatile

» stable (controllable decom-
position)

* (non toxic, non corrosive,

non explosive)
* econonic, ...

energy:

activation of chemical reaction
« thermal (furnace)

* plasma (RF, p-wave)

* photons (lamp, laser)

[Hichman and Jensen 18%3]

Thermal CVD Reactor Types

« Chamber pressure; APCVD
PO R o (APCYD! + mass-tranaport limited region
+ tast doposition
podr $lep coverage

LPCVD

= surface reaction rate limited

+ oxcoliont purity, uridoemity and
S10p COVOIAGe
low deposition rates
FoquUires vaCUUM systom

* Reactor heating:

Reaction Mechanism

- mass transpodt, when Pand Tane high Cold-wall
» gurface reaction, when Fand Tare low = no reaction on the wall
« possible to switch from cne to anathor difficult to control tha real T

y changing Por T
bl o) Hotwall

particls contamin, (peel off)
- requings pariodic cleanup

Thermal CVD

— ey rew
-
o mADILWY WEATING

TR Hmac

Low-Pressure Systems
“LPCVD" (1-10 mTorr)

= dense packing of walers
+ high deposition rates

* improved uniformity

= better step coverage

= fewer pinholes




CVD Sources

CVD Sources

« types of sources
- gasses (easiest)
o volatile liquids
o sublimable solids
o combination
« materials should be
o stable at room temperature
o sufficiently volatile
» high enough partial pressure to get good growth rates
o reaction temperature < melting point of substrate
o produce desired element on substrate with easily removable by-producty
o low toxicity

Chemical Vapor Depostion
&

Chemical Vapor Synthesis

CVS
homogeneaus nucleation

o .
- particles *

« transpor of
growth species

|granuiar fivm &
[substrate nanocrys-

talttne
powdar

phous fitm YD reactor
hEerBgenecus Nuc

residence ime, temparature, suparsaturation

Thermal CVD Films & Coatings
Depositvon
Depersited Input temperature
material Substrate reactants [X=] Cryseallinity
si Singh-crystal SICT, M, 10T, or S 1200 E
= B4 My
E SiH, < H, 00700 P
e Single-crystal e el or Cebl, + M, =00 E
Gads Singlecrysal Gads  (CH ) Ga = AsH, A50-750 [
It Single-crystal In* JOH s+ PH, 728 E
T Single-crystal i el L, toluene, H, 110 »
AN Sapphire AICT, N, H,y 1000 ©
10,50 Glass In-enelase, sax A
(O],
#ns CinAs, Ll Zn. HS. H, &2 E
Cds Gas, sapphire SN ¥
AL, Si, cemented AMCH )y 4 Oy, "
carbide AR €0, H A
w0, EY SiH 40, A
SeC1H, o« NO
S, S +NIL, 750 A
Cpuarte a0 A
Sed 1000 »
el 1000 3
Stecl HEL, MM, H, 100 v
srzel TR, WL, W = 800 ¢
Noge B cpnauinl 1® = polvorsstalling A =

Plasma Enchanced CVD

MICROWAVE 248 Gz

romr Ny
(-4

[
Enuherg (e ribancel el s e restee
Rare, 4. o ek S, 108 438170

ECR plasma depostion reactor. (From S Matwo, m Handbook of This Fif
Processes and Tockmgees, of. K. K. Schueersd Nevew Park Ralse NI 19

Electron Cyclotron Resonance
ECR-
pecyp Plasma-Enhanced
Chemical Vapor Deposition

denser discharge, lower pressures,
higher degree of ionization, no electrodes

Dicposition
il Soures gases tempersturs ('C)
Flesental
M A<M, 13-250
«B UL, H, w
aC CH,-HAr 3-250
a5 SaHy-Hy ol
o8 SH,-Hy 0
Onides
Alyy AN, -0y 100400
50, e, 0, 100500
Tl Ticl, -0y 100-500
Nitrices
AN AIC,-N, <100
BN B, =N, 00-70
ROY, NH A 00-700
8,8, SH,-NH,-N, 2540
T Tl -N,-H, 100-3500
Catbades
Be B -CH, 400
BUN BH,CH N, -2
CyH, BN 1%
SiC HH,-CH, 199-600
RS T, O, Hy 400900
Bondes
Tiby T, - BO1,-Hy 480-650

PE-CVD

PECVD Materials

TFT semiconductor materials:

TFT isolator materials: SiN, 5i0,, SION,

view from bottom




H CVD Reaction Types

CvD * Pyrolysis
CVD is used to grow a thin layer of * Reduction
advanced materials on the surface of a « Oxidation
substrate .
Applications: i CUmDC‘Uﬂd_ formation
+ integrated circuits, optoelectronic + Dispraportionation
devices and sensors « Reversible transfer
+ catalysts
= micromachines, and fine metal and
ic powders protecti i
H CVD Reaction Types

Types of CVD reactions
Pyrolysis - thermal decomposition
AB(g) > Afs) + Big)
ex: 5i deposition from Silane at 650 C

SiH(g) > Si(s) + 2H,(g)

GaM, Si, Ge,.. ..

Reduction
SiH,,, —=Si, +2H,,, (650°C)
Ni(CO),, ., — Ni,, +4C0O_, (180°C)

use to deposit: Al, Ti, Pb, Mo, Fe, Ni. B. Zr. C. Si. Ge, 5i0,, Al,O4, MnO,. BN, SijN,.

" CVD Reaction Types

Reduction
aften using H,

AXig) + Hylg) <===> Als) + HX(g)
often lower temperature than pyrolysis
reversible => can use for cleaning too
ex; W deposition at 300 C
WFglg) + 3Hy(g) <===> W(s) + 6HF(g)

use to deposit: Al Ti. Sn, Ta, Nb, Cr, Mo, Fe, B. 5i, Ge. TaB, TiB,. Si0,. BP, Nb,Ge,

si, Ge,. ...

SICl,,, +2H,, =i, +4HCl  (1200C)
WE,,, +3H, - W +6HE (300°C)
MOE,,, +3H,, — Mo, +6HE,  (300C)

H CVD Types

+ APCVD: Atmospheric Pressure CVD
« LPCVD: Low Pressure CVD

* MOCVD: MetaloOrganic CVD

+ OMCVD: OrganoMetallic CVD

» PECVD: Plasma Enhanced CVD

+ HDPCVD: High Density Plasma CVD
+ LACVD: Laser-Assisted CVD

« [ICVD: Ion-Induced CVD

H OM CVD Precursors
Compound pat298 K A B Me Ilopoint

(torr) c)
TMAI (ACHa) )z 14.2 2780 | 10.48 15
TEAI ANCaHs)s 0.041 3625 10.78 -52.5
TMGa Ga(CHa) 238 1825 8.5 -15.8
TEGa Ga(CaHe}s 4.79 2530 | 9.19 825
TMin In(CH3)s 1.75 2830 | 9.74 B8
TEn In{CaHs)s 0.31 2815 | 8.94 -32
DEZn Zn{ Cath)z 8.53 2190 | 8.28 -28

Cp2Ma Mg(Csts)z 0.05 3556 | 10.56 175

Approximation for vapor pressure p
at temperature T

logi(p)=8-AIT

H CVD Reaction Types

Oxidation

aften using O,
AX(g) + O,lg) > AO(s) + [O]X(g)

ex: 5i0, deposition from silane and oxygen at 450 C (lower temp than therma
oxidation)

SiH,ig) + Oy(g) —= Si0,(s) + 2H, (g}

use to deposit: AlLO,, TiO,, Tay0y, 500y, Zn0, . ..

SiH,,, +0,, =8I0, +2H, @500
SiH,,, +2H,, +0,, —

—8i0, +4HCI,  (1500°C)
2AICI,,, +3H,,, +3C0,, =

—ALO, +3C0O, +6HCI,  (1000°C)

el i L]




l CVD Reaction Types

Compound formation

often using amonia or water vapor
AX(g) * NH3(g) > AN(s) + HX(g)
AXig) + H,0(g) = AO(s) + HX(g)
ex: deposit wear resistant film (BN} at 1100C
BF4(g) + NH;(g) ---> BNis} + 3HF{g)
use to deposit: TiN. TaN. AIN, SiC. Al,O,, Iny0,, Sn0,, Si0,, . ..
havd surice comings

SiCl,, +CH,, —SIC, +4HCl  (1400°C)
TiCl,,, +CH,, = TiC, +4HCl,  (1000°C)

g g

BF,,, + NHy,, — BN, +3HF,

digy i

L (1100°C)

MOCND:
(CH,),Ga,, +AsH, , — GaAs  +3CH,, (650-750'C)

l CVD of Si

CvVD

» amorphous silicon (low T, high w)
+ solar cells
» thin film transistors (flat panel displays, X-ray detectors)
+ electrophotography (copy, FAX, scanner)

+ polycrystalline silicon (intermediate Tand w)
+ gate electrode in MOS devices (metal oxide semiconductor)
= high resistance resistors contacts

» epitaxial silicon (high T, low w)
* true substrate for microprocessor chips

l CVD Reaction Types

Disproportionation

compunds involving elements with multiple valence states

2AB(g) <===> Als) + AB,(g)

l Gauig) J
el Oakpigh e
{11} tig) Gesm
[
——— substaie (300 C)
ex: 500

use to depesit: Al, C. Ge, Si, IIl-V compounds, . .

Reversible Transfer
Ass 4t HEL s Ass
TS0C —
o Entropically
Asy o+ As, +6GaCly, +3H,, € 6GaAs +6HCI, P
—B50C
use to deposit: GalnAs, AlGaAs. InP, FeSi,, . ..
PE-CVD of Si
=
avs  LNAXIS

Displays Core Competencies

PECVD Coating System

1e Plasma Box™

Highly uniform and reliable parallel coating process (50 pcs par hour)

Low partiche contamination of

Vary lo x5t of ownership CoO (up-tima: >

CVD of Carbon

‘carbon’ from the gas phase:
* soot

« fullerenes

* nanotubes

+ diamond

* polymers

[Homann, Angew. Chem. 110 (198}, 2572]

l CVD of Carbon

berzene | axygen flame

Lebe Jomm « fullerenes

unimolecular ‘zipper' reaction at
high temperature and

low concentrations

+ polycyclic aromatic
hydrocarbons (PAH)
growth by C.H, addition in
oxdidative part of flame

* soot (30- 60 nm particles)
bimolecular reaction at
low temperature and
high concentrations
[Hemarin, Angew. Chem. 110 (1998), 2572]




Carbon Black

* heating with natural gas
» evaporation of heavy oil
* pyrolysis of evaporated oil
== hydrogen and
carbon black

adjustment of

= porosity by quenching

« particle size by temperature
+ particle aggregation by

potassium salts

de QUSSQ. [courtesy H. Mohlenweg]

Carbon Black

=4 kg carbon black / tire

Degussa production reactor for
carbon black

CVD of Diamond

method:

+ suppress graphite formation

« selective etching of generated
graphite:

C.R (gas)==xC | +¥R

nC

[ —
+mE <« CE_(gas)

s U]

L vt
mE <= CE_(gas)?

11C o + u=m
CVD: diamond formation in the X
metastable region of the phase == =100 forE=H-
diagram by pyrolysis of organic ~ ©
compounds

[P. K. Bachamnn, Adv. Mater. 2 (1590), 195, R. F. Davis (ed.). Diamond Fims and Coatings, 1993]

e

Diamond CVD

[Bachmann, Bar. Bunsenges. 95 (191), 1350]

Diamond CVD

hydrogen rich plasmas:

« substrate is H-terminated =, 7 "
« H- stabilizes sp® bonded carbon | ¥
+ H- etches selectively sp?
* H- suppresses PAH formation | L . n, _m
1 ¥ | '\I"
ias: Lo .
growth species: S .\_h{/w

« CH, radical on (100) surfaces v
» C,H; on (111) surfaces

+ high T,,, (up to 3000°C)
(growth species)

+900°C < T, pume < 1200°C
(crystallinity, graphitization)

IR Darvs (o2 ), Coamand Films and Castngs. Moyes 1803, L Ley, PHIUZ 528 (2001), 202

Diamond CVD (Ar plasma)

[D. Gruen et al. ANL]




l Diamond CVD
Ty fragments
@ — ] x 15+ imtocabon
fragmens  dimens
hydrogen depleted
S— plasmas:
diamend (100} * Cgp Or methane in Ar
—_— = growth species:
C,-molecules
W Pt
Immservion - Step |
0. Geuen, Annu. Ry, Mater, Sci 29
i (v, 201
Imertion - Siep

Diamond CVD

microwave plasma:
free standing, transparent
diamond membranes

[Fraunhotes4AF, Fraburg. courtey of P, Koudl]

C Nanotube CVD

selective growth
on SiO, from
xylene / ferrocene
(10pm fmin}

[Wei, o1 i, Nature 416 (2002}, £65]

Carbon Nanotube CVD

in situ HRTEM images
+ DFT-calculations

step edges on Ni particle are
growth sites

[Helvag, ot al., Nature 427 (2004), 426]

Rational Precursor Selection

Precursor Criteria

® Thermally decompose to highly-reactive carbon species;
i.e., C,CH,CCl,C,

= Volatile, stable leaving groups upon decomposition; i.e., HCI, H,0, CO,

= Water-soluble

Example: Q .
Sodium Dichloroacetate O Remnant carbon only!

co
Design Criteria Summary

M, X, C, (CO, or SO;), H, X. where M = alkali metal ion, X = halide or OH
N=b-c where N = excess of H atoms

N=0 when ideal precursor decomposition occurs

Alkali-Metal Dichloroacetate (N=0)

= 1.5 M ag. solutions
furnace temp: 700 °C
flow: Ar(g) 2.0 ft3/hr

Carbon/alkali-chloride
composites formed

= XRD evidence for
salt formation, otherwise
amorphous

Collection dissolves
generated salt,
leaving porous carbon.




" Precursor Summary
CI/OH rich Color Key:
-2 —  Alkali trichloroacetate = no product
= spheres/networks
o _{ Alkali dichloroacetate = mixed results
Alkali dihydroxyfumarate u ill-defined solids
Alkali glycolate
Alkali chloroacetate
N . Alkal? 2-chloroacrylate
Alkali tartarate
Chloroacetaldehyde sodium bisulfite
Alkali 2,2-dichloropropionate
Alkali 2-chloropropionate
Alkali 3-chloropropionate Li-glycolate USP product
4= Alkali succinate
Alkall acetate
) ace When N =0 or 2,
Hrich Alkali malonate
spheres/networks formed.

~
3

=3
-
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Coupling of precursor melting with salt formation
leads to core-shell structure.

L Why Different Morphologies?

Different Decomposition Pathways?

Case 3: Precursor melting > Salt formation > Complex decomp

1 e water loss
~
e
y  CO;and
75 HCiloss
2 \ m
S sz
rg
@ 50 3034
2 mg
® Sa= §_ 2
tic crosslinking &
25 water evaporation condensation rns.
precursormetting  decarboxylation
Lithium Dichloroacetate
0
0 00 200 300

1
Temperature (°C)

Different decomposition pathways
give different morphologies.

Why Different Morphologies?

Relevant Decomposition Processes:

Precursor melting (endo, no mass loss)
Salt elimination (exo, no mass loss)
Decarboxylation (endo, mass loss)

Generated salt melting (endo, no mass loss)

Studied by TGA/DSC of each precursor

The relative order of these
processes influences the morphologies.

% Mass Loss

Case 2: Salt formation = Decarboxylation

75

25

Sodium Chloroacetate
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Salt elimination (without precursor melting)
leads to macroporous carbons

USP Porous Carbon Conclusions

= New, facile route to porous carbons

= In situ template generation & removal

= Decomposition behavior influences
morphology

= Potential catalytic, adsorbent, and
electrochemical applications

= Scale-up possible

Skrabalak, S. E., Suslick, K. S. J. Am. Chem. Soc. 2006, 128, ASAP.




Cu CVD

Pomes PT

=> new materials and processes
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Cu CVD

o
0

a,
Co

a
e =

T
FTUNSI(CH,),
= CuX, = CuXxL
X = hac X = hfac, L=VTMS
copper-di-{1.1.1,5,5,5-hexafluoro)- copper-di-{1.1,1,5,5,5-hexafluora)-
2.4 pentandionate 24 i yh

[Kodas & Hampden-Smith, The Chemistry of Metal CVD, VCH 1994, MRS Bulletn 8/1804]
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CuCVD
CuX, CuXxL
= solid => difficult delivery * liquid => simple, controllable delivery

* low vapor pressure (10 Torr / 200°C)  » high vapor pressure (0.3 Torr / 40°C)
« low deposition temperature (400°C)  + low deposition temperature (150 - 200°C)

* growth rates up to 200A / min + growth rates up to 1Tum / min
= impurities + high purity film with
« reaction with water (oxide) low specific resistance

« ligand decompositon (carbon)

* reduction source required + thermally induced disproportionation

[Kedas & Hampden-Smith, The Chemistry of Metal CVD, VCH 1994, MRS Bulletin B/1984]

Cu CVD

[Kodss & Hampden-Smith, The Chemestry of Metal CVD, VCH 1894, MRS Bulletin 8/1894]

Electrodeposition

(a.k.a. Electroplating)

+ Metal ions (+) in solution
deposited
= Au, Cu, Cr, Ni, permalloy

slectrans battary i

(magnetic iron-nickel
allo:f’ . _ Object to Positive
« Plating uniformity prbibend - Mt
. i = Anoae,
depends on uniform AT,

current density over the
plate
Rough surfaces

Electroplating

Typically to make thick layers of metal
{=~1um} on lop of evaporated and
patterned metals.

unplating
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