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Title: 

Polymer assisted deposition - a solution route to new materials 

Abstract: 

Most advanced deposition of thin films involves high vacuum techniques such as pulsed laser 
deposition, chemical vapor deposition or atomic layer deposition. Each technique has its 
strengths and weaknesses. The scaling up of these techniques is very challenging involving 
significant capital investment. This talk will show results of a new solution route that is highly 
amenable to being scaled up with little capital cost. The talk will show the versatility and 
advantages of this new solution technique in making well controlled oxide films, ternary nitride 
films, high surface area conductive electrode materials, phosphors and modified photonic 
crystals. 



Polymer Assisted Deposition - A 
Solution Route to New Materials 

• T. Mark McCleskey, Eve Bauer, Hongmei 
Luo, Gavin Collis, Menka Jain, Piyush 
Shukla, Quanxi Jia, and Anthony K. Burrell. 
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Why a Solution Route? 
Goal - Develop a controllable, reproducible, and cost 

effective growth technique for thin film oxides 

Why 
~CVD, PLD, MBE, ALD all require high vacuum 
~Large surface area coatings 
~Non line of site coatings 
~Practical route to metal-oxide films of the actinides 

Issues 
~ Control stoichometry 
~ Control dopants 
~Extension to nitrides and metals 
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Why Not Sol-gel Process? 
Overview of the sol-gel process 
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• A sol is a reactive suspension 
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• Different hydrolysis rates of various alkoxides. 
• Need to prepare reactive materials as precursors 
• High quality thin films are not the normal result of sol-gel 
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Polymer Assisted Deposition 

• Water-based process 

• Metal precursor, polymer 

• Metals are bound directly to the 
polymer or as metal complexes 

• Polymer used to control 
viscosity 

• Purification 
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PAD process 

-Water-based process 
-Non-volatile Precursors for Actinides 
-Metals bound directly to the polymer or as complexes 
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What do we have to work with? 
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Lattice Engineering 
Schematic representation of the growth of EU20 3 on LaAI03 

LlI , ( ) ~ 

1.:1. \ I{) 

) 
Los Alamos 
NATIONA L LABORAT ORY 
____ E5T. 19 4 3 

Operated by Los Alamos National Security, LLC for NNSA 

~'" \Il 

. ~ .7 g ( ) 

UNCLASSIFIED 

I () . S ~ q 

IliA • . w~\I~' 
$IV&'''~~~ 



Epitaxial Films by PAD 
Versatile solution route with control of stoichiometry 

Oxides Nitrides Carbides 

:r .fllli . 
Ia:l ¥ ..:; ~ - . " ----, 

2S(XX) 1.0 10.04 
0- ........ 
§. E ;""L-""" ' 2OOJO~ 0 t 0.8 6 ~ 
<{ 

0-
...J .=.0.02 f'"" 

>. ~ 

S "'<t :t:: ~ 
I ~O.01 ~ ~ f 1&m] 

0 o 0.6 
S ..- .~ ~ 

>- ~O.OOO 20 40 60 

10000 0- 5 0.4 
Tempera ture (K) 

0 

~ § 
&m ~ 

';N 
~ 0.2 w 

cr: 
0.0 

10 20 :xl 40 50 60 0 50 100 150 200 250 
2Theta Temperature (K) 

:-J 
Los Alamos 
N A TI O N A L LA BO RAT O RY 
____ EST. 19 43 

Operated by Los Alamos National Security, LLC for NNSA 
UNCLASSIFIED 

I 

300 

40 ~------------------------------------~ 

'" a. 30 
~ 
ill 20 
Ql 

• • • •• 
c: 
"E 10 
<0 

~80~ ~------------------------------------- I a. 
(!) 

-;600 
:::l 
"5 
-g 400 
~ 

. . .. 
-g200i ________ r-______ ,-______ ~~--~-,----- 5 ~ 0 

30 40 
Penetration depth (nm) 

50 

IliA •. ~~\I~~ 
//!IV.A~~'i 



Highly conductive epitaxial BaZrN2 
films on STO by PAD 

--
::J 

m --->. -'(jj 
c 
Q) -c 

a) BZN I STO 11 2:J 
S 

"<t- o 
..-- 0 I-
0 0 (f) 

S ~ 

z 
0 N 
I- eD 
(f) 

N 
0 
S 
Z 
N 

]'L 
~ I • ,JV~ 

20 25 30 35 40 45 

28 (degree) 

8aZrN2' tetragonal 
a = 4.08 A 
c = 8.52 A 

STO (a = 3.901 A ) 

50 

b) BZN {102} 

--::J 
FWHM==2° 

m ......-
'---->. -'(jj 

STO {101} 
c 
Q) -c FWHM==O.7° 

-50 0 50 100 150 200 250 300 

~(degree) ~~ 
~a) 1-' " .. ___ -

The epitaxial relationships 

(OOl)film II (OOl)STO 

[102]film II [lOl]STO 

~ 
~~~t\l~m~R~ Angew. Chemie. Int. Ed. 
____ fST . 1943 

Operated by Los Alamos National Security, LLC for NNSA 
UNCLASSIFIED 

IQA .'J~\I~l 
1111 V A. ,o,-~'i 



:i 
~ 

~ 
.~ 

CD -c: 

(a) 

-­..-..-

~ 
z 

CD -2!! 
"iii 
.c 
:J 
I/) 

:i 
I!Ii 

~ 
iii 
c: 
III 

"E 

(b) 

NbC by PAD 

::i 
I!Ii 

(c) 

~ 

~~ 
II 

"E 

NbC 

\...J '-.,) \....J \-.J \... 

Al?OJ 

A120 3 

NbC 

~ l .. ,J, ....... .J ~ 
30 40 50 

20 (degree) 

15 16 17 18 19 20 

o(degree) 

0 30° in-plane rotation 
I 

50 100 150 200 250 300 

e (degree) 
-. 
E 
Y 60 

C 
:::t 

'-'" 

~40 ...... 
> ...... 
en 
'- 20 en 
(l) 

0:: 
0 , 

6 P; ~~~~(iAm~~i;:'ilmw~ 0 

Los Alamos Temperature (K) 
NATIONAL LABORATORY 
__ EST. 1943 __ ~~~~~~~~~~~~!tta ______________________ =---:-

IlIA .... ~g~l 
///IVA"'~~'1 

Operated by Los Alamos National Security, LLC for NNSA 
UNCLASSIFIED 



=! 
~ 

::­
·iii 
<: 
II> 

£ 

Control of Valence State 

U02 on LAO lattice 
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Single crystals are challenging 
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Epitaxial Pu02 Films on YSZ 

C-axis oriented - only 200 and 400 peaks 

Extremely high quality epitaxy - rocking curves 0.05° 

In plane orientation shown by Phi scan 
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XANES Confirm Oxidation State 

Q) 

g 1.5 
C\l 
..c 
~ 

0 
C/) 

..c 
<l: 

-' 1.0 
~ 

0... 

"0 
Q) 

.~ 
C\l 
E o 0.5 z 

0.0 
18050 

:0; 
~ Los Alamos 

N A T IO N A L L ABORA T ORY 
____ EST. 19 4 3 

Operated by Los Alamos National Security, LLC for NNSA 

- bulk PuO 
2.0 

18150 
eV 

UNCLASSIFIED 
/HA • . w II!'" \t~i 

1111 V 1;.' ~~'S. 



Epitaxial Ge films successfully grown 
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Mobility (@RT) of Ge films by PAD is 
1500 cm2/Vs 
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Large areas with no cracks 
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Coating N anoporous Materials 

• Known phosphors on 
anodiscs to limit 
waveguiding 

• Unique emission 
observed from Hf, Zr 
coatings on photonic 
crystals 
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PAD provides the ability to incorporate nanoparticles 
into epitaxial matrixes 

Si0
2 

STO STO 

Si02 - SrTi03 (10:90) 
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Combinatorial Epitaxy 

/ 
los Alamos 

Line array of two different polymer solutions 
deposited onto silicon wafer. 
Drop diameter - 200 J.lm, vol. - 20 nL 
XRF image of Hf top left 
XRF close up image of Hfbottom left 
XRF spectrum of spot bottom right (prior to 
annealing) 
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Electrical and magnetic properties of 
multilayer-coated ferromagnetic films 
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Nitrides are Possible 

UN2 obtained on LAO, N appears to come from EDTA 

Can UN2-7 UN in the thin films? 

Typically as one heats UN2-7 U2N3-7UN 

UN2 and UN lattices are both cubic 
contraction of the unit cell 
nitrogen moves from octahedral to tetrahedral sites 
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Lattice parameters of Ba1_xSr x Ti03 

correspond to Ba/Sr ratios 
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Dielectric properties of Ba1_xSr x Ti03 films are 
a function of Ba/Sr ratios 
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Complex Oxides 
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Control of Metal Oxide Phase 
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Depolymerization not Combustion 
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Metal Films 

• Simulated and experimental 
XRD p'attems oflr (top) and Pd 
(bottom) 

• Annealed to 450°C 

in 6% H2 atmosphere 

J 
Los Alamos 
NATIONAL LABORATORY 

---- EST 19 4 3 

- 'I I 
I I 

i''' j\ I ,·,V 
" \ , 
v~~ 

I I I I I .1 --'-

f r~, I I 
,-I /"'~\, I '~ -~\\J \v'-'~~'--' 
, .. " I I I! 

Operated by Los Alamos National Security, LLC for NNSA 
UNCLASSIFIED 

II/A •. ~~g~. 
////VA.~~<i 



:J 
Ai 

~ 
1/1 
r:::: 
CIJ 
C 

a) 

Nitride Films 
GaN films both hexagonal and cubic 
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Epitaxial superconducting 
niobium nitride films by PAD 
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NbN film by PAD shows superconducting 
transition at a temperature of 14 K 

0.45 

0.005 .-... 
E "[ 0.004 ..--~ 
0 

~ I 
• 

C 0.30 ~ 0.003 I 
~ • 

~ ~ 0.002 I --- ~ 0.001 
• 

~ I +-' .-
> • 0.000 -------- - --.-

+-' 

~ 0.15 ~ -<l.001 
5 10 15 2) 

T Elf11)eIC!t...-e (K) 

0:: 

O.OOL----
P 20K = 0.41 J.lQ em 
RRR = P 300K/ P 20K r-..J 98 

~ 
Los Alamos 

50 

NATIONAL LABORATORY 
____ EST. 19 4 3 

Operated by Los Alamos National Security, LLC for NNSA 

100 150 200 250 300 

Temperature (K) 

UNCLASSIFIED 
H/A •. W~\I~I 

I//IV","~~4i 



Microstructure of high quality epitaxial 
NbN films grown by P AD 
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Both hexagonal O-MoN and cubic y-Mo2N 
films epitaxially grown by PAD 
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Microstructure of high quality epitaxial 
MoN and Mo2N films grown by P AD 
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MoN and Mo2N films have different 
superconducting properties as expected 
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Ternary nitride film SrTiN 2 

epitaxially grown on LaAI03 by PAD 

SrTiN2' tetragonal, a = 3.88 A, c = 7.7 A, mixing Sr and Ti 
solutions, annealed in NH3 gas 
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Smooth and dense SrTiN 2 film was 
epitaxially grown on LAO 
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SrTiN 2: transparent semiconductor 
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High quality epitaxial dense BaZrN2 film 
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Transport properties show the high 
quality BaZrN2 films by PAD 
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Different conduction mechanisms 
~ electron-electron scattering (5-80 K) 
~ electron-phonon scattering (80-155 K) 
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Conformal Coatings 

-Coating of porous anodiscs 
without blocking the pores 

-Coating is highly uniform 
across the membrane by XRF 
across the surface and 
throughout the thickness 

-Coated film lasts 24 hours at 
pH13 (uncoated is dissolved 
in 15 minutes) 
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Phosphors on Porous Anodiscs 

• Eu:YV04 can be 
deposited as a coating 
on porous substrates 

• Pores remain open 

• Waveguiding is limited 
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Spin Coating 

Real time video 
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Advantages of PAD 

• Stability 

• Versatility 

• Non line of site coating 

• Incorporation of nanoparticles 

• Control 
• New materials? 
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Microstructure of epitaxial BaZr 0.5 TiO.50 3 

films by PAD on different substrates 
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Epitaxial metal-oxide films 
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Quality - XRD 
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The film is oriented not only out-the-plane 
but also in-the-plane as confirmed from 
x-ray diffraction 28- and <I>-scans. 
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