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Abstract
Thin films of high quality transparent conductive piades (TCO) can be synihesized for energy
aificient windows and other applications by filterad cathodic arc deposition (FCAD). Aluminum-doped
zing oxide, ZnO:Al or AZO, is a well-known n-type TCO with great potentiai in 8 number of
applications currently dominated by indium tin oxide. In the Plasma Appiication Group, the optical
and electrical properties of AZO thin films deposited on glass and silicon by pulsed FCAD are
ically studied, The best films, grown al a temperature of about 200 degraes C, have

Motivation

The United States has bewn alriving for seversl decades io improve enefgy productian,
utilization sfMclency, and ta lower consumption. LBNL has bean at the forefront of this
sfort The Plasma Applications Growp and Or. Andre Anders have ponesrad
axperimantal and appéled resaarch in the sress of ‘Filtered Cathodic Arc
TDepositon(FLAD] techrigues fo increass the enacgy sMiciency of windows in the fulure
These resaarch lechnigues can mbﬂ appiled 10 cther technoiogios and product
with P Bnd i Tesewrch
Matslll: nitrice- TGN - thin Bims coatings on metatilc tools can graatly ncrease M
| haraness of the tooks surtace), Plawma Applicstions Group's objective, and my focus. s
to work on collaborative project{s] sxpioring new materials for nent generation designg io
wandows, wnd harefore buliding, snergy efficiancy,
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Zinc Oxide

>>Currently ITO is the leading industry d for TCOs
>>Dusg to the limited resource, mumﬂoflndumlsvuyhlghwnparw
1o Zinc

In (indium). (~$10/g) -
Ag (Silver); (~54 40/g)

Cu (Copper): (=83.507g)

Au (Gold}: (~835/g)

2n (Zinc). (~$0.90¢g) *

*Price is dependantan purity:
this is for 8 99.96% pure lump

>>The range of subsirates on which ITO can be used is limitad due to its
brittleness and the need for high deposition temperatures.

*>>AZ (0 films grown at 300 degrees C have good electron concentration,
mebility and low film resistivity a5 a function film thickness (Andné
Anders, Sunnie H. N, Lim, Kin Man Yu, Joakim, Johanna Rosan, Mike
MeFariand, Jeff Brown, Thin Solid Frime Materiai Science and
Enginearng, R 52 (2008)): i T
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of the sp 5 | the ies are highly dependent on the oxygen partial
pressure during growth, which can Hmwﬁmwwummﬁdmm

In prder to reproducibly deposit the best quality AZO films, the conditions must be precisely
controlied before and during the experiment, especially the oxygen partial pressure. Previously,
oxygen pressure was simply set before growth and aliowed to evolve. In this work, the LabVIEW
software package was used to devise a simple feedback control system for the oxygen pressure
during growth using mass spec and flow This system is expectad to improve
the reproducibiiity of the depositions, which is a key factor for controlied studies of film propertiss
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Experimental Set Up

Maw Additine
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(L emerermhire e hifMer lrpera can sryrdes lima Gt S many Mt system

*>>The cafhade matenal & zinc doped bevels of aluminum [0-8 at W} (ZnO-Al),
*>Pure oxygen is |r4cma lhto chambar uunq an MKS mass flow conbrolisr
=>Procesy gas comy by & y pumped

>>filigin chamber is r.rymu:-uj pumped i 8 104 Pa. base pressure wih an adjustable gate valve
>>Giass microscope siides typicaily used a5 substrates, heatad to 200400 ©

LabVIEW
A graphical programming language for instrument integration and control.
»>integrates 1000s hardware devices 10 i e
develop cusiomized mesgurement, tesl, s i . _.:.,1

and control systems

> isen intuitive graphical icons snd wires i
o show tha program *fowehart” snd
mxperiment datafiow

> Provides hundreds of Duilt-in ibrasies fo
advanced analysis and data visualization -
all for areafing virtiual instrumesrtation =% h-—
>>Eince LabVIEW is the industry eader

itis used by millions of engineers and

scientists Tacilitating the portabisty of lts' -
gontrol programs anc faclitating
reproducitle test, manitoring, dats
anialysis, and repering =

conditions

Filtered Cathodic Arc Deposition
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>>High current, low vollage discharge
>>Generales matly macropartdies
>»Nearty 100% ionized plasma
>>Produces muliply charged lons.
*»Produces very dense coatings

Conclusions and Future Work
>> RGA gas sensor may not respond fast enough for adequate control
»> On relatively long lime scales (2-3 seconds) simple ratio control provides decent
control

>>Applying a full proporti ntegrsl
stability of the feedback system

(PID) control may halp to imprave the

>>Automate control of the chamber vacuum gate valve and cryo pump, the subsirate
surface infrared temparature monitor for additional fast and accurats pressure and
temperature control,

>>/Add “on demand” logging and reporting of control and axpariment data acquisition
>>se LabVIEW Simul and Vi y expand and axplore research 1o

analyze new materials, support design and apa!;hon of TCO coated windows in Net
2Zero Energy buildings




