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1 4800 square foot LSNM laboratory in NSERL
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Figure 1Map of the lab.
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The laboratory is dividedtio six sectionsas shown in Figure: the wet chemistry aredin blue), the characterization
area(in purple,2 zones),the ultra high vacuum (UHV) aréa greer), the corrosive gas aréan red), a machine shop

areg anda Linear equiment room (LERjn yellow) . For safety purposes, thase ofcorrosive gassis restrictedto a

specific alcove, witlspecial exhaust and gas sensorg C}).

The LER igsedfor storage purposes antb houseequipmentlike chillers, burn box, gas cabinets, compressors and
mechanical pmps. All the main distributioof house gas (compsseddry air, N), liquids (D.l. water, chilled water, hot
water) and electricity go through that area and are then redistributed into the lab



2 Wet chemistry facilities

M-BraunDual glove box
IR measurements Preparation

Figure 3: top: two Chemical preparation rooms ¢ Figure 4: Top: MBraum Dual glove box. The glo
one equipped with two hoods and a DI water polis box on the right is use for sample preparation, t
Bottom: view of the hoods. one on the left contains an #R spectrometer for

characterization. Bottom: Small N2 purge glo

Theinfrastructure of the lab includesvo chemical preparation room@igure 3, topgach one equipped with two fume
hoodsandaK A 3 K LJdzNR i & R S 1 Afedysyihigi$iialityNSERS blildirig Wwaled K S NE&
In prep. Room #1:
Hood #1 is used for hydrofluoric acid or piranha solution cleaning purposes.
Hood #2 is used for MQMetal Organic Frameworlsynthess">.
In prep. Room #2:

The hoods are equipped witkchlenk lines connected to vacuuseroll pump. Gas cylinders ofN, and Ar,
located inbetween the two hoodsfeed researchgrade purity gas into the schlenk lindsr controlledt | (i Y 2 & LIK &
functionalization chemistry.

Hood #3 is used for graphewnaidesynthesi§™.

hood #4is used to dinctionaliz oxidefree silicon surface§™.

In additian, the labhousestwo glove boxes for controlled environment chemistry. ABv&undual glove boxKigure 4,
top), in which the atmosphere is kept at a level of oxygen and water below 0.1,ppmused for cémical
functionalization in anhydrous atmosplef. Surface chemistrpf sensitivespecies carbe directly performedn the

at NB LI NI {ekt)zagdéithe dammpteSthen transfered to the IR characterizatiorside without being exposed to
atmosphere. Acquisition of IR spectrainder such conditions is greatly facilitated due to the low water vapor
concentration that is generallymuch higherin nitrogenpurged systemsuch as the small glove box shown at the
bottom of figure 4



3 Characterization facilities
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Figure 5Ly | RRAUAZY
characterization:
1) SDT Q60TA Instrumensimultaneous TGA/DSC
HO 222f1Y aAaLISOUNRAO2LIAO StftALA2YSGSNI Omcponmmnnn Y
3wl YSml | NI /Gogidmet@,d ! y3t S
4)Veeco Dimension 3100 atomic force microscope,
5) Thermo Nicolet micro and macro Almega XR Raman spectrometer,
6)l 2NAOlF W20AY @2y ! +L{9] &aLISOGNR&aO2LIAO SttAlLlaz2Y
7) BASi Contrégd Growth Mercury Electrode

G2 2LIGA0OFE LINPa

TheSDTQ600 provides simultaneous measuremeniaight change (TGA) and true differential hflatv (DSC) on the
same sample from ambient 2 MXIpnn 6/ @ -ptoven FolzbniadasBéam desigh wht aRtomatic beam
growth compensation, and the abilitio analyze two TGAamples simultaneously. DSC heat flow datdyisamically
normalized using the instantaneosample weight at any given temperature

The2 22f Y aLISOGNRaO2LIAO St f AL Sivo3uidSersitu onseguoements.sSpecigf poits A &
have been added to thé\LD reactors #1, #2, and #See figure 7)o allow insitu simultaneous IR/ellipsometry
measurements in between two Aldycles without need of sample rotation/displacement.

Our RaméHart Model 250 Goniometer/Tensiometer is a powerful tool for measudogtact angle, surface energy,
surface tension, interfacial tension, and surface dilatational elasticity and viscosity. This system incliRiR®Bienage
Advancedsoftware as well as a fiber optic illuminaiB-axis specimen stage with leveling, aadhigh-speed digital
camera connected to the PC. Our-sgt includes also aautomated dispensing systewmllowing reproducibility with
high control of drop size


http://www.ramehart.com/diadv.htm
http://www.ramehart.com/diadv.htm
http://www.ramehart.com/dispenser.htm

The Vecc®imenson 3100 atomic forcenicroscopeis the gerfect tool to scan surface morphologies at the nanoscale.
Enclosed in the cover of the anibration table, the noise level reduced to its absolute minimumyhichensures very
high qualityAFM image$*".

Our Almega XR Raman setigp equipped withan Olympus microscope that allows to perform spectroscopic
measurements with high spatial resolution. This feature had proved to be helpful in magpings/inhomogeneous
samples, as well as certain nanostructured materials. For instance, in our studies on Ge nanowires we used this feat
to spatially probenanowires dispersed on glass and Si surfaces. By comparing our data at different spots, &g insur
that each measuremertnly involveda single nanowire. This highly simplified our work with data analysis related to the
phonon confinement in nanostructured materialdVith its ald-ons, such as the Linkam variable temperature stage
(temperature can bevaried from-196°C to 600C) this equipment was useful in our studies of &hd CQ gas
adsorptionin metatorganic frameworks'as a function of temperaturin these novel materiafs

Related publications:

Qur JobinYvon ellipsometer allows measurements in a wide s@kcatange, from 0.6 eV to 7 eV. Spectroscopic
ellipsometry is a useful tool for systematic studies of optical properties of thin films. In our group, we use ellipsometry a
a standard tool for learacterization of ALdeposited thin films as well as thin organic layers. Other interesting
applications include research on nanostructured materials: for example, from-Ftesenced analysis involvingFM

and ellipsometry, we deduceptical and strutural properties of gold nanopatrticles thate attached to silicon surfaces
using various organic linker groups [3].

The BASI Controlled Growth Mercury Electrode is a valuable tool for certain applications due to its high overpotential f
hydrogen ionreduction and the high reproducibility of the electrode surface. The mercury drdgpssiteda series of
pulses that opera capillary valve. The number of pulses, their duration, and their frequarewither electronically or
manually controllednanualy, providing great flexibility in both the drop size and its rate of growth. In our laboratory
this tool is extremely valuable for electrical measurements on organic mondfagyee to the possible soft contact
induced by the mercury contact, esgially knowing that evaporation of metalarmot be used because of damatge

the organic monolayer.

4 High and Ultra high vacuum equip ment:

XPS ALD #3 ALD #2 ALD #1 ALD #4 ALD #5

LEIS ALDCVD UHV CVD chamber UHV #6
chamber (future)  (UHV #5, future) (To be moved)

UHV #3 UHV 2 UHV &

Figure 2: Photograph of the lab showing the UHV afehanging structurelQ feetfrom the floo) is used to support
and distribute # water pipes, gas lines and electrical outlietshe various vacuum chambers



4.1 Atomic layer deposition (ALD) facilit y

The first generation of ALEactors(ALD #4 and #bn figure

2) were initially designed for insitu IR only*****. They can
accommodatetwo precursor bubblers, one in a furnace and
the second one kept a room temperaturehe IR windows are
LINPGSOGSR o6& a5/ wmModpé édanli 3
directly welded onto the ALD reactavith the actual window
attached on one sideThe ALD valves are computsntrolled
through a LabView program. They aa#so connected to
different gas lines delivering specialty gasni cylinders(e.g.,
chlorine, ammoniaand oxygern, or from specific production
gas equipment (e.g.pzone generatarNitrogen purifie).

Ellipsometer (Detector)

IR Detector

T A R nterterameter (LS

Figure 7: New ALD generatiobeft Top view of the system during construction. Specific windows for IR
ellipsometry allows both measurements at the same time without need to move the sample. In addition, t
phase reactant and by products are characterized by mass spectroRigigysystem as built.

¢tKS GKNBS &S02yRmIBYSHNI#Zdn@ 46N figure53 ardBuigpdd2wWitih y ma A Gdz Lw &l
bAO2tSG ctnn Ce¢Lw LYGSNFSNRYSOSNLSE YIFaa aLISOGNRYSHN
M2000D ellipsometer (193000 nm), and can in addition accommodate a quartz crystal monitor. The multiple gas inlets
of each ALD reactor can be used for 3 metal precursors and 4 gas dihesntrolled by ALD valves (Swagelok
Diaphragm ALD valves). The plrge gas useduringthe! [ 5 LINP OS&aad Aa LIJz2NAFASR KN
purification furnace (@concentraton < 1 ppb)

Thosehome-built ALD reactarare equipped with a Pfeiffer turbomolecular pump capable of achieving pressures down
to 10° Torr and a Drytel 1055C dry pump utilized during ALD growth capable of achieving pressures dowrl@’mid
Torr. The eactoisare connected to a Nicolet 6700 H#R spectrometergiving the system the capability wf-situ surface
analysis in transmission modall precursordines are made os$tainless steel tubing. High purity; plure gas is used to
prevent cross contamation andto removeby-products from the chemical reactions. By interrupting the ‘tgitle, the
growth mechanism imonitored after each gas exposure. Tlsigstem providesnformation on the surface composition

and terminationduring the initial growth gcle$*?>. Thoseequipment makes possible to study the oxide reduction on
Group V elements (AQ;, AsOs, INPQ, In(PQ)s, POs, etc.) upon exposure of TMAne of hose systens is used to
understand the surfacehemistry during the growth of AD; on different chemically prepared surfaces of InP(1a0d
GaAs(100).



4.2 UHV cluster with in situ characterization (LEIS, XPS, IR) and plasma chambers

A new cluster tools beingfinalized It incorporatesLow Energy lorScattering Q-TacLEIS from lonTQFa Physical

9t SOUNRYAOA o6pcnnl0 - mwlké LK2G2St SOGNRY aLISOGNRYSUISNE
XPS are already operational, having been tested with borrowed equipment. The growth chamber, under manufacturin
hasbeendes Iy SR (2 0SS SIdALIISR 6AGK I NBY2GS LXFayYl &2 dzN
metal effusion sources (EFM3, Omicron). This preparation chamber will be used to chemically modify metallic
semiconductor surfaces by either ALD/CVD grsital deposition and to study surface chetry in situ. This cluster will

be connected to two UHV chambers equipped for in situ IR spectroscopy in both reflection and transmission mode
dedicated to surface modification by direct and remote plasma.

UHV #4 oy
o w po-y o
h @

. WL N

FFHIR

Figure 8: Schematic of the future cluster combining XPS, LEIS-lhdbF Taracterization, and Plasma (remote
UHV #3 and direct in UHV #4), ALCWD in UHV #8, for sample prepavati

4.3 Ultra High Vacuum Chambers

Our facility includes seven Ultra High Vacuum (UHV) chambers, all interfaced to FTIR spectrometers. Two UHV cham
are equipped with Low Energy Electron Diffraction (LEED), Auger ElectratroBmters (AES), Temperature
Programmed Desorption (TPD), Mass spectrometers, IR windows, evaporators, W filaments to crack hydrogen, me
effusion sources, sputter guns. They are both equipped with manipulators mounted on XYZ differentially pumped stage
with cooling (77 K) and heating (2000 K). One chamber (UHV #1) is specifically designed for grazing incidence
spectroscopy and currently used to study metal surfaces. The other chamber (UHV #2) features a load lock with
internal chamberto performm h / +5 3 (2 LINBLJ} NB T2 NJ Ay a i stofchidnetity(Lelsalectedd dzNJ
reconstructions).

I aS02yR aSi 2F !1+ OKIFY0OSNA I|faz2 &kl aBojhloddteb@itimsitudR & LJ
in transmission and refléion modes, andis dedicated to surface modification with plasma by indirect exposure which
makes it possible to control and select the species (radicals, electrons, ions) interactingheitturface. The second
chamber (UHV #4) already manufactured bot get installed, will be used for direct plasma treatment of surfaces at
pressure in the torr range. Both chambers are equipped with manipulators mounted on XYZ differentially pumpe:
stages, with cooling (77 K) and heating (2000 K) capabilities.

Three smaller UHV chambers are designed for IR in transmission mode only. One is used for CVD, the second one
physical deposition and the third one for remote plasma treatment. All chambers are equipped with heating (2000 K
capabilities, but only the CVD chher allows cooling down to 173 K.



UHV chamber #1:

The
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Figure9: UHV chamber #1:

UHV chamber is equipped with several vact

pumps/stages to achieve UHV conditions
Capabilities:

IR spectroscopy in reflection mode.
Auger Electron Spectroscopy (AES)
Low Energy Electron Diffraction (LEED)
RGA

TPD/TRS

Gas cracker

E-Beam deposition

Sputtering

Quartz crystal monitor

Gas daeing array with cold finger to reduct
contaminants while dosing

Indirect Sample heating.

Sample cooling (90K)

This UHV chambeiis used to investigate the reaction
mechanisms for hydrogen storage édomplex metal hydrides
that are beingconsidered for hydrogen storage. Here we
study the interation of hydrogen with single crystal
Aluminum surface§?.

That system is equipped with two 500Yien pumps in order

to recover as fast as possible the very low pressure below
2x10™ Torr in less than 10 imutes after H exposures. This is

critical to maintain clean the very oxygen reactive Al.

. Several characterization tools are mounted on that

surface science UHV chamber: AES, RGA, QCM and LEED. Figure 9 presents rear view of thelsylsteoysiom
made gas manifold used to ensure control and purity of the different gases used for our resea@dbmplex Metal

Hydrides for Hydrogen storafé®.

UHV chamber #2:

This chamber can be set up forditu IR spectroscopy

in transmission, reflection, or multiple internal
reflection. The sample holder is mounted on a XYZ
stage. Sampke can be heated up to 1200 by
resistive annealing and cooled down {b8C°C using
liquid nitrogen The Sample temperate is measure

by a Ktype thermocouple spotwelded onthe Ta
clips in direct contact with a sample edg&hat
chamber is equipped with RGA 300 amu, several gas
lines connected to leak valves, LEED and sputter gun.

Figure 11: UHV chamber #2. UHV chamber {9
" Torr) equipped with residuglas analyer, low
electron energy diffraction system, sputter gt
and various gas lines for surface science.



UHV clambers#3 and #4

Those twoUHV chamber share the same-IRTspectrometerleaving accessible the main compartment. With all the
related electronic devices mounted on the table frame, this complete system can be easily moved to any other locatio
in the lab.

Figure 12: UHV chambers #3 (right) an
(left). Still under construction, those t
chambers will be part of the UHV clut
described in semn 5.

UHV #3: This UHV chamber is integrated
g with IR spectroscopy The surface

| interaction of gas adsorbates with the
sample inside can be monitored by infrared
spectroscopy in the temperature range of
liquid nitrogen temper&ure to hundreds of
degree. Electrical connections  are
incorporated for electrical characterization
of samples under high vacuurayer awide
range of temperaturs, and also as a
response to gas exposure. This chamber can
be equipped with a remote plasmsource.
Particles (ion, electron, radical, etc. )

interacting with the sample can betroduced

UHV #4: This UHV chamber is currently under constructionndlhdbe used for direct plasmimduced modification of
silicon subgtates. The surface modifidah is monitored by infrared spectroscopy in a double transmission mode at an
incidence of 80 deg off normalhe flange supporting the exit KBr windows has been specially design to also allow direct
transmission from normal incidence to Brewster angle é¢). The sample holder is mounted om AYZ stage. The
sample can bannealedup to 1200C by resistivéieatingand cooled down t6180°C using liquid Nitrogerhe smple
temperature is measuikby a Ktype thermocouple spotvelded on a Tatalum clips m direct contact with a sample
edge.

UHV chamber %

Figure 13:.UHV chamber #5. The UHV reactor is enclosed intt
Aluminum box continuously purged with N2 gas. In that Al box
also located the parabolic and ellipsoidal mirror and the
detector. Pumps, vacuum gauges and gas inlets are outeolbox,
below the table.

This snall UHV chamber (2x10 Torr) is usedfor in situ FAIR in transmission
mode. The UHV is achieved by a 270 Péeiffer turbo pump associated with a
Drytel 1®5C dry pump (drag pump plus membrane pump). This system is
currently used to studythe epitaxial growth of silicon and/or germanium on
silicon substrate¥ oriented (100)by CVD of Disilane {8§) and/or Digermane
(GeHs) exposure. Theanples can be annealed by resistive heating to ~10
and cooled down te120°C usgng liquid Nitrogen.




UHV Chambex#6and #7:

UHV #
This small UHV chamber has been used to study
Aluminum oxidation on CuO substrate. This system will
UHV #7 UHV #6 be rebuild shortlyon the frame supporting the UHV
chamber #7, as shown on figure 14. The two chamber
will be connected tohe same FFIR spectrometerThis
system will be setup ufor IR studies irtransmission
mode fromnormal to Brewsteincidenceangle. An EFM
3 (Omicron) ebeam evaporator for physical deposition
can be mounted on the extension facing down by 30
deg locat@ on the right of this UHV reactor. The
sample holder holds a quartz crystal balance to monitor
the deposition rate during physical deposition. The
sample can be heated by resistive annealing. Cooling
capabilitiesare planned fothe future. The chamber Vil
be pump down by a Pfeiffer 2701surbo pump.

Figure 14: : UHV chambes #ind #7.

UHV #7

In the remote plasma chamber, we are capable to reach to pressure dowrdi® with using Pfeiffer turbo molecular
pump. Our reactor is homemade and is also connectealRdIRspectrometerfor basic characterization of our sample
inside the reactor. Wean produce plasms usingmost gases including reactive gases such as\e) and H. The
plasma is watecooled.The most important feature of this system is to control atom fluxes with ratliiig the tuning.
Having RF Auto Tuning unit is controlled the inductively coupled plasma source.

This instrument has been used to characterize SiCN and oxide films upon plasma modification.

5 Specific setups in FT-IR spectrometer main bench compartme nt

Enclosureso study surface processesder controlled environmenare routinelyused in the main compartment of our
FFIR spectrometers. We adapt commercial systems as weltd@ggn and construcvery specific reactorsor use
commercial systems shcasthree Specac high pressurkigh temperature (HPT) IR celbne Janis PTSHI series cold
refrigerator (CCR) systeftiquid He) The HRHT celloperaedo SG6SSy onn Y YR mmnan Y F2
They can accommodate both transmission and reflection geometriesaddition we possess severdhomemade
reactors adapted to very specifienvironmentalexperiments.

5.1 Corrosive gas applications
Glas reactor:

Figure 18: Quartz chamberoperating either under
vacuum(around 1@ Torr)or under the flow of different
gas phase molecules. Samples can also be resist
heatedup to 1000°C

A quartz cell has been specifically designed tcstudy
chlorine reaction with H/Ssurfaces Qustomized glass to
metal adapter have been designed to mount KBr windows
on each side of the reactpso that the celfit in the main
compartment of theFTIR spectrometer

This eactor is also used for the growth, annealing and
characterization of SAMs of phosphonic acid on, sit@l
the interaction of ethanol with F5i(111)surfaces.

surfaces.





















