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2-MeV Ion Acceleretor



unique ion-beam research cluster, based on the new HVEE Ion Accelerator

2-MeV Ion Acceleretor
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2-MeV Ion Acceleretor



2-MeV Ion Acceleretor
Области	применений:
• Ion-beam analysis (Rutherford and non-Rutherford, PIXE, PIGE)
• Ионная имплантация для силовой электроники
• Испытания радиационной стойкости материалов и устройств

• Исследования и модификация биологических объектов
• Наработка специальных короткоживущих изотопов (F18),

время жизни ~ несколько часов
• Эксперименты по созданию нейтронных пучков (p+7Li=n+7Be):

энергии	нейтронов	сотник	КэВ,	порог	реакции	1.88 MeV



Engineering facilities of REC FN
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• Precious metal	machining
• Accuracy		- 1	um
• Maximum	details	sizes	– 1	m

• milling,	lathing
• Argon welding stage

Engineering centre

• Development	of	vacuum	chambers	and	setups
• CAD	models	development
• Calculation	of	strength	properties



CNC vertical milling machine

Types	of	processed	materials
Steel	
Non-ferrous	metals
Polymeric	materials

Main	parameters	and	
features:

Maximum	size	of	the	
workpiece	760х400х500mm,
Maximum	weight	of	the	billet	
is	1300	kg,
Positioning	accuracy	± 0,005	
mm,
Positioning	repeatability	±
0,0025	mm,
Indexed	rotary	axis



CNC EDM (electrical discharge) wire-cutting 
machine Mitsubishi MV1200S

Main	parameters	and	features:
• Maximum	size	of	the	billet	

810х700х215mm
• Maximum	weight	of	the	billet	is	

500	kg
• The	achievable	accuracy	on	the	

part	is	0.0025	± mm
• The	best	roughness	is	Ra,	0.25	μm

Types	of	processed	materials:
• Processing	of	any	metals,	alloys,	electrically	conductive	nonmetallic	

materials,	incl.	high	hardness.	
• Ferrous	and	non-ferrous	metals	and	alloys,	stainless	and	special	steels,	

hardened	steels,	graphite,	hard	alloy	(tungsten	carbide),	cubic	boron	
nitride	(CBN),	polycrystalline	diamond.



EDM start hole drilling machine Advanced 
Machinery EDM AD24

Main	parameters	and	features:
• Maximum	size	of	the	billet	
810х510х240mm

• Maximum	weight	of	the	billet	is	300	kg

• The	achievable	accuracy	on	the	part	is	
0.0025	± mm

• The	best	roughness	is	Ra,	0.25	μm

• Diameters	of	used	electrodes	0,3-3	
mm

Types	of	processed	materials:
• Processing	of	any	conductive	materials



Examples of manufactured parts



Welding equipment and works
Welding workshop

Weldable materials:
• Stainless	steel	
• Copper	
• Aluminium allous
• Titanium

Technologies:
• TIG	welding
• MIG	welding
• MMA	welding
• Rotary	welding	with	CNC	

welding	table	(rotator)







Ion Beam Deposition Complex
• Vacuum technology (operating at 10-2 Pa)
• RF gridded Kaufman Ion Source;
• End-Hall griddles assisting source; 
• 3-targets rotating holder;
• planetary rotating substrate holders;
• Optical and quartz thickness control;
• Ar and Kr as source gases;
• O2 and N2 operations.
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Al/Ni (2.5 nm, 25 periods) for MPI-CI
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Figure 1: Typical measurement configurations in SW fluorescence experiments. Schematic illustration of 
standing waves at an interface (top) for incident angles T1 and T2 indicated in the corresponding angle-
dependent reflectivity curves (bottom). (a) Two homogeneous media illuminated far below (T1) and close to 
(T2) the critical angle for total reflection Tc. (b) Thin layers at the interface between two homogeneous media 
illuminated at the same two angles. (c) A homogeneous medium in contact with a periodically structured solid 
illuminated for two angles slightly below (T1) and slightly above (T2) the Bragg angle TB. 

 

As implied in the introduction, SW fluorescence experiments generally require standing waves with 
pronounced spatial intensity variations. This in turn requires that the intensity of the reflected waves 
is comparable to that of the incident wave. Fig. 1 schematically illustrates typical measurement 
configurations where strong reflections are exploited in order to generate strongly modulated 
standing waves in the vicinity of the planar interface of interest:  

a) An interface between two homogeneous media (Fig. 1a). Total reflection from the interface is 
achieved when the interface is illuminated through the medium of lower SLD (medium 1) at an 
incident angle T below the critical angle of total reflection Tc for this configuration. As shown in the 
corresponding reflectivity curve (Fig. 1a bottom), the reflectivity drops rapidly for T > Tc. The total 
reflection below Tc gives rise to a long-period SW in medium 1 (Fig. 1a top). Only the exponentially 
decaying evanescent tail of the SW reaches into medium 2. As T is increased from zero to Tc, the 
nodes and antinodes in medium 1 move towards the interface while the period becomes gradually 
smaller. At the same time the decay length of the evanescent wave in medium 2 increases until it 
diverges at Tc [17]. The standing waves are schematically depicted exemplarily for incident angles far 

“Structural	Characterization	of	Soft	Interfaces	by Standing-Wave	Fluorescence	with	X-Rays	and	Neutrons”

By	E.Schneck and	B.Demé.
J.	of	Colloid	and	Interface	Sci.,	2015



Al/Ni (2.5 nm, 20 periods)



26

Main	characteristics
• RF	Magnetron	Sputtering
• 10 kW
• 1x1 m	deposition	area
• Vacuum	system	1000	l/s
• Al, Ag,	Cu,	Ti coatings
• Oxides (SiO2,	AlOx etc.)
• Nitrides (TiN.	AlN)

Large	Area	RF	Magnetron	Sputtering



RF Magnetron
RF	Matching	network	(antenna)



Plasma	cleaning

Optical	quartz	substrate	
⦰ 500mm,	d	=	65mm.,	

30	kg
High	quality	polishng

N<1
RF	Magnetron	coating	
Al(50nm)/SiO2,	K>85%

50	cm	dia optical	Al/SiO2 mirrors	for	space	
applications	by	RF	magnetron	

Special	vacuum	rotating	stage
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Fig. 2. Top: Illustration of the time constant required in order to enable detection of
each pulse’s intensity, separated by 220 ns at the European XFEL, and avoiding
signal pile-up. Bottom: Sketch of detector visualized as a RC circuit.

As the drift velocities for electrons and holes in diamond at saturation are v

s,e

⇡

2 · 105m/s and v

s,h

⇡ 1 · 105m/s, respectively (Wort & Balmer, 2008), the rise time of

the detected signal will be very fast, typically less than 1 ns for a 40µm thick diamond.

The signal decay time is determined by the detector and measurement circuit together.

We consider the setup as an RC circuit that exhibits a time constant ⌧ = RC. Fig.

2 shows the expected time behavior of the detector current for three di↵erent time

constants and at 4.5MHz repetition rate. Ideally the signal has fully decayed before

IUCr macros version 2.1.10: 2016/01/28

+ lowest-Z detector: 
• most ablation hard
• low absorption
+ high heat conductivity
+ high melting point
+ insensitive to visible light
+ fast charge drift velocities
+ compact

- small:  scCVD about 4.5 x 4.5 mm2

- still rather thick: 25-40μm thickness
- expensive
- require bias voltage

Thin diamond detectors for XFEL
“ionisation chambers - like” detectors:

* Materials Imaging and Dynamics 
end-station task by Andres 

Madsen



MID station XFEL task: Be coated detectors
• The thickness should be 0.5-2 microns each side, see attached figure.
• There should not be any intermediate layer between diamond and Be.
• There should not be Beryllium on the edges as we can not allow an electric contact of the

two electrodes via Beryllium on the edges

Thin diamond detectors for XFEL

+lowest-Z electrode material 
• most ablation hard
+ metallic
• small resistivity, 
• thus very fast time constant τ=RC Be electrode,

≈ 3.5mm x 3.5mm x 0-5-2µm

scCVD diamond plate,
4mm x 4mm x 40µm

Be electrode,
≈ 3.5mm x 3.5mm x 0.5-2µm

silver epoxy

wire

wire



Optics and experimental hutches of the MID 
end-station

optics hutch

experimental hutch
for	alignment	and	monitoring,
several	in-vacuum,	compact,
radiation	hard	intensity
monitors	are	required	in	various
locations

SDL mirror diagnostic



Be/scCVD-Diamond/Be device

scCVD Diamond

Be electrode 0.1μm

0.1μm

0.3μm

0.3μm

40μm

Be electrode,
≈ 3.5mm x 3.5mm x 0-5-2µm

scCVD diamond plate,
4mm x 4mm x 40µm

Be electrode,
≈ 3.5mm x 3.5mm x 0.5-2µm

silver epoxy

wire

wire

+

-

X-
ra

y
Be electrode 0.1μmTiN

TiN

J. Synchrotron 
Rad. (2018). 25
https://doi.org/1
0.1107/S160057

7517015016
T. Roth et al.



Единый комплекс вакуумных ростовых и
исследовательских установок

PLD LEED
ToF-SIMS

PLD

RHEED

Magnetron



Pulsed	laser	
deposition

Magnetron	
sputtering

Refractive	high	
energy	

electrons	diff

Time	of	Flight	
mass-

spectroscopy

Atomic	Layer	
Deposition

Low	energy	
electron	dif-
fraction

Auger	electron	
analysis

UHV	Atomic	forc
e	microscope

Sample	pre-
paration

Home lab

Thin film formation & investigation in-situ complex



*

*
2 Nd:YAG lasers co-deposition system Atomic layer depostion in situ

Time of Flight 
secondary ion 

mass-
spectroscopy

Refractive high 
energy electrons 

diffraction

Thin film formation & investigation in-situ complex



Thin film formation & investigation in-situ complex



Experimental PLD Setup

Load	lock

Growth	chamber	

Lasers	(1064,	532,	355,	266)	nm

DC	Magnetron

RHEED	e- gun

*

*
• Ultra	high	vacuum	10-9 Torr
• Nd:YAG lasers,	E~100	mJ,		10ns
• Sample	heater	up	1000	oC
• Magnetic	Field	annealing



Si:Au nanowhiskers for nanoelectronic devices
GROWTH METHOD

Pulsed Laser Deposition
(PLD)

• High particles energy in the
plasma plume ( up to
50keV);

• Precise thickness control
(~0.1ML/pulse)

• realization of experiment in
the different gas atmosphere
(O2: Ar, N2);

• Laser harmonics: 1064nm;
532nm; 355nm; 266nm;

• Possibility growth
heterostructures in one
vacuum cycle;

GROWTH MECHANISM
vapor–liquid–solid	method (VLS)

CONCLUSIONS
• Possibility of gold clusters formation by PLD. Higher substrate temperature –

larger size of the separate cluster.
• Au clusters crystallized in (111) orientation;
• Si:Au NW is possible to growth by PLD on Si(111) substrate in a special 

conditions (vac. pressure, laser energy, …).



Copper-stabilized Si:Au nanowhiskers for advanced 
nanoelectronics application 

• For	the	first	time,	we	demonstrate	that	
this	method	could	be	employed	to	
control	the	size	and	shape	of	silicon	
NWs	by	using	a	two-component	
catalyst	material	(Cu:Au~1:60).	

•During	the	NW	growth,	copper	is	
distributed	on	the	outer	surface	of	the	
nanowhisker,	while	gold	sticks	as	a	
droplet	to	its	top.

• The	measurements	of	the	electrical	
transport	properties	revealed	that	in	
contact	with	the	substrate,	individual	
NWs	demonstrate	typical	I-V	diode	
characteristics.
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• Near-room martensitic transition.
• Narrow temperature interval of the 

martensitic transition (~30K).
• Transition temperature ~310K.

Thin Ni51Mn33In16 film XRD investigation

by Alexey Grunin

Laser 2Laser 1

Target	1 Target	2

Substrate

Plasma



Magnetostructural
transformations in Ni-Mn-In thin films

Properties	of	martensitic transition	are	investigated	by	X-Ray	

diffraction	at	different	temperatures,	magnetometery and	HAXPES		
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Phase diagrams for samples Ni52Mn32In16 (a) и Ni51Mn33In16 (b) 
M – martensitic phase, A – austenite. F – ferromagnetic, P - paramagnetic

Ni52Mn32In16
Ni51Mn33In16

*Alexei	Grunin thesis	defense	25.10.17

Si

SiO2

Ni-Mn-In ~50nm

300nm

380um



YIG(111)/GGG(111)	Structures by PLD		

Thin yttrium iron garnet films grown by pulsed laser deposition: Crystal
structure, static, and dynamic magnetic properties

N. S. Sokolov,1,a) V. V. Fedorov,1 A. M. Korovin,1 S. M. Suturin,1 D. A. Baranov,1

S. V. Gastev,1 B. B. Krichevtsov,1 K. Yu. Maksimova,2 A. I. Grunin,2 V. E. Bursian,1

L. V. Lutsev,1 and M. Tabuchi3
1Ioffe Physical-Technical Institute of Russian Academy of Sciences, St. Petersburg 194021, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad 236041, Russia
3Synchrotron Radiation Research Center, Nagoya University, Nagoya 464-8603, Japan

(Received 26 October 2015; accepted 27 December 2015; published online 12 January 2016)

Pulsed laser deposition has been used to grow thin (10–84 nm) epitaxial layers of Yttrium Iron
Garnet Y3Fe5O12 (YIG) on (111)–oriented Gadolinium Gallium Garnet substrates at different
growth conditions. Atomic force microscopy showed flat surface morphology both on micrometer
and nanometer scales. X-ray diffraction measurements revealed that the films are coherent with the
substrate in the interface plane. The interplane distance in the [111] direction was found to be by
1.2% larger than expected for YIG stoichiometric pseudomorphic film indicating presence of rhom-
bohedral distortion in this direction. Polar Kerr effect and ferromagnetic resonance measurements
showed existence of additional magnetic anisotropy, which adds to the demagnetizing field to keep
magnetization vector in the film plane. The origin of the magnetic anisotropy is related to the strain
in YIG films observed by XRD. Magneto-optical Kerr effect measurements revealed important role
of magnetization rotation during magnetization reversal. An unusual fine structure of microwave
magnetic resonance spectra has been observed in the film grown at reduced (0.5 mTorr) oxygen
pressure. Surface spin wave propagation has been demonstrated in the in-plane magnetized films.
VC 2016 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4939678]

I. INTRODUCTION

Yttrium Iron Garnet Y3Fe5O12 (YIG) films as well as
films of other iron garnets were a subject of intensive study
in 70–80th years of the last century. The interest to these
films has been caused by perspectives for development of a
number of microwave filters, delay lines, and magneto-
optical devices for storage and processing of information
such as magneto-optical transparencies, displays, deflectors,
optical insulators, read heads, and integrated magneto-
optical devices. The use of Yttrium Iron Garnet in these stud-
ies was due to unique magnetic, optical, and magneto-optical
parameters of this material such as extremely small spin
wave damping, high transparency in wide spectral range, and
high magnitude of Faraday effect.1–3

In the recent years, we see the renewal of interest to
Yttrium Iron Garnet related to magnetic heterostructures
incorporating nano-scale YIG layers. The interest is related
to the recent development of magnonics,4,5 oxide spintronics,
and, in particular, with perspectives to use these structures
for information transfer by means of spin wave packets
instead of current carriers.6 The latter task initiates the
demand for YIG nanolayers with low spin wave damping.
Fabrication of such films is a specific technological problem,
which cannot be solved by standard methods like liquid
phase epitaxy.

Recently, the growth of YIG nanolayers by means of
Pulse Laser Deposition (PLD) and its improved version
Laser Molecular Beam Epitaxy (LMBE) was reported by a

number of groups.7–15 Analysis of the main results produced
upon the investigation of growth process, crystal structure,
and magnetic properties of such films, in particular, ferro-
magnetic resonance (FMR), is presented in Ref. 13. The
study of spin pumping and spin transfer in nonmagnetic
metal (Pt, Ta)/magnetic dielectric (YIG) heterostructures
was carried out in Refs. 8–12. It is worth noting that the the-
oretical consideration carried out in Ref. 16 has shown that
in such thin films one can expect considerable decrease of
spin wave damping due to suppression of the three-magnon
scattering processes. This decrease presents interest for de-
velopment of new microwave devices such as filters and
delay lines. Besides this, the outstanding properties of the
“YIG/topological insulator” heterostructures have been dem-
onstrated recently being very attractive for the fundamental
studies as well as for the future applications.17

To our knowledge, up to now, no detailed studies of
magnetization reversal in YIG nanoscale films have been
carried out despite the fact that this is the most important
process responsible for the magnetic properties of the mag-
netic media. The aim of this work is the growth of YIG thin
films on Gadolinium Gallium Garnet (GGG) substrate by
means of PLD and related studies of the crystal structure,
magnetization reversal, and magnetization dynamics in these
films.

II. EXPERIMENTAL

The yttrium iron garnet films have been grown by PLD
technique onto the (111) surface of the GGG substrates.
Bulk GGG and YIG have the same garnet crystal structurea)E-mail: nsokolov@fl.ioffe.ru

0021-8979/2016/119(2)/023903/9/$30.00 VC 2016 AIP Publishing LLC119, 023903-1
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dimensions are strongly dependent on the growth tempera-
ture. They can be estimated to be 20 nm! 0.5 nm for the
650 "C sample and 70 nm! 1.4 nm for the 800 "C sample.
The island height is considerably smaller than the estimated
film thickness indicating that the layer is continuous. The
growth likely proceeds by nucleation and further coalescence
of islands whose density and size are directly related to the
adatom surface mobility. This explains the observed increase
of the island dimensions with temperature.

Growth of islands with height exceeding few monoa-
tomic layers may take place either because the energy of the
YIG (111) surface is higher than that of the other crystallo-
graphic planes or because the adatom mobility is not suffi-
cient for the layer-by-layer or the step flow growth. As the
island height-to-diameter ratio is very small in the present
case, one can assume that the observed surface roughness is
related to the low surface mobility rather than to the surface
energy issues. Increasing the growth temperature, one can
likely get a layer by layer growth with the step-height-to-
terrace-width ratio equal to the tangent of the substrate
misorientation angle. An additional study has been carried
out to investigate the influence of the growth rate on the YIG
film surface morphology. Two similar samples (thickness
10 nm, T¼ 650 "C, PO2

¼ 5 mTorr) have been grown at laser
pulse repetition rate of 2 and 10 Hz. AFM study showed no
difference in their surface morphologies.

B. X-ray diffraction study

X-ray diffraction measurements have been carried out on
the YIG/GGG films to know the epitaxial relations, YIG lattice
parameters as well as to estimate crystalline quality and film
thickness. The YIG film was shown to fully inherit the lattice
orientation of the GGG substrate which a natural consequence
of the fact that the lattice constants of bulk YIG and GGG
are very close (aYIG¼ 12.376 Å, aGGG¼ 12.383 Å). To clarify
whether the film grows with its bulk lattice parameters or gets
strained due to a stoichiometry deviation, a measurement was
needed that would not miss a small in-plane or/and out-of-
plane shift of YIG reflections with respect to GGG reflections.
For this purpose, a 3D reciprocal space mapping has been car-
ried out around the specular YIG/GGG (444) and non-specular
YIG/GGG (420) and (44-4) reflections. Figure 2(a) shows such
maps measured in the 84 nm YIG film (sample #2.2). It

becomes evident from the maps that the YIG and GGG diffrac-
tion peaks are considerably shifted with respect to each other
along the [111] out-of-plane direction. No in-plane shifts
within the experimental error of $0.1% have been detected,
serving a proof of pseudomorphic YIG film growth. The two
different reciprocal lattice rods, one passing through (420) and
the other through (44-4) reflections, have been studied. These
rods belong to different zones and give information about lat-
tice matching in the two non collinear in-plane directions. YIG
crystal truncation rods exhibiting well pronounced thickness
oscillations are distinctly seen on the intensity map.

As soon as the lateral position of the YIG reflections was
fixed to coincide with those of the GGG crystal truncation
rods, further measurements were carried out with a point de-
tector (with a wider dynamic range compared to the CCD
camera) to carefully investigate the intensity profiles along
and across the crystal truncation rods. The rocking curves
with a characteristic full width at half maximum of 0.03" have
been measured indicating the high crystalline quality of the
YIG layers. Figure 3 shows a specular rod intensity profiles
measured in the vicinity of YIG/GGG(444) reflections for the
samples #2.2 and #2.5 grown at the same conditions but dif-
fering in thickness (84 nm and 10 nm correspondingly).

Distinct Laue oscillations are present in both profiles.
The oscillation periods correspond well to the thicknesses of
84 and 10 nm estimated earlier from the AFM measurements.
The YIG(444) and GGG(444) reflections can be reliably dis-
tinguished in the intensity profile corresponding to the 84 nm
YIG film. The film peak position corresponds to the inter-
plane distance d444

film that is larger than that in GGG
(d444

film¼ 1.011%d444
GGG) and thus larger than that in bulk

YIG (d444
film¼ 1.012%d444

YIG). As it was mentioned earlier
in this work, the lateral lattice parameters of the film and the
substrate coincide within the experimental accuracy. The
film thus exhibits a rhombohedral distortion with
afilm¼ 1.004 % aYIG¼ 12.426 Å and the angle between the
unit h001i vectors n¼ 89.54". A similar value for the

FIG. 2. 3D reciprocal space maps in the vicinity of GGG (420), (444), and
(44-4) reflections of the sample with 84 nm YIG film (a) and schematic
drawing of the corresponding crystal truncation rods (b).

FIG. 3. Specular rod intensity profiles in the vicinity of YIG/GGG(444)
reflections measured for samples #2.2 and #2.5 having thicknesses of 84 nm
and 10 nm correspondingly. The profiles are shifted vertically for better
visibility.
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Pulsed laser deposition has been used to grow thin (10–84 nm) epitaxial layers of Yttrium Iron
Garnet Y3Fe5O12 (YIG) on (111)–oriented Gadolinium Gallium Garnet substrates at different
growth conditions. Atomic force microscopy showed flat surface morphology both on micrometer
and nanometer scales. X-ray diffraction measurements revealed that the films are coherent with the
substrate in the interface plane. The interplane distance in the [111] direction was found to be by
1.2% larger than expected for YIG stoichiometric pseudomorphic film indicating presence of rhom-
bohedral distortion in this direction. Polar Kerr effect and ferromagnetic resonance measurements
showed existence of additional magnetic anisotropy, which adds to the demagnetizing field to keep
magnetization vector in the film plane. The origin of the magnetic anisotropy is related to the strain
in YIG films observed by XRD. Magneto-optical Kerr effect measurements revealed important role
of magnetization rotation during magnetization reversal. An unusual fine structure of microwave
magnetic resonance spectra has been observed in the film grown at reduced (0.5 mTorr) oxygen
pressure. Surface spin wave propagation has been demonstrated in the in-plane magnetized films.
VC 2016 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4939678]

I. INTRODUCTION

Yttrium Iron Garnet Y3Fe5O12 (YIG) films as well as
films of other iron garnets were a subject of intensive study
in 70–80th years of the last century. The interest to these
films has been caused by perspectives for development of a
number of microwave filters, delay lines, and magneto-
optical devices for storage and processing of information
such as magneto-optical transparencies, displays, deflectors,
optical insulators, read heads, and integrated magneto-
optical devices. The use of Yttrium Iron Garnet in these stud-
ies was due to unique magnetic, optical, and magneto-optical
parameters of this material such as extremely small spin
wave damping, high transparency in wide spectral range, and
high magnitude of Faraday effect.1–3

In the recent years, we see the renewal of interest to
Yttrium Iron Garnet related to magnetic heterostructures
incorporating nano-scale YIG layers. The interest is related
to the recent development of magnonics,4,5 oxide spintronics,
and, in particular, with perspectives to use these structures
for information transfer by means of spin wave packets
instead of current carriers.6 The latter task initiates the
demand for YIG nanolayers with low spin wave damping.
Fabrication of such films is a specific technological problem,
which cannot be solved by standard methods like liquid
phase epitaxy.

Recently, the growth of YIG nanolayers by means of
Pulse Laser Deposition (PLD) and its improved version
Laser Molecular Beam Epitaxy (LMBE) was reported by a

number of groups.7–15 Analysis of the main results produced
upon the investigation of growth process, crystal structure,
and magnetic properties of such films, in particular, ferro-
magnetic resonance (FMR), is presented in Ref. 13. The
study of spin pumping and spin transfer in nonmagnetic
metal (Pt, Ta)/magnetic dielectric (YIG) heterostructures
was carried out in Refs. 8–12. It is worth noting that the the-
oretical consideration carried out in Ref. 16 has shown that
in such thin films one can expect considerable decrease of
spin wave damping due to suppression of the three-magnon
scattering processes. This decrease presents interest for de-
velopment of new microwave devices such as filters and
delay lines. Besides this, the outstanding properties of the
“YIG/topological insulator” heterostructures have been dem-
onstrated recently being very attractive for the fundamental
studies as well as for the future applications.17

To our knowledge, up to now, no detailed studies of
magnetization reversal in YIG nanoscale films have been
carried out despite the fact that this is the most important
process responsible for the magnetic properties of the mag-
netic media. The aim of this work is the growth of YIG thin
films on Gadolinium Gallium Garnet (GGG) substrate by
means of PLD and related studies of the crystal structure,
magnetization reversal, and magnetization dynamics in these
films.

II. EXPERIMENTAL

The yttrium iron garnet films have been grown by PLD
technique onto the (111) surface of the GGG substrates.
Bulk GGG and YIG have the same garnet crystal structurea)E-mail: nsokolov@fl.ioffe.ru
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First prototype

§ Laser:	266nm,	532	nm		+scanning	mirror	
+	focusing	lens;

§ Electrical	feedthrough;
§ Variable	precision	leak	valve;
§ Linear	and	rotary	motion	for	substrate	

and	target;
§ Vacuum	gauge	(wide	range);
§ Agilent	TPS	turbo	pumping	system.

§ Target	holder	for	different	
material	sizes;

§ Substrate	holder	with	lamp	
heater.



Pulsed	Laser	
Deposition

MgO(100)

Ir/Pt
BaTiO3 or SrTiO3

Fe(111)

§ Импульсное	лазерное	осаждение:			Высокие	энергии(50	eV	до	500	eV)	è
большая	длина	диффузии	на	поверхности è монокристаллы

PLD	exp @	P09	PETRA	III.	Постановка	эксперимента

by Ksenia Maksimova
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§ Послойный	рост	с	гладкими	границами	раздела;
§ Несоответствие	решеток	BaTiO3/Ir=	2.1%;	Fe/BaTiO3=	3.3%;
§ Несоответствие	решеток	SrTiO3/Ir=	1.7%;	Fe/SrTiO3=	3.7%;

PLD	exp @	P09	PETRA	III.	Структурные	свойства

by Ksenia Maksimova



MgO(100)

Ir/Pt
BaTiO3 or SrTiO3

Fe(111)

Fe	2p

PLD	exp @	P09	PETRA	III.	Фотоэлектронная	спектроскопия

§ Границы	раздела	Fe/BTO,	Fe/STO
не	содержат	оксид	железа

by Ksenia Maksimova



MgO(100)

Ir/Pt
BaTiO3

Fe(111)

PLD	exp @	P09	PETRA	III.	Магнитный	круговой	дихроизм

Интенсивность	и	форма	спектров	фотоэмиссии
зависит	от	относительной	ориентации	и	/	или	
направления:

§ Вектора	намагничивания образца
§ Поляризации	рентгеновского	излучения
§ Эмиссии	электронов

by Ksenia Maksimova



DESY,	PETRA	III,	P23	(Russian-German)

§ Thin	film	deposition	system	concepts	for	in	situ	investigations
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Российско-Немецкий канал P23

Мобильные	ростовые	установки:	DESY,	P23	Russian-
German	Beamline:	thin	film	growth	concept	

Гониометр EH1, 
размещение легкой 
ростовой камеры

by Ksenia Maksimova



Main features:
o chamber	material:	titanium
o Ultra	High	Vacuum	chamber;
o Be-dome	for	in	situ X-Ray	experiments;
o adjustable	leaks	to	1x10-10 Torr l/sec

1

2

Detector

Sample

o the	sample	is	displaced	from	
1-deposition	to	

2- X-Ray	investigation
positions

Мобильные	ростовые	установки:	DESY,	P23	Russian-
German	Beamline:	thin	film	growth	concept	

by Ksenia Maksimova



Portable PLD chamber: design III
“Shadow”		thin	film	deposition:

§ Very	slow	growth	speed;
§ Absence	macroparticles;

§ Possibility	doing	X-Ray	
investigation	during	growth

CO2-
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substrate

target

Nd:Y
AG
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X-Ray	
beam



Мобильные	ростовые	установки:	ESRF	ID	18	Nuclear	
Resonance	PLD	growth	concept

terized in the chamber shown with number 1 in Figs. 1 and 2.
The main body of the chamber is based on a CF160 tube
with a number of flanges. A 250 l /s double-ended ion getter
pump !Gamma Vacuum" is mounted below the supporting
table on a CF160 tube perpendicularly welded to the cham-
ber body. Additional pumping power is provided by a three-
filament titanium sublimation pump and a cryoshroud
mounted inside the ion pump. The samples can be deposited
by two electron-beam evaporators and an effusion cell. A
four-pocket mini-electron-beam evaporator !EGCO4 Oxford
Applied Research" with a motorized shutter serves for evapo-
ration from rods and crucibles from each pocket separately,
as well as, for codeposition of different combinations of the
evaporants !preparation of alloys and multilayers". The sec-
ond single-pocket electron-beam source !EBV10 Prevac" is
used for deposition of the Mössbauer isotope 57Fe. In addi-
tion, an effusion cell !SVT Associates" is available for
evaporation of rare-earth metals !Eu, Sm, Dy". A precise cali-
bration of the deposition rate is done by a quartz-balance
monitor mounted on a dedicated sample holder !PTS-quartz
Prevac" and readout by an INFICON IC5 thin film deposition
controller. A thickness reproducibility of 0.5 Å was con-
firmed by x-ray reflectivity measurements. The deposited
structures can be characterized by low-energy electron dif-
fraction !LEED" and Auger electron spectroscopy using an
ErLEED !SPECS" instrument with automatic image and data
acquisition mounted in a CF160 tube upward perpendicularly
to the main body of the chamber. In order to monitor in situ

the film growth, or to structurally characterize thick epitaxial
films, the LEED instrument can be replaced by a reflection
high-energy electron diffraction !RHEED" setup !SPECS"
combined with the SAFIRE package—a diffraction image and
processing software.

A small oxygen container connected to the preparation
chamber via a needle valve serves for controlled admission
of high-purity oxygen, used for preparation of stoichiometric
iron oxides, as well as, for cleaning of the W single-crystal
substrate prior to deposition of the Fe films. The total and
partial pressure of the residuals in the system is monitored by
a vacuum gauge and a residual gas analyzer !RGA200 Stan-
ford Research Systems". A dedicated manipulator !Prevac",
which provides electrical contacts for sample heating and
temperature control !K- and C-type thermocouples", retains
the sample holder in this chamber. In addition, feedthroughs
are available for cooling the sample down to 90 K by flow of
liquid nitrogen. By this manipulator the sample holder can be
rotated by !180° and laterally transferred along the chamber
between the preparation, characterization, and transfer sec-
tions. A gate valve isolates this chamber from the system,
while a bypass connection to the load-lock allows one to
vent and bakeout the preparation chamber alone.

B. Chamber for NRS experiments

The chamber for NRS experiments, number 2 in Figs. 1
and 2, is based on two crossed CF160 tubes with a sample
station !Prevac". The station provides electrical contacts to
the sample holder, which serve for temperature measurement
!K- or C-type thermocouples", resistive and electron-
bombardment heating, and feedthroughs for cooling the
sample down to 90 K by flow of liquid nitrogen. In addition,
the sample holder can be rotated in the range of !180°
around an axis perpendicular to the sample surface, allowing

FIG. 1. !Color online" Schematic view of the UHV system with the prepa-
ration 1, NRS 2, distribution 3, storage 4, and load-lock 5 chambers !for
simplicity all bypasses and evaporation sources are omitted". 6 shows the
CF63 port where the portable chambers can be connected to the system.

FIG. 2. !Color online" A top-side photograph of the UHV system with the
preparation 1, NRS 2, distribution 3, storage 4, and load-lock 5 chambers. 6
shows the portable chamber for wide-angle XRD, GISAXS, and XPCS ex-
periments connected to the system.

045108-2 Stankov et al. Rev. Sci. Instrum. 79, 045108 !2008"
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• Исследование	«чистых»	металлов
• Возможность	послойного	формирования	изо-

топических	слоев			Fe57,	Sn119 и	т.д

EH2	ID18 ESRF	/	НАНОФЭС,КИСИ

Distribution	Chamber



• НОЦ	«Функциональные	наноматериалы»	БФУ	им.	И.	Канта
• Возможности,	задачи,	установки

• Мобильные	ростовые	установки
• Импульсное	лазерное	осаждение (PLD)
• PLD	 in situ HAXPES	@	P09	DESY	
• PLD	chambers	concept	@	P23	DESY,	ID18	ESRF

• In	situ	PLD	установки	на	нейтронном	источнике
• PLD	chamber	concept	@	MARIA,	JCNS
• Универсальная	PLD	установка	для	нескольких	центров



In-situ neutron investigations
üThe	aim	– to	investigate	the	properties	of		materials	at	
early	stages	of	thin	films	growth.

Polarized	Neutron	Reflectometry (PNR)	is	very	sensitive	
technique	for	structural	and	magnetic	properties	with	atomic	
resolution.

In-situmagnetron	sputtering	
system	at	Swiss	neutron	
spallation source	SINQ

W.	Kreuzpaintner,	
Phys.	Rev.	Applied	7,	
054004,	2017



In-situ neutron investigations
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Molecular Beam	Epitaxy setup

First (quasi) in-situ neutron re ︎flectivity measurements on ultrathin 
magnetic ︎films at MARIA

Jülich Centre for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum (MLZ), Forschungszentrum Jülich GmbH, Garching, Germany

Sabine Pütter, Amir Syed Mohd, Stefan Mattauch, Alexandros Koutsioubas, Alexander Weber, Harald Schneider, and Thomas Brückel 

The investigation of ultrathin ︎films which are sensitive to ambient air at 
large scale instruments is a challenge as the capabilities for on-site 
growth UHV chambers to measure in-situ are often limited, mostly due to 
lacking space. A common solution is the use of protecting cap layers on 
top of the ︎films. However they might change the physical properties of the 
sample [1, 2].
Our solution is a handy, lightweight mini UHV-chamber which is used for 
sample transfer and quasi in-situ measurements at the neutron 
reflectometer MARIA (Magnetic reflectometer with high incident angle) of 
the Jülich Centre for Neutron Science at MLZ in Garching. The samples 
are prepared in the adjacent thin ︎film laboratory by molecular beam 
epitaxy and moved into the compact chamber for transfer.
We present first quasi in-situ neutron reflectivity measurements on a Co 
thin film and prove the working principle for quasi in-situ measurements. 

Introduction

First quasi in-situ polarized neutron measurements at MARIA on Co/MgO(001)

Introduce lower 
magnetic moment [5]

Assume pure Co thin film

Ex-situ XRR measurements

With CoOx layer the data are not satisfied
➜ in-situ no CoOx exists

Bottom layer of 0.5 nm is confirmed 
max. Co oxide layer thickness is determined

Introduce intermixing 
bottom layer (BL) [4,5]

Expected film 
parameters do not fit

Best values:  BL 0.5 nm and 
1.9 nm Co  with σ≈1.1 nm and m= 1.2 µB

Assume CoOx layers of different thickness

Maximum Co oxide 
layer of 1.6 nm

Intermediate Co 
oxide layer of 0.5 nm

Small Co oxide 
layer of 0.1 nm

Oxidation to CoOx

Taking a bottom 
layer into account

Assume only Co

main chamber

Base pressure < 10-10 mbar
Sources: 6 Effusion cells, 2 e-guns (each 4 crucibles), plasma source
Growth control via Quartz micro balances and Reflection High Energy 
Electron Diffraction (RHEED) 
Substrate manipulator temperatures up to 1000 °C,
sample size: up to Φ 2" and 20 mm x 20 mm
High reproducibility of sample growth: 
Automated control of the growth procedure by "recipes" in the MBE system 
software 
Supplied evaporation material:
Ag, Al, Au, Co, Cr, Cu, Fe, La, Mn, Ni, Nb, Pt, Sr, and Ti, other material on 
request

Buffer line chamber: 
surface structure analysis via Low Energy Electron Diffraction (LEED)
chemical surface analysis via Auger Electron Spectroscopy (AES) 
storage of up to 12 samples

buffer line chamber

Molecular Beam Epitaxy (MBE) setup for sample fabrication
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We presented the first quasi in-situ polarized neutron reflectivity measurements on Co thin ︎films at 
room temperature at MLZ in Garching. 
The results reveal the purity of the Co film and the feasibility of in-situ measurements. 
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Mini UHV transfer chamber 

After PNR measurements the sample was 
measured ex-situ for cross check(fixed intermixing bottom layer and lower magnetic moment)measurements at room temperature in 300 mT

wobble stick, as a sample holder for 
samples of up to 1 cm2 

sample level

sapphire windows for neutrons

nonevaporable getter and ion 
pump (SAES Getters SpA)

DN CF-40 valve with window

MBE buffer line chamber

base pressure 2･10-10 mbar

load lock

gate 
valve of 
load lock 
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MARIA is provided via proposals at MLZ in Garching (http://mlz-garching.de/)

Contact: Sabine Pütter                  
              s.puetter@fz-juelich.de
              

Mini UHV transfer chamber 

After PNR measurements the sample was 
measured ex-situ for cross check(fixed intermixing bottom layer and lower magnetic moment)measurements at room temperature in 300 mT

wobble stick, as a sample holder for 
samples of up to 1 cm2 

sample level

sapphire windows for neutrons

nonevaporable getter and ion 
pump (SAES Getters SpA)

DN CF-40 valve with window

MBE buffer line chamber

base pressure 2･10-10 mbar

load lock

gate 
valve of 
load lock 
chamber

MBE:	http://mlz-garching.de/mbe
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UHV-Transfer: quasi in-situ
• DN	CF-40	cube	serves	as	main	chamber	
• two	sapphire	windows	for	the	neutron	beam	
• a	wobble	stick,	which	serves	also	as	a	sample	holder	for	

samples	of	up	to	1	cm2	
• a	DN	CF-40	tee	
• a	nonevaporable getter	and	ion	pump	type	Nextorr D	

100-5	(SAES	Getters	SpA)	
• DN	CF-40	valve	with	window	(for	adjusting	
�base	pressure	2�10-10	mbar	
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FIG. 3: (Color online) Photo of the transfer chamber inside
the MARIA magnet. In the center, the valve with the cus-
tomized window is visible. (This picture will be updated)

for measuring. After closing the valve and venting the
UHV cross the transfer chamber can be detached from
the MBE system and carried to the neutron instrument.

B. Neutron reflectivity measurements at MARIA

The transfer chamber is transfered to the neutron in-
trument within approximately 5 minutes. It is inserted
horizontally between the pole shoes of the magnet, Fig. 3
and the pump is attached to its power supply. The pres-
sure does not change during this procedure. In fact, even
after keeping the transfer chamber without power for 24
hours the pressure rises only up to 1.3 · 10�9 mbar. The
PNR measurements are performed at room temperature.
A typical measurement of spin up (R+) and spin down
(R-) reflectivity usually takes three hours.

V. RESULTS AND DISCUSSION

A. PNR-Measurements

In Fig. 4 we present the first polarized neutron reflec-
tivity measurement on a Co thin film which was prepared
in the MBE setup and afterwards measured at MARIA.
For these measurements, only the NEG pump was pump-
ing which is a worse condition with respect to the con-
tamination probability of the film than for the typical
measurement with the sputter ion pump swithced on.
This situation was chosen to emphasize the pressure sta-
bility of the chamber. The film was measured at room
temperature in 300 mT, which is well above its satura-
tion field. The magnetic field direction during the mea-
surement was kept parallel to the polarization axis of the
neutron beam. In polarized neutron reflectivity measure-
ments the nuclear scattering length density is always the

FIG. 4: (Color online) Di↵erent simulations/fits of the same
PNR data set of Co/MgO(001). For further details, see text.

same while the magnetic scattering length density de-
pends on the in-plane magnetization parallel to the ap-
plied field. As a result a separation at the critical edge in
the spin up (R+) and the spin downt (R–) channels gives
the information about the average magnetic moment of
the film. Evidently, the sample is ferromagnetic as such
a separation of R+ and R– reflectivity is found at the
critical edge, Fig. 4.

First, the data have been simulated with the expected
parameters for the Co film (thickness 2.1 nm, magnetic
moment of 1.7 µ

B

and with a film and surface roughness
of � = 1.1 nm, which is the surface roughness of a raw
MgO(001) substrate, determined by XRR), Fig. 4(a). As
a raw MgO(001) substrate was used for thin film growth,
surface contamination with C and intermixing with the
Co layer has to be taken into account14,15. Therefore, it
is reasonable to introduce an additional intermixing bot-
tom layer (BL) in the fit, keeping the magnetic moment
fixed, Fig. 4(b). The nuclear scattering length density of
the Co film was allowed to vary within 3 % of its theo-
retical value (2.27 · 10�6 Å�2). However, the simulation
is not reproducing the data. However, the fit ends up in
a rather thin Co layer of 1.4 nm, which is not reasonable
and does not improve the agreement of the fit with the
data, especially at higher Q

z

. Furthermore Co is known
to exhibit a reduced magnetic moment in thin films14.
Considering this, the fit comes very close to the data
with the following parameters: bottom layer thickness
0.5 nm, Co film thickness 1.9 nm, magnetic moment of
1.2 µ

B

and film and substrate roughness of � = 1.1± 0.1
nm.

In order to confirm the reliability of the fit we assumed

2

FIG. 1: (Color online) Photo of the transfer chamber attached
to the MBE setup.

III. SYSTEM LAYOUT

A photograph of the transfer chamber is given in
Fig. 1. The transportable chamber is very handy and
lightweight. Special attention has been paid to the com-
patibility of the chamber to neutron reflectivity measure-
ments. Mostly standard components with DN CF-40
(CF ConFlat, a registered trademark of Varian, Inc.)
have been chosen in preferably non-ferromagnetic ver-
sion. The core part is a DN CF-40 cube made of low
magnetic permeability steal (316LN). Two opposing DN
CF-40 sapphire view ports are mounted for enabling a
clear neutron beam path. The maximum angle of in-
cidence is 13� for the neutron beam which is absolutely
su�cient for measurements up to Q = 0.3 Å�1 at � = 4.1
Å.

For inserting the sample from the MBE setup into
the transfer chamber a wobble stick (Ferrovac GmbH)
is used. Together with the sample plate, it also serves
as sample holder in the chamber when retracted. The
wobble stick is fixed mechanically from outside to pre-
vent any sample movement. For the given orientation
of the transfer chamber in Fig. 1 the sample is facing
downwards.

The sample plate is equipped with a small handle on

FIG. 2: (Color online) Sketch of the sample plate (2⇥ 2 cm2)
with small handle on the back.Blue background will be re-
moved.

the back for gripping the sample plate by the wobble
stick, Fig. 2. At the front the sample is attached. Maxi-
mum sample size is 1 ⇥ 1 cm2. Our test sample plate is
made from Cu. This preliminary version does not allow
sample heating or cooling. Further development will in-
clude a heating option as well as an adaption to standard
Omicron type sample plates.

Opposite to the wobble stick flange a DN CF-40 UHV
tee is attached. At 90 degrees from it, a getter pump type
Nextorr D 100-5 (SAES Getters SpA, Italy) is installed.
The pump is a combination of a sputter ion pump (SIP)
and NEG material (nonevaporable getter material)13. Its
max. pumping speed is 140 l/s. The pump is encased by
a µ-metal shield to minimize the magnetic stray field,
which is about 0.08 mT at the sample position. This
value is well below the remanence of the magnet of the
neutron reflectometer and therefore does not influence
the measurements. Two power supplies are used for oper-
ation, one is placed at the MBE system and the other one
is located at the neutron reflectometer. During transfer,
only the NEG element is pumping. The pressure is mea-
sured by the ion getter pump. The base pressure of the
transfer chamber is about 2 · 10�10 mbar. The chamber
is closed by a customized DN CF-40 valve (VAT GmbH)
which has a small quartz window inside. This window is
required for the rough alignment of the sample for PNR
when mounted inside the pole shoes of the magnet using
a laser beam, Fig. 3. To reach UHV the whole transport
chamber is baked at 150�C for 48 hours.

IV. PROCEDURE OF SAMPLE TRANSFER

A. Attachment to the MBE setup

At the MBE setup, the transfer chamber is attached
to a DN CF-40 cross with a valve, a pirani vacuum
gauge and a pumping unit, Fig. 1. Within the MBE sys-
tem samples are moved horizontally, facing downwards.
Hence for sample transfer, the wobble stick of the trans-
fer chamber grabs the sample plate from the backside
when the sample is located in the sample trolley below
the transfer chamber. A window in the bu↵erline at the
level of the trolley enables the control of the transfer.
The pincer of the wobble stick grabs the handle of the
sample plate and by withdrawing the wobble stick into
the transfer chamber the sample is moved to the position
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Методы

• Синхротронные методы:
• Фото-электронная спектроскопия (РФЭС, HAXPES)
• Синхротронная мессбауэровская спектроскопия
• Дифрактометрия \ рефлектометрия

• Нейтронные методы:
• Рефлектометрия поляризованных нейтронов (PNR)
• Дифрактометрия
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