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The structure, construction and mechanical stresses of the TaSi,/Si multilayer manufac-
tured by magnetron sputtering on the heated substrates were studied in the initial state
and after thermal annealing. Deposition of multilayers is accompanied by formation of
compressive mechanical stress. Reduction of mechanical stresses in the multilayers by
increasing of the substrate temperature and after thermal annealing was observed. The
thickness of the multilayers and the annealing temperature at which ones separated from
the substrate were shown. Thermal annealing is accompanied by changes of the multilayer
construction and structure of layers. The deposition of depth graded multilayers with
layer thickness distribution according to the Fresnel zone plate law has been performed.
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B MCXOZHOM COCTOSHHU M IIOCJE TEPMUYECKOr0 OTKUIA KCCJIEJOBAHBbI CTPYKTyDa, KOH-
CTPYKIMA 1 MeXaHNYeCKUe HAIPS)KeHWsA MHorocaoiiHoro mokpeitua TaSi,/Si, nsroroemenno-
ro MArHeTPOHHBIM DACHBIIEHWEeM Ha IOJorpeBaeMble MOAJM0KKU. HaHecenne MOKPBITUSA CO-
npoBoKAaeTca (GOPMUPOBAHUEM CKUMAIOIINX MeXaHMYeCKuX HampsyKenuit. Habmaomamoch
YMeHBITeHre MeXaHUUeCKUX HANDPSKEeHNUN B MOKPBITUM MPU BOSPACTAHUN TEMIIEPATyPHI MO/ -
JIOJKKM U TIOCJie TepMUYecKoro oTikura. IlokasaHa TOJIWHA MOKPBITHUS U TeMIeparypa
OT/KUTa, TPU KOTOPHIX MPOUCXOAUT OT/eJieHre MOKPBITUA OT MOJOMKKN. TepMuueckuil
OTKUT COTIPOBOYKIAETCH M3MEeHEeHeM KOHCTPYKIINY MOKPBITUS W CTPYKTYPHI cjoeB. IIpoBese-
HO HaHeceHMe TMOKPBITUSA C PaclpejfesleHNeM TOJIUHBI CJOeB MO IrIybuHe COTJIacHO ypaBHe-
nuo OpeHens s 30HHBIX TIACTHHOK.

Crpykrypa Ta Mexamiumi HanpyxeHHa y O6aratomaposomy mokputti TaSi,/Si.
0.10 Jesizenxo, I.AFRonuneuyb, B.B.Kondpameurxo, IO.II.ITepwun, I.FO [ esizenro,
E.M.3yb6apes, B A.Casuybruil.

V mouaTkoBOMYy cTaHiI Ta micasa TepMiuHOro Bigmasny mOCHIIMKEHO CTPYKTYPY, KOHCTDPYK-
nio i mexamivuni Hanpy:xeHHA GararomapoBoro moKpurra 1aSi,/Si, siKe BUrOTOBIEHO Marme-
TPOHHUM PO3NMWJIEHHAM Ha IiAKJIaAKM, 1o migirpiBanm. HameceHHS HOKPUTTA CYIPOBOJ-
JKYEeThCH (POPMYBAHHAM CTHCKYBAJbHHX MeXaHIUHMX HanpysxeHb. CrocTepirajaocs sMeHIIEH-
HA MeXaHIUHMX HAIPYKeHb y IOKPHUTTI IIpU 3POCTAHHI TeMIIepaTypu IiAKJIaIKK Ta IMIicJsa
TepMmiuboro Bigmanay. IlokasaHo TOBIIMHY HOKPHUTTS Ta TEMIEpParypy Bigmanay, IpuU SAKUX
BimbyBaeThca BimoKkpeMmJeHHSA NOKPUTTA Bixg migkmagrum. Tepmiumuii Bigman cynpoBoji-
JKYETBbCS 3MIHEHHSAM KOHCTPYKIII IOKpUTTA Ta cTpyKTypu miapis. IIpoBegeHo HaHeceHHS
HOKPUTTSA 3 PO3MHOJiIOM TOBIIMHHK MIapiB y rambubHy BigmosigHo pieHsuuio PpeHens piasa
B0HHUX ILJIATiBOK.
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1. Introduction

The linear zone plate (LZP) is an optical
element for focusing X-rays, in our case
with a photon energy E > 10 keV. The basis
of the LZP is a multilayer [1], in which, due
to a significant difference in the absorption
coefficients, one material transmits X-ray
along the layers, and the second material
absorbs radiation. In such a multilayer, the
thickness of the layers in the direction from
the substrate to the top layers corresponds
the Fresnel zone plate law [1]. Among the
number of different requirements imposed
to multilayer for LZP, the necessity to de-
posit a large number of layers and provide
sharp layer interfaces are the part of ones.

As previous studies have shown [2, 3],
the W;Si3/Si multilayer has limited possi-
bilities to form LZP. This is due to the
appearance of high-level compressive me-
chanical stresses during the deposition of
the multilayer, which restricts the multi-
layer maximum thickness to about 16 um.
Thicker multilayers exfoliated from the sub-
strates or the substrates cracked. To reduce
the mechanical stresses by structural re-
laxation in Si layers the multilayer was an-
nealed. Due to the phase non-equilibrium of
this system, interface mixing during an-
nealing was observed, and that led to a
change in the ratio of the layers thickness
and the period. To compensate such
changes, additional correction was required
in the layer thickness ratio at the deposition
stage. The next step is to consider the
TaSi,/Si phase-equilibrium multilayer [4] in
which no interface mixing in the initial
state and after thermal annealing is ex-
pected. To create an effective LZP based on

Table. Parameters of multilayers

the TaSiy/Si multilayer, it is required to in-
vestigate the features of its growth, includ-
ing the interface roughness, the presence
and value of mechanical stresses, and effect
of annealing on the change of multilayer
parameters. Silicides of W and Ta have close
values of the absorption coefficient of X-ray
radiation with a wavelength of about
0.1 nm. Therefore, the transition to the
TaSi,/Si multilayer will not lead to a signifi-
cant change in the design of the LZP, and
its optical properties. Thus, the purpose of
this paper is to investigate the possibility
and features of the formation of TaSiy/Si
multilayer with a layer thickness of 25 —
33 nm and a total thickness of more than
16 um for a LZP working with X-ray energy
E > 10 keV.

2. Experimental

The multilayers were fabricated by DC
magnetron sputtering of TaSi, (99.9 %) and
Si (99.99 %) targets under Ar pressure of
about 0.2 Pa. There were prepared 2 types
of multilayers: 1) multilayers (Table, No.1-
7) with constant period and equal thick-
nesses of both layers and 2) depth graded
multilayers (Table, No. 8, 9) with layer
thickness distribution according to the Fres-
nel zone plate law [2]. Flat polished (100) Si
wafers with thickness 0.33 mm were used
as substrates. To improve adhesion, the sub-
strate surface was preliminary exposed to
Ar* ions before deposition. The multilayers
were deposited on the substrates at tem-
perature T, = 40°C and on ones heated at
T, = 200°C and T, = 300°C. The thickness of
the layers in multilayers was defined by the
exposure times of the substrate above the

No. Type Layers Layer thickness, Periods T, °C Multilayer
materials nm number/layers thickness, um
number
1 Periodic TaSi,/Si 25/25 325/650 40 16
2 Periodic TaSi,/Si 25/25 325/650 200 16
3 Periodic TaSi,/Si 25/25 325/650 300 16
4" Periodic W;Si,/Si 25/25 325/650 40 16
5 Periodic TaSi,/Si 10/25 15/30 200 0.53
6 Periodic TaSi,/Si 33/33 10/20 200 0.66
7 Periodic TaSi,/Si 25/25 15/30 200 0.75
8" | Nonperiodic TaSi,/Si (25-30)/(25-30) /740 200 22
9** | Nonperiodic TaSi,/Si (25-30)/(25-30) /705 200 20

* — multilayer deposited in [2, 3]. “*— multilayer with depth graded layer thickness (25-33 nm)

730
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corresponding target. One-hour annealings
at 400°C and 510°C were carried out in a
vacuum at a pressure below 0.003 Pa. The
structure of layers and layer interfaces in
multilayers were studied by transmission
electron microscopy (TEM) in a microscope
PEM-U operating at 100 kV. Preparation of
multilayer cross-section included both me-
chanical and ion thinning. Small angle X-
ray diffraction (SAXRD) in Cu-Koa,; radia-
tion (A = 0.154051 nm) was performed in
DRON-3M diffractometer. SAXRD patterns
were simulated using XRayCalc code [5] and
Henke’s atomic scattering factors [6]. Such
approach allowed estimating the thickness,
density of individual layers and interface
roughness in multilayers. Computer simula-
tion of SAXRD patterns was carried out for
thin periodic TaSi,/Si multilayers with a
small number of periods of 10—-15. This was
due to the minimization of the influence of
the substrate bending on the shape of
SAXRD pattern by mechanical stresses.
Computer simulation of SAXRD patterns
for multilayers with a number of periods of
more than 15 made it possible to estimate
the layer thickness and interface roughness
only in the uppermost about 15 periods due
to the absorption of X-ray in multilayer.
Phase structure of layers of the multilayers
was established with Cu—Ka radiation (A =
0.154181 nm) by analyzing the 6/20 X-ray
diffraction patterns. The evaluation of the
mechanical stresses in the system (TaSiy/Si
multilayer)/Substrate was carried out ac-
cording to the Stoney formula [7]:

oo B (1)
- 6(1 - VR,

with E; as the Young’s modulus of the sub-
strate, h, as the thickness of the substrate,
v, as the Poisson’s ratio of the substrate, hf
as the multilayer thickness, and R, as the
curvature radius of the multilayer sub-
strate. Values of R, were measured using an
X-ray diffractometer. The procedure for
measuring R, is described in [8].

3. Results and discussion

We started with the TaSi,/Si multilayer
deposited on a Si substrate at temperature
of T, = 40°C (Table, No. 1). The layer thick-
ness of hTaSi2 = hgj = 25 nm, total thickness
of 16 um TaSi,/Si multilayer was the same

as in the case of WsSi3/Si multilayer (Table,
No. 4) [2, 38]. The described design made it
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Fig. 1. Cross-section TEM micrographs and
selected area diffraction of the TaSiy/Si mul-
tilayer, deposited at substrate temperature
200°C (Table, No. 7).

possible to compare mechanical stresses in
both multilayers. The compressive mechani-
cal stresses are in as deposited TaSi,/Si mul-
tilayer in the same manner as in the
W;gSis/Si multilayer, which bent the sub-
strate. The substrate bending only partially
reduces a mechanical stresses in multilayer.
The mechanical stresses in the TaSi,/Si mul-
tilayer and the WgSis/Si multilayer (Table,
No. 1, 4) have close values of 0 = —440 MPa
and 6 = —520 MPa, respectively. Both mul-
tilayers, as we consider from the sign and
the values of o, have a common cause of
mechanical stresses [7, 9] — the densifica-
tion of the silicon layers by introduction of
the Si atoms in this layers during deposi-
tion.

In order to find the optimum deposition
temperature for the LZP with the minimum
mechanical stresses, continuous layers and
low interface roughness, TaSi,/Si multilay-
ers were deposited on a heated substrates at
T, = 200°C, T, = 300°C (Table, No. 2, 3). As
expected, an increase in substrate tempera-
ture allowed reducing the mechanical
stresses in multilayer. The mechanical
stresses are o =-320 MPa (by factor of
=1.4 less) at T, = 200°C, and = —270 MPa
(by factor of =1.6 less) at T, =300°C
(Table, No. 1, 2, 3). It was supposed, that
decreasing the compressive mechanical
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Fig. 2. Small angle X-ray diffraction patterns
(A = 0.154051 nm) of the TaSi,/Si multilayers
with layers thickness hTaSi2 = hg; = 25 nm,
16 pm multilayer thickness, deposited at sub-
strate temperature 40°C (1), 200°C (2), 300°C
(3) (Table, No. 1, 2, 3).

stresses in the multilayer with T, = 300°C
could be caused by the structure relaxation
in Si layers [7, 9], beginning of structure
change in TaSi, layers (see below) or tensile
thermal stresses as a result of different
TEC of layers and substrate.

The effect of the substrate temperature
on the characteristics of growth of the
TaSi,/Si  multilayers  with T, = 40°C,
T, = 200°C, T, = 300°C (Table, No. 1, 2, 3)
was studied. In all three cases computer
simulation of SAXRD patterns are well fit-
ted by a two-layer (TaSi, and Si) model
without mixed layer. Fig. 1l shows a TEM
cross section of the TaSi,/Si multilayer
(Table, No. 7) with T, = 200°C. This multi-
layer consists of continuous layers of tanta-
lum silicide and silicon with sharp and
smooth layers interface. The mixed zones on
the layers interface are not detected. Based
on the computer simulation results of
SAXRD patterns from thin TaSiy/Si multi-
layers (Table, No. 5, 6, 7) with T, = 200°C,
the density of 10 — 33 nm thick TaSi, layers
and 25 — 383 nm thick Si layers is, respec-
tively, =~ 8.6 g/em3 and 2.3 g/cm3. These
values are consistent with the data ICDD
Powder Diffraction File and [10], where the
silicide TaSi, has a density of 9.07 g/cm3
and 8.83 g/cm3, and Si has 2.33 g/cm3. In
the 16 um TaSi,/Si multilayer deposited at
T, = 200°C (Table, No. 2) the interface
boundaries are smooth with a constant in-
terface roughness of = 0.3 nm for the over-
all multilayer depth. This is confirmed by
the same interface roughness of thin
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Fig. 8. X-ray diffraction patterns in Cu—Ko
radiation (A = 0.154181 nm) for the TaSiy/Si
multilayers with layers thickness
hTaSiz = hg; = 25 nm, 16 um multilayer thick-
ness, deposited at substrate temperature 40°
(1), 200°C (2), 300°C (3) (Table, No. 1, 2, 3)
and for the TaSi,/Si multilayer (Table, No. 2)
annealed at 400°C (4) and 510°C (5).

TaSiy/Si multilayers (Table, No. 7). In the
16 pm thick TaSi,/Si multilayer with
T, = 40°C (Table, No. 1) in the top layers,
the interface roughness also is = 0.3 nm.
The diffraction peaks on the SAXRD pat-
tern of the TaSi,/Si multilayer are present
at the angles 20 = (8 — 9)° (Fig. 2). Due to
low roughness, the TaSi,/Si multilayers with
T,=40°C and T, = 200°C can be used for
LZP with the thickness of individual layers
from several nanometers and higher. With a
further growth of the substrate temperature
up to T = 300°C, interface roughness in-
creases in 16 um TaSi,/Si multilayer (Table,
No. 3). The interface roughness of the
upper 30 layers is = 0.9 nm according to
the computer simulation results of SAXRD
pattern. Diffraction peaks on SAXRD pat-
tern of TaSi,/Si multilayer with T, = 300°C
are at angles less than 26 = 4°. Despite the
increased roughness, such value of T, is
suitable for creating a multilayer for LZP
with a layer thickness of 25-33 nm, since
the roughness is less than 4 % of the thick-
ness of the thinnest layers.

For a more complete description of the
initial state and changes that occurred in
the multilayer during thermal annealing, a
study of the layer phase structure of the
TaSi,/Si multilayer was made. For multilay-
ers at T, = 40°C and T, = 200°C (Table, No.
1, 2) a TaSi, and Si layers are amorphous,
there are 3 wide halos in X-ray diffraction

Functional materials, 25, 4, 2018
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patterns (Fig. 8). The single diffraction
peak near the angles 20 = 69.4° (Fig. 3) be-
longs to the (400) planes of the silicon sin-
gle crystal substrate. Selected-area electron
diffraction pattern for the TaSi,/Si multi-
layer with T, = 200°C contains halos too
(Fig. 1). The amorphous structure of the
metal-silicide layers was also observed in
other (WgSis/Si, MoSi,/Si) multilayers [3, 11]
and TaSi, film [12]. In the TaSi, layers of
the TaSiy/Si multilayer with T, = 300°C, the
crystallization began — the peaks on the
halos are slightly sharpened near the dif-
fraction peak of tantalum disilicide (101),
(111), and (203). Probably, the beginning of
the layer crystallization in TaSi,/Si multi-
layer with T, = 300°C is the reason of inter-
face roughness growth up to = 0.9 nm indi-
cated above.

As was shown above, a high value of
mechanical stress is observed in the TaSiy/Si
multilayer with T, = 200°C. The mechanical
stresses can lead, for example, to an uncon-
trolled separation of the multilayer from
the substrate in the process of LZP manu-
facture by ionic and mechanical thinning
[1]. To reduce the mechanical stresses the
16 um TaSiy/Si multilayer (Table, No. 2)
with T, = 200°C was annealed at T, = 400°C
and T, = 510°C. After annealing at a tem-
perature of 400°C the mechanical stress in
the multilayer decreased by factor of 6.6
(0 =~48 MPa). After annealing at 510°C,
this multilayer crumbled. The magnitude
and sign of mechanical stresses are mainly
influenced, as we suppose, by the sum of
two components that were related to the Si
and the TaSi, layers. The first component,
responsible for the compressive stresses is
decreased with increasing annealing tem-
perature due to partial structural relaxation
in the Si layers [7, 9]. The second compo-
nent responsible for tensile stresses in-
creased after annealing because of structure
changes in TaSi, layer. Growth of tensile
stresses occurred in TaSi, film [12] on Si
substrate after annealing at temperature
= 450°C and cooling to room temperature.
Annealing temperature T = 450°C is tem-
perature of TaSi, film crystallization [12].

The computer simulation of SAXRD pat-
terns was carried out for of the TaSiy/Si
multilayer annealed at T =400°C and
T = 510°C. Annealing of TaSi,/Si multilayer
(Table, No. 7) deposited at T = 200°C is ac-
companied by changes in the multilayer con-
struction. According to the results of the

Functional materials, 25, 4, 2018
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Fig. 4. Period as function of annealing tem-
perature for the TaSi,/Si multilayer with lay-
ers thickness hr,g = fg = 25 nm, 15 periods
2

number, deposited at substrate temperature
200°C (Table, No. 7).

computer simulation, the best coincidence
between the measured and fitted SAXRD
pattern for TaSi,/Si multilayer annealed at
T = 400°C is observed in the case of a slight
decrease in the thickness of the TaSi, layer
by = 0.1 nm and an increase in the thick-
ness of the Si layer by = 0.4 nm. The den-
sity of the TaSi, layers remains constant at
~ 8.6 g/cm3. The interface roughness did
not change. An increase in the multilayer
period (Fig. 4) due to structural relaxation
in the Si layer was also observed in the
annealed W;Si3/Si  phase-nonequilibrium
multilayer [3]. After annealing TaSi,/Si
multilayer at T = 510°C, the best coinci-
dence to the measured SAXRD patterns oc-
curs at the TaSi, layer thickness decreasing
by = 0.3 nm, the density increasing up to
~ 8.8 g/ecm3 and thickness of the Si layer
decreasing by 0.5 nm. The increase in den-
sity perhaps occurs due to the crystal-
lization of TaSi, layers. The estimation of
the change in the TaSi, layer thickness, is
consistent with assumption based on the of
volume change with increasing density at
crystallization in this layer. After annealing
at T = 510°C, the interface roughness in-
creases to = 0.4 nm. In manufacturing of
TaSiy/Si multilayer for LZP with subsequent
annealing, these changes must be taken into ac-
count before the multilayer deposition in order
to ensure maximum efficiency of the LZP.

As revealed by the studies of the layer
phase structure, there is also no signs of
crystallization in the TaSiy/Si multilayer
(Table, No.2) deposited at T, = 200°C and
annealed at T = 400°C (Fig. 3). After an-
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nealing at the temperature of 510°C, the
multilayer diffraction pattern shows TaSi,
crystallization (Fig. 8). The TaSi,/Si multi-
layer with layer thicknesses
hgi = hTaSi2 = 33 nm (Table, No. 6) annealed

at T =510°C, and the TaSi,/Si multilayer
with a set of layer thicknesses in the range
of 25 — 33 nm (Table, No. 8) have the same
diffraction patterns. Probably, the crystal-
lization of the TaSi, layer is the cause in
the interface roughness increase in thin
TaSi,/Si multilayer (Table, No. 7) and change
of sign of the mechanical stresses to the op-
posite (see below) and the crumbling of 16 um
TaSi,/Si multilayer (Table, No. 2).

In this paper, we also investigated the
possibility of deposition a TaSi,/Si multilay-
ers with a thickness of more than 16 um to
a substrate at a temperature T, = 200°C for
the LZP at a wavelength of 0.1 nm with a
focal length of =20 mm [2, 8]. The sub-
strate temperature T, was chosen to be
equal to 200°C, since the TaSi,/Si multilayer
has an optimal ratio of interface roughness
and mechanical stress. Such multilayer can
be used for LZP with a wide range of thick-
nesses from several nm up to tens of nm.
The maximum thickness of the deposited
TaSi,/Si multilayer was =22 um (Table, No. 8).
This multilayer consisted of 740 layers of
TaSi, and Si, with varying thickness close
to the LZP (from 25 nm to 83 nm). The
mechanical stress o in the TaSiy/Si multi-
layer is about —350 MPa, which is close to o
in the one (Table 1, No. 2) with a thickness
of 16 um and a T, = 200°C. After annealing
at T =510°C, part of these multilayer
(Table, No. 8) separated from the substrate
and partially peeled off, while the other
part of the multilayer remained on the sub-
strate without visible changes, bending the
substrate in opposite direction. The tensile
mechanical stress in a part of a multilayer
without damage was o = 125 MPa.

It should be noted that 20 — 22 um was
the maximum thickness of the multilayers
for LZP. After depositing the multilayer of
this thickness some of substrates had traces
of splitting into the plates holding from
separation by the multilayer, though some
multilayer on substrate remained without
visible damage. It can be assumed that the
maximum thickness of the TaSi,/Si multi-
layer with T, =300°C could reach 24 -
26 um according to the value of mechanical
stress in 16 um TaSiy/Si multilayer with
T, = 300°C.
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Fig. 5. Required (1) and estimated depth (2,
3) layer thickness distribution of TaSi, (3)
and Si (2) from substrate to surface in 20 um
TaSiy/Si multilayer, deposited at substrate
temperature 200°C (Table, No. 9).

Due to the possible destruction of the
multilayer mentioned above, the maximum
thickness of the TaSi,/Si multilayer for LZP
at deposition was limited by 20 um. After
the fabrication of the TaSi,/Si multilayer
(Table, No. 9) for the LZP, the thickness
layers distribution (Fig. 5) along the depth
was estimated from the thickness of the lay-
ers near the substrate and near the top of
multilayer. An evaluation of the thickness
of the layers near the substrate was carried
out based on the simulation results of the
SAXRD pattern of a preliminary deposited
thin TaSi,/Si multilayer with a number of
periods of 15. The thickness value of the
top layers were obtained from the simula-
tion of SAXRD pattern of TaSiy/Si multi-
layer with a thickness of 20 um. Intermedi-
ate points on the graph were estimated by
layers deposition time. As can be seen from
Fig. 5, in multilayer the maximum devia-
tion of the layer thickness distribution from
the required one for LZP is observed in the
near-surface layers, which were deposited
last. This deviation thickness of the layers
of TaSi, and Si is, respectively, 0.45 nm
and 0.15 nm. The difference between the
required and total multilayer thickness is
less than 10 nm. This means that the effi-
ciency of the LZP would not change signifi-
cantly, since none of the silicon layers that
must transmit radiation in the LZP does
not work in complete antiphase. The coinci-
dence of layer thickness in such TaSiy/Si

Functional materials, 25, 4, 2018
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A

50um

Fig. 6. Scanning electron microscope image of
linear zone plate based on the TaSi,/Si multi-
layer with silicon substrate after ion etching.

multilayer is better than in WgSi3/Si multi-
layer [2, 8]. The introduction of an addi-
tional correction for the deposition rate
drift, which is caused by the erosion of the
magnetron target, would allow improve the
coincidence of the obtained and the required
LZP thickness distribution in multilayer.
The final stage of the work was the test
fabrication of a LZP as rectangular stack
from multilayer on a silicon substrate by Ar
ion etching. The ion energy was 1.5 keV.
The cross section of the LZP has a trapezoi-
dal shape due to a mask width decrease by
ion sputtering (Fig. 6). The height of the
LZP is limited to 10 um due to the thinning
and subsequent breakage of the wire mask.

4. Conclusions

The features of the formation, structure,
and mechanical stresses in TaSi,/Si multi-
layers deposited by magnetron sputtering on
heated substrates in the initial state and
after the thermal annealing were studied.
Maximum thickness of TaSi,/Si multilayers
deposited on Si substrates was 20 — 22 um.
Formation of TaSiy/Si multilayers is accom-
panied by appearance of compressive me-
chanical stress. The mechanical stresses in
the TaSi,/Si multilayers was reduced from
—-440 MPa to —320 MPa and to —-270 MPa
with substrate temperature T, increasing,
respectively, from 40°C to 200°C and 300°C
during deposition. The value of a mechani-
cal stresses in TaSiy/Si multilayer with
T, = 200°C was reduced by factor of = 6.6

Functional materials, 25, 4, 2018

after annealing at T = 400°C. The crystal-
lization of TaSi, layers occurs in TaSiy/Si
multilayer after annealing at T = 510°C.
Annealing of the TaSiy/Si multilayer at
T = 400°C and T = 510°C is accompanied by
a change in the layers thickness and the
whole multilayer thickness, which should be
taken into account before multilayer deposi-
tion for linear zone plate. The TaSi,/Si mul-
tilayers with thickness 16 um and 22 um
peeled of substrate after annealing at
T = 510°C. A TaSi,/Si multilayer with a
thickness of 20 um was fabricated with nec-
essary depth layer distribution. Deviation of
layer thickness is 0.45 nm for the TaSi,
layer and 0.15 nm for the Si layer near the
top of TaSiy/Si multilayer.
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