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CopoepkaHue
‘BBegeHmne/MotnBauunsa/dumsmnyeckme ocHoOBbI
‘[Moacucrema kopp. achod. onmszoctn B NanoMaker

*Tpn napameTtpa (gByx-rayccosoe npubnmxeHune)
MeTog npocTon KomMneHcauum
*[[apaHTUpoBaHHasA TOYHOCTb

*3[1 KoppeKuuns
*JKCNepuMeHTaribHasa npoBepkKa
‘AamepeHmne napameTpoB (aKcnepumeHT/pacyeT)

Koppekuusa ontnyeckoro achdekrta 6riM3ocTn B AUHaAMUYECKON
cdoTonutTorpacdpun

‘oHHO-ny4yeBasa nutorpacdma/ Bo3aMoXHble NPOEKTbI

. [TpenmyLiecTBa MOHHO-Ty4eBOU NUTOrpadumn
. VloHHO-ny4yeBOM Mack-pantep

. oHHO-nyyeBon nutorpad

. Jntorpad cnegytoLero NoKosieHna ?

3aKnr4YeHue



BeeaeHune/MotnBauusa/ BeBegeHne/MotnBaumnsa/®mnsnyeckme oCHoOBbI

ONeKTPOHHaga nutorpadousa =
= QKCMOHUpOBaHMe + TpaBrneHne/nposiBrieHne

®dusnueckue ocHoBEl (HanoMeiikepa)

-MOJICJIM B3aUMOACUCTBUS OBICTPBIX JEKTPOHOB C BEILIECTBOM
-M30TPOITHOE JTOKAJbHOE TPaBICHUE (ITO3UTUBHBIC PE3HCTHI)
-HEOJTHOPOAHO-CIINUTHIN Iejib (HEraTUBHBIE PE3UCTHI)

-METOAbI pEeIICHUS OOpaTHBIX 3a4a4 (ONTUMAaIbHbIE J03bI A 3D
CTPYKTYPHUPOBAHMS )



BeeaeHune/MotnBauusa/ BeegeHne/Motnsaumnsa/®mnsnyeckme oCHoOBbI

OreKTpoHHas nutorpadus =
= 3KCNOHMpOBaHue + TpaBneHne/nposiBreHne

« [lornoweHHasn 3HEPrus 3apsiXKEHHbIX YacTUL, U3MEHSIET CBOMCTBA pe3uncTa
(CKOPOCTb pacTBOPEHUS)

«  OJIEKTPOHbI TEPSIOT SHEPINIO MeSIEHHEee, YeM HanpasrieHne (MMNyrnbe),
pexum anddysum, paccesaHne Hasag

« [1Ba Bknaga — npsAMo paccesiHHble 1 0bpaTHO-paccesiHHbIE SNEKTPOHbI

* WccnepoBaHue — metog MoHTe-Kaprno uﬁ'
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30 keV Galium into Silicon
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Figure 7: Interaction volume of 30keV Gallium



BeeaeHne/MotuBauus/ BeegeHmne/Motunsauumna/®dumsnyeckme oCHOBBbI

OreKTpoHHas nutorpadus =
= 3KCMOHMDORAHUe + ThARMNEHUR/NPOSIBIIEHNE

£ [um] L5 [ev./nml

PucyHok 1 — PesynsraThl pacyerta
MoHTe Kaprno nHterpansHom
dYHKLUUM reHepaumnm
iG(r,z)=ldr'G(r’,z) (wHTerpanno r
OT r Ao 6eckoHeYHoCTHN). LiBeTom
npencraeneHa pasnuyHas
IINIOTHOCTH HOI‘J'IOH.IGHHOfI OHCPI'H.
HavanbHas sHEprus 2JIEKTPOHOB -
25K3B, notoxkka - Si, TOJIIIMHA
IIMMA pa3ucra - 1MKkM
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BeeaeHne/MotuBauus/ BeegeHmne/Motunsauumna/®dumsnyeckme oCHOBBbI

LG [eY./nml

Beta

0 ? 4 R [um]
? iamm (a) 7 nm (o)

Electron trajectory and exposure simulation with Monte-Carlo method.

D(r) D (1 exp( r’l o’ ) exp( r’/ B°%)
1+ 1+77 o’ 3’

=X 4y’

Beta: ~E5/3/(Zp)substr Alpha: ~(th3)resist/ E? Eta: ™ (Zp) substr

Database in NanoMaker, 10 substrates, one resist



solids

MODEL.:
“Small” particle

Isotropic local etching
1985,CBuUHLOB. 3aiLleB

polymers

R~M12 coil |

R=m4globe

. -coll state, Flory
/-reptation model, Je>XéH

-dissolving time (diffusion)
depends on molecular weight

V1

v




solids polymers

O . -coll state, Flory
/-reptation model, DeJean
-dissolving time (diffusion)
0 depends on molecular weight
O

MODEL:

“Small” particle V1< V2

Isotropic local etching

v




Negative resists

exposure solvent backing

monomer

exposure

7 RN e AN
’ N 7 \
’ A\ \
1 A\ \
1 AVl \
¥ \
l, I’ \ -
| : ' Solid ge
1 1 i
\ \ 1
AN \ 1
AY LAY 1
\ 7N ’
\ A ’
1 ’ 1 ’
i ’ h ’ - -
/ / 4 y 4 Y
i ! i / 1 ) 1 )
| d | r ! ] ! ]
1 \ [ 1 I 1
! 1 ! 1 [ !
1 f 1 A 1 1 [ [




NMoacucrtema Kopp. achd. 6nmsoctn B NanoMaker
Tpwn napameTpa (OByx-rayccoBoe npubnmxeHune)

LG [eY./nml

] ? 4 R [um]
P iamm (a) 7 (o)

Electron trajectory and exposure simulation with Monte-Carlo method.

D(r) D (1 exp( r’la’ ) exp( r’/ B°%)
1+ 1+77 o’ 3

=X+ y°

Beta:

~E53/(Z0) supst Alpha: ~(Zph3)..sic/ E2 | | Eta: D (ZP) subsy




NMoacucrtema kopp. achc. 6nmsoctn B NanoMaker
MeTton npocTon KomMneHcauum

-OnpegeneHus:
T(r) — [oO3a 9KCMNOHMPOBAHUSA (~BPEMS 3KCNMOHNPOBaHUA™CUMNa TOKa)
D(r) — nornoLeHHas gosa - ~Ni0THOCTb MNOBpEeXOeHNN (pa3pbliBbl UITU CLLUMBKN)

CB4a3sb yepes pyHkumo 6nunsoctn I(r)

D(p) = [d*p'1(p = p) T (p') 21T+

ObpaTHas 3agavda: D-sagaHo, Hantu T

‘MeTtog Pypbe, HO
-4yTO AenaTtb C oTpuuaTesribHbIMU peLleHNAMHN
-nNnoxo obycrnoeneHHas 3agada (Ppearonbm 2-0ro poaa, BbICOKOHACTOTHBIN LLIYM)

MeToa «npocTon KoMneHcaunmy, a=30HmM, B=3um
a<<P, l,(p)= denbma-gbyHkyus

D=T+1*T

-ycTOnYmMBas 3agava,
-uTepaymmn
To= D(1+7); T;=D-n7 D ee+



NMNoacucrtema kopp. acdhd. 6nmsoctn B NanoMaker
[[@apaHTUpoBaHHaAA TOYHOCTb

YHUKanbHOEe CBONCTBO (YHUKaNbHOE MUccregoBaHue)

[oka3zaHo (!),
METO/ NPOCTON KOMMeHcauun obnagaeT rapaHTUPOBaHHOW TOYHOCTbIO

Ar ~ 0.4 Alfa



NMoacucrtema Kopp. achd. 6nmsoctn B NanoMaker
3 koppekuma

8. wm e
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HyxHo cosnatb After that an improved exposure time 71 was calculated
nepemMeHHyto BbicoTy h(r),
BbICOTa M1EpecHUTLIBaeTCH r'(x,y) = (1+ ) D(x,y) - nfdxdy'L(x - 5,y - y) D(x', ")
B OO3Y
— 1/ . .
D/D0=1-(h(r)/h0]*Y We used such a procedure in iteration.
T3 (x,y)= 1+ )D(x,y) - g dx'dy L (x- x', y- y )T (x", ")
¥ +1 ]
T*(x,y) = (1+ DD(x,y) - pfdxdyi,(x - x\y -y T (x',»)



JKcnepuMeHTanbHasa NpoBepKa KoppeKuumn



Proximity effect in SiO2 substrate with HSQ resist
and its correction with NanoMaker
(with S. Rigonda, W. Hu, UTD)
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§$ gj Top element,
ﬁa gj Array of fine lines,
i 3 20nm width, 50nm pitch
Middle element, =—— .
olid rectangle .
iﬁ];]ZI]I]I;]IIZ]IﬁI;]ii]i]if]; Bottom element.
T Array of lines, =
25nm width, 100nm pitch

Test-structure consists of three elements two arrays of
fine lines with solid rectangle in the middle.

*EXxposure without correction means exposure (dwell)
time is constant for each point of the structure



Mag= 1326 KX 2pm 7mm EHT « 3.00 kV Signal £
SUPRA 402550 Noise Reduction = Line Avg

Mag = 1W0J/7KX 2pm WD= 7mm EHT =« 3.00 kV Signal A = InLens Dat
SUPRA 402550 |~

Noise Reduction = Line Avg




Solution is delivered by NanoMaker
Optimal doses are calculated automatically considering proximity
parameters accumulated in implemented data base
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Exposure with proximity corrected data allows to fabricate
perfect lines everywhere (in vicinity of the solid rectangle and at
periphery) as well as the rectangle as well

20nm, 50nm pitch J




Distortion Compensation (static)

ieol JSM840, max.distortion~40um Zeiss (EVO50) TESCAN Mira?

----- P Max.distortion=5um | | Max.distortion=1.4

""""""""""""" il

EVO50
25keV

01— JSm840



1. Proximity effect
2. Distortion
3- Dynamlc (:Iela-yS -“ Addressed line needed for

’dynamic compensation
‘e
&
Wanted ideal line “ay
L L T T IIIII T I

—_—

Interface Ltd. www.interface.ru/eng

Accuracy losses in SEM'’s

> |e 1/1024 of field size written with
8 pixel (13 bit resolution)

w— |
/ Written line without

/ compensation

Long beam jump

Very long rectangle 1 ]

Y

Long jumps
Very short ™ g jump

rectangle

Working principle of dynamic compensation

Test pattern for recognizing dynamical effects

H. Raith et al
MPC, Japan, 1999

Pattern written with JISM 6400 without beam blanker.
Left side without and right side with dynamic compensation.

10

Ultimate 3D e-beam lithography for nano/micro-structuring with NanoMaker



UamepeHune napameTpoB (3KcnepumMmeHT/pacyer)
fitting before measurements
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FIG. 2. (a) Part of an
FIG. 1. Test pattern used for FIG. 3. Test pattern design for experimental image with
Alfa determination. Beta determination the  pattern designed for a
beam spot equal to 100 nm. It is
alpha - 100 nm TR seen that real beam spot is

smaller. (b) Part of an
experimental image with
the pattern designed for
beam spot equal to 80 nm. The
real beam spot is very close to
the one used in the calculation.
b L SERRRRER (c) Part of an experimental
0808 15KV = . pve WD Wiky image with the  pattern
designed for a beam spot equal
to 60 nm. There is no a straight
line and the real beam spot is
higher
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U3mepeHne napameTpoB (3KcnepumMmeHT/pacyer)

G {pm)
E (keV) si 10, Mica ALO; Zro, InAs GaAs
11 0.9 0.85 0.75
15 L5 1.3 1.2 1 0.8 0.7 fas
20 22 2 2 1.3 1.1 1.2
25 il 28 2.7 2 1B 1.3 1.5
30 4 38 LW 24 1.7 2
35 5B 5.2 4.8 34 2 2.2 23
3g 26 26
B=K*EF
Jil 1.55 1.56 1.6 1.61 1.5 1.36 1.34
Pin 1.45 1.48 1.55 1.56 1.36 1.22 1.22
pEL 1.65 154 1.64 1.67 1.65 1.5 144
K 0.0185 0.0193 0.016 0.0102 0.0166 0L.0189 0.0185
Ko 0.0126 00151 0.014 0.0086 0.0104 00119 0.0126
Ko 0.0273 0.0245 0.0182 0.0121 0.0265 0.03 0.0273
The accuracy of the » measurement is about 20%.
0.7 0.5 0.5 0.8 1 1.4 14

7

Fig. 7. Dependence of electron beam spreading
thickness h3 measured for three different electron energies shows the power

952 as function of resist

dependence expected from the theory of small-angle scattering.

uﬂ

Table I. Proximity parameters (as
function of electron energy E) and h
for different substrates. The fitting
procedure based on the

formula =K*(E/1 keV)P gives the
mean values of p and K with the
confidence interval (P, Pray) @Nd

(Kimin Kmax at @ confidence probability
of 95%.
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LG [/ nml
|

Beta }
2 2
D(r) D , (1 exp( r /a) exp( r’/ B°%)
1—|— 1+77 o’ 3
= X* + Y’
Beta: ~E5/3/(Zp)substr Alpha: ~(th3)resist/ = Eta: ™ (Zp) substr

3aBNUCUMOCTU noarBepxaeHbl 3KCNepnMmeHTomM 1 coBriagaroT C CbVI3I/IKOl7I pacceAdaHn4d

Database in NanoMaker, 10 substrates, one resist



U3mepeHne napameTpoB (3KcnepumMmeHT/pacyer)

Experimental, Monte Carlo & lons Recommende... @gl

E uperimental l MaorteCarla ]

Froximity parameters

s

Beam Size [om): 005 Yalkage [KV]: 25

Reszist Mame: Substrate M ame:

|PMMA [> 5 Ky R T |
Modify Resist...

HI [pm]: 0.5 Beta [om): 3z

Alphal [rm]: 0.05 Etall: 07

Alpha ] 0.0832 Eta: 07

Dhwell Times recommendad
Dwel Time [pe] for

Beam Current [na]: 0.01 Area; 2e+03
Line: 3.76e+03
Faoint: | 4. 27e+03

Exposure Step [pm]

-

PacuyeT MoHTe-Kapno

Senzitivity iz cm™ 2] 200 * Area: 01
Line D'ose [pd*sdcm]: 3.76e+03 | ¥ Aea 0.1 K
Fuoint Doge [pA©z]: 0.0427 Line: 01

Ok | Otrera Cnpagka

~

KCNepuMEHT
Si

GaAs

Zn02

Mica

Ge

Sio2

Al203

InAs
Diamond, C

-ntobble cnoncTble
NnoanoOXKn
-aBTOMaTun4eckoe
BblHUCJIEHUNE

Experimental, Monte Carlo & lons Recommende... E]E|

Experimental  MonteCarlo l

Prosimity parameters
Bear Size [pm]: | [E Voltage [kv] |25 -
Reszizt Marne: Substrate Mame:
| P s |
Data Recards: MaterallHOpm].D ensity[ka/m™3])[Sttribute] /...
|F'M F4A[0.1;11300r/51(300;2330)s/Trj=100034 ﬂ

7 Impaort.. | Delete. . | LCalculate. .
HO [um]: 01 Beta [pm: 282
Alphal [pm]: 005 Etal: 0.499
Alpha fam]: 0.05 Eta: 0,582

Duwell Times recommended
Dwwell Time [pe] for

Area:

Beam Current [rd]: 0. 2e+3
Lire: 2 78e+03
Paint: | 2 49e+03

Expozure Step [um]

Senzitivity [nA*z/om™2)): 200 ¥ hrea; 01
Line Doze [pds s cm): 278e+03 | ¥ Arrea 01
Paint Doze [pd*s): 00249 Lire: 01
] | OrraeHa Cnpaeka




E-beam sensitive resists

|| v 1]

substrate substrate
Positive Negative
A
|
|
|
|
|
|
|
|
l
1 h
Do D Log dose

Electron beam sensitive resists are usually polymers.
They are similar to optical resists, but the structural

changes are induced by e-beam.

Main characteristics of resist:

* sensitivity (electron dose per unit area needed for
complete development, uC/cm?)

* resolution (=10 nm for PMMA)

» contrast () - determines slope of characteristic curve

» stability, adhesion

Characteristic curve of a positive resist (thickness vs dose)

September-October 2008

Course: Advanced Processing of Nanostructures, lvan Maximov



E-beam sensitive resists

m

l | | l e-beam

resist

substrate substrate
Positive Negative
A
|
|
|
|
|
|
|
|
:
1 h_
Do D Log dose

Electron beam sensitive resists are usually polymers.
They are similar to optical resists, but the structural

changes are induced by e-beam.

Main characteristics of resist:

. ¥ tarea needed for

h_, |DP
'ho Do

» contrast () - determines slope of characteristic curve

» stability, adhesion

Characteristic curve of a positive resist (thickness vs dose)

September-October 2008

Course: Advanced Processing of Nanostructures, lvan Maximov



Sensititvity

Dose wedge design

Dose wedge exposure



Resist thickness by color method
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Contrast
Gamma-test with 3D e-lithography by “fitting before measurement”
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Fig.6 Gamma-test. Test pattern for contrast characterization by “fitting before measurements”
approach. Operator should find a horizontal strip with equal distances between minima and read

value of contrast at the right.



Contrast
Gamma-test with 3D e-lithography by “fitting before measurement”
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Contrast
Gamma-test with 3D e-lithography by “fitting before measurement”
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Koppekuusa ontunyeckoro achchekra 6nmsocTtu
B AMHaMu4yeckou cpotonutorpadum

[maBHOe oTnnyme ot poTtonmTorpapum ¢ mackammn-»cepble» NuKcenol
+»JMHaMMYecKkas» Macka

X-Y cTon
KK TpaHcnapaHT I

nasep

MWUKPOCKOnN | :

T weiinep




Koppekuus ontnyeckoro achchekra 6nmsocTtu
B AMHaMu4yeckou cpotonutorpadum

OuHammnydeckaa gootonutorpadumsa

.

-)KK aKpaH -> «cepbln» NUKCErb, HOBAs KOPPEKLUS
onTuyeckoro agpd. Grinsoctu

-BOCTpeboBaHHasA TEXHOMOrs

-COKpallaeT 3aTtpaTtbl Ha N3rotoBrieHne OoTOMacoK
-2000, oueHka MmMpoBoW NOTPEBHOCTHU

-3alUNTHbIE rofiorpaMmmbl

Mol 66Ny 66l 3anHTEPECOBaHbLI B peanunsaunm Takoro
NpoekTa

1.

-DUV nutorpadumsa (Huxeropoacknm npoekT)
-HaHoMewnkep obecneunT npoekTupoBaHne, NOAroToBKY
OaHHbIX, corfnacoBaHHOe yrnpaBneHne 3KCNOHMPOBaHUEM
N OBUXKEHMEM CTOMNa

[OTOBBI NnpoaAOJTKUTb yHaCTue



UoHHO-ny4yeBasa nutorpadpmsa/ Bo3mMoXxHble NPOEKTbI
[TpenmyLlecTBa MOHHO-Ny4YeBOW nuTorpagum
loHHO-ny4yeBoW Mack-pantep
NoHHO-ny4yeBon nutorpad
JlnTorpad crnenyroLero NoKosieHus ?



«3abblTag» TexHonornsa
1980 rog, yeTbipe nutorpagpun

-dpoTo
-ONEeKTPOHHas

Uepes 10 net B NPOMBbILLSIEHHOCTN OCTasIMCb
TONbKO aBe

1980

KPUT. pasmMmepbl~1um

-> acnekTHoe OTHoLleHune ~1

-> TomnwmHa pesucrta ~1um

-> yCcKopstoLLee HanpsaXxeHne MoHOB ~COTHU KB

2010

KpUT. paamepbl~20-30HM

-> acneKkTHoe OoTHowleHue ~1

-> TonwmHa peancrta ~20-30Hm

-> yCKOpAKLLEE HanNpsi)KeHMe NMOHOB ~AOeCATKN KB

BosspalueHne UJIJI



«3abbiTaa» TexHonorusa- BosspauwieHne UJIJI
[MpenmyLlecTBa

-4yBCTBUTENBLHOCTbL -> npoussoantenbHocTe ~1000X
-paspeLleHne (HET BTOPUYHbIX 3NEKTPOHOB) <10nm
-cTepeo-nuTtorpadusa (npsimon cnHtes 3D-npndopos)
YHUKanbHOe CBOUCTBO

-BOBnevYeHne abCcontoTHO HOBbIX PE3NCTOB (PYHKLMOHANBbHbIX
MaTtepunanos)
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Motivation2

*Resist deposition+exposure
*Resist deposition+exposure

*Single development

Malin idea




Sensitivity: Electrons vs lons

0,00
oo W, Positi Negati Rati
= OSItIVE, egatlve, atIO,
g \ M’ [uC/cm2] | [uC/cm2] Pos/Neg
; -0,02 \,\ B NIMTM PAH
§' -0,03 Electrons (30keV) 150 ~5000 33
’ lons (30keV) 0.15 2.2 15
Dose wedges |-0,04 w [I Ratio, lon/Elec 1000 2200
electrons ]
10 100 1000 10000 oo
Exposure dose, [uC/cm2] o
0,00 | ,
-0,01
5 -0,02 T~
£ 003- N\ _
o \ ]
a ]
O 0,04
Results: .
*Resist 1000x sensitive to ions s
*Pos/Neg smaller for ions 0,001 oo o1 o

Dose, [uC/cm2]

Dose wedges ions



Absorbed dose approximation
-fitting better than 10%
-describes all elements of Mendeleev table
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CopoepkaHue
‘BBegeHmne/MotnBauunsa/dumsmnyeckme ocHoOBbI
‘[Moacucrema kopp. achod. onmszoctn B NanoMaker

*Tpn napameTtpa (gByx-rayccosoe npubnmxeHune)
MeTog npocTon KomMneHcauum
*[[apaHTUpoBaHHasA TOYHOCTb

*3[1 KoppeKuuns
*JKCNepuMeHTaribHasa npoBepkKa
‘AamepeHmne napameTpoB (aKcnepumeHT/pacyeT)

Koppekuusa ontnyeckoro achdekrta 6riM3ocTn B AUHaAMUYECKON
cdoTonutTorpacdpun

‘oHHO-ny4yeBasa nutorpacdma/ Bo3aMoXHble NPOEKTbI

. [TpenmyLiecTBa MOHHO-Ty4eBOU NUTOrpadumn
. VloHHO-ny4yeBOM Mack-pantep

. oHHO-nyyeBon nutorpad

. Jntorpad cnegytoLero NoKosieHna ?

3aKnr4YeHue



[Mpounssoacteo AJ1/OUT-nntorpados

OUIT + cTonNUK + annapaTHO-NPOrpamMmMHbIA KOMMEKC

HaHoMewukep,

NMHTErpupyoLLas 4acTb,
POCCUNCKUN NPOLYKT

Zeiss

Tescan
Orsay

Phs

NuTepdenc Jitag, Mockea
Waany, nanomaker.co
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DOTOHHbIN CeepxnpoBogsulee  Gold contacts PagyHble ronorpaMmmbl
KBa3u-Kpucranmn, KonbLuo Hag 2DEG Mesa electrodes (2DEG) OnNs 3aWnTbl OT NoAAaesnku,
ocb 100ro nopsigka Ferromagnetic disks 3M1IEKTPOHHas nuTorpadua




3akKkn4vyeHue

NanoMaker 30-50 yenoseko-netr

*HaHoMeikep, an-nyy. nutorpad

Nccneposatenbckad, naboparopHas/nonynpombiLlieHHasa cuctema

Ha nponsBoacTBe - yBennyeHne BbIxoda rogHblX, Koppekuuns adpdpekra 6rnmsoctu

[MpoasuxeHne Ha (ydacTune B) 3apybexxHbl PbIHOK (2-3 200a no 100Keuro,
nompebHocme ~100ycmaHo80K 8 200)

*HaHoMelkep
OcHoBa Aans Koppekumm onTruyeckoro adpdgekta 6rm3ocTn B guHammyeckon otonutorpagum
(noaroToBKa AaHHbIX)
[Mpon3BOACTBO YCTAHOBOK AMHaMmU4eckoun potonutorpadum (100+100Keuro
nompebHocme 2000 ycmaHOB0K)

*HaHoMewkep

-OCHOBa ByayLUMX NOHHO-NYYEBLIX NIUTOrpadoB

-HanpumMep, MOHHO-NY4EBOW MacK-panTep ( nmacmuHa 200mm 3a 404acos
500+200+300 Keuro, 1-2 200a)

*HaHoMelkep

MoxxHO ucnons3oBaTb B BY®-nutorpadax (2-3 200a 53mnH py6.)

-MPOEKTUPOBAHNE CTPYKTYP
-NOJ0roToBKa AaHHbIX
-ynpasrieHne nutorpadgpuen

*HaHoMeiwkep
[MogroTtoBka OaHHbIX U NpoeKkTupoBaHue ansa cuctemol MAPPER (oHuU npocunu 300Keuro)



