DopMHUpPOBaAHHE U IPUMEHEHHE BTOPUYHO SMUCCHOHHBIX
CUIrHaJg0B B POM
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BTOpUYHO 3MUCCHOHHBIE CUTHAJIBI B POM
1.®@opMupoBaHre BTOPUYHO IMUCCUOHHOIO curuaja 8 POM
-IIYMOBbIC XaPAKTEPUCTUKHN CHUIHAJIA
-KOHTPACT CUT'HAJIA
- MOJIeJIb (POPMUPOBAHUA CUTHAJIA OT MUKpPOpeabeda
IMOBEPXHOCTH
KoHTpacT curaaJjia npu HU3K0BOJILTHOM pexxkume POM
2. JleTeKTUPOBAHUE BTOPUYHO IMUCCUOHHOTO CUurHajaa B POM
- nerexTop IBepxapra — TopHIn
- In lens geTexTop
-through the lens nerexTop
3. ®opmupoBanue uzoopaxenuss B POM
4. U3mepeHue TONMOJOTMM MUKPOCTPYKTYP B POM:

-1D (CD), 2D, 2,5D, 3D
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3aBucUMOCTb 06nacTu reHepauny U3nyy4eHuii oT pasnuyHbIX NapaMeTpos

(BENUYMHBI YCKOPSAIOLLErO HaNpsXXeHUss 1 aTOMHbIX HOMEPOB anemMeHToB obpasua)

[apaowme 3NeKTPOoHsI

Huakoe HY

Belicokoe HY

IIymoBbIe XapaKkTepucTUKU curHaga POM

HW3K1iA aTOMHbIH HOMEP BbICOKWA aTOMHBIA HOMep
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Pacnpenesnenue BD u OPI no 3Heprusam
U yIJIaM BbLJIETA

dopmupoBanue curtanga POM




IllymoBbIe XapaKTepUCTUKH curdaga PoOM

¢y

IllymoBBbI€e XapaKTepUMCTUKH CUTHAJI0B PIOM.

Bce npoueccsl popMupoBanus CUrHajioB B POM, BK/II0Uas reHepaumnio my4ukKa,
B3aMMOJECTBUE ero ¢ 00pa3uoM M 1eTeKTHPOBAHHME, MMEIOT CTATUCTHYECKHUI
xapakrep.

IIymbI myuka.
Toxk myuka - 3apsijJ NePeHOCUMbIN IIy4YKOM 32 BpeMms t

I, = Q/t (Ka/cex) 1 A =1 Ku/cek = 6,25 x 108 as1/cex

Yucs10 3JIeKTPOHOB (CUTHAJ) 32 BpeMsl perucTpanuu T

N=6.25x108 I,z , mpu >Tom mym paBen VN, orHomenue ¢/ m =n =N
Ilymbl curuagia

CurnaJ oT IJIaJKoil MOBEPXHOCTH HA BXO/I€ JeTEKTOpPa

S=6.25x10% 1, s a 7,

rae 6 — cyMmma Ko3(p(pUuUeHTOB BTOPUYHON IMUCCHH BCEX KOMIIOHEHTOB CUTHAJIA

0 — KO3(pPuumeHT cO0pa ITUX KOMIIOHEHTOB AeTEKTOPOM

IHockoabKY 6 o 00LIYHO MeHbIIe 1, TO M OTHONIEHHE ¢/l MUHMMAJIbLHO M HA3bIBAETCH
Y3KHM IIYMOBBIM MecToM «Noise bottleneck»
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KonTpacr curuana

IIpenmnosoxum, 4T0 CUTHAJ OT IVIAJAKOH MOBEPXHOCTH S BCJIEACTBUE HAJIMYMS
HEOTHOPOAHOCTH U3MECHUJICH HA HEKOTOPYIO BeJIUYHHY A4S
ITO0 U3MEHEHHE MPUHATO HA3BIBATH KOHTPACTOM CUIHAJIA

C=4S8/S

Torna ornomrenue ¢/ N = AS AN s BTOPUYHO 3MUCCHOHHOI0 CUTHAJIA

n=C=*(6.25* 10%* I, da 1)°°
Jlasa EBIC
n'=C * (6.25 * 1018* |, 1)°5 (1)

IIpumep. Ouenum Bpems peructpanuu curnana EBIC pas ciexyromux yciaoBuii:
C=1%,n =16, I, =10° A. Pemasi Boipaxenue (1) oTHOCHTEILHO T mOTyduM

t =400 Mmkcek, nuTeabHOCTh Kaapa 1024 x 1024 = 400 cex.

IllymoBbIe XapaKTepUCTUKH curdaga PoOM
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dopmupoBanue curuajga POM

@ MNTM PAH

Hccaedyemsit 00bekm

KonTtpacrt

C=AS/S
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IIymoBbIe XapaKkTepucTUKU curHaga POM

ITapameTpsl perucTpanuu CUrHaJjaa
1.Inamerp myuka- 2um 2. Pazmep nukcesa — 0,08 am (12 nukc/Hm)
3. Toxk myuka 840 nA  4.Yucji0 371eKTPOHOB/MUKCET — 25
5. Ho3a/mukcea 100 pK/cm? = 6,25 1/um?
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OTHOLIEHHUE ¢/II MPU U3MEHCHUH CKOPOCTH PAa3BEePTKH

=

226

p=209

IllymoBbI€e XapaKkTepucTUKU curHaga PIOM
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dopmupoBanue curaajga PoOM
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3aBucUMOCTb 06nacTu reHepauny U3nyy4eHuii oT pasnuyHbIX NapaMeTpos

(BENUYMHBI YCKOPSAIOLLErO HaNpsXXeHUss 1 aTOMHbIX HOMEPOB anemMeHToB obpasua)

[apaowme 3NeKTPOoHsI

Huakoe HY

Belicokoe HY

dopmupoBanue curiajga PoOM

HW3K1iA aTOMHbIH HOMEP BbICOKWA aTOMHBIA HOMep
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dopmupoBanue curiajga PoOM

Cuurtajoch, 4To paspemenue PIOM He Mo:KeT ObITH
Jydlle 4eM 00J1acTh BbIX0/1A.
JlJ11 moBBILIEHUSI pa3peniaiie CnocCoOOHOCTH
HE00X0IUMO BBIJICJIUTH U3 curuaa BI1
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SCANNING Vol. 13, 15-22 (1991) Received August 19, 1990
© FAMS, Inc.

Signal Formation of Backscattered Electrons by Microinhomogeneities
and Surface Relief in a SEM

V. V. ARISTOV, N. N. DREOMOVA, A. A. FIRSOVA, V. V. KAZMIRUK, A. V. SAMSONOVICH, N. G. USHAKOV,
S. 1. ZAITSEV

g — baam

dopmupoBanue curuajga POM

FiG. 1 Fast electron movement in the medium and the three
zones of microinhomogeneity signal formation.
MNTM PAH
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FiG. 3 The BSE line scan taken from specimen shown in Figure 2.

dopmupoBanue curiajga PoOM
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JKCIEPUMEHTAJIbHOE U3yUeHHEe pacnpeaeJeHUus  103bl
00JIy4eHHs B TOJICTOM pe3uCTe

, Diazo-type positive pfotoresist
| used as negative electron resist
' | Thickness = 2.2 um.

D, = 0.05 um, V = 30 kV

The exposure dose was doubled for
each next line.

H Ll | H:22 1 050
MM
2} o 1 2z 3 4 5 Xm
i} The dependence of a relative exposure
dose of the distance from the line

center at 0, 0.5, 1 and 2.2pm from the
substrate.
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Ioca0iHBIA IPOCMOTP CTPYKTYP

ey +

'miwm;

¢

g

L R
gopavi Gl

L |

LIy

i=

@ MNTM PAH



N3o00pakeHue npu SHEPIUM JIeKTPOHOB S 3B u 13B

Energy  Filter 6L Energy  Filter

*HU3KOBOJILTHBIN PEeKUAM

000 5000keV  No.6 0.69999 A &= 5000 keV  No.6 0.69999 A
LE Magnif.  OL LE Magnif. oL
5v 100K 070594 A v 100K 070166 A
with Slav: with S|\
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INOBBIHNIEHUE KOHTPACTA 1P HU3KUX
JHEPI'MAX DJIEKTPOHOB
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Figure 3. Microcrystalline Au deposited on glass. (a) Standard BSE
Imaging at 6 keV;,
(b) Sample in 1 kKV/mm, landing energy of electrons 5 eV.
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NCCIEJOBAHUE I'PAOEHA

Micrographs of two graphene samples in combined reflection and transmission modes.
(a) sample A, BSE at 3 keV; (b) sample A, TE at 3 keV; (c) sample A, BSE at 4 eV; (d) sample A, TE at 4 eV;
(e) sample B, BSE at 5 keV; (f) sample B, BSE at 1 keV;
(g) sample B, TE at 500 eV; (h) sample B, TE at 20 eV.
*Sample A was purchased as the CVD graphene TM,
**sample B was provided by K. Novoselov, University of Manchester

*HU3KOBOJILTHBIN PEeKUAM
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KOHTPACT JIETMPYIOIIUX NPUMECEH

P-type doped rectangles on the n-type Si substrate E:]. : 6 eV

*HU3KOBOJILTHBIN PEeKUAM

2.5 keV 1keV
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OINPEJAEJEHUE KPUCTANJIOI PAGUYECKOH
OPUEHTALIUHU

R ST P

*HU3KOBOJILTHBIN PEeKUAM
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d®opmupoBanme curuajga POM

H3MeHeHNE CUTHAJIA OT HAKJOHHBIX YYACTKOB NMOBEPXHOCTH



KoHTpacTt OPJ 3a cyeT aTOMHOro Homepa
(Z koHTpacT) Z2>71




INEd erenin sunegodundod

trapezoidal step
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dbeam=1 nm, alp=0.01 rad, hstep=1DD nm, hheam=1 080, 0 mkm
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Curnagasi OPD oT mos1ocKkHM JJI TpeX Pa3jiM4YHbIX 3HAYEHUH BbICOTHI TOUKH
(poKyCHPOBKH JIEKTPOHHOIO 30HAA:
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dopmupoBanue curiajga PoOM
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0.1 0 0.1 02
X , MKM

Kapra cHruana A 2-X HakJIOHHbIX BLICTYTIOB BEICOTOH 0,1 MKM, Yro/l HAK/IOHA NOBEPXHOCTH 5 rpajt.

Curnan, ot ex.
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JleTeKTHpOBAHME BTOPUYHO
IMUCCHOHHOIO curHajga 8 POM
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JerexTop IBepxapra - TopHian

+12 xB
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Henocrarkm :

1. Huskmii ko3pPpuument coopa OPI; Huzkuit kKo3pPpuimeHT
YCHJICHUS NPU HU3KUX YCKOPHAOIIMX HAIPAKEHUAX
2. boabmoi padouunii 0Tpe3oK (CHUKeHUE pa3pelieHus)
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JlerekTupoBanue curuanos B POM

Puc. 2. AxcHanbHOE ceueHHe HIKHEH JacTH GOPMUPYIOLIEH THH3bL. | — BbITATHBAOLINIT
3MeKTPo], 2 — MOMIOCHBIE HAKOHEUHHUKH, 3 — HIKHHH JETeKTOP C PACHONIOKCHHOH o1 HUM

CeTKOH, 4 — obpaselL
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BSE trajectories with cathode lens and BSE detector
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JlerekTupoBanue curuanos B POM
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SE trajectories with cathode lens
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Th row the lens detector

2=y bR
g NS —_—
E1HA ”é"‘i'mt'n — ’1/0:\7_I/ > Simulating condiyion
By g7 ] Resolution: 1~2
H ? — POV : 50um
7 . distortion : <0.1%
LB EiEB i Static Scan : +/-

7V ; 60V

Tarqget Specs.
Resolution WD 2mm
Static Plate length

2mm Detection ratio

S—P MR i
R R i Without mesh
AV
_— ;92 — Top
- . © [ detector Target Bottom
SoFL—te | ; = olate detector
10kV =¥ ! = Position 92mm
DlameterZOOm 1.5mm
f,5mm ¢ (0]
Position 84mm
192mm Upper Lower
*ﬂ%bw'(’\ defleidton 49mm  deflector

Diameter 2 5mm
30mm¢ Length  4mm
2mm é

‘ I ’
i v
I =Y . Y De
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OnrumMu3zanus aeTeKropa

Simulation of secondary Electron Pass to the Detector

Side e
| Condition

Detection Ratio; 100
% Top  Plate
- —100V

r il Bottom Plate: —10V
N | |

Top Bottom ™/ Angle 6 Secondary Electron
Plate Plate Energy 3eV
Angle @

0° ~90°
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[JopaboTKa KONOHHDI
HU3KOBO/IbTHbIN pexkum (0,5 — 100 3B)
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dopmupoBanue uzoopaxenuss B POM
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refractive lens

A - aperture
R - radius of parabola apex v J L
«— / J

| - length of parabola
d - web size

Single bi-concave Jf
A

Pannycel (R) 1 TONYCKH U3TrOTOBJICHHUS
IPEITOMIISIIOIIMX TIpoduiaei TUH3 ()

*R =500 um, A=1000 um, L = 250 um, § =5 um ><><

*R =200 um, A=1000 wm, L =625 um, 6 =2 pm
*R =6.25 um, A=50 um, L =50 pm, 6 = 62 nm

*R=3.75 um, A= 30 um, L = 30 um, 6 =37 nm ><><><
*R=1.25um, A=10pm, L =10 um, =12 nm

Planar lenses
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N30BPA’KEHUE PEHTTEHOBCKOM JIMH3bI

V 4 =34.38 pm ' V 3=48.70 ym

V2=1199 mm

V1=1.282mm
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WD = 5.8 mm
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WD

2 um
> <

2 um

/ e =

L FS (field size)

\\\\\\%
&\

100 pum

WD =5 mm

e DN\

pixel size: A=FS/n, n - number of pixels

- WD =5.1 mm
»

IloBbimenue TounocTu 2D nsmepennii

axis 100 pum
Magnification k=1.02
d®opmupoBanne CIM u300pakeHusi 0T KAHABKH HA MOBEPXHOCTU 00bEKTA
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KoMIio3uTHOE H300pakeHHe
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N3o00paxkenune, cocTaBJIeHHOE U3 4-X KBAJAPAHTOB
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ITAJIOHHBIH YYACTOK st Koppekunu PIOM uzodpakeHust

CoBMelnienue moJjei




CoBMelneHue moJie

Cmemenue POM u3zodOpakeHuss npu
HakJoHe ocu OJI




POM uso0OpakeHue mocjae COBMeELeHUs LIEHTPAa

CoBMelneHue moJie
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N3mepeHus TONMOJOTMM MUKPOCTPYKTYP B POM
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IlepeHoc 3TajioHa AJauHbl B POM

@ MNTM PAH



N3mepenust

@ MNTM PAH

MOCT P 8.628-2007

pynna T88.1

HAUMOHANbHbLIA CTAHOAPT POCCUUCKOW ®EOEPALIUA

I'ocynapcraermaa cucrtema obecnevyeHus eaMHCTBA Msmepenm"l

MEPbI PENIbE®HbIE HAHOMETPOBOIO IUATIA30OHA U3
MOHOKPUCTAJUTUHECKOIO KPEMHUA

TpeboBaHusa K reomeTpuyeckum cpopmam, NUHENHLIM pa3mMepam U BbIGopy
Marepuana ansi UarotoBneHus

State system for ensuring the uniformity of measurements. Single-crystal silicon
nanometer range relief measures. Requirements for geometrical shapes, linear sizes
and manufacturing material selection

OKC 17.040.01
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KOHTPO/J1b TPEXMEPHbIX CTPYKTYP - 2,5D U 3D
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Electron Beam Die to Database
Verification System (DDVS)

78nm

70nm

70nm

U3mepenus 2D
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Imprinted 70 nm Logic CAD drawing (middle) and problem area magnifications on
left (feature 1) and right (feature 2).
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U3mepenus 2,5D
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Kapra cHruana A 2-X HakJIOHHbIX BLICTYTIOB BEICOTOH 0,1 MKM, Yro/l HAK/IOHA NOBEPXHOCTH 5 rpajt.

Curnan, ot ex.
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X Profile: AX=0,1261 mm; AZ=-15673 ym
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