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" SEM: Scanning Electron Microscopy
2TEM: Transmission Electron Microscopy
SEBL: E-Beam Lithography
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/I World

Il

fSolidWorld = new G4Box("world",18.*cm, 18.*cm, 12.*cm);
fLogicWorld = new G4LogicalVVolume( fSolidWorld, fDefaultMater, "World");
fPhysiWorld = new G4PVPlacement(0, /I no rotation

G4ThreeVector(), // at(+ ¢+ «+)

fLogicWorld, //its logical volume

" World", /I its name
Il ) its mother volume
false, // no boolean operations
Il NE no field specific to volume

Il

/| Target

Il

fSolidTarget = new G4Box("Target"”, .5*cm, .5*cm, .25*mm);

fLogicTarget = new G4LogicalVVolume( fSolidTarget, fTargetMater, "Target™);

fPhysiTarget = new G4PVPlacement(0, /I no rotation
G4ThreeVector(), // at (x,y,z)

AN



fLogicTarget, //its logical volume
" Target", /I its name

fLogicWorld, // its mother volume

false, // no boolean operations

Il NE no particular field
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oolaiul (GPS) G4GeneralParticleSource gasiz g9 3l daix 0,5 jastin Cqz
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/score/create/boxMesh box_1
/score/mesh/boxSize .5 .5 0.0001 cm
/score/mesh/translate/xyz 0. 0. 0.999 mm
/score/mesh/nBin 50 50 1
/score/quantity/doseDeposit dose_1

/score/close box_1

/score/create/boxMesh box_2
/score/mesh/boxSize .5 .5 0.0001 cm
/score/mesh/translate/xyz 0. 0. 0.999 mm
/score/mesh/nBin 50 50 1
/score/quantity/doseDeposit dose_2
/score/filter/particle gammaFilter gamma

/score/close box_2

N



/score/create/boxMesh box_3

/score/mesh/boxSize .5 .5 0.0001 cm

/score/mesh/translate/xyz 0. 0. 0.999 mm

/score/mesh/nBin 50 50 1

/score/quantity/doseDeposit dose_3

/score/filter/particle eMinusFilter e-

/score/close box_3

/score/list

/run/initialize

/grdm/analogueMC 1
[/gps/particle ion
/gps/ion 77 19200
/gps/energy 0 keV
/gps/position 0. 0. 1. cm

/run/beamOn 33300000

/score/dumpQuantityToFile box_1 dose_1 doseSr_1.txt
/score/dumpQuantityToFile box_2 dose_2 doseSr_2.txt

/score/dumpQuantityToFile box_3 dose_3 doseSr_3.txt
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/run/initialize
/grdm/analogueMC 1
[/gps/particle ion

/gps/ion 5513700
/gps/energy 0 keV
/gps/pos/type Plane
/gps/pos/shape Circle
/gps/pos/centre 0. 0. 1. cm

/gps/pos/radius 1.1 cm



/score/create/boxMesh box_1
/score/mesh/boxSize .5 .5 0.0001 cm
/score/mesh/translate/xyz 0. 0. 0.999 mm
/score/mesh/nBin 50 50 1
/score/quantity/doseDeposit dose_1
/score/close box_1
/score/create/boxMesh box_2
/score/mesh/boxSize .5 .5 0.0001 cm
/score/mesh/translate/xyz 0. 0. 0.999 mm
/score/mesh/nBin 50 50 1
/score/quantity/doseDeposit dose_2
[score/filter/particle gammaFilter gamma
/score/close box_2
/score/create/boxMesh box_3
/score/mesh/boxSize .5 .5 0.0001 cm
/score/mesh/translate/xyz 0. 0. 0.999 mm
/score/mesh/nBin 50 50 1
/score/quantity/doseDeposit dose_3
[score/filter/particle eMinusFilter e-

/score/close box_3

/score/list

£



frun/beamOn 33300000

/score/dumpQuantityToFile box_1 dose_1 doseCs_1.txt
/score/dumpQuantityToFile box_2 dose_2 doseCs_2.txt

/score/dumpQuantityToFile box_3 dose_3 doseCs_3.txt
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# mesh name: box_1

# primitive scorer name: dose_1
#iX,1Y, iZ, value [Gy]
0,0,0,4.575179969982169e-06

0,1,0,4.634558520753056e-06

0



0,2,0,5.076734410460833e-06
0,3,0,5.413115932995223e-06
0,4,0,5.449312937617422¢-06
0,5,0,6.05756320768862¢e-06
0,6,0,5.985697072025421e-06
0,7,0,6.676027202580689¢-06
0,8,0,6.82178991663965e-06
0,9,0,7.295592716965906e-06
0,10,0,7.152949410622044e-06
0,11,0,7.684181780693543e-06
0,12,0,7.638692982012481e-06
0,13,0,8.125028390911913e-06
0,14,0,8.451855020415576e-06

0,15,0,8.563423098212736€e-06
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SEM HV: 10.0 kV WD: 3.55 mm MIRA3 TESCAN|  SEM HV: 10.0 kV WD: 3.56 mm MIRA3 TESCAN

View field: 46.2 pm Det: InBeam 10 pm View field: 13.8 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 10.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

N

SEM HV: 10.0 kV WD: 3.56 mm MIRA3 TESCAN  SEM HV: 10.0 kV v ’WD: 3.56 mm MIRA3 TESCAIi

View field: 4.61 pm Det: InBeam 1pm View field: 1.38 pm Det: InBeam 200 nm
SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEMHV:100KV | WD:2.36mm | SEMHV:10.0kV |
View field: 46.1 pm ‘ Det: InBeam View field: 13.8 pm Det: InBeam
SEM MAG: 3.00 kx | Date(midly): 08/08/ SEM MAG: 10.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

MIRA3 TESCAN

b

SEMHV:10.0KV |
View field: 4.61 pm Det: InBeam View field: 1.38 ym Det: InBeam
SEM MAG: 30.0 kx | Date(midly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

MIRA3 TESCAN
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| WD: 2.39 mm MIRA3 TESCAN
View field: 46.1 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

LIS i< > -~ A
MIRA3 TESCAN SEMHV:10.0kV | WD: 2.39 mm I I MIRA3 TESCAN
View field: 1.38 pm Det: InBeam 200 nm
Mashhad (MUMS) SEM MAG: 100.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.48 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 2.49 mm

View field: 46.1 pm Det: InBeam 10 pm View field: 13.8 pm Det: InBeam

SEM MAG: 3.00 kx | Date(m/dly). 08/08/18 Mashhad (MUMS) SEM MAG: 10.00 kx | Date(m/dly): 08/08/18

A BT ; S0
SEM HV: 10.0 kV WD: 2.49 mm MIRA3 TESCAN SEM HV: 10.0 kV MIRA3 TESCAN

View field: 4.61 pm Det: InBeam View field: 1.38 pm

SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100.0 kx |Date(m/dly): 08/08/18 Mashhad (MUMS)
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MHV:100kV | WD:2.32mm MIRA3 TESCAN] ™ sem He : : Y
View field: 461 ypm |  Det:InBeam = |
SEM MAG: 3.00 kx | Date(midly): 08/08/18 Mashhad (MUMS) iy} 0810818 Mashhad (MUMS)

. ; : . o

SEM HV: 10.0 kV \ WD: 2.31 mm MIRA3 TESCAN]  SEM HV: 10.0 kV \ WD: 2.31 mm MIRA3 TESCAN
View field: 4.61 pm | Det: InBeam View field: 1.36 pm ‘ Det: InBeam 200 nm

SEM MAG: 30.0 kx | Date(midly): 08/08/18 Mashhad (MUMS) SEM MAG: 102 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.25 mm MIRA3 TESCAN( SEM HV: 10.0 kV WD: 2.25 mm MIRA3 TESCAN
View field: 46.2 ym Det: InBeam View field: 13.8 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 10.00 kx | Date(mi/dly): 08/08/18 Mashhad (MUMS)

o

SEM HV: 10.0 kV WD: 2.25 mm ; .MIRAS TESCAN| SEM HV:10.0 kV WD: 2.25 mm I I MIRA3 TESCAN
View field: 4.61 pm Det: InBeam View field: 1.38 pm Det: InBeam 200 nm
SEM MAG: 30.0 kx | Date(midly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(midly): 08/08/18 Mashhad (MUMS)
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SEMHV:10.0kV | WD:2.44mm SEMHV:10.0KV |  WD:244mm
View field: 46.1 pm \ Det: InBeam View field: 13.8 pm \ Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/0818 SEM MAG: 10.0 kx | Date(midly): 08/08/18

" )

S Qe X 2 e
SEM HV: 10.0 kV MIRA3TESCAN| SEMHV:10.0kV |  WD:2.44mm MIRA3 TESCAN
View field: 4.61 um } Det: InBeam View field: 1.38 ym } Det: InBeam
SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 KV wo:241mm | MIRA3 TESCAN|  SEM HV: 10.0 kv WD: 2.41 mm ' MIRA3 TESCAN
View field: 46.1 pm Det: InBeam 10 pm View field: 13.8 ym Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEMMAG: 10.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

SEM HV: 10.0 kV WD: 2.41 mm hliRA} TESCAN| SEM HV:10.0 kV WD: 2.41 mm I MIRA3 TESCAN
View field: 4.61 pm Det: InBeam View field: 1.38 ym Det: InBeam 200 nm
SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 KV wp:255mm | | MIRA3 TESCANN™ SEm v: 10.0kV WD: 2.55mm
View field: 46.1 pm Det: InBeam 10 pm View field: 13.8 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 10.0 kx | Date(midly): 08/08/18 Mashhad (MUMS)

a ¥
SEM HV: 10.0 kV WD: 2.55 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 2.55 mm MIRA3 TESCAN

View field: 4.61 pm Det: InBeam 1pm View field: 1.38 pm Det: InBeam

SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.50 mm MIRA3 TESCAN| SEMHV:10.0kV | 2.50 mm MIRA3 TESCAN
View field: 46.1 pm Det: InBeam View field: 4.61 pm Det: InBeam 1um
SEM MAG: 3.00 kx | Date(ml/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

- 3 .
SEMHV:10.0kV | WD: 2.50 mm MIRA3 TESCAN| SEMHV:10.0kV | WD: 2.50 mm I I MIRA3 TESCAN
Det: InBeam View field: 1.38 pm Det: InBeam 200 nm
Mashhad (MUMS) SEM MAG: 100 kx | Date(midly): 08/08/18 Mashhad (MUMS)
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SEMHV:10.0kV |
View field: 46.3 pm
SEM MAG: 2.99 kx

WD: 2.46 mm SEM HV: 10.0 kV
il Det: lnBeqm View field: 4.61 pm
| Date(m/dly): 08/08/18

WD: 2.64 mm

Det: InBeam
SEM MAG: 30.0 kx

SEMHV:10.0kV | WD: 2.44 mm MIRA3 TESCAN|  SEM HV: 10.0 kV WD: 2.44 mm I I MIRA3 TESCAN
V'lgw field: 2.77 pm Il Det: InBeam 500 nm View field: 1.38 pm Det: InBeam 200 nm
SEM MAG: 50.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

SEM MAG: 100.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.40 mm I MIRA3 TESCAN MIRA3 TESCAN
View field: 46.1 pm Det: InBeam 10 pm View field: 4.61 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.41 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 2.41 mm MIRA3 TESCAN
View field: 2.77 pm Det: InBeam View field: 1.38 pm Det: InBeam 200 nm

SEM MAG: 50.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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SEM HV: 10.0 kV WD: 2.49 mm I MIRA3 TESCAN| SEM HV: 10.0 kV WD: 2.49 mm

View field: 46.1 pm Det: InBeam 10 pm View field: 4.61 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/1 Mashhad (MUMS) SEM MAG: 30.0 kx | Date(m/dly): 08/08/18

SEM HV: 10.0 kV WD: 2.4 mm MIRA3 TESCAN SEM HV: 10.0 kV WD: 2.49 mm I MIRA3 TESCAN
View field: 2.77 pm Det: InBeam 500 nm View field: 1.38 pm Det: InBeam 200 nm
SEM MAG: 50.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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MIRA3 TESCAN MIRA3 TESCAN

Mashhad (MUMS) Mashhad (MUMS)

SEM HV: 10.0 kV WD: 2.66 mm MIRA3 TESCAN| SEM HV: 10.0 kV ‘ ~ WD:2.66 mm MIRA3 TESCAN
Det: InBeam View fiell

SEM MAG: 50.0 kx | D}le(mld/y): 08/08118 Mashhad (MUMS) SEM MAG: 100 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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| SEM HV: 10.0 kV |
View field: 46.1 pm \ Det: InBeam 10 pm View field: 4.61 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 SEM MAG: 30.0 kx | Date(m/dly): 08/08/18

R -~ 2 ad W Y VR 'S . 4
SEM HV: 10.0 kV | WD: 2.73 mm MIRA3 TESCAN SEM HV: 10.0 kV ‘ WD: 2.73 mm MIRA3 TESCAN
View field: 2.77 pm Det: InBeam 500 nm View field: 1.38 pm | Det: InBeam ‘ 200 nm

'SEMMAG: 50.0 kx | Date(midly): 08/08/18 Mashhad (MUMS) SEMMAG: 100 kx | ; Mashhad (MUMS)

G¥ges sl (d(200nm), ¢(500nm), b(1pm), a(10um)) oglece slales ;o0 FESEM jiglas ¥V-F JSCs
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SEM HV: 10.0 kV WD: 2.58 mm MIRA3 TESCAN  SEM HV: 10.0 kV ‘7 WD: 2.56 mm MIRA3 TESCAN

Det: InBeam 10 ym View fi Det: InBeam
Mashhad (MUMS) SEM MAG: 30.1 | Mashhad (MUMS)
- S

MIRA3 TESCAN|  SEM HV: 10.0 kV | WD: 2.57 mm MIRA3 TESCAN

Mashhad (MUMS) : 100. . 8 Mashhad (MUMS)

Gaiges 5l (d(200nm), ¢(500nm), b(1pm), a(10pm)) Selaze slales o FESEM ,iglas :YA-F S
S8 700% (glos g 5SSt 92 b g9 (50,85 oud S Caels V Ladd 5 ouis oo il diged (] S223
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SEM HV: 10.0 kV ‘ WD: 2.55 mm I WD: 2.55 mm
¥ Det: InBeam 10 pm ¢ Det: InBeam
midly): 08/08/18 midly): 08/08/18

A e - A
SEMHV:10.0kV | WD:255mm
View field: 277 ym | Det:InBeam 500 nm
SEM MAG: 50.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

MIRA3 TESCAN| SEMHV:10.0kv |  WD:255mm
View field: 1.38 umJ Beam
SEM MAG: 100 kx | Date(midly): 08/08/18 |

MIRA3 TESCAN

Mashhad (MUMS)

5235 caiges (sl (@(200nm), c(500nm), b(Lpm), a(10um)) Eslize slales ;> FESEM ,5las ¥a-F S
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SEM HV: 10.0 kV \ WD: 2.37 mm
View field: 46.1 pm Det: InBeam
SEM MAG: 3.00 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

SEMHV:10.0kV |  WD:2.39mm MIRA3 TESCAN
View field: 13.8um |  Det:InBeam
SEM MAG: 10.0 kx | Date(midly): 08/0818 Mashhad (MUMS)

3 Caels AR diges (] S236 (sdiges sl (B(1Um), a(10um)) oglate slales ;o FESEM 3 glas ¥ .- S5
9 O3Sl 92 b (@95 (5055 0o JBIs Celi ) o g 00l (23 L VTV o dedr b Lanme slos

G Skl 58 Se il (3515890 Wl ysS 5 (SOD Sgz s 4 el i85 15500% (sles
Bl ) S sS elde b gl

\YY



n ) 3 % » b s 2 A ~ : - 3 : e % . e
SEM HV: 10.0 kV WD: 2.43 mm I MIRA3 TESCAN SEM HV: 10.0 kV 243 mm MIRA3 TESCAN
View field: 46.1 um Det: InBeam 10 pm View field: 13.8 pm Det: InBeam 2pm
SEM MAG: 3.00 kx |Date(m/dly): 08/08/18 Mashhad (MUMS) SEM MAG: 10.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)

3 e 5
3 SR
SEM HV: 10.0 kV WD: 2.43 mm MIRA3 TESCAN
View field: 4.61 pm Det: InBeam
SEM MAG: 30.0 kx | Date(m/dly): 08/08/18 Mashhad (MUMS)
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0 1 300 27.82 72.178 N.I. S209
89 1 500 56.92 43.078 Am S235
89 1 500 63.96 36.038 Cs S236
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IDFix report
Company:
User Name:
USER_TITLE _TITLE
FILE_NAME_TITLE
Last Saved:

COMMENTS_TITLE

Analysis Conditions

Sl 0ol Lo 095 b )0 095 it

BuAli Institute
BuAli Institute
USER_TITLE
FILE_NAME
8/9/2018 11:58 AM
COMMENTS

Accelerating Voltage (kV): 20.0
Beam Current (nA): 1.000
Maghnification: 50000
Live Time (s): 60
Preset Time (s) 60
Nb Channels 2048
Ev / Channel 20
Offset (keV) 0
Width (keV) 41
Sample
Coating Thickness (nm): 0.00
Density: 0.00
Geometry

AR



Tilt Angle (deg): 0.0
Azimuth Angle (deg): 0.0
Take Off Angle (deg): 35.0
Window
Window Type: Moxtek AP1.3
Window Thickness (um): 0.30
Contamination Layer (nm): 0.00
Detector
Dead Layer (um) 0.10
Gold Layer (um) 20.00
Active Area (mm2) 10.00
Crystal: Si
Crystal Thickness 3.00
Coating Type Al
Coating Thickness (nm) 15.00

XmEdsPrnFoilTitle

TEM_THICK_SAMPLE_TITLE

TEM_REFERENCE_ELEMENT

_TITLE
TEM_THICKNESS_TITLE

TEM_DENSITY_TITLE

TEM_THICK_SAMPLE

TEM_REFERENCE_ELEMENT

TEM_THICKNESS

TEM_DENSITY
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S105 S&g0d V=Y -0

1ok ZnKa
o] J A A K8 fev

0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
x2 11.84

Quantitative Results
Elt Line Int Error K Kr W% A% ZAF Pk/Bg Class LConf HConf
(0} Ka 29.1 59.0630 0.0924 0.0764 20.34 51.06 0.3755 52.50 A 19.37 21.32
Zn  Ka 162.1 1.3221 0.9076 0.7499 79.66 48.94 0.9414 29.11 A 78.04 81.27

1.0000 0.8263 100.00 100.00

Automatic ldentification Results

AR



S110 gaigos Y=Y-0

Elt Line Int keV Prob%
C Kal 20.0 0.290 100
Ca Kal 3.5 3.670 100
(o) Kal 18.3 0.520 100
Ne Kal 13.2 0.840 100
Zn Kal 146.6 8.580 100
Si Kal 3.6 1.730 100
Nb Lal 40.0 2.150 100
E ZnLo
15000
10000—
5000—
Lj ZnKa.
OfiKr A—j‘ : L : @(B‘ | keV
0 10
Analysis

Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0

x2 8.78

\YY



Quantitative Results

Elt Line Int Error Pk/Bg Class LConf HConf

(0] Ka 9.6 47.6138 0.0360 0.0329 938 29.72 0.3512 1102 A 8.60 10.16
Zn Ka 145.8 1.3640 0.9640 0.8810 90.62 70.28 0.9722 3123 A 88.69  92.56
1.0000 0.9140 100.0 100.0

Automatic Identification Results

Elt Line Int keV Prob%
C Kal 30.8 0.290 100
O Kal 4.4 0.530 100

Ga Lal 6.9 1.100 100

Na Kal 198.0 1.050 100

Al Kal 3.8 1.490 100
Si Kal 3.6 1.740 100

Nb Lal 35.1 2.160 100

Tc Lal 2.5 2.410 100

Zn Kal 124.8 8.580 9

Re Lal 19 8.580 9
Ir Lal 1.3 9.090 9

\YY



S115 gdiges FY=0

keV

0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
%2 10.90

Quantitative Results
Elt Line Int Error K Kr W% A% ZAF  Pk/Bg
o Ka 238 56.5658 0.0772 0.0653 17.69 46.75 0.3692 43.92
Zn Ka 161.1 1.2148 0.9228 0.7809 82.31 53.25 0.9487 30.74
1.0000 0.8462 100.0 100.0

Class LConf HConf
A 16.75 18.62
A 80.64 83.99

Automatic ldentification Results

\YF



Elt

Na
Zn
Nb
Re
Tc

Line
Kal
Kal
Kal
Kal
Lal
Lal
Lal

16.9
3.7
317.4
142.5
38.9
2.8
2.4

keV
0.290
0.530
1.050
8.580
2.160
8.570
2.410

Prob%
100
100
100
100
100
100
100

S120 gaiges F=Y—0

Analysis

Z0Kp

keV

Correction Method:

Analysis Type:

Number of oxygens:

X2

PAP
StdLess
0
10.93

\YO



Quantitative Results

Elt Line Int Error K Kr W% A% ZAF Pk/Bg Class LConf HConf
O Ka 118 689136 0.0395 0.0359 10.17 31.62 03528 1268 A 940 1093
Zn Ka 162.6 10278 0.9605 0.8713 89.83 68.38 09699 2930 A 88.01  91.65
1.0000 0.9072 100.0 100.0
Automatic Identification Results
Elt Line Int keV Prob%
C Kal 16.9 0.280 100
Kal 11.3 0.520 100
V Kal 1.8 4.920 100
Ne Kal 55 0.850 100
Zn Kal 145.9 8.580 100
Na Kal 322.5 1.040 100
Hf Lal 1.3 7.820 100
Nb Lal 36.5 2.150 100
Tc Lal 3.9 2.420 100
Sb Lal 24 3.580 100
Mn Kal 2.0 5.860 100
Re Lal 2.6 8.570 100
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S125 gaiges H_Y—0

20000 7L

] ZnKo.
N . A 2K ey

I T

0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
) 13.07

Quantitative Results

Elt Line Int Error ZAF Pk/Bg Class LConf HConf

(0] Ka 16.7 69.0517 0.0530 0.0468 13.04 38.00 0.3588 15.02 A 1222 13.87
Zn Ka 168.7 1.7714 0.9470 0.8363 86.96 62.00 0.9617 32.17 A 85.23  88.69

1.0000 0.8831 100.0 100.0

Automatic Identification Results
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Elt

Zn
Na
Al
Nb
Cl
Cd
Cs

Line
Kal
Kal
Kal
Kal
Kal
Lal
Kal
Lal
Lal

Int
19.8
6.4
148.5
330.1
25
41.1
2.0
2.8
2.2

keV
0.290
0.530
8.580
1.040
1.480
2.160
2.610
3.120
4.260

Prob%
100
100
100
100
100
100
100
100
100

S130 caigei S_Y—0

Analysis

ZnL

keV

Correction Method:

Analysis Type:

Number of oxygens:

%2

PAP
StdLess
0

12.22

\YA



Quantitative Results

Elt Line Int Error K Kr W% A% ZAF Pk/Bg Class LConf HConf
O Ka 184 672024 0.0541 00477 1327 3848 0.3593 3004 A 1248  14.07
Zn Ka 1825 13570 0.9459 0.8335 86.73 61.52 09610 3122 A 85.07  88.38
1.0000 0.8812 100.0 100.0
Automatic Identification Results
Elt Line Int keV  Prob%
C Kal 20.8 0.290 100
Kal 9.3 0.520 100
F Kal 5.1 0.680 100
Zn Kal 164.5 8.570 100
Na Kal 308.1 1.040 100
Nb Lal 45.8 2.150 100
Tc Lal 3.2 2.420 100
Pd Lal 24 2.820 100
Eu Lal 2.5 5.800 100

A



S135 gdiges Y=Y—0

E ZnL

Oﬁfj A

ZnKa.

Ol ‘ A 20 e
0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
%2 8.03
Quantitative Results
Elt Line Int Error K Kr W% A% ZAF Pk/Bg Class LConf
O Ka 132 497398 0.0445 0.0400 11.25 34.13 0.3550 1430 A 10.45
Zn Ka 1611 14317 09555 0.8580 88.75 6587 0.9668 3238 A 86.94

1.0000 0.8980 100.0 100.0

HConf

12.05

90.55

Automatic Identification Results

\F-.



Elt Line Int keV Prob%

C Kal 25.1 0.290 100

(0] Kal 7.7 0.520 100
Zn Kal 1445 8.580 100
Na Kal 242.7 1.040 100
Al Kal 1.8 1.490 100

Si Kal 2.2 1.740 100
Hf Lal 1.7 7.820 100
Nb Lal 33.0 2.160 100
Tc Lal 2.9 2.410 100
Dy Lal 1.6 6.440 100

S140 S& g0l A=Y

| ZnKo
ol 4 T a0
| ! I T I

0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
x2 11.77

'VF)Y



Quantitative Results

Elt Line Int Error W% A% Pk/Bg Class LConf HConf

o Ka 143 66.8762 0.0453 0.0406 11.43 3452 03554 1360 A 10.65 1221
Zn Ka 1703 11729 0.9547 0.8559 8857 6548 09663 31.05 A 86.82  90.33
1.0000 0.8965 100.0 100.0

Automatic Identification Results

Elt Line Int keV Prob%
C Kal 195 0.290 100
0] Kal 7.8 0.520 100

Ne Kal 16.9 0.850 100

Zn Kal 152.9 8.580 100

Na Kal 240.8 1.040 100

Al Kal 2.2 1.480 100

Nb Lal 46.9 2.160 100

Pd Lal 2.1 2.830 100

Cm Mal 2.6 3.490 100

Cr Kal 1.7 1.022 0

S145 gaiges 4-Y—0

ZnLi

1 ZnKa
oK A A g keV

\FY
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Analysis

Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0

X2 12.44

Quantitative Results

Elt Line Int Error ZAF Pk/Bg LConf HConf

O Ka 146 68.8880 0.0427 0.0385 10.87 33.26 0.3542 2426 10.13 11.61
Zn Ka 184.7 0.9869 0.9573 0.8627 89.13 66.74 0.9679 31.00 87.44 90.82
1.0000 0.9012 100.00 100.00

Automatic lIdentification Results

Elt Line Int keV Prob%
C Kal 19.1 0.290 100
Kal 2.3 0.530 100

F Kal 114 0.680 100
Ne Kal 17.3 0.850 100
Na Kal 143.0 1.040 100
Al Kal 24 1.480 100
Si Kal 5.2 1.740 100
Nb Lal 43.8 2.170 100
Tc Lal 3.0 2.420 100
Zn Kal 158.8 8.570 4
Re Lal 3.0 8.560 4
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S155 gdiges VoY=

ZnL

| ZnKo
, 10K A A B ey

0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
x2 11.87

Quantitative Results

Elt Line Int Error K Kr W% A% ZAF Pk/Bg LConf HConf

O Ka 163 653816 0.0480 0.0428 12.00 3577 0.3566 27.96 11.23 12.76

Zn Ka 1834 12993 0.9520 0.8490 88.00 64.23 0.9647 3183 86.33  89.68
1.0000 0.8917 100.00 100.00

Automatic ldentification Results

V¥



Elt

Line

Int

keV

Prob%

¢  Ka 223 0200 100

Ne
Al

Si
Nb
Tc
Pd
Zn
Cu

Pt
Cr

Kal
Kal
Kal
Kal
Kal
Lal
Lal
Lal
Kal
Kal
Lal
Kal

21.3
6.1
15.3
2.2
44
44.1
45
3.5
162.1
1.6
14
2.1

0.520
0.850
1.490
1.740
2.160
2.410
2.830
8.570
7.970
9.360
1.021

100
100
100
100
100
100
100
100
18
18
18
0

S209 gaigos 11-Y—0

Analysis

ZnKa.

A

Znkp

| keV

10

Correction Method:

Analysis Type:

Number of oxygens:

%2

PAP
StdLess
0

7.76

\FO



Quantitative Results

Elt Line Int Error ZAF Pk/Bg LConf HConf

O Ka 43.0 48.2640 0.1214 0.0964 2491 57.54 0.3871 8596 23.93 25.89
Zn Ka 1764 1.3407 0.8786 0.6977 75.09 4246 09291 31.20 73.63 76.55
1.0000 0.7941 100.00 100.00

Automatic lIdentification Results

Elt Line Int keV Prob%
C Kal 17.0 0.290 100
O Kal 42.6 0.530 100

Ne Kal 2.1 0.850 100

Zn Kal 155.5 8.570 100

Na Kal 176.5 1.040 100

Al Kal 2.7 1.480 100

Nb Lal 41.8 2.160 100
Pt Lal 11 9.340 100

Cl Kal 5.1 2.620 100

Mn Kal 2.6 5.860 100

Re Lal 25 8.570 100

Bi Mal 3.6 2410 100

\¥5



S210 gdiges 1Y=Y—0

O Kol

ZnKo.

o] el ‘ A a0 kev
0 5 10
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
x2 9.21
Quantitative Results
Elt Line Int Error K Kr W% A% ZAF Pk/Bg LConf HConf
O Ka 39.3 59.7893 0.1159 0.0927 24.08 56.44 0.3849 79.83 23.09 25.07
Zn Ka 170.1 1.1463 0.8841 0.7071 7592 4356 0.9313 30.26 7442 77.43

1.0000 0.7998 100.00 100.00

Automatic ldentification Results

\Fv



Elt Line Int keV Prob%
C Kal 18.5 0.290 100
Ca Kal 5.6 3.680 100
(@) Kal 31.0 0.530 100
Ne Kal 17.1 0.850 100
Zn Kal 152.4 8.570 100
Na Kal 179.4 1.040 100
Si Kal 9.4 1.730 100
Nb Lal 42.8 2.160 100
Pd Lal 2.2 2.830 100
Dy Lal 2.0 6.440 100

20000; ZnL

15000;

10000;

5000;

| ZnK(
o T e

Analysis

S211 S g0l \Y-_Y=-0

keV

Correction Method:
Analysis Type:

Number of oxygens

X2

PAP
StdLess
0

9.47

Quantitative Resu

Its
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Elt Line Int Error K Kr W% A% ZAF Pk/Bg LConf HConf

O Ka 418 553429 0.1222 0.0969 2502 57.69 0.3874 89.93 24.02 26.02

Zn Ka 169.9 1.6138 0.8778 0.6964 7498 4231 0.9288 30.68 73.49 76.46
1.0000 0.7933 100.00 100.00

Automatic Identification Results

Elt Line Int keV Prob%
C Kal 18.6 0.280 100
O Kal 29.5 0.520 100

Zn Kal 152.5 8.570 100

La Lal 2.0 4.610 100

Na Kal 2944 1.050 100

Al Kal 2.5 1.490 100

Rb Lal 2.7 1.690 100
Si Kal 3.1 1.730 100

Nb Lal 37.7 2.160 100

Ba Lal 2.1 4.430 100

Mn Kal 1.9 5.860 100

1¥4



9000—%
8000

7000

6000

5000

4000

3000

2000 OKa

ZnLa

1000

S221 gdiges 1F-Y—0

0 - L ZKP v
()4###r o ‘ ‘ 15
Analysis
Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0
72 7.02

Quantitative Results

Elt Line Int Error

O Ka 69.8 39.7831 0.2939 0.2022
Zn Ka 949 0.5407 0.7061 0.4858

K Kr W%

44.72
55.28

A%  ZAF Pk/Bg LConf HConf
76.77 0.4522 167.42 4333 46.10
23.23 0.8786 1441 53.82 56.75

1.0000 0.6880 100.00 100.00

Automatic Identification Results

VO



Elt Line Int keV Prob%

C Kal 134 0.290 100
(0] Kal 72.4 0.530 100
Na Kal 77.6 1.040 100
Nb Lal 28.4 2.160 100
Cd Lal 1.6 3.110 100
Er Lal 1.2 6.880 13
Mn Kal 25.0 5.870 13
Zn Kal 91.6 8.570 13
Eu Lal 2.1 5.800 13
Pt Lal 0.9 9.340 13
Re Lal 15 8.560 13
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Quantitative Results

Elt Line Int Error K Kr W% A% ZAF Pk/Bg LConf HConf
O Ka 46.0 23.6854 0.2307 0.1650 38.48 71.88 0.4286 132.22 37.02 39.95
Zn Ka 86.8 0.7321 0.7693 0.5500 61.52 28.12 0.8940 17.57 59.81 63.22
1.0000 0.7149 100.00 100.00
Automatic Identification Results
Elt Line Int keV Prob%
C Kal 10.3 0.280 100
O Kal 39.1 0.520 100
Ne Kal 1.2 0.850 100
Zn Kal 81.0 8.570 100
Na Kal 75.5 1.040 100
Nb Lal 22.2 2.150 100
Tc Lal 2.0 2.420 100
Mn Kal 16.4 5.860 100
Lu Lal 1.2 7.580 100
Re Lal 1.2 8.570 100
Pt Lal 1.1 9.340 100
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Automatic Identification Results
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Elt Line Int keV Prob%

C Kal 20.4 0.290 100
@) Kal 43.0 0.530 100
Zn Kal 81.7 8.560 100
Na Kal 93.7 1.040 100
Rb Lal 2.8 1.690 100
Nb Lal 30.2 2.160 100
Mn Kal 18.6 5.860 100
Re Lal 11 8.560 100

5235 gdigei 1Y

13000

12000

1 Lo
110003

100003

90005

80003

7000

60005

50003}

4000— OKa

30003

20002

T
N
>
~
153

10003

T
-
7

-
&

keV

l'

o
(3]
=
o

Analysis

Correction Method: PAP
Analysis Type: StdLess
Number of oxygens: 0

%2 20.18

\of



Quantitative Results

Elt Line Int Error W% A% ZAF Pk/Bg LConf HConf

O Ka 163.6 137.7439 0.5034 0.3290 61.34 86.64 0.5363 268.16 60.10 62.58
Zn Ka 914 1.0669 0.4966 0.3245 38.66 13.36 0.8395 799 37.62 39.70
1.0000 0.6536 100.00 100.00

Automatic lIdentification Results

Elt Line Int keV Prob%
C Kal 175 0.290 100
Kal 176.8 0.530 100

F Kal 5.6 0.680 100
Ne Kal 6.6 0.850 100
Na Kal 172.2 1.050 100
Mn Kal 72.0 5.860 3
Si Kal 3.9 1.700 3
Nb Lal 44.5 2.130 3
Tc Lal 144 2.380 3
Rh Lal 24 2.660 3
Zn Kal 99.9 8.570 2
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Elt Line Int keV Prob%
C Kal 45,5 0.290 100
Kal 87.6 0.530 100
F Kal 2.9 0.690 100
Mn Kal 81.8 5.860 2
Si Kal 45.1 1.740 2
Nb Lal 31.8 2.160 2
Tc Lal 8.7 2.420 2
Cl Kal 3.1 2.610 2
Pb Mal 11.6 2.340 2
Pt Lal 0.9 9.370 1
Zn Kal 47.4 8.570 1
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Quantitative Results

Elt Line Int Error K Kr W% A% ZAF Pk/Bg LConf HConf
O Ka 93.0 749063 0.7567 0.5323 78.64 93.77 0.6764 138.72 76.53 80.74
Zn Ka 17.0 4.3977 0.2433 0.1712 21.36 6.23 0.8011 2.60 20.02 2270
1.0000 0.7035 100.00 100.00
Automatic Identification Results
Elt Line Int keV Prob%
C Kal 15.1 0.290 100
O Kal 97.4 0.530 100
Mn Kal 115.3 5.860 100
F Kal 3.3 0.680 100
Na Kal 22.9 1.040 100
Zn Kal 44.4 8.570 100
Si Kal 15.0 1.740 100
Nb Lal 32.8 2.160 100
Tc Lal 5.1 2.410 100
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Abstract

ionizing radiation, especially heavy ions can cause large changes in the
properties of matter. Charged particles that pass through the material, due to
Coulomb interactions, bremsstrahlung radiation and nuclear interactions at very
high energies lose energy by emitting Cherenkov radiation. . When a high-energy
particle such as electrons or ions to hit the target atoms, different effects can

happen. The effects are as follows: excitation and ionization of atoms, breaking the

links, generating phonons swinging, moving atoms in Bulk targets, sputtering
atoms from the surface and photon emission, for example, X-rays. As a result of
this method can be used to produce materials with new properties and the
development of new structures, for example, nanostructures. Beams of radioactive
sources, due to the energy and vitality of lonizing irradiation can be used in
different cases. We used of two flat source 2*!Am and **’Cs surface Zn in various
experiments with different irradiation times. Tests were conducted in three parts.
The first part was carried out at a temperature of 30 to 100 ° C. The second test just
to see the growth of ZnO nanostructures were performed at 70 ° C. The third
experiment in a tube furnace at temperatures of 300, 500, and 700 ° C was carried
out, at any stage three on the grill with a sample source **’Cs, the second one with
fountains 2*!Am irradiation and third sample without radiation was used only as a
witness. The sample analysis of Raman spectroscopy , XRD, EDAX and FESEM

Images were used.

Keywords: absorbed dose, ZnO nanostructured growth, Geant4 simulator, *°Sr Source,
Dose edge Slope, Absorbent mask






i

Shahrood University of
Technology

Faculty of Physics and Nuclear Engineering
M.Sc. Thesis in Nuclear Physics

Study of the effect of **2Ir source
radiations on formation of ZnO
nanostractuers

By: Mohammadkazem Sadeghi

Supervisor:
Dr. Moslem Sohani
Advisor:

Dr. Morteza lzadifard

August, 2018



