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SRIM Tutorials 1: Introduction to Ion Ranges, Does and Damage

» Objective

To find the energy and dose of ions required to implant atoms into a target at given depth
and concentration.

» Case

To simulate the implantation of n-well of a CMOS semiconductor device.

> Parameters

1. Ions: N-type dopant-Phosphorus(P)/ Arsenic(As)/ Antimony(Sb) (VB);
2. Target: Silicon;

3. Peak concentration depth: 250 nm;

4. Peak dopant concentration: 5x10'® atoms/cm?.
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» Experimental condition

The maximum energy of the accelerator is limited to 200 keV.

EFER

T8  Analyzing
HO

HrEk

lon Extraction!
Pre-Acceleration T HmE

Magnot

Filament {Cathode)

lan

Source Elemental Source

Chamber Flasma ;
{Anocda] HFR

» Questions

1. Which element will your use and how to set its energy?
2. What dose is required (ions/cm?)?
3. Will the target be amorphous after the implant?

EndStation
-y
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» Element and energy of implanted ion

Recall the implanted ion should be chosen from VB column in periodic table and the
peak concentration depth is 250 nm.

HE] | aaa]
‘I Ion Stopping and Range Tables

Btomic Mass  lon Energy Bange [kel)
Symbol  Mame Mumber [amu]  Lowest Highest

10

Az |Arzenic

Periodic Table of the Elements

_ Density = 1.8219 gicm3
15 mttl 3;25: ;2'9?4 Atom Dens. = 3.542E+22 aticm3
Heat Subl. = 3.27 eV

MAIWgL= 30.974 Loimivel. = 0.972 Vo
A ¥ill

ML Phospho rus me e ke e vIE[Ho

Stopplng [ TRI M 5 E.\E:)fﬂmﬁenm hll_; E'Elllm I¥A ¥A ¥IA YIA |_\r|||.q—| IE B ,:; r_i?
: | SOpPEs K [Ca[Sc[Ti| V|Cr |Mn|[Fe|Co|Ni|CulZn Br | Kr
Range Tables Calculation Powers RISt | ¥ [Zr[NbMolTc|Relh PdAd[Cd e
; . Cs|Ba|la|Hf |Ta| W |Re|Os| Ir | Pt |Au|Hg At |Rn
J. F. Ziegler M. D. Ziegler J. P. Biersack Fr|Ra|Ac
U.S.N.A. UC.LA Hahn-Meitner Inst. : ] [Ce|Pr INdPm|Sm|Eu|Gd|Th [Dy|Ho|Er [Tm[¥b[Lu
Annapolis, MD Los Angeles, CA  Berlin, Germany ThiPal U

. Wit AMasr = e
Click to select an element Dot = Gt Fhaze

SRIM Version 5 fagal Hotice : :
—-—— SRIM Tutorials | | sroremem T
-2008, Q uit M / [mg/cm?) | Clear All |

Contributions by E. Dabich, H. Paud, D. J. Marnwick, G. A. Cuormio, . A. Porter a e :
(c] 1984.1989,1998, 2003, 2008 by J. F. Ziegler. M.D. Ziegler, J. P. Biersack [SRIM.com] j“‘"”“” e Main Menu -
4 ' Problem Solving

First, the As is chosen as implanted ion.
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B lon Stopping & Range Tables g X E’l lon Stopping & Range Tables

rsJJ'J rJ_FJ_FJJJ'J_J _.JJ'J\_J .I‘\i:JJ'J_Ju f" .!UJ > _|-:LJ -- Starting Stopping and Range Calculation --

Ol [t sindony
“ gtored as |r|H||-' F||H|:||r 0

[ S — Y () W =

b

Cﬂlculﬂte Table Calculate Table
Mey ! [mgsom) Me' / [mglom]

The default name of the output file is set by element name of ion and target.
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To reach the peak concentration depth 250 nm, the energy of implanted ion As should be
up to 400 keV.

SR Calculation: SRIM Outputs' Arsenic in Silicon

110.00 ket 9.125E-01 S187E+00 753 A 2214 170 A ~
. 12000 ke 95TE-01 5147EHI0 813 A 2374 182 A
Conclusmn: 13000 kev' 9.920E-01 5 104EH0 875 A 252 A 194 A,

. . . 140.00 ket 1.029E+00 5.059E+00 936 A 267 A 205 A
This is a higher energy | isomokev 1067e+00 50128400 9974 2824 2174
160.00 ket 1.171E+00 4.965E+00 1059 A 297 A 228 A
than your 200 KkeV |i170ookev 12566400 4917E+00 11204 3124 239 A
. 180.00 ket 1.326E+00 4.8659E+00 1181 A  326A 251 A
lmplanter can reach. 200,00 keY 1.435E400 4.774E400 1303 A 35654 273 A
22500 ket 1.533E+00 4657E+00 1456A  389A 301 A
25000 ket 1.B09E400 4.544E+00 1B10A  424A 38 A
27500 ket 1.677E400 4.436E+00 17BE A 458A IS A
Then Recalculate the ||zooookev 1743800 4330E400 19244 2314 3824
. 32500 ket 1.809E+00 4234E+00 2082A  525A 409 A
Range Tables using P as | 3oookev 1a7eE+0 41396400 22434 5574 4364 |
. . 75 00 ke 1 944FHI0 A4 DA9FH10 2404 A SO0 A ARD A
implanted ions. 400.00 ke 2.013E+00 3.064E+00 2EEEA 622 A 433 A |
450.00 ke' 2.150E+00 3.804E+00 2892A  B35A 542 A
500.00 kel 2.285E400 3E59E+00 3221 A  746A 595 A
550.00 ket 2.418E400 3525E+400 3551 A BOBA 647 A
BO0.00 kel 2547E+00 3403E+00 3381 A  854A 700 A
B50.00 ket 2.672E+00 3200E+400 4213A  920A 751 A
700.00 ket 2.793E400 3.18BE+00 4544 A  O74A  BO2A
B00.00 ket 3.025E+00 2999E+00 52084 1079 A 903 A
900.00 ket 3.246E+00 2836E+00 58B4A 1178 A 1001 A
100 Mey 3.458E+00 2692E+00 6519 A 1271A 1097 A
110 Mey 3E63E+00 2565E+00 7168 A 1359 A 1190 A
120 MeV 3.863E+00 2451E+00 7810A 1441A 1260 A
30 Mev 4059E400 2349E+00 BAd5 A 1520A 1357 A

1

1.40 Mel' 4253E+00 2Z256E+HI0 9072 A 1594 A 1452 A

1.50 MeV' 4 444E+00 2171EHID 9821 A 1BB4 A 1534 A

160 MetV' 4 B34E+HI0 2093EH0 1.05um  1730A 1614 A

1.70 MeV 4 823E+00 2Z022EH00 1.08um 1752 A 1690 A v

Print Close
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SR Calculation: SRIM Outputs' Phosphorus in Silicon

70.00 ket 1.073E+00 1.568E+10 8954 A 361 A 261 A
80.00 ke’ 1.18BE+00 1.509E+10 1084 A 359 A 292 A
90.00 kev' 1.289E+00 1.454E+10 1213 A 435 A 322 A
100.00 ke¥' 1.376E+0 1 403E+I0 1342 A 470 A 351 A
110.00 ke¥' 1.453E+10 1.356E+00 1470 A a03 A, 380 A
120,00 ke¥' 1.521EHI0 1.313E+00 1557 A 536 A, 405 A
130.00 ke¥' 1.533EH10 1.272E+H00 1725 A 567 A, 435 A
140.00 ket 1.B40EHID 1.235E+00 1852 A 597 A, 462 A,
150,00 key' 1.BY3E+HIO 1.200EHI0 1579 A BZ26 A 485 A
160,00 key' 1.743E+H00 1.167E+HID 2106 A Bad A 215 A
17000 ey 1 789E4H00 1 136E400 250 A B32 A A0 A
180,00 key' 1.833E+H00 1.107E+HI0 2359 A 709 A ab5 A
20000 ket 1 914E+00[1 0D54FE+00 2R12 A TE1 A E15
22500 ke 2003EHI0 9.5960E-01 2928 A 8923 A B74 A
200,00 ke 2.09EHI0 9.443E-01 3242 A g52 A 732 A I
275.00 kev 2102EHI0 S.984E-01 3554 A 937 A 789 A
300.00 kev' 2.267EHI0 S.589E-01 3864 A 989 A 043 A
325.00 kev' 2351EHI0 S224B01 4171 A 1039 A 856 A
3a0.00 ke 2437EHI0 7.884E-01 4474 A 1086 A 47 A
375.00 ke 2522EHI0 7AH3EM 4774 A 1130 A 887 A
400,00 kev' 2B09EHI0 7.318E01 8068 A 11724 1045 A
450,00 kev' 2735EHI0 B.E33E01 o647 A 1251 A 1137 A
500.00 kev' 2964EH10 BA16E01  B207 A 15321 A 1223 A
550.00 keY' 3. 145EH10 B.0O54E-01 6748 A 1384 A 1303 A
600.00 keY' 3 327EHI0 5736E01  7272A 1441 A 1378 A
620.00 ket 3510EHI0 S.455E01 7777 A 1483 A 1448 A
700,00 ket 3B92EHI0 S5203BE01 8266 A 15404 1514 A
g00.00 key' 4.051EHI0 4.772BE01 9194 A 1624 A 1632 A
200.00 ket 4 401E+H0 4.415E01 1.01 um 1694 A 1737 A

1.00 Mev' 4 740E+00 4.114E-01 1.09um 1754 A 1830 A

1.10 Mev' 5.0B4E+HI0 3.856E-01 117 um 1806 A 1914 A

120 Mev' 5 375E+HI0 3.632E-01 1.24um 1851 A 1989 A

1.30 Mev S5E671EHI0 3.436E-01 131 um 1891 A 2057 A w

Print Close |

Phosphorus in Silicon

This table shows that we can implant the n-well with a peak at 2500 A (250 nm) using
Phosphorus ions at 190 keV (interpolating between the two ranges shown).
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‘ Detailed Calculation with full Diamage Cascades

TRIM Demo i 2
lon Distribution with Recoils projected on *'-FPlane
Re stu re Lﬂst TRIM Data |.

l ION DATA P1|F[Phosphons __ ~ 15 70 |

 Add NewLayer g | _ |

Siicon | 3500 X [2321: 1 [ =IX|PTSi [Siicon - [[14 [28.08]1 10015 [2 |47 %

P [190] into Silicon

Eal-::ulatell uick

33339 5 : Range Table
3500
- _ J E 0 Special "ExYZ File" Increment [e4) Main Menu |
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LN o
e and

OA -- Target Depth -- 3500 A

Save | Saveds I- Label | Clear |

The ion track shows a red dot wherever the ion creates a vacancy (knocks a silicon atom
away from its lattice site). The green dots are vacancies caused by recoiling silicon atoms.
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> Distribution of ions and recoil atoms

(O R [) h (0 [ (OM R [) [) ¥ f L]
ION RANGES ATOM DISTRIBUTIONS

—_ lon Range = 2331 A Skewness = -0.6121 — Ions {Not to Scale)

o2 Stragqle = §74A Kurtosis =2.9399 ol

B =

w 2
» sx10* -

= = = 10x10 7
o o

= I ax10'* = ﬂ} IUM
— — . 8x107
. 4 ™~ rU
oy 3x10 ™ =t 6x107
= =

“’ 2x10 4 v 7
. . 4x10
eyl . g c ﬂJ\{JJ

= Na o

i 1x10 4 b J 2x107
= la = 15

0 1 ] 1 0
0 A ~ Target Depth - 3500 A oA - Target Depth - 3500 A
Save s || Print | Help | SaveAs || Print Help |

Atoms | em’® «
Atoms | cm?

(ions / sz) = Atoms | cm’
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» Implanted dose of P

Recall we need the peak dopant concentration is 5x10'% atoms/cm?.

According to the distribution of ions:
The peak concentration is 5x104 (atoms/cm?)/ (atoms/cm?).

So the final implanted dose we required is
5x101%/ 5x104= 10" ions/cm?.

» Will the target be amorphous after the implant?

We noticed that the peak concentration of recoil atoms is 103 (atoms/cm?)/ (atoms/cm?).

When the implanted dose of P is 5x10'4ions/cm?2, the concentration of displaced silicon
atoms near peak is 5x10%? atoms/cm?.

Recall the density of silicon is about 5x10%? atoms/cm?.

It indicated that under this dose, all atom at peak of damage distribution will be displaced
once.
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» Damage Events

=¥ Vacancies / Collision Events Distribution |Z||E|[z| The number of vacancies at peak is
COLLISION EVENTS about 1.0 vacancies/A-Ion.

Target Vacancies 1.0 vacancies/A-Ion =
108 vacancies/cm-Ion

Assuming that 99% of the damage
instantly anneals (i.e. leaving only 1%
damage) and the implant dose is 10'°
ions/cm?, the total vacancies is

108 vacancies/cm-Ion* 1015 ions/cm? =
1023 vacancies/cm?

Number/{Angstrom-Jon)

Based on that only 1% was retained,
The final stable vacancies density is
10%! vacancies/cm?

e " T U T - N T - . T -

04 - Target Depth - 3500 A
Save As | Print | Help |

The damage degree of silicon is about
2%.
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» Total displacements
AL FIE B RF 2 /08 H AR B RE B T R B SR kg Ar
=

» Total vacancies

sEh A S B RAEEFEFERYEEAVENE T M E.
» Replacement collisions

BAabE Eshi R PR EE R RN EREEERK, SRR
B, ~=EZEA .

Displacements = Vacancies + Replacement Collisions

B F=-2M+E SHliE

Vacancies = Interstitials + (Atoms which leave the
target volume)

2 {u=I8]BR IR F+E IR T
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SRIM Tutorials 2 : Target Mixing and Sputtering

Physical background

> Interface Mixing
The transport of atoms from one layer of a target into another layer.

» Recoil implantation
The process of recoil mixing is used to modify materials on purpose.

> Sputtering
The opposite of Recoil Implantation. Here, surface atoms are removed from the

target by creating recoil cascades that come back out of the target, and which
give surface atoms enough energy so that they are driven away from the target.

> Sputtering yield
Sputtering Yield = (Number of Sputtered Atoms) / (Number of Incident lons)
Layer 1 Layer 2

Sputtering
L

— ‘\"/

Recoil imbnlantation
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Head
Me
TRIM Demo | 2]
: Restore Last TRIM Data .
- T T——

ﬁ . TRIM Demo

B into W S0 2/Silicon H10Mev]inBe | |

[Large double-peak] [Deep Wiew-indow]
T

B (10 ke¥] in Si0245i == G pLtkering
[Shallaws implant] #e[B0key] into Mi

WE %

Thyraid [rradiation
[Biological Target]

Il into BeddwusSi
[Beautiful Cazcades]

~ Bib00keY] into Si
E=ample of Ex7E file

He [B Mey] into Gaz
|onization D etectar

Au 100 ke¥] in Pb
[3000*% acancies | an]

H 1 GeY ]in i
[Death Bap???]

1r|—_'l-L|::se TRIM-36

10000 ; . =
; 2| Sputtered Atorns il [DOS5) Calculate Quick

935939 . allsion Details Range Table
_ 0 Special "EXYZ File” Increment (2] Main Menu
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> TRIM setup

B TRIM Setup Window

|n
. Hesture Last TRIM Data_
1[IONDATA] i
| TARGET DATA
ki New Ly

Ealculate- Quick
Range Table
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e
Distribution of Recoil Silicon Distribution of Recoil Platinum
&% |ON RECOIL Distribution 2% |ON RECOIL Distribution M=
ATOM DISTRIBUTIONS ATOM DISTRIBUTIONS
T T
= =
L [}
-~ ~
7 40x107 w2 14x103
=, =
7
2 35x10 2 12x10 ¥
! , =
— 30x10 et £
~ — 10x10
25x107 .

™ o gx10%
3 20x10 7 5
& . L 6x10%
. £ 15x10 ;}x £
v =
< [T} -— J E Lt "E 1] .
= —_— = = -

I ] 1] L 1 1]

0A - Target Depth - 300 A DA - Target Depth - 300 A

Saveds | Print | Help | [isaigss Print | Help |
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> Trajectory of Single Incidence lon and Recoil Atoms

The big cascades rapidly lose any
forward direction and become

isotropic.

Silicon

=% XY Longitudinal

Dehfﬁ vs. Y-Axig

SrMiCT=s

Silicon " .

A=

- Target Depth -

300 A
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File Edik Faormat Yiew Help
S CSCSCSCSECSCSSCSESEECSCSSCSSSCSCSCSCSCSCSCSSSEEESEEEEESS=ES============== .Y
Tabhle pistribution units are >»> (Aatoms/Socm3) S Catoms/Som2) <<<

DEPTH e =1 Pt =1

fang. ) Ions Tgt. Atoms Tgt. Atoms  Tgt. Atoms
A01000,E-05  0,0000E4+00 9.4257E4+07  2.01%6E+04 0. 0000E+00
A01L000,E-05 O, 0000E+00 S 4863E+07  0.0000E+00 0. 0000E+00
S01L000,.E-05 0, 0000E+00 7.7149E4+07  0.0000E+4+00 0. 0000E+00
120100.E-04  ©,0000E+00 H.58%95E+07 0.0000E+00 0Q.0000E+00
150100.E-04  ©.0000E+00 9.43994+07 2.01%6E+04 0. 0000E+00
180100.E-04 ©.0000E+00 1.0115E4+08 2.01%6E+04 0. 0000E+00
210100, E-04  O0.0000E+00 L1.035FE+08 O, 0000E+00 O, QQ00E+00
240100,E-04 0, 0000E+00 1.1781E+08 0.0000E+4+00 0.0000E+00
2P01L00.E-04 0, 0000E+00 1.2062E+08 0.0000E+00 0. 0000E+00
00100, E-04 O, 0000E+00 1.2833E+08 2.01%6E+04 0. 0000E+00
330100.E-04 0, 0000E4+00 1.3324E4+408 0.0000E4+00 0. 0000E+00
360100,.E-04 0, 0000E+00 1.3968E4+08 0.0000E+4+00 0Q.0000E+00
390100.E-04 0, 0000E4+00 1.4503E4+408 2.01%96E+04 0. 0000E+00
420100.E-04  Q.0000E+00 1.4947E+08 0.0000E+00 0. 0000E+00
450100 E-04 0. 0000E+00 1.5472E+08 4.03%2E+04 0. 0000E+00
4801L00.E-04  O.0000E+00 1.68165E+08 2.01%6E+04 0. 0000E+00
510100, E-04 0.0000E+00 1.6421E+08 6.0588E+04 0.0000E+4+00
540100,E-04  0.0000E+00 1.718GE+08 2.01%96E+04 0. 0000E+00
570100, E-04  0.0000E+00 1.701%9E+08 0O.0000E4+00 0.0000E+00
ao01o0,.E-04 0, 0000E+00 1.7950E4+08 0.0000E+4+00 0Q.0000E+00
R30100.E-04 0, 0000E+00 1.8244E+08 6.0588E+04 0.0000E+00
aa0lod,E-04 0, 0000E+00 1.8590E4+08 0.0000E+4+00 0. 0000E+00
0S0lo0, E-04 0. 0000E+00 1. 8FSVE+0QE 0, 0000E+00 O, QQO0E+00 r

It shows that some Pt atoms have recoiled far back from the Pt layer — within 100 A of the
surface, and others have reached the back edge of the target.
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»> Sputtering yield (Integral)

=% SPUTTERING (Integral)

The sputtering yield is very sensitive

to the surface binding energy (SBE). ATOMS REACHING SURFACE
(Energy Normal to Surface)
=
E Mot
. || Sputtered
At 3.1 eV, the number of atoms which g [—= 18
(3
reached the surface with more than o e de¥ 16
this energy is about 7. This is the - 14
number of atoms sputtered, and it @ 12
. . = 10
agrees with the number we saw in the . .
SPUTTERING YIELD table above. f )
Q@
: S 4
=
o 2
[F
SIFLTTIER LUE YIELD' | | | | | | [ | | | | | | | | | | | L1}
Atomslon | g8 kom
TOTAL E 990 0=V 4V BV 17V leeV eV
i 533 8674 Savess | Print | Help |
Pt 0002568 714686
Si 0000171 127395
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» Sputtering yield (Differential)

=8 SPUTTERING (Differential)

This plot is the differential of the

previous Integral plot. The Integral | _ ATOMS REACHING SURFACE
=
Plot shows the number of atoms| = (Energy Normal to Surface)
reaching the surface with a given | 5|
energy of more. | sutered
E - 3
3 F— X leY 8
< :
s 7
= 6
@
— 5
o 4
g 3
qr
= 2
=
- ~ 1
| | | | | I”_I Ll } } 1 ] 1|0
eV 4V eV 11aV léat’ eV
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> Extreme example of sputtering

E’ TRIM Setup Window

Read of T >alculation

Me
TRIM Demo
Restore Last TRIM Data
. erre—

ION DAT . TRIM Demo
TARGET DATA|
B int Ww5i02/Silicon H 10 Me¥] in B |

| 10004 | [Beautiul Casoac I|  [Legedoblepeak]|  [DeepViewWindowl

e into Si/PLSI
[Mixing a Marker]

R

B [10keV] in Si02/50
[Shallows implant]

= S puttenng
#e[B0keV] into Mi

Bi(B00keY] into Si
Example of ExYE file

Thwraid lrradiation
[Bioloaizal T arget]

Ay 100 kev] in Ph
[23000 % acancies/lon]

He [5 MeY] into Gasz
lonization Detector

H (1 GeY ] in Air
[Death Ray??7?)]

vess, 2008

1 ?| 2l Backscattersd
2 Transmitted lons/Recoi

” H Sputtered Atomns il Calculate Quick
N 7 [~ |Calision Details Range Table
10000 |4 -

0 Special "EXYZ File" Increment [e4] Main Menu |

?




Damage type:
Surface Sputtering.
Width: 30 A
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Head
Ao
TRIM Demo
— _|

2[ION DATA | | erfe bern  ~fst [iaioo [ sl offo
TARGET DATA

' | |
Wfwokel | 30|mR w1 |1 |x|eifui [iokel —~]f28 Jsa91 [T 125 T3 [aai

lon Digtribution with Recolls projected on Z-Plane

ﬂ Output Disk -

" Stopping 21T lonRanges i L ‘.‘
v (B0 keinta Mi [+ 5 puttering =] SRIM-2008 | ?| 2| Backscatteredlons —| Ll
10000

—

2™ Tranzmitted lons/Fecol

” ﬁ Sputtered Atoms il
- lizion Dretailz
| a0k

0 Special "ExvE File' Increment [e4] Main Menu |

Calculate Quick
Range Table
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> Extreme example of sputtering

=¥ X7 Longitudinal

B (=1ES
The spacing between atoms in Nickel
is slightly more than 2 Angstroms,
and this is the separation between the

groups of crescent red dots.

s

l 5o 5 i L I:'_.' ___.' o P T S i o : i
0A - Target Depth - 30 A
| Save Az | Print | Label | Clear I
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> Extreme example of sputtering

=¥ SPUTTERING (Integral)

The slope of the integral of atom energies

is much steeper than for the previous ATOMS REACHING SURFACE
silicon target. If the surface roughens, (Energy Normal to Surface)
and the Surface Binding Energy of the | = .
ot
target is reduced, the sputtering yield | - | spunerea
may go up 2x or even 3x. E |[: = 50
Sl . 4.5e¥
=T
b 40
™
e
— 20
=1}
=
- 20
e
= ~ 10
=9
[P
| | | | | | (I | | | | | (| | | | | 1 |0
eV 42V eV 12V loeV 20eV
Save bz || Print | Help |
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SUMMARY

Interface Mixing can be a large effect with atoms moving more than 100 A
from initial position.

Significant number of atoms move towards the surface. These also can
move long distances.

Sputtering can rapidly erode the surface with more than 5 atoms leaving
for each incident ion.

Some atoms which sputter come from deep in the target, as seen for the Pt
atoms which sputter from more than 200 A below the surface.
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Review

» Tutorial 1: Introduction to Ion Ranges, Does and Damage
1.  How to find the energy and dose of ions required to implant atoms into a

target at given depth and concentration?

2.  How to calculate the damage deposited to target which was produced by the
1on? Will the target be amorphous after the implant?

3. How to use the SR table to quickly get the range of ions with different

incident energy?
4. How to setup the TRIM based on experimental parameters?

» Tutorial 2: Target Mixing and Sputtering
1.  The interface mixing, recoil implantation, sputtering yield.
2. The importance of recoil cascade to interface and sputtering.
3. The closed relationship between sputtering yield and surface binding energy.
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Outline

Tutorial 3:
Building Complex Targets
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SRIM Tutorials 3: Building Complex Targets

» Objective
To build a complex target: a Gas Ionization Detector for energetic ions with both Gas and
Solid volumes.

> Case
To simulate a Gas Ionization Detector.

> Parameters

Particle Beam
| | | ] | ] | | | | | | || | | ] || »

Detector: P-10 Gas
4.9 cm

Beam Stop:
2.5 mm Brass

Thin Entrance Window:
1 pm Paralene “C”
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» TRIM setup

¢ lon Data:

1. lon species: Helium

2. Incident energy: 5 MeV (5000 keV)
3. Angle of incidence: normal (0° )

€ Target Data:

Three layers complex target.

1. Surface thin film: Paralene “C”, 1 um

2. Long cylinder of gas: P-10 gas(10%CH, and 90% Ar), 4.9 cm

3. Brass beam stop: brass, 2.5mm



» TRIM setup
lon Data

FEHZLL% S SRIM Tutorials 3
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|on Distribution and Cluick Calculation of Damage

Read
Ao
TRIM Demo | 2
Restore Last TRIM Data !

Prfie ek <o | Joos [ sl oflu

TARGET DATA
| B | |

Mitowor1 | 10000 [TE <jnzss Lo | Sfxle | el |t Jiofeo s ] =

|on Distribution with Recoilz projected on v'-Plane

ﬂ Output Dis :
2|7 lonRanges \ = '.‘
2| [T Backscatterer ﬁ u

& Tranzmitted lons/Reco
3 2|

ﬁ

| IS

He [10] into Layer 1

" Sputtered Atoms il

Calculate Quick
Range Table

10000

izion Details
0 Special "ExvZ File" Increment [ Main Menu |
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I ————
» TRIM setup FgEe

' : B
Target Data ’E-"Efﬂ' Iculation
=
lon Distibution and Cuick Calculation of Damage -
TRIM Demo ? z
[on Digtribution with Recoilz projected on ¥'-Flane - I _7|
Restore Last TRIM Data || *
7 ION DATA PT|He |Helium -[[2 4.003 RO00 el ]
?| TARGET DATA
e = -
X|[Paralene_C 1 v|[1.289 [[1.0249 21X/ P1jAr |Argon ~|[18 |3994 64 o205 1 |2 =
X||P-10 Gas 4.9 = « |(0.001:] (1 bl #|PT|C |Carbon ;I 6 (12017 o7.oy2e |3 (F4
X||Brass 25 »|jasz 1 X|PT1|H |Hydrogen  ~|{1 1008 |29 |“50f10 3 |2

ﬂ Output Disl

Stoppi 2| lonFanges
He [5000] into Paralense_C+P-10 G as+Brass SRIM-2005 ~| 7| 2| [T Backscatterec

2| Tranzmitted lons/Recoils

? 10000 ? -
? Sputtered Atomns il Calculate Quick
? 33339 0 . s Range Table
515010000 :
¢ B 0 Special "EXvE File' Increment [eV) Main Menu |
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Categorized T Alphabetic ] Bio T argets |
Cormmar M ame Densgity [3dcm3) Akamic Stoichiomety [StomzdMolecule or Percent]
¥ Epoxy (molded) Epoxvy 1.85 (+.15) H-19%, C-13, 0-3 b
B 760 Forwwar PHMMA 1.31 H-&5, C-5, 0-2
¥ Polycarbonate Lexan, Makrofol 1.:20 H-14, C-1l6, 0-3
BP0 lvchloro-p-xvlylene Paralene-C 1 , C-8, C1-1
¥ Poly-p-xylylene Paralene-N 1.11 H-3, C-&
B Plexiglas Lorylic 1.17 H-6, C-4, 0-2
¢ Polyethylene HMarlex 0.93 (x£.03) H-4, C-2
¥ Polyethylene Terephthalate Mylar, Melinex 1.397 H-&8, C-10, 0-4
¥ Polvmethyl Methacrylate Lucite 1.20 H-3, C-5, 0-2
¥ Polvmethyl Methacrylate PMMA4 Photoresist 0.95 (x.13) H-&8, C-5, 0-2
¥ Polypropylene Folypropylene 0.20 H-&6, C-3
e Polypyromellitimide Polyimide, Kapton 1.43 (+.10) H-10, C-22,N-2,0-5 %

¥ indicates availability of special bond correction *
Y= Mass ¥ shown mstead of Atornue ¥
CEEEEEEEEREEEEEEE REOSENEN e BEREEEEEEEEEEEEEEEEE M

o#000%mY. &O00M M4¥0Om 200 HEOYM4é LomnOXe0F SEE Eonma
HEEEE 0000 h+x08 Sqe0n: S0 B (R0 HEEEE

&dd to Current Layer Add Az Mew Layer Cloze

tOmaxmv. 000N 4x0O0m 40 «$000%x8Y. @ 2EE0COR0 @0 Bdfss
Galalcaloalualialoaloalealcaloalcalcaloalualcaloaloafcalcaloalualcalcala Afaalcaloalaalcalcalaalcalcalualialcaloalalcaloalualcalcalo Al Al
safealaalcalaalaalca

oM amMm4E B EaDRfe MIMOR
53535353535353535353535353535353EEEEEEEEEE53535353EEEEEEEEEEEEEEEEEEEEEEE
b OXThice 'P fee B f
OOCee5S e B

HHLL h L& %ok %%%%% -

* T argets with zpecial bonding corrections to ztopping are discuzzed in ). F. Ziegler and J. Manoyan, Mucl. [nst. kMeth., B35, 215 [1988]."
Thiz table may be rearanged or added to -- edit the file COMPOUND . DAT,
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» Trajectories of ions

=% XY Longitudinal |Z|r>__<|
[

Depth vs. Y-AXxis

L L]

<

el @
a n
- a_

T
[ m
| | | | |

0A - Target Depth - 51.5 mmn

................
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SRIM Tutorials 3

File Help, FAQ and Scientific Explanations

Help | el e | [ ewEm |

lon Type
lon Energy
lon Angle

PLOT Window
400000000 |A - (500000000 |A

Max Target Depth |515010003.5
[Coiusion PLOTS ]

v % Longitudinal All
[~ ¥Z Longitudnal  Mone
[~ ¥ lons Only

[~ %Z Lateral

Background color ‘hite/Black |

File Plot DISTRIBUTIONS

I lor Distribution
lon/R ecail Distribution
Lateral Range
lonization
Phononz
Energy to Recolls
[Damage Events
Integral Sputtered
Differential lons
lon Ranges (30D data)
Backscattered lons
Transmitted lons
Callision Details
HELP

o

)

n3ma | | |i [m3 3 g | | na | 3 g

TARGET DATA

Layer Hame
1|Paralene C
2|P-10 Gas
3|Brass

=¥ X ! Longitudinal
T

Paralene

Width [A] Density

Depth vs. Y-Axis

o0 ionenercy o= [l Now: 8010 of 99999 lons

10000 1.289

1009.536743  0.001250

25000000 8.520

0.43750
0.00000
0.00000

0.50000
0.00000
0.00000

H [1.008) C (12.011] CI [35.453 Ar [3

o]

0.06250
0.00000
0.00000

DA

- Target Depth -

Save I Save As - Label | Clear |

Calculation Parameters
Backscattered lons
Transmitted lons
Yacancies/lon

Longitudinal

Lateral Proj.
Radial
Type of Damage Calculation

ﬂ I Quick: Kinchin-Pease

Stopping Power Yersion

ﬂ [sRiM-2008

lons Recoils
99.74

WYacancies 0.m

Phonons 0.0

SPUTTERING YIELD
Atoms/lon | ey /dtom

TOTAL
H 0.000000 0.00
C 0.000000 000

Cl 0.000000 000

_?I vV Save every

Random

Mumber |7243060
Counter TETE I
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LN o
Dt and 16

»> End range of ions
<X XY Longitudinal

The He beam remains tightly
focused until the He energy
drops below 100 keV, or 2% of its
original energy of 5 MeV.

R

40 mn - Target Depth -

| Save bz - Label | Clear
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> lon distribution

=% |[OM RANGE Distribution

> Nice Gaussian shape ION RANGES
> Straggle only 2% lon Range = 47.2 mm Skewness = 201195.9176

Straggle = 755 um Kurtosis = -JTTH9819.4365

(ATOMS/cm3) / (ATOMS/cm?2)

40 man - Target Depth - 50 mm

Savefz || Print | Help |
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SRIM Tutorials 3

=% [ONIZATION Distribution

—_ IONIZATION
: RECOILS
o 016
"
[r i}
wh 014
=
-
. 012
Fam
¢ 010
o
- 008
o
— 006
.
i 004
y mn
A [y
= 2 || 002
=] m
0
40 mm - Target Drepth - 50 mm

Saveds || Print | Help |




> Phonons distribution
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% ENERGY
LOSS lonz HRecoils
lonization 9302 n1a
Yacancies 003 011
Phonons 0oz 0e4

SRIM Tutorials 3

=% PHOMON Distribution

Energy Logza (eV/Angstrom}

PHONONS
IONS RECOILS

28x10 "

th

24x10 -

20x10 5

| |l16x10 F

12x10 =

gx10 =

4x10 5

Br

40 - Target Depth -

S0 wan

Savedz | Print | Help |
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Tutorial 4:
Calculations of Target Damage
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SRIM Tutorials 4: Calculations of Target Damage

» Objective

Detail calculate the target damage during implantation.

> Case

Refer to tutorials 1.

> Parameters

Refer to tutorials 1.

Normally, implanting at room-temperature, 300 K, will cause most of the implantation
damage to “self-anneal” since the lattice atoms have adequate energy to allow simple target
damage to regrow back into its original crystalline form.

However, there are no thermal effects in SRIM, so the damage which is calculated is that
which would happen for an implantation at 0 K.
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oLl .
Ae
‘ Detailed Calculation with full Diamage Cascades

TRIM Demo i 2
lon Distribution with Recoils projected on *'-FPlane
Re stu re Lﬂst TRIM Data |.

l ION DATA P1|F[Phosphons __ ~ 15 70 |

 Add NewLayer g | _ |

Siicon | 3500 X [2321: 1 [ =IX|PTSi [Siicon - [[14 [28.08]1 10015 [2 |47 %

P [190] into Silicon

Eal-::ulatell uick

33339 5 : Range Table
3500
- _ J E 0 Special "ExYZ File" Increment [e4) Main Menu |




> lonization

Ionization is energy loss to
the target electrons.

FRBAEZLL*LS SRIM Tutorials 4
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=¥ |[ONIZATION Distribution

IONIZATION
IONS RECOILS

Energy Loss (eV/Angstrom)

0A - Target Depth - 4000 A

Savess || Print | Help |




ACE P FER

University of Science and Technology of China

> Phonons

Phonons are energy stored in
atomic vibrations in a crystal.

lon: 190 keV x 0.44% = 836 eV

Recoils: 190 keV x 29% = 55 keV|

% EMNERGY
LOSS lons Hecoils
lonization 45221 2324
Yacancies 013 247
Phonons 044 28.43

SRIM Tutorials 4

=% PHOMON Distribution

PHONONS
IONS RECOILS

Energy Loss {(eV/Angstrom?}

0A - Target Depth - 4000 A
SaveA: | Print | Help |
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MER 0 RECC !]EI R ) RECO —

Energy firom Ions
—
. Energy To Recoils Distribut... EE g
— B 40
Plot which Distributions? ' T '
Plot color of each target atom iz set by E _‘- = - ,. = B 35
moving atom color E [T
= - 30
i 1 - Energy from lons [101. ke¥Y e¥/lon] '; - .
2 - 5i Energy Absorbed [101. ke¥/lon] ;‘B = r - =7 25
: = 20
Show Plot Humber: o .
. E
= = 15
Cancel €@ T
= L
o —||10
2 -
= B F
Lo
| | 1 1 0
oA - Target Depth - 3500 A
Savess | Print | Help | Savet: | Print | Help |

Both plots are identical for a single element target, since all the energy deposited by the ions
will be absorbed by silicon atoms.
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» Damage Creation in the Target

9,

=. Collision Events Distribution [2 |[E1)[X]

Plot which Distnbutions ?

Plot color of each target atom is set by
moving atom color

1 - Total Dizplacements [2660/1on]

2 - Total Yacancies [2449/1on]

3 - Replacement Collisionz [211flon]

4 51 Atom Target Yacancies

Show Plot Humbers:

Cancel

SRIM Tutorials 4

B=IES)

Save As | Print Help |

=% Yacancies / Collision Events Distribution

COLLISION EVENTS

Target Displacements
Target Vacancies

Number/(Angstrom-Ion)

1.0

I 0

DA ~Target Depth - 3500 A

Sa'-.fe.-'i'-.s| Print | Help |

Total Displacements = Total Vacancies + Replacement Collisions
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> DPA Calculation

VACANCY File

e H-10 into Layer 1 e e———
SRIM-2006.02

lon and Target VACANCY production
See SRIM Outputs\TDAT A.txt for calc. details

See file: SRIM Outputs\TDATA.txt for cancluation data

lon= H Energy= 10 keV
========:TARGET MATERIAL ======================================
Layer1: MgO
Layer Widt 1.00E+04 A

Layer # -1 | Density= 1.07E+23} atoms/cm3 3.58 g/em3

Layer # -1 Mg= 50 Atomic Percent = 680.3 Mass Percent

Layer # -1 0= 50 Atomic Percent = 39.6 Mass Percent

Total lons calculated: 1000

Total Target VVacancies = 4 flon

Total Target Displacemnets = 4 flon . 3 :

Total Target Replacement Collisions = 0 flon Import Vacancy flle mto EXCEL

(deliminator 1s space)

M Note: 2nd Column below is number of Primary Knock - Ons 111!
({ PKO are number of Target Atoms Recoiling from the lon. )

e ———— - eeeeeeee= | *  AQd the total vacancies (all
_____________ i Dlbieaiblerblitall RE—— element types)

TARGET
DEPTH  H Mg O ,ITﬂfa' ~ Fluence * Insert the calculated fluence
(Ang.) Knock-OnsVacancies Vacanciey Vacancies 1.00E+16

(during experiments this is
2.50E+01 1.20E-04 1.60E-04 8.00E-05 |2.40E-04 2.25E-03

5.00E+01 1.20E-04 4.00E-05 8.00E-05 |1.20E-04  1.12E-03 typically measured)
7.50E+01 2.00E-04 1.20E-04 B8.00E-05 [2.00E-04  1.87E-03

1.00E+02 5.20E-04 4.80E-04 4.40E-04 |9.20E-04 8.61E-03
1.25E+02 8.40E-04 1.44E-03 1.12ZE-03 |2.56E-03 2.39E-02 >
1.50E+02 9.60E-04 1.40E-03 1.04E-03 |2.44E-03 2.28E-02 dpa

Courtesy of Prof. Gao at Umich
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> DPA Calculation

SRIM Tutorials 4

= Experiments

£
Current=I=E=Ims q

8 5
A = area of the ion beam cross section

q=ion charge
p =sample density
M = mass number of sample

ons [

Flux =¢ =
¢ ecm”-s q*A

Fluence = Flux *time=¢*t =& =£
om?
P*N,

Number density = N =
M

=  SRIM calculation

D = damage rate to sample from SRIM calculation (peak)

vacancies

ion-Angstrom

D*¢ vacancies 1ons /

N, vacancies

dpamte

N ion—cm cm’—-s cm’

D*d _ Total vacancies
N N

a

dpa =

Watch Units!!

Nas

Courtesy of Prof. Gao at Umich



Thanks for your attentions!



