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SRIM: The Stopping and Range of lons in
Matter
by James Ziegler
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TRIM (the Transport of lons in Matter)

SRIM or TRIM is a collection of software
packages which calculate many features of
the transport of ions in matter.

http://www.srim.org
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ARy
Ton : ABFRLF Atom :BEJHF

Recoil atoms: BASRLF RN BREE &R F
ggascade: HF— /M IRER R FNREAS KR T RKEMBERT
Vacancy: EiEHEMNRFHE GBI
Interstitial atoms:3EFRREFRIGEIEHEHSK B R AL
B2 EEAKZRIETF.

Backscattered ITons: MASTEREBESEXMASREHERA
SHRLF

Transmitted Tons: AASTREFHRMNEHEHZHASRT
Sputtered atoms:# NSHhLFREHEE T B\ Gt R H R #E R T
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Courtesy of Prof. Wang at Umich



I (Range)

Range : A\SHR T Witk A\ SEAR S 11 5 et i 4 1 B
T2, FRNSTE.

Projected Range: DARpFRRSETEENST MK
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* NSTRIFRSHBEFRE FE, RAETIlHE (SET
iHE) , BFAHENSREREREFHNETFHARIISEE
%Ij‘& y EI] EE%%JR{- o
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v" Displacement Collisions : The process where an energetic incident atom
knocks a lattice atom off its site.

v Replacement Collisions : Atom sites with new atoms, identical to their
original atom . This is the only mechanism in which a vacancy may be re-

occupied.
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ASTRF R BER K ITIZ 5T -
v —MESHRE &8 E SR &% R R iE
SlEr, MARFEREERRETE.

v F—MEREHRET, ERLZEEER, BB
E. MARTREEMXK.
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Ionization : is energy loss to the target electrons. The
electrons of the target absorb energy from the fast moving
ions and recoil atoms, and then release it as heat if the target
is a metal, or as phonons if the target is an insulator.
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v'Displacement Energy ( B{\ulElgEE ) :ZERFRIBFR
WIRAIERIVEEE,

v'Lattice Binding Energy: RRiP$EEFEH aats =AY
;$*MEBE

v Surface Binding Energy : $8[RFEFHAHREFRE
elRpIgEE. AFTREREI=E,

v'Final Energy(of a moving atom):below which it is
considered to be stopped .
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Displacement threshold energies

» For metals: 20-40 eV
> It is orientation dependent

BD*

60

—
—
—
e

NN
\
\

\
NN

[10]

Displacement Energy
L

Table 7.1. The minimum and average displacement threshold energies
for sorme monatomic materials

Minimum Average
Atomic Chemical displacement energy displacement energy
number symbol (eV) (eV)
6 graphite 25
6 diamond 35
12 Mg 10 (20)
13 Al 16
14 Si 13
22 Ti 19 (30)
23 v 26
24 Cr 8 (60)
26 Fe (bce) 17 (44)
2 Co (hep) 22 34
28 MNi 23 34
0 Cu 19 29
30 Zn 14 29
3 Ga 12
2 Ge 15
40 Zr 21 (40)
al Nb 28 (78)
42 Mo i3 (65)
45 Pd 26 41
47 Ag 25 39
48 Cd 19 6
49 In 15
50 Sn (white) i
30 Sn (gray) 2
! Lu 17
73 Ta 34 90
74 ud a8 (110)
75 Re 40 (60)
78 Pt 33 44
79 Au 36 43
B2 Pb 14 19
90 Th 35 43

Threshold values compiled from H. H. Andersen, Appl. Phys. 18 (1979), 131; and
P. Lucasson, in Fundamental Aspects of Radiation Damage in Mewals, M. T. Robinson
and F. W. Young, Jr, &ds. (US GPO, Washington, D.C., 1976), vol, 1, p. 42.

Courtesy of Prof. Wang at Umich



Cascade ZREXTTHEE

“ PKA: SEJRFIRIGHVEEER - REARE ( collision

THUBIRERS ( >Ed) |, cascade )
BEAENESANE. PKA GEEMRSE (T

—AMPENGR R R BETHELRESRK , AILURA
5 SIRF—H , BERiERF
M B FiEEmE,

FEEE
SRR
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B
Lattice Displacements Due to a Single PKA

»E = Ej| - no displacements

~ By = E =2E, -only PKA displaced (T <E,)

~ For E > 2E,
Gener- ;
. 0 1 2 N final
[ [
[
L~ . - .
- .
/"'.<x . a
| T - - | .
™~ o .
,.~<H - — e .
- L ] o :
\<~, — — [ ] s
]
[ .
]
| average | E E/2 E/4 E/oN 2E4
energy
Number T SRS .
displaced | 1 2 4 ' (Kinchin-Pease model)
E

Cascade ceases when average knock-on energyis  2E, =

2N Courtesy of Prof. Wang at Umich
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The Kinchin-Pease Model

» Cascade ceases when average knock-on energy is

E
2E, = o~
» Final number of displaced atoms = y = 2:‘11‘
E
V= —
2E,

Courtesy of Prof. Wang at Umich
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Summary on Displacement per PKA

The Kinchin-Pease model:

E
V.. (E)=
ke () 2E,
y(E) =L ifE>E"
2E, " E™=M, (keV)
minimum ion energy for transferring
V(E) = E Ef VE. < E<E" enough energy to an electron to
2Ed d remove it from the atom
VE) =1ifEq<E<2Eq E, = displacement energy
VE)=0ifE<E;
E
(N4(E)) = T (for2E, < E < E,) (7.13)
d

Courtesy of Prof. Wang at Umich
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The total Kinchin-Pease PKA damage function can now be con-
structed from the combination of Egs. (7.3), (7.13), and (7.14)

0 (if E < Ey)

1 (if E4 < E <2Ey)

(Ny(E)) = ERE, (if zgd <E< E:)
E2E; (ifE>E))

(7.15)

§}—

Number of Displaced Atoms

I .

0 E L2E E
¢ PKA Energy, E ¢

Fig. 7.6. A graphical representation of the number of displaced atoms in the
cascade as a function of PKA energy according to the model of Kinchin and

Pease, Eq. (7.15).
Courtesy of Prof. Gao at Umich



I 5F Sputtered ions

/ —REBNETTIEGEEN, SEREBIET.
FRETHLS, X—RRUHETRS.
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»Installing of SRIM
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The way to download SRIM

> WIFI connection : ustcnet

» The SRIM program can be downloaded from both of below websites.

1. Official website of SRIM : www.srim.orq
2. My personal homepage: home.ustc.edu.cn/~shijy

> Three different version are available now.

1. SRIM-2008 (used in our course)

2. SRIM-2013_Standard (including Chinese tutorials and MS-linedraw font)

3. SRIM-2013_Professional (including 500 plots of (Experiment/Theory)
stopping power, Chinese tutorials and MS-linedraw font)



http://www.srim.org/
http://home.ustc.edu.cn/~shijy
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How to install SRIM? (use SRIM-2008 as example)

> Put the installing package into a new directory (without Chinese
path) called =™'*" °*98, and rename thc “'- “*~ “RIM-2008.exe.

. E— ﬂ!(

SRIM-2008.e SRIM-2008.exe
> Execute this renamed file to extract all the SRIM files.
"\SRIM-2008.exe e

Info-ZIP's Self Extractor "

Contentz will be extracted to the directany shown below:

Browse to change the target directony: Diairz

ail

Target Directorny: Browse

Non'ChineSe .E"\SHIMZEIDB
directory path

gretamowiBcoastside. net
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» Double-click the SETUP.EXE file to trigger installing wizard.

|| RICHED32.dI_ 8/18/2001 10:00.. DL_304F 2 KB
|| RICHTX32.0C_ 3/10/2004 6:45 ... OC_37# 118 KB
[ S.bm_ 6/24/1098 3:48 .. BM_IzZit 1 KB
|| SCOEF03.da_ 12/21/2002 11:5... DA 3% 62 KB
@ SETUP.EXE 1/16/1997 1.00 .. RIAER 88 KB
L] SETUP.LST 10/22/2008 &:27.. LST 304F 24 KB
| | setupl.ex_ 1/16/1997 1:.00 ... EX_=0i% 72 KB
|| SNUC03.da_ 0/13/2002 4:55 .. DA_ T 120 KB

> Click “OK” button, then choose the installing directory and click
the installing button at the top left of the dialog box.

2 SRIM Setup S5 . SRIM Setup =5

Beqin the installation by clicking the buttan below.
@ ‘welcome to the SRIM installation program.
L=

Setup cannot install syztem files or update shared files if they are in uze.
Before proceeding, we recommend that you close any applications you may
be running.

Click, thiz button to install SRIM zoftware to the zpecified destination directon.

Diza
WProgram Files [361SRIMY

Non-CEhinese
directory path

Change Directon

Exit Setup

Exit Setup
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> Neglect the errors reminder during process of installing.

i X i o ey
SRIM Setup e SRIM Setup

'e' C\Windows\System32\WBAJet32.dll
o C\Windows\System32\WBAJet32.dIl =

An access violation occurred while copying the file.

An access violation occurred while copying the file, If you ignore a copy error, the file will not be copied. The
application may not function properly as a result. Do you want

to ignore the error?

FIE(A) | E5R) | el | EECH

" SRIM Setup .o |

o An error occurred while registering the file 'C\Program Files
$ (x88)\Commeon Files\microsoft shared\DAO\dac350.dIl!

FRIE(A) Eil(R) RED)
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»> Run SRIM

Mame =~ Size | Type Date Modified B SRIM Main Menu

[C)Data File: Falder 331/2017 1:47 AaM

CDemo File: Falder 1/10J2017 6:24 AM

[5)5R Module File: Falder 1/10J2017 6:25 AM

[C3)SRIM Outputs File: Falder 32312017 2:15 AM

[C3)SRIM Restore File: Falder 33112017 1:47 AaM

[C)SRIM Tools File: Falder 1/10J2017 6:25 AM

[C)SRIM Tutarials File: Falder 1/10J2017 6:25 AM

[C315RIMHelR File Folder 1/10/2017 6:25 aM

[CIISRIMPICS File Folder 1/10/2017 6:25 aM

HELF - TRIM dutput. pdF 1,309KE FOF File 2/17/2008 11:52 &M

HELP - TRIM Setup and Input.... 476 KE PODF Fil= 1J2712003 7130 AM

= 282 KB Application ?IZSIZDDS 6135 PM &
P ; ; Experimental

application ﬂ Stoppin,
: | Powe

m SRIM LiesMich {German) QKB Text Document 32412003 5:24 PM

SRIM Readte 7KE  Text Document 8/19/2007 7:44 PM | D Ziegler $ J : P i
SRIM ReadMe {Chinese) 101 KB Rich Text Document 11/13/2006 5:38 PM E i
SRIM ReadMe (English) g KE Rich Text Document 8/19/2007 7:358 PM ] LA Hahn-Meitner 1"
] sRIM ReadMe (French) 9KE Text Document 12{21/2002 10:54 PM Angeles, CA Berlin, Germany
E] SRIM ReadMe {Spanish) @ KE Text Document 12121/2002 9:02 PM .
[£] sTsUMST Z3KE  Text Document 1/10/2017 6:25 AM SRIM Vers . . Legal Notice |
AT 714KE  Application &§/12/2008 6:51 PM S RI M Tuton% W
TRV 912 KB Application 8/12/2008 £:19 PM SRIM 200888 ) : QLI it
=) Trm 1M ZKE IMFile 1/12/2017 12:12 &M Cantributions By E. Dabich, H. Puaul, D. J. M. ' 73
&= TRIMALTO LKE File 1/12{2017 12:12 &M (c) 1984.1989.1998. 2003, 2008 by J. F. Ziegler, M. m)
=] TRIMALTO ZKE Text Document 9/16/2002 £:42 PM
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How to solve the problem of missing standard Windows files ?
( Specialize for SRIM-2013 installing in the Windows OS after XP )

Data 2017/3/31 16:31 g =
Demo 2017/3/31 16:31 g =
SR Module 2017/3/31 16:31 =
SRIM Outputs 2017/3/31 16:31 =
SRIM Restore 2017/3/31 16:31 i
SRIM Toals 2017/3/31 16:31 g =
SRIM Tutorials 2017/3/31 16:31 g =
SRIMHelp 2017/3/31 16:31 g =

sl [ =

SRIM-Setup 2017/3/31 16:31 ITigE
2 _SRIM Setup Message.pa 2012/5/19 43 Adobe Acrobat .. 454 KB
. HELP - TRIM Input.pdf 2012/8/18 23:39 Adobe Acrobat ... 1,113 KB
T HELP - TRIM Qutput.pdf 2008/2/18 2:52 Adobe Acrobat .. 1,209 KB
8 SR.exe 2012/10/17 0:09 WEERE 284 KB
D SR.IN 2011/4/6 4:59 IN =% 1 KB

SRIM-AutoSetup

2017/3/31 16:31 I

nght-CIICk and B! SRIM-Setup (Right-Click).bat 2012/4/10 23:02  Windows HEHE.., 3B
run as . o : B
administration ComDlg32.0cx 2000/5/23 7:58  ActiveX i 138 KB
o | Linedrawettf 1996,/3/20 13:00 TrueType FE04 79 KB

MSFleGrd.ocx 2000/5/23 5:58 ActiveX =i 239 KB

&J) MSVBvmS0.exe 2011/10/5 23:49  RiFER 970 KB

RichTx32.0cx 2004/3/10 645 ActiveX, =i 208 KB

TabCtl32.0cx 2001/8/31 543 ActiveX =i 205 KB
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» How to solve TRIM Hangs-up?

EETENANRE ZEAS: %8~
i FHEs BPKFIIREZS
) E=cnt Bk W EhE e
EHEETTE B mrrERs SRR
SIETRARS SMITAT MELL
_ M%EH] Internet e
ﬁh EEMSERSTS

TN EEREEEIETRER

./ BHES
2| =TRSO
| BnEE

Ley
b
@

= =R BvaiE
h‘ o &M Windows EiNATEE
AN ST

@ XEinES

F Gusmessras |Enenas | SreE | SXO8. MESSE
ENRETEEEE
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» How to solve TRIM Hangs-up?

1

' 9 mmRES | = || 9 xsamES -
E |maes |8 | s [E8 |
) B EIE Windows) TS SIRMEE BN AT, SRBsAme
PSR SEE.
R
SEE(S): | M/dfyyyy -
LA | dddd, MMMM dd, yyyy |
SZETE)(H): | himm ¢ |
KE1E0): | himmss |
l

—RERE—F0W): ’ Sunday

B EEL?
P |
EHER 47/18/2016
=H: Monday, April 18, 2016
b=l IR 2:05 PM
AiE: 2:05:26 PM
EsRE
| =eE=E). | .

C#e [ mE ][ 5Aw L@ [ ma ) =Aw
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» How to solve TRIM Hangs-up?

" @ EaES )
o [wE [wanEs
RS ER

EESEFRSTSESHEIIREE. kT iEIAr e,

) SHHEZ(Q)...
3E Unicode EFE0ES
EMEFEEREERTEEFESEE Unicode HEFR S 01 E
AsEE.
3E Unicode EERETERANZRISS:
=iE(EE)

o BRI E?

Then reboot!

[ e [ BE || EAW
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»>Introduction of SRIM
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SRIM:
The stopping

NBIRIF : ion

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

and range of ions into matter.

fUJE— : atoms

SRIMKFH S5 R J5 1%, B THREA R DBRER — KA RLT
Fizzh. RFHIAE. BEEHR A RIKRFN T 1 &S B R
PREZI IR P76 TR, BEVlGEMESH, ROMEIRE, HHEA
ST MBS IR AL i B R 2 R e B F LR F M E. &

JE 192 & Fh BT 7 2

BRI EENANESTHRE. BT RIS

REFGTEL
HITHERRE .

AEIANHENE T HERS, TRRBITFE
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SRIMEE

SFEWNER, SRAITRIM.

N

* SR( Stopping and Ranges of ions in simple targets).
quickly creates Tables of the stopping and range of ions in matter
over a wide band of ion energies.

* TRIM (the Transport of Ions in Matter) is a Monte-Carlo
calculation which follows the ion into the target, making detailed
calculations of the energy transferred to every target atom
collision. (multi-layer complex targets)
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SR lon Stopping and Range Tables

£, NGIRFRY
R FTRIFHE

BT ) CT R

(E BFE rﬂfwmn

il " CACENNCEN

(7T= , K&,
[FFRE , Fhk
SERSLLE )
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BEATLASE -
AEGEERINGTHL
=+ ( 10eV- 2x10°
eV') 1E3C+3%IPAY
gite | [RFEEEE
ik , BFEEER
K, AR taERFIZN

MAYstragge.

Disk File Mame = SRIM OutputsiHelium in Iran

lon = Helium [£] , Mass = 4.003 amu

Target Density = 7.8RSEEHID gicm3 = 5.4817E+22 atoms/cm3

======= Target Composition
Atom  Atom Atomic
Mame MNumb Percent

Fe b

100.00

Mass

100.00

Fercent

Bragg Correction = 0.00%
stopping Units = MeV / (mgfom)
—ee bottom of Table for other Stopping units

lon dEfdx  dE/dx  Projected Longitudinal
Energy  Elec.  Muclear Range

10,00 kev' 1. 223E-01 2B0BE-02 389 A 333 A
11.00 ket 1.26TE-01 252402 429 A 356 A
12.00 key' 1.303E-01 2 448E-02 470 A 378 A
13.00 ket 1.309E-01 23576E-02  S10A 399 A
14.00 kev' 1 425E-01 2310E-02 550 A 420 A
15.00 key' 1 496E-01 2247E-02 590 A 439 A
16.00 kev' 1568E-01 2189E-02 BZ29 A 453 A
17.00 kev' 1639E-01 2134E-02 BB A 475 A
18.00 kev' 1707E-01 2.082E-02 705 A 492 A

Lateral
otraggling  Straggling

261 A
281 A
300 A,
319 A
337 A
354 A,
371 A,
387 A,
403 A,




TRIM

ALLZiTRZEESRIFE ( multi

-layer complex

targets ) , TFEASTRF NG G 5HIREF &P HEE/EH

DARBERFER, BEWRBINGHRTIEH

R A BTEE .

=4EoAn, URBRIERERS, RiEpmst, HEM

BFRIrEA,
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| TRIMAGRMARERE |

E'l TRIE Input

Foan
e

- - lon Distribution and Quick Calculation of Damage
TRIM Demo | 2}
- - - i lon Diztribution with Fecail: projected on Y'-Plane
Restore Last TRIM Data | ;

-[ION DATA ol
TARGET DATA | -

. 21T lonRange
H [10] inta Laper 1 ¢ I_ Backzcatte

i Tranzmitted lons Range Table

; 2| Sputtered Atoms 1
) -
99395 A B Main Menu

Calculate Quick

1 Details

s T
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BAERS

1) ANSHRIF :

v'"Name

v'Mass

v Energy

v’ Number EiAA3299999

v’ Angle of Incidemce EXARIEREZRFEEIERTAG.



2) EE.

v'width

v' Elements

v'Stoichiometry
AR A RSy, EeinSio2, REE#IASI (1)0(2) AT A,

vVEEMA BRI ZEE (g/cm3)

T HEITRARRE, TRIMEFE3IAH TERNEE, EXNTHRS
YIERRKENEER, TRIMEFRE TR R HREEMEHRE S
R ZEEELAETSHE.

VEERM R B B
FHSRIEFFHE HBAREANNTRIAGHRE, A EmerE
B, BRERDIE, ASFPRTRNERTENERUBFEEME.




3) Type of TRIM calculation

v'- lon Distribution and Quick Calculation of Damage
fE3{EKinchin-peasefRBl L , AXFILIRBAVFM TR E M. RELT
S—EseERFITHIEAHEBRSRE LS

a: NGIRIFEEPRIRE D

b:lEEEEREK
c:RMEERT , SEFIAIRIF | BIRIFRIGEEEETS

v'- Detailed Calculation with full Damage Cascades

iZIRIEE—1RPZER el SR T EFEFABERE. FRERYREX
AHEIRIAEEE. ITREAFNFSEFEFRIFMEN YRR E iR,
Eban : MEH=E , ABIRFHIRPIFEFRIGEERKIFRELR.

T




v'- Calculation of Surface Sputtering

v'-Various lon Energy / Angle / Positions

v'= Neutron / Electron / Photon Cascades

FERTREFEFZIPRF , BF,

SIEEsEHAE PSR,

65l

2 [RSRISHIBEE AR SREX




ACE P FER

University of Science and Technology of China

4) calculation plots
v’ Plot options:( EXEEEIHEAB R AHXFEE)

» Projection onto the XY plane.
» Projection onto the XZ plane. o
> lons only onto the XY plane. - Depth vs. Y-Axis _
» Projection onto the YZ plane.

v'Plotting window depths
RERRMHESERIME ( Plotting
window ) AS#S1ETEE

tbangEE510MeVAIH A\ GIBefBH , 53
£2800um , HigEATRILECER
700um——3800umAY , FREEISNEZEISH
[E100pmAYTtEHTS,

3 -

-
-

- -
o

M

:

- Taxget Depth - 800 um
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10032 10N ENERGY 03 I

File Help, FAQ and Scientific Explanations

Now: 381 of 99999 lons

{anges TRE |

DR Fouse 77 |

TARGET DATA Calculation Parametern
l B (10 keV]) in Si02{Si {Shallow Implant) (2 layers. 3 atoms)

11 amu Backscattered lons

keV

lon Type B

Transmitted lons

lon Energy |20 kMoving atom colorz -» 5 E—————
lon Angle 1] degrees Stopped atom colors > VYacanciez/lon 22

| Completed | 380|of 99999 Laver Hame Width (4] [Density | 5i [28) 0 [16) 5i [28) Range Stragc
SHOW LIVE DATA 1|5i/0@2 00/ 23200 033333 0BBEET  0.00000 5 | M Longitudinal 822 & 32

e : Lateral Proj. 2E85 A £
~¥ XY Longitudinal | Radial| #1124 21
Type of Damage Calculation

_?J IFuII Cazcades

Stopping Power Yersion

2| [sRit-2003

PLOT Window
o |& - [2000 |a
Max Target Depth (2000

COLLISION PLOTS

v #0 Longitudingl ANl |
2| [ #Z Longitudinal .H.ETFE = EMERGY .
T =Y lons Only _Tile | LOSS lons  Recoi
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1. Ion distribution
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2. recoil distribution
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3. ionization
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4. Energy to recoils

ENERGY TO RECOILS
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S. damage events
v'Total displacements
v'Total vacancies
v'Replacement collisions

COLLISION EVENTS
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SRIM Applications

» Ion Implantation:

» Jon beams are used to modify samples by injecting atoms to change the target
chemical and electronic properties.

» The 1on beam also causes damage to solid targets by atom displacement.

—
_— Investigation of phase-change magnonics
. /magnonics based on ion beam modified
materials:
Tailoring of magnetic materials by ion doping:
IX )

Courtesy of Prof. Gao at Umich
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SRIM Applications

* Sputtering:
» The ion beam may knock out target atoms, a process called ion sputtering.

)
i3}

L) :
- . .' (4)

N2

Si* - Si (5 keV)

(
©
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f"'h
/-f\-/— I:"I '“,
1* Taver
2 Layer
Ll ="

&

e Jon Transmission:

» Jon beams can be followed through mixed gas/solid target layers, such as
occurs in ionization chambers or in energy degrader blocks used to reduce ion
beamn energies.

e Jon Beam Therapy:
* Jon beams are widely used in medical therapy, especially in radiation oncology.

Courtesy of Prof. Gao at Umich
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SRIM Applications

Number/(Angstrom=Ion)

Experimentalists
* Determine peak damage regime
» (Calculate dpa — radiation damage dose

0A

COLLISION EVENTS

Target Displacements
Targel Vacancies

Replacement Collisions

- Target Depth - 4000 A

Peak damage region —
important for TEM

Courtesy of Prof. Gao at Umich
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