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Abstract
In this research includes theoretical Study of The Range and Electronic stopping power

for Alpha particles falling on elements isotopes and vehicles of some polymers.

The research aims to modify equation calculation Electronic stopping power for charged
particles falling on elements to include effect of mass nuber for elements and isotopes and
comparison results with the results of (SRIM(2013)) as well as knowing The Effect Range and
Electronic stopping power for Alpha particles falling on elements isotopes and vehicles of some
polymers.

The research issue represent is the same there is no equation to solve in details to effect

mass number of atom on stopping power and range for charged particles.

The researcher uses inductive mathematic theoretical methods and computational and

use computational of Srim program.

The most Important Results that study found is Generalized of equation show that the
change in stopping power may be resulted from increased neutrons number to increase the
magnetic moment of atom, to increase distractive potential Energy and increase electron mass to
decreased stopping power, and the results of Generalized equation where compared with the

result of (SRIM (2013)) showed good agreement.

The researcher recommends studying relativity theory in depth of relativity mass and

large studied and application in field interaction radiation with matter.
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ALl il el a5 o) s Bl A8Lasl aglall aa] el Ao oy
(21920) ale 2y Y} yaailly G yay ol (Polymers) <l jad sally Cuen Al

05 A wlia Ji& (Natural polymers) dueahall < ool sall aadll Glasl aadsiaf adl
dalals A O jadd gl andind g clil gaall agla gy ally Coguall g Gl (e dDle alua 288
Natural ) Zoaphall clawl I Jeatind 5 (Fats) duil sall a2l 5 (Oils) aslull &g S
§laals (Arabic Gum) el jaalls cpiudl (YT die 3ual gl §laalS (Resins
[1].cof sl o3 3 andiad Al i) 5 Al seal

Al Y (Colloids) clysyall ava sie culll ol 8 < el sl Caiia )
Al ) Al salall ci¥la (g0 Aldiie Alls Aliay A8 jae il il Aly G 4y )
Ll 3ol i Aygall o sall aliaa of o daladl alEeY) e s S a8 Aliall g ALl
(-1880) sle ja 13lu asedall 138 iy cidapual 5 AV 3 sally &5 5lie Alladl 4y 3ol
A el el el LUL. (Vant Hoff) s culiy (Raoult) gyl ) adidl Lavie
O o) el an gy sblall g Laall g oadall Jallaall (5 3al 550 3ok s3er (e
asas 3OS AeW) ) ol Al bl g 3 ghall sda ygeis ((40000-10000)
Jie 35a s Ail&a) puaall ld G cldall Jisy W1y ((Macromolecules) s sl @l jal
PIYRCIA UV (g [ W P RO S P RV PRV PR SN WIS N T PN N
Gl e ol Jll oSa by iyl Jlladl c¥ls o Gasy Y sl o538 o
top BonSl 56V @l il Jall 5 S8 by L eandl @l e ey A

sand) il I Ay g il sl g 5oal Gl el G Jeald as gy GSAYL (Sey ol

Ol ellae e Balaty Y Ayg e e o 5 S il Sl Cuan 3 g sad gl el
s of gl o pmall i all s et Gl e el s S suds gy
drenie CLS o 3)ga A A Glida e pS 20 pead o ST Baleall 3 sl
Secondary ) 4, ¢l Giall day 5y Adaraal Gls jall L as 5 (Associated Complex)
Losal Clepall aan J doay dresiad) Gl ) 238 aan of 8l s ((Forces
[2,1] .(Colloidal Particles)



Ao dia Al dlipn e Al ¢omabl Blhall el o5s S ud s
llie oSdl ) (Isoprene) ¢y ys ¥l iy ja cileand (e @il asly ¢(CsHg) (21826)
Jie <l paddsall Gmny piant (b (adlasSl amy mead O dms ¢(omndall Laladll ki
blhay (p1860) (oY) 0S2s) Jdss (,1839) (Polystyrene) (jin Js
Herman ) aivigin ollall agea Juaisy (21879) (Isoprene Rubber) Crts )
als (Macromolecules) (d8leadl sy 3all) 5 50l il jall 3 53 clls (Staudinger
2,1] celdall e LS

3aal) Loy i g Buald gyt ()5S ADLaad) il Jall s3a o yaia s o
dapa 758 (e Jo adagie OS5 .(Covalent) duealus sy b yseall cliyjall o
O3 1Y) Tamdl Gl Claa g (e ASLEe Al gk Alulu JS8 o el Tlaall 3l
pill amy (Sl 32000 Gl el ABLeall Gl dadl 5 Sl aia i o) 8 a8 Aol
A Bainall o guall Al S 5 e aIST B S Aedl aladiu) ek B 5 gl
el 138 mias saiagin o) 8 daia KU Ag el OV aedl sana Gob S 8
Gy Aeall i sall oda e S (e 4l Ty (:1953) ale elasl & Jisi 5 5ika
[3,2, 1] & sadd sadly a2y Lad 2y

obadl e el yal gl Al Aalal) eVl e ehaig sl jaiagia e ) die
Gl aed (B aale By caang g5 JS (e deliall Gl el il diXS
s (a1929) sle (Carothers) 555ig S Sy el allall (e DI 350 sy 3ol A
Ol sty (,1929) sl B L6 Cus Acliall G ped ) aieal Jlae A 1) iay
olfine L Joll) aad ol sadgr 55 -(NYION 66) 66 (b als Cig yaaly el
(adipic acid) clual jada (e (55 (POly hexamethylene adipamid) (awd
Gl jall dui b aca (e Gl ((diamine hexamethylene—) ¢ gl Galine LuSa
[3.1]. 08 st 5 (1937) sle (Flory) s sl Allall 5 Y

il 8 Lealadial (8 La )il kit Yl e gl Sl B sl s
dasiul e adid ) susal clelicall At dudlad sl de @y duelical
a3all s Gual olll g gl g daladll s docbicall GV dlaudll clelia Jie ) pad ol
[2,1]. e 5 cliall



aelaall S jaadh A4S g8 3 Sl Gl el duia b Lgeal s AN Glseall (e
A s Al ppeladdl 038 g gy Gmad O by dudlal)l Al 3 Alldl)
b38 andliy (il By AL A8L 8 ) AfleS Bk asa paaly dal Ge b S
b Allad plas dsas cnsinn Y 4l (a1925) ale saiogiu 7 58 2y (Alladll aladl
aelaall o328 yied s Ay e sl ALl e 5 a1 5,3 3K £ Ll i sad Judladl Algs
Ciaf el My gy aasiyall iy dall ana 5S oy Allad 56 — Ladsas Alla 3 s -
Gy g Al aalaall ACED s 3 <l (Cyclic structure) adlall sl gl 5 sa g3 <4
Al (Flory) st g Laxic (a1937) ale S 3l e 3l A gafia 5S4l oda
[2,1] .(Chain reaction) alulaall <Olelil)

ki eaiid Lavie (a1838) ale 1oy aas o)l ) o sall o) alasiuV) aa
Dnoass alladl AlSy o J8 s e S a8 olaad) adad il (4 adall Ll
dlee LI 2y 5 ¢(21839) Lle (Vulcanization) Lladl 4l dlee (Good year)
oSl Baladdl aladiad o adied Sane Clelia s elad <y ol sef 5 ey 43Kk
[4,2,1].(21851) ale (Ebonite) ulill lallall of a1 S5 i) Gl

ezl el il (many Gsblall Aalled 34,k cuiiS) (a1838) ale B
daelia 45k oS el 1 2l oS4 (a1870) sle 35 .(Cellulose) Ll il g
D salal clacy (Camphor) [ sialsll o€ jay Heblall & i Lald 38 Hla CaliS) laany g
aalatinl (e sl @l jads of o€l @lld axy 5 (Celluloid) Zeld) and ciad b e
cseliall yalls (el ohd) el delia Jie gAY dleliall (o 2l &
[5, 1] (5Ssa) el il i Ay Gl zla ) delicay

Go Bld ae Gsblud) Jels dam ol 2l Ad e cusi) (a1856) He i
Al sadall 138 (Sl . (Acetic an hydride) cllall (maa y a3 el Gllall s
[2,1].4clin

o e 0sSE Aals cilpde & bl A3y Ak cais) (a1859) K i
seliall sall e g s el Jaan g laal bl i SW a8 Ay L) sl



ileall @y sk LS (Cuprammonium) assisel 5asSll josmn <l @lld 4 Cape @il
[2,1] .(Viscose) ;5 Suill z iy (21891) ale dua sl sl

o shas e lemieat 28 ) Gl adlal) a8 e asalle b Jsuil jadgr ey
€ 3o Jeld of 2y Cua Backland ay @b S Yl assieat A8 jh Casi€) S daanh
40iia aul 2y (Backlite) cullSdly o 1dine US o any il sill (S e p sl
b Al elasull o sl 5 eal 2l 8 (,1907) ale Gelia CullSll jadl sy Jiid N
Gl aiy e (S pe ) (Styrene) il (S e Jysail A3y )k i) (a1600) ale
paaidl Gl dy (a1930) se Wl 8 Uelia sadadl laa Dl
[3.2] .(-1937) ,le

o Jaad (gell Jeall B L paial 4gud palic  a(lsotopes) yiUail
ABlae Aysl @) jualic gd Al Cliall (amy Lo Giliany Al Whlia

eeladl blis L |ymie G e coi Lo ali€) 8 QS (1911) e
ealiall o3a aliad of (Sa Ll WA UlSe Laeld) sl Jpaall 3 dllia lS s el
(Jsaall 13 8 Laid USa Hde 81 3 ) jeaie (el s oS <aS J3la dla S
Oo 4l pualiall g ysall Cag il ol Gl DA o Gy Y s Al el g (e OIS
Jailly s ccadaiad g sall Jsand) lld 8 faa) s WSe dadiall pualiall (e aae Jidy of aaddl
oal i dlla ) (RS ealial (e e gena gan o Cus USee oS 3 o s
oed g Aifas Al Ay L pan o e Llad (Ko Y Ll ddlise dclal
[6] sl Joaadl B aaly lSe 8 lgaiiag a9 0L Lpal g2 3 AUATe () o5

O S Al aaliall Ao gans and of (SOddY) Gasw - 58 (a1913) sle s
ealiall @l € ) ey 15 "l anly jealiell 5 ysall Jsaadl 3l LlSe Jads
[7,6]. 080 5l juaiall jilail) Cabisal 3Lasl clicall ABLE W g% Lo a5 3l il

O ol Cum e ladall 3 a4 0 GV o ) guS s U 238 (6 A) dga (g
e b sl (S gm0 L1 Jh ALl saay Aan 5 Sa) Jii llia
g axiiad Al sa g cAdg el yualiall (axy Jidail AESH Caldas Jlea sk e (21919)
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dall Cglite ol adl digan ol e sy (568 e ae Taalatie Luhaline Ylss
OS ament (g5 Aledll 85 (DR e e A Al A3 o s il
LS L iy da o @) Ak JS Juad Caay Baal s Adals 8 Baal 5 ABS Lgd ) Gilagual
Cilhe L& o il sodadVl Al & o ey Sleall b npadl) 6 e A
Cun (e A e aal s g 58 e 0sSE Y Agmpdall jualiall o dddasiul (e <l g2 AR
e led oS anlgll paiall ) e Adbiaal ¢ eV Je Jad " iUaill" o geda AN
[7,6] ol il a0 Lot i Lai Uyshucia i)

A Gilhae leas Ll e e dand dilaty o5 A8 (a1920) oo e
sagn sall ualiall (g sl oS il Anad s ST sl G adaS e O 5S Leie Aandi ( 2a g
3ilasl diliin (e bl o (g sall Jsanll 3 Taane BlSe Lgie JS Jids il 5 Gaidal) 3
By (362) Gnle pualiall alies 7 ol g 200 SUA e 05 Lgie SIS o Ladl g
[8,7] 3 e e 8 W sualiall amy & Jem

A oLl 3 She iy A alaa¥l B salall &padiall Clapadl ) jial
eVl g kil S Heha sa 58 5 Sl allall IS 3 allall @l G jo e Jgls cApasl
[9]. LSl diilSual) e

Glapuall GEYY 5 )08 Qlual daul s dunly ) dana a5 Gl (,1913)ple 4
G sp ALEN 45 paliall dapuall A8l 3 jlud O 2 5 el Cus ¢ [10] ALED 45 sl
L n s oSbe Lt o oSea 530 s S0 gl ¢ [11,10] 5530 cilig 58U o Lealabanal
[11] 18l ppeinl e adlabac) J8

lal Tuuld ses A8l lBle delun Cidgs iy yal dun 2l cilad 5l el
(e 23 Jid e (a1960——1950) Cpiall 8 g g gall Zaal po i a8y LGN 5 408
Berger Barkas ,Uehling,Warshaw , Allision , Askin Bethe , Taylor Jis ;falill
[12] .Jslas 4w 1eWhaling Bichsel Jd (e cares 4y janll cilibadl ded o

problem of research :éay) A<éa 1.2
e Akl il oD a5 A g ST CalaY] 508 Caat CValea 32 elllia 1]
(Al 3,0 e 5 A K aaal) 80 Juaily 3k o) LiSly CilaalS dardind) o sal
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iy gty daphy L ddbie clll sl s lelsl clelaayl Jelss
Al al sl Sy Aglasl) Gl sal) 3 s st 5 el 33kl Aada

£ eidU 5 palall ye o) 5 i) @l e dall)

e leleli Al oy dpulaline s gSly dpapual) Lo 51 Gle bV 2da Caial
lete diiall 45 gndiall Clarall o Lisall Zadl) Jodi Cun dse 4 Age ) 5ald)
[6] .l 5 55 saill g Apuualine g 5eSU 4] (iany s ALED

Balad g A gaiall ALEE cllapwad) Jolis 2.2

Interaction of heavy charged particles with matter

Gligigll el Bl Clapus Jia) D sadiadl ALEN Glapual) o delil 2y
Al 2aadlly Glapall o s sl a8l (g adlsS 68 P e 30l pe (Lase s
=L JYCH DYWER IPRVIVO.Ji3 AV PRyt RO JRCH S\Rg - WV IREAE PR N I I X PP
o3a day 3¢l ol iy Giganll 5ol bl 1aa Jie of VI e Ay sl &gl
A R Al Gl S ae lasall o3a Jeli uii L e daaas ilasaal)
[13] .Gga 5i<Y

LA Al oS 58 % Ll Chasy saladl @ Y Al ALEN Claguall Jg30 e

bsill oda ) s<5 ai aabatll 8 o el Jelall e Aagiiy <A eds b clip gy e
oo el A 4lasy) oY) Jladl o lae e g ST @ G g3 aall Y AL
S5 Aa 0 5 S Bl S8 ff 5,A0 ol aaatd (aaliadl) Adial 4 dsasall o jlae dills
Aallal) o3a 5 Allall oda & ol Ciany g 5,30 5 Yl Jaall area (e 05 S £ AY
apanl) 8l Claa o osS5 (ld § 3BY) ) pllall e ol & 05 SIY) I cas
el Jempr ) 8Ll g aie ju Jiliny atille 388 Gl (o aing aabiaddl (saiiall Qi
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[95,94] .alaadl ddbiadlh clidall Al ayjilll B e

0S5 o) oSy A Lt Jale g 5 ALelill Ji (5 32 s s (53 (TRIM)diae

A8 e ge e oS A Ad JS ¢ Sl AL Y el AN e el Sy ALl Baias
o 5,08 Lad o s Aagiad) o gl 3 (alad 220 8) clipB Sl a5l osS
opalls 3 AN el skl eda Jadiy L osd A8k Glai Ly A Al el gkl
il e n Al g Ssal 2kl 356l (SRIM) zila L oulilly ciligisll 2l 5 cCangll
7o s «BlEN) 508 Jolan ad gl Leddatind Sy (SRIM) dja ccingdl < 3 e o5
& 50 Al Al L aaais o) (e (SRIM) 5 6 fimiiall ey il 5 Allsall 3 i1 g
& (SRIM) el adiny (K15[96,91]. eVl 230l osd 5 3V ad ¢ 2l
sAlbed) e ALE) 45 sadiall Cilapuall A5 SSIVT GElaY) 5 a8l aglua

dE Z z* 2m,y*W,
—— = 2nN,r2m.c?p 15 [ln( eVIz max) — 2,82] (3-1)

SISl g SNl Canit,_2.817 X 10713
O S abism,
B0 s il 1« 0@ 2eN, = 6.022 X 10723mol ™!

AL} darall dind 7 Gl 3alall (53 saal) Z
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Os AN Aaad e ¢ Aaldisall AES po¢ Al saldl A s A

]/=1
A

.3=v/c

sl ) asbaill (5 guaill 8N Wy,

B = 0.44
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Introduction:desial 4.1

maliall Uil Ao ST BT 5,08 il Sl AGBLe A Ciga Jaadll 120 3
A 5 (SRIM) geali 0 (3o aliall yilasl CGENT 5 508 Cilis 5 (4-10) Aaead) Aaladll (0
(dfisall B S Be Jong 0 s (oo el (J2) sl LS jal alENY) 3 508 Cilaa
S50 e s el (s sed sl DUS 5l YT 3 )08 Claa g (2-31) Aaleall (e
(SRIM) el e (Jiimal) Dy SI i

~20) Aslaall (o yaliall 8 W cilopunl (saal) Clua il 88lia 2l Coga Liad
W Glamal Gaall Gl QS (SRIM) by oo W Gilapead saall Ciluss (2
(2-22) dalaadl o (el < S e (Jgs 0 i Jo2 el (J53) sl sal) LS 5l
D) e s ecnsinn st et (o) sl sl Sl el W o Gaall Gl s
(SRIM) zabi s (e (sl

The results: gt
sdaazall Aaldll dusadl) 4y Jatl) Cuwa CALANY) 308 Gl Aalea Joasi 4.2
Modify Stopping power equation to special relativity theory

E a8l y m AbS) e lieY) 8 3k Lol dead) dalal) Gl 4 kil e

J71] Aotadd) crn @ €U 505 5] sl Al 5 agaldl ae

m=mg(1—20/c? +v%/c?)?) V2 e (A= 1)
g ) Ll b AR et Al pom sl Zilh g mitid eyl e
1 v?
m=m, (1+E(2®/C2 +§)2) e (4= 2)

Ol A daliaall Jlaall 5 A5 5T cllaadly o il SV oda o Ldel 13
0 R R U G BN BPRE PR

B =10, 4-3)

45



m(@) >m

S 132 08 (27) Uabeall oun 5 (25) Aalaadd oun (5 ASIVH AIS 3 Gai Vaa
AESY 52l o) Cam el A0 ) Goaleall o sy 125 Slasal) sk g GEN) 5508 (i
Ao g i) o) WS Sladl Jshy soal Jiy il s SN ASGa e Jl
- 503l 5 bl Jghay Loy (e JIy 445 STV
() I ¢ Ty ST
poay Al b wdalidl Jlaall g das gall clisVG il g gV o) Bael 13 W
O ) s st JiS)

D=—0urrrrernn. (4-5)
A oA D aladind Sy whlinall g o seSd) Cadally ABSYH Al A8 el
D<v

Aol 3 (2) Wl b ) 2 peus
(Ww?/c? +20/c?)? = (W?/c?)?(1 + 20/v?)?
= (W2/C2)2(1 4 40/V%) oo (4-6)

1/v?\*
m =m, <1+§<C_2) >(1+4®/U2) v e (A= 7)

ubline o) S s Jlae dgay B el A of iy (6) 8 (4) s
J gl
m(@) <m............(4 —8)
o QeI asag die Gl ledd) sk s a8l o) e g (27) dabadl of Al ol &
ST
S(D)>S i v (4—9)
P Aapall 8 Al maad (27) (A (7) omiss

4nZ,e*Z,
S = Liethe we e oo ore ons (4 — 10)

(mo (1 +3(%) ) (1 + 48/v2)v?
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ol 3303 (sag Clig feall 3L o) Jliely GV 308 it el (Say 4gle
259 ALK 3 30 138 g aua gl Adla g wnalinal) ALEN 5 08 80l 3 (ga% Lae 30N alixal)
LGl 5 J
electronic stopping power:4s s AN Gl 3 5% 4.2.1

e el g(4-10) A0l (o G g sagd) iU A5 g S CABNY 6408 4.2.1.1
(4-10)2adllolaal) (pa (a5 gl SURI A g Y CaAY) 5 ya8

sl e Akl W clowal Ay SV GEYD 5,8 Ol &
D% o (4-1) JSE) DA e Baa gl (4-10) Aoed) Asleddl e (THH H) o s ned

47

lon Energy | Stop power(Mev/(mg/cm?)
(Mev) H ’H *H 81
10 6.27 | 4.18 3.59 %
11 6.26 4.17 3.8 T 7 Stobping Power Alfa In
12 6.25 4.17 3.58 g , < 4
o Stopping Power Alfa in "H
13 6.25 4.16 3.57 £
14 6.24 4.16 3.57 & 64
15 6.24 4.16 3.57 %
16 6.23 4.15 3.56 z
17 6.23 | 4.15 3.56 = &
18 6.22 4.15 3.56 é
20 6.22 4.14 3.55 2l
22.5 6.21 4.14 3.55 _
25 6.21 4.14 3.55 T
27.5 6.2 4.13 3.54 3
30 6.2 4.13 3.54 ——— I
325 6.19 4.13 3.54 0 20 40 60 80 100
35 6.19 4.12 3.53 lon Energy(Mev)
37.5 6.18 4.12 3.53
40 6.18 4.12 3.53
45 6.17 4.11 3.52
50 6.17 4.11 3.52
55 6.16 |4.11 3.52 Ga G ggd) LU Y 5 )8 i gy (4-1) JSA)
60 6.16 4.1 3.51 (4-10)A3al)
65 6.15 4.1 3.51
70 6.15 4.09 3.51
80 6.14 4.09 3.5
90 6.13 4.08 35 O O gl iUaTl LAY B jab ras: (4-1)&9-‘93‘
100 6.12 | 4.08 35 (4-10) Al



G JB GEN 5,8 o) @l CHH) 3 G 558 e 581 TH s g a8 Gla

(CH) sl

g e el (e (i g gl AU o AdaBld) Wl cilagund A g S GEANY) B b

lon Energy | Stop power(Mev/(mg/cm?))
(Mev) 'H ’H *H

10 13.7 6.9 4.6
11 12.5 6.34 4.22
12 11.6 5.86 3.91
13 10.8 5.46 3.64
14 10.1 5.12 3.41
15 9.56 4.82 3.21
16 9.04 4.55 3.03
17 8.57 4.32 2.88
18 8.15 4.11 2.74
20 7.44 3.75 2.5
22.5 6.72 3.38 2.26
25 6.14 3.09 2.06
27.5 5.65 2.85 1.9
30 5.25 2.64 1.76
32.5 4.9 2.47 1.64
35 4.6 2.31 1.54
37.5 4.33 2.18 1.45
40 4.1 2.06 1.37
45 3.71 1.87 1.24
50 3.39 1.7 1.13
55 3.12 1.57 1.05
60 2.9 1.46 0.975
65 2.71 1.36 0.91
70 2.54 1.28 0.855
80 2.27 1.14 0.736
90 2.05 1.03 0.691
100 1.88 0.948 0.632

15 4
14 1
13 1
12 4
11 4
10 4

Stopping power alfa in *H
Stopping power alfa in °H

g
7
5 4

4-
3 4
2
9

Stopping Power (Mev/{mg/cm’))

lon Energy (Mev)

O gl AT ALY B a8 s (4-2) Jsa
pa ) gald (e

pri ol i O O g o)) AL B B 508 a3 (4-2) Jsaa)
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s gl 5(4-10) Al (e (g oS AU A5 5 Sy i) 3,48 4,2,1.2

(4-10) ol Daleall pa & ga SN HUAT Ai g <) CaLEN) 3 a8

lon Energy | Stop power(Mev/(mg/cm?)
(MeV) 1Zc 14c
10 3.87 3.5
11 3.86 3.49
12 3.85 3.49
13 3.84 3.48
14 3.84 3.48
15 3.84 3.47
16 3.84 3.47
17 3.83 3.47
18 3.83 3.46
20 3.83 3.46
22.5 3.83 3.46
25 3.82 3.45
27.5 3.82 3.45
30 3.82 3.45
32.5 3.81 3.44
35 3.81 3.44
37.5 3.81 3.44
40 3.8 3.43
45 3.8 3.43
50 3.8 3.42
55 3.79 3.42
60 3.79 3.42
65 3.79 341
70 3.78 3.41
80 3.78 3.41
90 3.78 34
100 3.77 3.4

5.0 -

4.5 4

4.0 4

3.5 4

Stopping Power (Mev/(mg/cm’))e-36

3.0 4

25

Stopping Power Alfa in “C
Stopping Power Alfain '‘C

20

T
40

T ! T
60 80

lon Energy (Mev)

O Gsasll aUatt CalaNY) 3 a8 s (4-3) Jsa

(4-10)A 2l

Oa Qs LRI CEENYY § 0B g g (4-3)Jsaa)

(4-10)A 2l

oo (PC,MHC) s il e ALl W laguend G5 SEIV) AN 558 Gl o
S PC a8 Gl 3 ) (4-2) JSEN DDA (e Jaa s (4-10) Alaedl Aliled)
(MC) bl s Js Gl 5,08 o) ) (MC) 8 Gl 5L e
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S o el (o (g S i o AdaBlia) WY cilapeund A g SN AN 5 ad

lon Energy | Stop power(Mev/(mg/cm?))
(Mev)

12c 14c
10 4.85 4.16
11 4.52 3.87
12 4.23 3.63
13 3.98 341
14 3.76 3.22
15 3.56 3.06
16 3.39 2.91
17 3.23 2.77
18 3.09 2.65
20 2.85 2.44
22.5 2.59 2.22
25 2.39 2.05
27.5 2.21 1.9
30 2.06 1.77
32.5 1.94 1.66
35 1.82 1.56
37.5 1.71 1.48
40 1.64 1.4
45 1.49 1.28
50 1.37 1.17
55 1.26 1.08
60 1.18 1.01
65 1.1 0.894
70 1.04 0.894
80 0.934 0.802
90 0.849 0.728
100 0.779 0.668

5.0

4.5

4.0

3.5 4

3.0 4

2.5

2.0 1

Stopping Power (Mev/{mg/cm™))

1.5

1.0

0.5

Stopping power Alfain '‘C
Stopping power Alfain " C

lon Energy (Mev)

Gl el Calay) SJﬁ @435 (4-4) Jséd)

pas i (e

e Al (e (gAY LR GAARY) 5508 prida gy (4-4) Jsiad)
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s el 9(4-10) A aal) (o S gY) HUSTY A5 g fSIY) LAY 5,48 4,2.1.3
(4-10)Aarall dslaall (o CpaauS g HUAL A g SN CalERY) 3 )b

Stopping Power Alfa in "°0

Stopping Power Alfa in "°0

T
D 40 60 80 100

lon Energy (Mev)

S oY) Al CALAN) B a8 s (4-5) Js&d)

(4-10)Askaad) (e

CoauS oY) AT GALENY) B 408 mia gy (4-5) Jgaad)

lon Energy | Stop power(Mev/(mg/cm?)

(Mev) 0 *0
10 3.86 3.34
11 3.85 3.33
12 3.84 3.33
13 3.84 3.32
14 3.84 3.32
15 3.84 3.31
16 3.83 3.31
17 3.83 3.30
18 3.83 3.30
20 3.83 3.29
22.5 3.82 3.29
25 3.82 3.29
27.5 3.82 3.28
30 3.81 3.28
32.5 3.81 3.28
35 3.81 3.28
37.5 3.8 3.27
40 3.8 3.27
45 3.8 3.27
50 3.79 3.26
55 3.79 3.26
60 3.79 3.26
65 3.78 3.26
70 3.78 3.25
80 3.78 3.25
90 3.77 3.25
100 3.76 3.25

(4-10)Askaad) (e

e (190,"80) cpmnS V1 il e ALl W Cilasand A5 SSIVI GAY) 5,08 s
LS 160 eSSV 8 Gl S ol (4-3) N DA (edaa (4-10) Janall Asled
(1P0) Ll b Js G 8 o) ol (1P0) 8 Gl 5,0 e
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tag o by O e ) AT o Adablead) WA culageand A g SN CilAN) a8

lon Energy | Stop power(Mev/(mg/cm?))
(MEV) 160 180
10 4.62 4.11
11 4.3 3.82
12 4.03 3.58
13 3.79 3.37
14 3.59 3.19
15 34 3.02
16 3.24 2.88
17 3.09 2.75
18 2.96 2.63
20 2.73 2.42
22.5 2.49 2.21
25 2.29 2.03
27.5 2.12 1.89
30 1.98 1.76
32.5 1.86 1.65
35 1.75 1.56
37.5 1.66 1.47
40 1.58 1.4
45 1.43 1.27
50 1.32 1.17
55 1.22 1.08
60 1.14 1.01
65 1.07 0.95
70 1 0.895
80 0.904 0.803
90 0.821 0.73
100 0.754 0.67

5.0 4

4.5 1 Stopping Power Alfa in "0

Stopping Power Alfa in '°0

4.0 4

3.5 4
3.0 4
2.5 4

2.0 4

Stopping Power (Mev/(m g;‘cmz))

1.5 4
1.0 4

0.5 4

lon Energy (Mev)

CranaS g IUATY CALALY) B )38 pla g (4-6) Js<
pa ) gali (e

CranaS g UATY CALALY) B )08 il g (4-6) Jsxd)
pa) el e

s S il e dlasladl W cleead Apg pSN) G o8 Gles &

e (160,180) i3 S‘}“} (IH,ZH,3H) O&é}_){-}@—“} (12C,14C)

GEYI 5,8 o) Lasl (4-6)(4-4)(4-2) JSVI Ba (a5 «(10-100)Mev 2l
o Ay SV G 3,08 e aglua (8 adiay sy pae galig O Cus peaiall plas 3 J6
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§(2-31)Aalaa) (pa gl gal) S pal A g SN i) 5,08 4.2.1.4
(Jisad) Dy ySIa (A9 e i (Ao el (A ga)

stopping power alfa in PE

stopping power alfa in PMMA

K

lon Energy | Stop power(Mev/(mg/cm?))

(Mev) PMMA | PE PS

10 5.86 6.44 5.88

11 5.85 6.43 5.87

12 5.84 6.42 5.86 704
13 5.84 6.42 5.86 8 4yl
14 583 |6.41 5.86 L
15 583 | 641 5.86 5
16 582 | 6.4 5.85 2 o7
17 5.82 6.4 5.85 FRS
18 5.82 6.4 5.85 S 654
20 5.82 6.39 5.84 5 64
22.5 5.81 6.39 5.84 S 63l
25 5.81 6.38 5.83 2 52l
27.5 5.8 6.37 5.83 & o]
30 5.8 6.37 5.82 I
325 5.79 6.36 5.82

35 5.79 6.36 5.81 91
37.5 5.78 6.35 5.81 81
40 5.78 6.35 5.80 57
45 5.77 6.35 5.79

50 5.77 6.34 5.79

55 5.76 6.33 5.79

60 5.76 6.33 5.79

65 5.75 6.32 5.78

70 5.75 6.32 5.78

80 5.75 6.31 5.77

90 5.74 6.3 5.76

100 5.73 6.3 5.76

T T T T T
20 40 60 80 100

lon Energy (Mev)

il pal i g SN LAY 538 (4-7) S

(2-31) Dstaal) e padd sl

(2-31) Dstal) pa yad sl S pad A g SN AN 548 (4-7) gl

G salsdl LS e o ALY W el A SSVT GENT 5,8 Gl

e iy A (2-31) Aaladh P e (diell OGS o0 et i ds el
S5 (2-25) s Asbee o emiall G 5,58 35 3 Sl b emiel] Gl 58
O Cun LS pall 8 e 3 508 s (4-T7) 8GN (e a5y (2-31) Aaladdl 8 Ly o5
O Bl 5 hms Ol S Jdadl s o i Joll Ge S) cplil sl 3 Gl 5 508
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2 i GUENY 5,8 o La gl Gun Gl ey cun el (5 aial GEY) 53
NEUEE Wt BETLE 1 UL R PRGHY

:(SRIM) ali 2 (v yasl gl il yal i g SN Cilay) 5,38 4.2.1.5

(el By jSIlisa (Ao i (A bl (A s2)

lon Energy | Stop power(Mev/(mg/cm?))

(Mev) PMMA | PE PS

10 5.49 6.12 5.54

11 5.1 5.67 5.14

12 4.76 5.29 4.8 .

13 4.47 4.96 451

14 4.22 4.68 4.25

15 3.99 4.42 4.03 ~ €1 Stopping power alfa in PS
16 3.79 4.2 3.83 c Stopping power alfa in PMMA
17 3.62 4 3.65 5 6-

18 346  |3.82 3.48 E

20 3.18 3.51 3.2 3 4

22.5 2.89 3.19 2.91 %

25 2.66 2.93 2.68 s

27.5 2.46 2.71 2.48 g ]

30 2.29 2.52 2.31 2

325 2.15 2.36 2.16 g 21

35 2.02 2.22 2.04 )

37.5 1.91 2.1 1.93 1]

40 1.82 1.99 1.83

45 1.65 1.81 1.66 0 -
50 1.51 1.66 1.52 0 20 40 60 80 100
55 1.4 1.53 1.41 lon Energy(Mev)

60 1.3 1.42 1.31

65 1.22 1.33 1.23 el gl il pal A g SN CalaN) B a8 (4-8)Jsdd)
70 1.15 1.25 1.15 T
80 103|112 1.03 Pl ERA A
90 0.937 | 1.02 0.942

100 0.86 0.937 0.864

i) Tl oa s o) S pal A g SN AN 5 438 (4-8)J sand)

52) el sl GlS e 8 Ll Gl A g SV GV 5 8 Cilua &3 (STTM) gebige (1o
P Ges (10-100)Mev a8l sae A (Gasie S eSall Bl S e g ¢l
o Ay ASIVY R 3 )08 adiatiy . JAY S e (e sty YT 5,38 () aa g (4-8) JRi
OF 2 dis oS el Lgie LSl jualiall vae g Lailull apuad) d8las dapdh o Sl
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(SHiM) zebise () s oS pall Al &5 Sl pualiall aaal Wby yuaty oS el 3 e 5 )8
R O RLH Y VSPRVOR AL P B % IV VKPS

the Range of Alpha Particles: W)l cilawwal il 4.2.2

$(2-20) A0l (o pualiad) o Asdlad) W cilasand s2al) 4.2.2.1

(Crams ¥ 03 S (O g )0

(2-20) Wsead) ¢ (H ,C ,0) pualial) & Wil cilasn (534 (4-9)J 22
Lags (2-20) daledl o (H ,C ,0) sualiall 8 Wl clopund el lua o3
o DB G gouell paie 8 gad) ) Cus Al ae gad) s (4-9) JSal DA e
Gl (e S &Y paie 8 gadl s ¢ S Yy sl g eaie A sl
o aaally LSl eSO oA sl ) (I e My Ginsouedls GsolS) S

55

lon Energy | Range( mg/cmz)
(Mev) H (o o]
10 5.47 12.42 13.66
11 6.31 14.33 15.76 .
12 7.19 16.32 17.96 450 1 |
] Range alfain O
13 8.11 18.4 20.25 200 Range alfa in C
14 9.06 20.57 22.63 ]
15 10.05 22.83 25.1 350 -
16 11.07 25.15 27.65 E 1
17 1213 | 2755 | 30.28 g 004
18 13.21 30.01 32.99 g 250_'
20 15.47 35.21 38.64 0
22.5 17.85 | 40.55 44.58 . 200-
25 20.34 49.13 50.8 ﬂé o
27.5 24.27 55.14 60.61 8 _
30 28.42 64.57 70.98 100 -
32.5 31.31 71.14 78.2 ]
35 35.83 81.37 89.45 50 4
37.5 38.93 | 88.45 97.23 )]
40 43.76 | 99.42 109.29 N .
45 52.22 118.63 | 130.41 0 20 40 80 80 100
50 61.16 138.95 | 152.73 lon Energy (Vev)
55 70.57 160.3 176.21
60 80.4 182.65 | 200.78 (H ,C ,0) jualiad) 3 Lill cilapusn 50 (4-9)Js)
65 90.66 | 205.95 | 226.39 .
70 101.32 | 230.17 | 253.01 (2720) Adas o
80 123.79 |281.21 | 309.11
90 147.71 | 335.55 | 368.85
100 173 393 432



G viely jE Andi (sS As) Blus¥l 8 sadd) o sl GlliSy o8 s el
emiall Ja sl (g3 ¢y s I IS (g5 ) S Agllall L)) die (AT ae Aunidial

:(SRIM)gmali 3 (3o mabiadl Ui o ddablud) Wl cilagund g aal) 4.2.2.2
(12C 14C 160 180 1H 2H XH)
:(SRIM) el cpe Oaa sudaed) el o Aablad) Wl et (sal

lon Energy | Range(pum)

(Mev) ) H H

10 0.61296 | 1.22 1.83
11 0.71947 | 1.43 2.14
12 0.83499 | 1.66 2.49
13 0.95939 | 1.91 2.86
14 1.09 2.17 3.26
15 1.23 2.45 3.68
16 1.38 2.75 4.12
17 1.54 3.06 4.6
18 1.71 3.4 5.1
20 2.07 4.11 6.16
22.5 2.56 5.09 7.63
25 3.11 6.17 9.25
27.5 3.7 7.35 11.02
30 4.34 8.62 12.93
32.5 5.03 9.99 14.98
35 5.77 11.45 17.17
37.5 6.55 13 19.5
40 7.38 14.65 21.97
45 9.17 18.2 27.31
50 11.14 22.11 33.18
55 13.29 26.38 39.57
60 15.61 30.98 46.48
65 18.1 35.93 53.9
70 20.76 41.21 61.83
80 26.58 52.75 79.14
90 33.04 65.59 98.39
100 40.15 79.69 119.56

130 -
120 -
110
100
90
80
70 ]
80
50 4
40 1
30 ]
20 ]
10

lon Renge(micro meter)

04
-10

Range alfa in °H
Range alfa in *H

20

T T T T T
40 60 80

lon Energy(Mev)

Ol il B W clawa e (4-10)Jsad

(prmd) @abie 0

(o) ol e i) AT B Wl cilasen 520 (4-10) g2
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:(SRIM) gl cpe so sl pilall o ddabliad) Wl cilagund g al)

lon Range(um)

lon Energy | Range( um)

(MeV) 12c 14c

10 55.09 64.22
11 64.56 75.26
12 74.7 87.08
13 85.51 99.68
14 96.97 113.04
15 109.08 127.16
16 121.84 142.03
17 135.22 157.63
18 149.23 173.96
20 179.1 208.78
22.5 219.85 256.28
25 264.35 308.15
27.5 312.53 364.32
30 364.34 424.71
32.5 419.73 489.27
35 478.63 557.94
37.5 541.03 630.67
40 606.87 707.42
45 748.63 872.66
50 903.78 1050
55 1070 1250
60 1250 1460
65 1450 1690
70 1650 1930
80 2100 2450
90 2600 3030
100 3150 3670

4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -

500 H

Range Alfa in °C
Range Alfain " C

20

40 60 80
lon Energy(Mev)

gl (e s il A WY clagua s (4-11)Jsi

(pe)

(maom) gebie Gn Q) il B W cilasun g2 (4-11) g2

57
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:(SRIM) el cpa CrmaaS ) iUaT Ao Anblod) Ll cilagmnd (s al

lon Energy | Range(pum)
(Mev)

160 180
10 94.75 106.61
11 110.45 124.28
12 127.26 143.19
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Legal Notices about SRIM

SRIM may be copied and distributed freely.

However, no commercial use may be made of the code, the associated files, or of its
results (e.g. you may not incorporate any part of SRIM in a commercial product)
without a written license from SRIM.org. See legal note below for details.

This program is quite complex and is undoubtedly full of little bugs. You
are encouraged to send any comments to J. F. Ziegler at Ziegler@SRIM.org.
E-mail is usually answered immediately.

Program name: SRIM (PC version only)
Copyright: SRIM.com, 1984 , 1986, 1989, 1991, 1992, 1994, 1995, 1998,
2000, 2003, 2008, 2011. All Rights Reserved

SRIM.com Research Software Disclaimer

As experimental, research software, this program is provided free of
charge on an "as is" basis without warranty of any kind, either expressed or
implied, including but not limited to implied warranties of merchantability
and fitness for a particular purpose. SRIM.com does not warrant that the
functions contained in this program will meet the user's requirements or that
the operation of this program will be uninterrupted or error-free. Acceptance
and use of this program constitutes the user's understanding that he will have
no recourse to SRIM.com for any actual or consequential damages,
including, but not limited to, lost profits or savings, arising out of the use or
inability to use this program. Even if the user informs SRIM.com of the
possibility of such damages, SRIM.com expects the user of this program to
accept the risk of any harm arising out of the use of this program, or the user
shall not attempt to use this program for any purpose.

User agreement:

By acceptance and use of this experimental program the user agrees to the

following:

e This program is provided for the user's personal, non-commercial,
experimental use and the user is granted permission to copy this program
to the extent reasonably required for such use.

e All title, ownership and rights to this program and its associated files and



any copies remain with SRIM.com, irrespective of the ownership of the
media on which the program resides.

The user is permitted to create non-commercial derivative works to this
program. However, all copies of the program and its derivative works
must contain the SRIM.com copyright notice, the Experimental Software
Disclaimer and this User Agreement.

By furnishing this program to the user, SRIM.com does NOT grant either
directly or by implication, estoppel, or otherwise any license under any
patents, patent applications, trademarks, copyrights or other rights
belonging to SRIM.com or to any third party, except as expressly
provided herein.

The user understands and agrees that this program and its associated files,
and any derivative works, are to be used solely for experimental uses and
are not to be sold, distributed to a commercial organization, or be
commercially exploited in any manner.

SRIM.com requests that the user supply to SRIM.com a copy of any
changes, enhancements, or derivative works which the user may create. The
user grants SRIM.com and its subsidiaries an irrevocable, nonexclusive,
worldwide and royalty-free license to use, execute, reproduce, display,
perform, prepare derivative works based upon, and distribute (internally and
externally) copies of any and all such materials and derivative works thereof,
and to sublicense others to do any, some, or all of the foregoing, (including
supporting documentation).Copies of these modifications should be sent to:

J. F. Ziegler

SRIM.com

2835 Cox Neck Road
Chester, MD, 21619, USA
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Changes incorporated into versions of SRIM/TRIM

SRIM-2013

2013.00 Several bugs corrected, including bugs in Compound Dictionary. No major changes.

2012.04 The SRIM community is deeply indebted to Xiao YU, Beihang University, Beijing, China,
for translating the four SRIM Tutorials into Chinese. The SRIM software is downloaded into
China about 400+ times every year, and the students will be deeply indebted to him for all
his efforts.

2012.03 An error in the XY 2D plotting axis was corrected by Hans Hofsaess (Gattingen).

2012.02 An error in the Random Number Counter was discovered by Paul Gregory of SuVolta

Co. This affected those who ran more than 10”31 collision events.
2012.01 An error in the RANGE-3D datafile was discovered by Hervé Peyre, Université
Montpellier, and after his persistent emails, it was corrected.

2011.00 Major changes to TRIM by adding 3-D graphics. TRIM also includes very accurate
damage calculations using monolayer steps with TRIM.DAT controls (see “Damage”
help-button in the upper-right corner of TRIM setup window. This version of SRIM is
consistent with the new SRIM Textbook (2008), and the recent paper: “SRIM — The
Stopping and Range of Ions in Matter (2010)”, J. F. Ziegler, M. D. Ziegler and J. P.
Biersack, Nucl. Instr. And Meth., B268, 1818-1823 (2010).

Note that versions 2011.00 to 2011.06 are all preliminary versions. It usually takes about
six months to stabilize SRIM to all the various operating systems.
Versions 2011.08-2011.10 were various attempts to make SRIM run under Win-7.

SRIM-2008

2008.04 Corrected bug in resuming file of transmitted particles. (Jesus P. de Vicente)

2008.03 Made changes to sputtering of targets Z=13 to21 to omit discontinuity in treatment.
Added Help buttons to TRIM plots, and included additional comments.
Changed ordinate units for lon/Recoil distributions to same as for lons.

2008.02 Added Ordinate scales to ion trajectory plots. Removed bug in calc. for gas layers
within solid targets. Added Chapters 8 & 9 from SRIM textbook to SRIM Help.

2008.01 No changes to basic calculation of SRIM-2003. Many small bugs have been corrected.
This version of SRIM is consistent with the new SRIM Textbook (2008). Allows
changes of lon/Energy/Angle during calculation and added to previous TRIM results.

SRIM-2006
2006.01 No changes to basic calculation of SRIM-2003. This upgrade has the following changes:

(1) You can now download the complete plots showing the experimental/theoretical
stopping of any ion in any elemental target. This file is large (20MB+) but it
contains over 22,000 experimental data points reported since 1899. These plots
may be accessed using the button on the SRIM-2006 initial window.

(2) The Error Message "The number of recoils has exceeded SRIM memory" has been fixed.
The fix has been tested for up to 1M recoiling atoms in a recoil cascade from a single
recoil event, Typically, you run into this problem when you use heavy ions with high
energies, approaching a GeV, in which a single collision can transfer a large amount of
energy, and the recoiling atom may generate up to a million further recoils. If the number
of recoils exceeds the current TRIM memory allocation, the above error message will pop
up and explain how to enlarge the TRIM memory to fix the problem. The number of
allowed recoils can be increased using the file: /Data/SRIM.cfg. This file contains
instructions on how to increase the number of allowed recoils.

(3) You can now make a file EXYZ.txt which shows the position of the incident
ion at discrete energy points. For example, for Bi(500 keV) you can make



a file showing its position at 100 keV increments. This option is at the bottom
of the new TRIM input window, along with a Help and an example.
(4) You can now enter individual damage energies for each atom in each layer.
Hence, silicon in crystalline silicon can have different displacement and
Binding energies that silicon in a separate SiO2 layer. This improves both damage
calculations and sputtering calculations.
(5) The TRIM output window "SHOW LIVE DATA" has been improved. FY1,
this is a button in the TRIM window during the calculation. It is on the upper
left corner. | think most people don't know it exists, but some people find it
very useful for ions with large recoil cascades. They can see what is going on.
There has been NO CHANGES TO THE CALCULATION OF STOPPING POWER OR RANGES.

SRIM-2003

2003.30 Added ability to increase maximum number of recoils using file SRIM.cfg.
2003.27 Added optional file EXYZ to show ion positions at discrete energies.
2003.26 Added optional “Live Data” window to SRIM to show recoil calculations. (2005)
2003.25 General release of SRIM-2003 (1/1/2004)
2003.25 Final version of SRIM-2003 (1/1/2004)
2003.24 Extended Max Energy to 10 GeV/u, plus fixed a few small bugs.
2003.23 Added file for Transmission Sputtering of recoil atoms
2003.18-22 Added new warnings/coments for special TRIM calculations.
2003.17 Minor bug which led to Error 53- "File not found"
2003.16 Corrected display of Corrections to Compounds to be same definition as on website.
2003.15 Bug in high energy light ions with full collisions corrected.
2003.14 Initial versions (.09 to .14) have minor bugs corrected.
2003.08 Initial versions (.00 to .08) have significant bugs. Please update to newer versions.
2003.00 Totally new stopping powers, with significant improvement for Heavy lons.
Introduction of Nuclear Stopping using specific atom/atom calculations.
SRIM Module is batch program to supply stopping and ranges to other software.

SRIM-2000

2000.41 Plots available for stopping of H and He ions into elemental targets.
2000.40 Expiration date of SRIM led to file parity checks. Corrected.

2000.39 Minor improvements. Fixed bug in neutron damage calculation.
2000.38 Fixed significant bug in light ion stopping > 1 MeV/u.

2000.37 Fixed "European” decimal problem in Stopping/Range tables.
2000.36 Many minor improvements from beta-test email.

2000.35 Fixed TRIM random numbers, which repeated after 256k cycles.
2000.34 Modified PRINT commands for upgraded graphics. Minor bugs fixed.
2000.32 Corrected bug in SR calculation of He, Li stopping in heavy gases.
2000.31 Corrected bug on Resuming TRIM from an old calculation.

2000.3x Introduction of TRIM as full 32-bit software, with unlimited memory.

2000.11 Corrected serious bug in transferring compound stoiciometries to TRIM

2000.10 Incorporated new high energy stopping power theory (E>1 MeV/u) in SR.
Setup TRIM to run in a window (not full screen) and in background.
Allowed TRIM to be run in automatic (batch) mode with no keyboard inputs.
Fixed bug in using TRIM.DAT file for direct input of recoil data.

2000.08 Fixed decimal point (European problem) when use commas instead of periods.
Changed sputtering to monolayer steps. Add print button to Tables.

2000.05 End of beta-test versions. First general release via web-site.

2000.01 Converted to Visual Basic beginning in 1998. All programs converted



except the TRIM Monte-Carlo program.

SRIM-95

97.06
96.01

Corrected Free-Flight-Path bug for very thin surface layers.
Renamed "TRIM" disk to "SRIM" to avoid confusion with TRIM.EXE program.
Corrected bug in sputtering calculation (bug only in 96.00 versions).

96.00 TRIM now allows up to 8 layers made of up to 12 elements.

Created new Setup for complex Biological Samples.

95.9  Corrected bug in stopping in solid forms of gases (H,He,N,O,Ne,Ar,Kr,Xe)
Versions 95.0-95.6 in error 200% for very low energies (Baragiola,USA)
Corrected sputtering calculations so they were compatable to TRIM-SP,
the Biersack FORTRAN program. (Webb, England)

Clarified VACANCY.TXT to identify primary-knock-ons. (Littmark,Germany)

95,5  Conversion of TRIM to "PowerBasic" with speed increase of 5x !

Corrected bug in stopping of heavy ions in silicon.

95.2  Creation of standard Input/Output files for specialized TRIM calculations.
This allows output from TRANSIT.TXT to be used as input file TRIM.DAT
for multiple TRIM calculation (Calvino, Barcelona). Corrected bug in PRAL
in stopping of H and He in compound targets.

95.1  Comprehensive change in all lon Stopping Powers. New theory for heavy ions.
Reluctantly, stopping in gases is also included, although not too accurate.
PRAL updated with better straggling algorithm (J.P. Biersack). New feature
allows the starting of ions within the target, with any energy and angle.

SRIM-91

94.40 Redesigned sputtering tables to give full information. (D. Baldwin, USA)

92.20 Corrected scaling of displayed plots of ions (U. Littmark @ Julich)

92.15 Corrected sputtering so Resumes TRIM calculation with correct display.

92.12 PRAL (quick calculation of ion ranges) - corrected Sn for compounds.

TRIM - Electronic straggling of ions included for all ions (used to be
only for H-Li ions. Now use Eq.4-32, the lower of Firsov or Bohr.
- Corrected energy loss files for very-very deep ions.
92.05 Changed Nuclear Stopping Powers for Compounds to be LSS+Bragg's Rule.
(H. Paul @ Linz, Austria and M. Berger @ NIST, USA).

92.02 Corrected neutron/electron damage bug (R. Macaulay-Newcombe @ McMaster).

92.01 Corrected Lateral Straggling Bug (H. Paul @ U.Linz, Austria).

91.05 Corrected statistical range distribution moments (H. Glawishnig, Siemens).
Revised Skewness and Kurtosis to fit VLS| modelling conventions.

Detailed analysis near layer edges to prevent artificial peaks and dips.
TRIM with No Graphics possible for background calculation.

91.04 Neutron/Electron Damage using Primary Recoil File: RECOILS.DAT

91.03 Bug fixed for ions with ranges > 1 meter, and more than 1,000,000 ions.

91.00 Corrected bug in COLLISON.TXT which listed wrong primary collison atom.

Added lateral distribution to file COLLISON.TXT
Reduced memory required for TRIM for non-recoil calculations by 72k.

"TRIM-xx"" renamed ""SRIM-xx"" in 1991 to end confusion between the

Monte Carlo program TRIM and package of programs titled TRIM-xx.

TRIM-90

90.09

(EGA three-dimensional TRIM- First general release, Feb.,1990).
Plots of Sputtering Yield vs. Surface Binding Energy.



90.04 Allowed plots for calculation with only one ion.

TRIM-89

5.5

5.4
53
5.2
5.1

A large dictionary of COMPOUNDS has been integrated into the programs.
The stopping of ions in compounds is executed using the formalism

described in "The Stopping of lons in Compounds". Also, a file of

vacancy production is made using hot-key "V" while executing TRIM.

(NOTE: Early release version 5.0 of TRIM-89 contains a bad bug.)

Added Comments to file TDATA.OLD which contains ion/target data for TRIM.
Corrected Energy into Vacancies on main plot.

Added AutoSave feature for long calculations.

Corrected printout of Sputtering if < 0.1 atoms/ion.

Corrected COLLSION file to correctly account for all cascade recoils.
Corrected Transmission angle-of-deflection Error.

Changed Maximum Impact Parameter to Eq.(4-24) instead of (4-20) (page 117)

TRIM-88

TRIM has been converted to Turbo-BASIC from the original FORTRAN.
This will allow the use of Enhanced Graphics for future versions.

A table of common compounds has been added for convenience.

lon energies up to 2 GeV/amu now available. The transport-equation
program, PRAL, has been extended to evaluated compound targets.
NOTE: This Version is incompatible with all earlier versions.

Earlier data can not be used with this TRIM.

TRIM-87

Added transverse straggling of the ions, and ion sputtering of the
surface. Corrected many small bugs in various plots. Changed ion stopping
in silicon for Z1<19 because of much new data.

TRIM-86

File TRIM.IN changed to make direct changes easier. Set up disk files
for Transmitted and Backscattered ion data. Corrected bug in lateral
spread of low-Z ions (minor thing).

TRIM-86

Added command "P" which prints out the details of each collision to allow
access to the inner workings of TRIM. Major change made in definition of
cascade displacements and vacancies to make it agree closely with the
assumptions of Kinchin and Pease.

TRIM-85

Original release in 8/85. This version, and all subsequent versions,
may differ from the FORTRAN version of TRIM maintained by J.P. Biersack
and used on mainframes and advanced workstations.
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-- Stopping Power Version --

SRIM stopping powers have undergone several complete revisions. First there was a six volume
series of stopping powers and ranges published by Pergamon Press from 1977-1983. During this
period the general framework for a unified stopping theory was developed. The first
comprehensive set of stopping powers was published in 1984. This set was then updated in 1988,
1995, 1998 and finally in 2003. Because each version took a separate set of coefficients, the
SRIM size became too large for many people to download. Hence, only the stopping of SRIM-
2003 is included in the current version. SRIM-2000 contains three earlier versions and may be
downloaded separately.

SRIM-1995

SRIM-1995 was the last comprehensive stopping power compilation. It included all published
stopping power papers up to 1991. There were NO changes in the stopping values for high energy
particles, E/M > 10 MeV/u, after 1983.

SRIM-2000

The SRIM-2000 calculation of stopping powers includes all published papers up through 1996. A
major improvement was made to the high energy stopping powers of light ions. See J. F. Ziegler,
"The Stopping of Energetic lons in Matter", Reviews of Applied Physics, J. Appl. Phys., 85,
1249-1272, 1999. Also, see the figures published in the CD-ROM (available 2000) which shows
the values of the current calculation, the values of SRIM-1995, two theoretical estimates for low-
velocity stopping, and all available data.

The high velocity stopping values for ions faster than 1 MeV/amu may be altered by editing the
file SRIM2000\Data\lONIZ.DAT and changing the "Mean lonization Potential", <I>, for any
element. This term is defined in Bethe-Bloch theory. The value should be changed for elements
which occur in compounds with band-gaps dissimilar to that of the elemental material. Usually, a
band-gap increases the effective value of <I> and hence decreases the calculated stopping
powers. There is no accurate theory about how much shift is required for compounds.

Currently, there is a small discontinuity in tabulated stopping powers at 1 MeV/u because the
low-energy stopping theory has not been smoothly joined to the high-energy theory. This will be
corrected in early 2000.

SRIM-2003

The SRIM-2003 calculate is based on a expanded, more detailed calculation of stopping based on
the model proposed by Werner Brandt. See the paper: 'Effective Stopping Power Charges of
Swift lons in Condensed Matter’, Phys. Rev. B, 25, 5631-5637 (1982). The original paper was
calculated using a Bohr Atom for both the ion and projectile. This has been expanded using
realistic and detailed quantal atoms for both the ion and target, and has greatly improved the
stopping of Heavy lons in matter.



Special Applications of TRIM:(4) >l

lons starting with varying Energies, Angles and Depths
e Calculating Plasma lons Hitting a Solid
e Simulating a Receding Surface from Sputtering

e Simulating Reactor Radiation Damage in Metals

Sometimes users wish to consider incident ions with various energies, with various angles of
incidence and possibly starting at various depths. For this application the data file, TRIM.DAT, is
used, see Table 1 below. It can be used to simulate the ions from a plasma hitting a surface
(various angles and energies), e.g. solar wind effects on planetary materials. It can be used to
simulate a receding surface with subsequent ions starting at increasing depths, e.g. from ion
sputtering effects. Or it can be used to simulate nuclear reaction processes, e.g. neutron induced
alpha-particles created throughout reactor materials.

The top of file TRIM.DAT contains 10 lines of comments, which are not used in the TRIM
calculation. (Ignore the special fonts used in the figure for emphasis; the data file on the disk will
be in simple ASCII format.) One of the data lines, as noted in the sample file, will be included as
an identifying comment in all output files (named *.TXT) which tabulates the statistics of each
collision. This is the line: Ar Plasma lons into Si (1000A thick) (Energies 20-80 keV, Various
Angles).

Table 1- TRIM.DAT - Sample File for Varying Energy, Angle and
Depth

TRIM.DAT: TRIM with various Incident lon Energies/Angles and Depths
Data Format: Top 10 lines are user comments, with line #8 describing experiment.
Data Format: Line #8 will be written into all TRIM output files ( various files: *.TXT).

Data Format: Data Table line consist of: EventName(5 char.) + 8 numbers separated by
spaces.

Data Format: The Event Name consists of any 5 characters to identify that line.
Typical Data File is shown below, with a variety of numerical formats, all acceptable.
Note that cos(X) = 1 for normal incidence, and cos(X) = -1 for back towards the target surface.

>> Ar Plasma lons into Si (1000A thick) (Energies 20-80 keV, Various Angles)

Event Atom Energy Depth Lateral-Position =~ ------- Atom Direction -------
Name Numb (eV) X_(A) Y A zZ KA Cos(X) Cos(Y)
Cos(Z2)

A-1 18 12345 0 0 0 1.00000 .000000 -
.000000

abcde 18 54321 0 0 0 0.62344 -.295513
.003415

AA#1 18 1.31E4 123 0 -154 0.34234 -.336437 -

017437




C-3 18 123.55 1230 432 12.3E2  -0.23258 -.543453
443483

AA-1 18 0.123E2 O -10 -12 0.99998 .000012 -
.000017

Table 1 shows the data format for several ions using various numerical styles to show how to
specify numbers (all are acceptable). The numbers must be separated by spaces or commas. The
first column is a five character ID which will be displayed on the screen while that ion is active.
Columns 2-3 show the ion atomic number and energy (eV). Column 4 indicates the depth (A) in
the target where the ion begins: this is its x-axis coordinate. The depth must be a positive number.
Columns 5-6 are the initial lateral position of the ion (A). TRIM normally uses (0,0,0) as the
starting coordinates of the ion. The ion’s starting position is always randomly modified within an
atomic diameter so that successive ions starting, for example, at (0,0,0) will not have the same
impact parameter. The incident angle of the ion is specified by its directional cosines, columns 7-
9, with the x-axis corresponding to depth into the target. For normal incidence, the three
directional cosines are: 1,0,0. Note that cos(X) is positive when the ion is going into the target,
and negative when moving towards the target surface. The TRIM.DAT file may be up to 99999
lines long. If any illegal input values are discovered, an error message is displayed on the screen
and that input line is skipped.

As an example, a file TRIM1.DAT is included in SRIM, located in the subdirectory: /SRIM
Tools. This file contains data similar to that shown in the box above for Ar ions (20-80 keV)
incident on a Si target (1000 A thick) To illustrate various modes, we start the ions at different
angles and at different depths in the target. To use this file to make a TRIM calculation, do the
following:

Copy the file TRIM1.DAT into the main SRIM directory. Rename it TRIM.DAT.

Start SRIM. Go to TRIM.

e In the upper right of the TRIM Setup window is a pull-down menu called: Type of TRIM
Calculation, DAMAGE. Select item (5), “Varying lon Energy/Angle/Position (full
cascades) using TRIM.DAT”.

e Go through the ion type, mass and energy for Ar ions at 80 keV. Note that you must use at
least the maximum energy of ions which occurs in the TRIM.DAT file, column 3.

¢ Inthe Target Data window, use the Periodic Table, @ to enter the element Si.

e Specify 1000 Angstroms for the Width of the layer

e Use the defaults to specify target density and description (2.32 g/cm2 and Silicon).

e Specify no other layers

e The rest of the inputs are optional. When done, press Save Input & Run TRIM.

e A window will pop-up confirming that you want to run using TRIM.DAT. Click on .

TRIM will load and start executing. The calculation will go VERY FAST since there are only a 5
ions specified in TRIM.DAT (see Table 1). To be sure that things work OK, we have deliberately
included an error in the input file. The Event in line 4 in Table 1 contains a mistake (depth > 1000
A) to illustrate the error messages associated with using TRIM.DAT. TRIM tries to check that the
input conditions are within specifications of the TRIM Setup that you constructed, but there is
always the chance of a crash.




When you run your own calculation, be sure that the ion that you specify in the TRIM Setup has
an energy larger than any ion in your TRIM.DAT, and that the target is thick enough to include
all the ions and recoils. Also, the numbers in TRIM.DAT must follow the convention of using a
period for a decimal place. No commas!

This application of TRIM was suggested by: K. Bodek, PSI, Switzerland, F. Calvino, Barcelona,

Spain and many others.
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Introduction to lon Ranges, Doses and Damage
This Tutorial will cover how to find the energy and dose of ions required to implant
atoms into atarget at a given depth and concentration. To illustrate this, we will assume
that we wish to implant the n-well of a CMOS semiconductor device. The implanted ions
should be an n-type dopant (implanted atom) in silicon and have a peak concentration
depth (projected range) of
about 250 nm (2500A) below the silicon surface. The peak dopant concentration should
be5x1018 atoms/cms. Although this seems complicated (especially if you are not an
electricalengineer) it merely asks that ions of elements phosphorus (P) or arsenic (As) or
antimony (Sb) be directed into a silicon target to a certain depth and concentration (atoms
of P, As and Sb are all ntype dopants to silicon).
As an additional limitation, we will assume that your implanter (accelerator) is limited to
200keV. [Note: TRIM sometimes uses A units because this is about the width of a
monolayer of atoms in a solid. 10A = 1 nm. These units are common in assessing target
microscopic damage.]

ION RANGES
lon Range = 2385A Skewness =-0.6138
Straggle = 674 A Kurtosis = 2.8456
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