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Electronic Stopping Power for Energetic

Implanted Ions in Amorphous Substrates

by

Seiichi Hasecawa

Abstract Results of measurement so far published on the electronic stopping power in
various amorphous and crystalline substrates show periodic dependence of the stopping
power on the atomic number of the incident ions. On the contrary, the theoretical values
for the electronic stopping power in amorphous substrates made public up to now increase
monotonously with the atomic number. In the present paper, the auther proposes to apply
the atomic wave function instead of commonly used Thomas-Fermi treatment for determ-
ining theoretically the electronic stopping power in amorphous substrate, especially with
respect to the origin of its periodicity with atomic numbers. Results of calculations confir-
ming the validity of the proposal are added.

1 £ 2 » &

LEERNORMYIRINO S L LTD 44 VITIAS BOFAD D1k, R DDA OEI D5
MOEETMLL TV L TH B, TREDRMWODHOEIPATHOR LK 3HD, VX LT
X, TRABOBIELID BMFREOBTOEIPAAHORERD 5 WHR T TR W OhRIRT
BY, PERORERBRL I IEFO-BERTw3, L LTASOEFOMEIC L -1k, »
ROREMERNBT WS, COFHKNELTR, ThLOHEMECHTEDLITW S EFHI-EE,

BIIEEE S LT 5 5 A — ZOEMRER BORTHWERWE 255, FOAEAJERNO—2ICk -
Tnodo HEE, BFHIEECHL TR, F—0OERCH L TITALOEFOBEREL 5 &, Lk
OEFBE TR FFE LB HRBeHRT 208 LT, EREEIEFECI >TEHLT WS,
CYRRGKEROF AR, T OREERPT BERS OMBT VB, COEERESEOEAS
ik, *ORE*HMTIERISOF 21y

FHE TR, BERIFEEHEOHAOEFHILHEO~BIEERD, #hic Slater OEFH, HEH®
TS CETHIEEYRD R HET 5,

*EF TR

— 177 —



178 SRAFTHEEE 7% 285 1973

2 BERMER

BiEdI, 55REFIOIANF—%bOWMBR TS AF IR, ZTORFREERDLEL
T, EERTERT EFELoHGEPETNAREMEAC LD, ToTxvEF—EKy,
DWW BT B, FWEHTFOBRFEN N, XRXDRFOLD TANF—HRAREFLD
L, BEBOMEIEARIZLEARE XRFhIDAFL{ A>T %, COHEOERRLVICH
TTHLERETRIE (CORER, ERFHIOME LD, FUESIDDBI TV, ), A
S TFORBKOHEMEY DLk bh 3 P A vF—XAXTcE 2 bR %,

dE
— g =N(S(E)+S.(ED). W

o ROAEAORE I HRKEDH R X->ThAhbh 3 T 2 v — T, So(E) @ikiiilge
(nuclear stopping power) & Xigh 3, H2HARETNET HEMFHC I > THhhbhd T2V F
—TH b, S.(E) n&BETFHLLAE (electronic stopping power) & Xkidh s, N nEHREWKT S
JHF-OBAEREY O OFEBETH B,

WEN FARSEES A TR 5 H 4’ (VRL0 S.(E), S.(E) xR TREh 5"

S (E)= S:T,.dm: S:T,,zdeP, 2)
S.(B)=\"T.do={ T.22PdP. (3)

ez Toy Te 2 | OHECEBMNOBEFIZEINRZZAINFE—TH D, do BB HHH,
PuAvmyt s A—2TH5, UTBROEFHILEE S.(E) ILov Tl %,

S.(E) 1w+ 5 B#e Lk, Lindhard 402 O.B.Firsov'? s EHRNET 2 TED,
TZDOEZIEIE—HL T %, Lindhard R ARAHSEOBACH LT, —EDEREYLOET
BOhPRER TR EHTSEE WS EFVvEE LT, Thomas-Fermi €5 %> TXDO S.(E)
%*th

S.(E)=25.13% EGZ‘ZZ%. (atomic unit). {4)

s o, Zy Zy GETRTHD, E~Z, Z=(ZH+ZH% £ LT u RE0HFOMEE TS
%o, —Ji Firsov i, BEFO 32V EEBREFNSTBTIEFOEEEFCELWEIRELT, %
OEF# 100 Field 420 iFo Field f~BHT 5K, *O0BEFOLOEHED NRES
NBEFEELE. ChBDREDS & T, Wiz | FIOHmELYYICZEINRD T R NVF—2 L TRXE
Bieo

4B =\(| *-dsyRdR. (atomic unit) 5)

S H2OoDRETAMIMITEAC 2EFTIHRFEETHY, #, v BEXhTh, TOFE S L
COTHETRE, THETEETH 5. B RHTFOMMEETH 2, BRO 5, v LXLT, #
1t Thomas-Fermi =¥V VFwE T 5Ly, B, v XX RT potential ¥ B
S S(E) ko,

yoBitZs
&, ¢t Thomas-Fermi @ cHd b, a=1.13x(Z,+2Z,)% (Thomas-Fermi constant)
Th o

o(ar). (atomic unlt) (B)

S (E)=8.712Tx (Z,+Z)u. (atomic unit) 7)
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Fig. 1 Electronic stopping power as a function of the atomic number of
the incident ion (u=09x10"cm/s) in amorphous carbon. (see ref.3))
Crosses, solid line, triangles, closed circles and open circles are
experimental values, eq.7, eq. 26, Se (E) calculated by eq. 27and
Se (E) calculated by eq. 28, respectively.
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Fig. 2 Electronic stopping power as a function of the atomic number of
the incident ion (u=9x10cm/s) in amorphous aluminum. (see
ref. 3)) Crosses, solid line, triangles, closed circles and open
circles are experimental values, eq. 7, eq. 26, Se (E) calculated
by eq. 27 and Se (E) calculated by eq. 28, respectively.
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Fig. 3 Electronic stopping power as a function of the atomic number of
the incident jon (u=1.5x10%m/s) for the amorphous silicon and
the <(110> direction in silicon single crystals. (see ref.4))
Crosses, solid line, dot-and-dash line, triangles, closed circles and
open circles are experimental values for the <(]10> direction,
eq. 4, eq. 7, eq. 26, Se (E) calculated by eq. 27 and Se (E)
calculated by eq. 28, respectively.
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7?=P?+ P}, 13
P2=(x/2)*+1, (14
Pi=(R./2)*, (ts)

OEYEMETS &
JE= ”2_“5_:[8“ n(P)v(P)PdP)dx

;

=9 nug:n(P)v(P)PZdP. (16)
CLTHU, B P ¥ERr cERTHE

4E=2 nuS:'n(r)v(r)Vmgrdr. (17
weBRE 0, To~dE THBMD

S,(E)= S:AEda

=8 nS:AEPOdPo. (18

R Z2WBRe /AT 2z XD
S.(E)= 16n2u§:[§: n(r)v(r)V/ 7—Plrdr)PydP,

= ISIZuS:n(r)v(r)r[\; Vrt— PP dP,\dr

= —1367r2urn(r)v(r)r‘dr. 19
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n(r) i |e|2 THLBRE D, o PR ATE e
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Fig. 5 Screening function. Solid line, dot-and-dash line, dashed
line are Thomas-Fermi screening function, eq. 25 and

eq. 27, respectively.
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Fig. 6 Electron densities calculated by Thomas-Fermi model (dot-and-dash
lien) and Slater orbitals (solid line).
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