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Introduction to Ion Implantation into Glasses

Hideo HOSONO
Department of Materials Science and Technology,
Nagova Institule of Technology

Abstract

Fundamentals of ion beam-sclid interaction and features of implanted glasses are briefly
described to help understanding of review articles in this special {ssue. Recent advances in
formation of nanometer-sized colloids are also introduced along with defect fomation.
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Table 1 Relative energy deposition and irradiation times
for egual incident energy per unit area on fused

sillca
.. Relative energy Relative
Rediation .. .- .
deposition/vol. deposition fimes
250 keV Art 1.0 1.0
1 MeVe ~10" 1.5
*Co y-ray ~107% 25

(after G. W. Arnald, Rad. Eff. 65, 257 {1982)}.

ACCELERATION

ANALYIER TUBE

MAGNET ¥ SCAN

PUATES WAFER

RESOLVING pares
APERTURE POSITION)

ggAM X SCAN

SOURCE

BiFF

PUMP

FARADAY
CAGE

BEAM LINE B
END STATION
DIFFUSION PUMPS

ICN SOURCE
POWER
SUPPLY

Fig. T Schematic ilumination of ion implanter

Z ZAZ B ERDY DR U AS T AL ¥ — & M

L7zE BEN { b AN 5 2 0i
BEInshdthbE L0 ThE, A4 -4
AT S PO TIRGICHBTERE S Yo &
N X —BREB L HrE  TR B o (PRI D MeV
TIHEROEHEHRITEI em THD, =40
F-gERITNE ), S0 12250 keV O AT B
IXI0V e ALY 5 X 1em™ B0 2
0 OB R T2 0 LamdHEC: 3,
IOFIEE L BN ar S A0REER o
Qi I BN TFORE S SBETE LS,
gio, A A —LFAF -MEABIIRLOT
FEHAAAF BRI RFERT 4D
£y, ZOBA IR IRGH I LR R
b A,

Fig. 1icl34 4 i AT 75+, Hi
AR E L B LTEIRE A -l S f,
MM A NG, MEOBETRAF -4
B2 F—A%pr3 R FRPBENAES

&0

TN B ANOEANTE S,

4F CEARHEO T o AHEMNE LTEREF
DEILGHET L, (1) BB A F L E2BED
W (B2 52T YRS
ATEB (2) A o VB GHE o B A 7 Gt
IR SR R R S I T B R T o
CRTHEAZ) RF—nv v { o
Zhonzao7aba b LT E{veFT5h,
(1) “BERT CHBEINCE LARKRTH
B LS, (2)EE L B flRo T
fodeth, ERATLLTR, BABNF L2
IFERonTRENEEIZRESI I E, B
WHRARTH ) REEARSBETHII I LN
Whitd, 27, FABRDRAF 750~z
MRS ETANTN T EHENRA LT
TS gy, ERNL 7 oLz LTHE
HEIHUHERZEL L, —o0BRBEENL LT
ABNBL LG,

3. AA»E-LrEHREOETIFRAOBLEL
Bl A A F -0y o F o B BRI T 4
EHDWMETLANF~F R THBEHELT
L, M = A X - DR RS T 5
BRTFoW-roBe (CUUFErE) LR
R IR L0 2O0MIETEL S, 1o
20O L AT AL - aEEIE, ik
AAd F o EEBORTORFES, ERRCLY
EOHRGERE DB, FEAAF BRSNS
{, MEBESSHCESEPMEC k0%
HARE G GET 4 TIEER), Fig 212
{# r DML A ¥ — k2 oOIR kO &
RIS, B RERIE SR AL

NEW GLASS Vol. 8 No.2 1993



5 Coliisicn demage ionisation
%
H
- 5
h 1
»
13
=

A A . H }

ey Meypen
m!”(llﬁ

Fig. 2 The rate of energy deposotion is shown
for electronic  excitation(-+-}  and
nuclear coilisions {~—1}.
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Fig. 2 Energy losses and range of ions when
F* ions are implanted into Si): glasses
at an acceleration veltage of 1680 keV,
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Fig. 4 Peak position and width of distribution
in implanted ions and electronic and
nuclear stopping powers as a function
of acceleration voltage. lmplanted ion;
N*, substrate; 5i0. glass.
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Fig. 5 Refractive Index profiles for silica
glasses implanted with (a) 20 keV B
to a dose of IX10%m % (b) 20keV
He* to 1x10%em™, (¢} 20keV H for
I em™ and (d) 2000 keV Biv for
1x10%%em™® (after Webb and Townsend,
1, Phys. D 9, 1343{1976)).
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Fig. 8 Dependence of the energy of a Si-0-8i
bridge on the -0~ bridge angle (8. 4.
denotes  bond  angle for planar o
membered ring. (& indicates the mesan
bond angle {after Galeener, The
structure of Non-Crystalline Materizals,
p-351 (Tayor & Francis, 1982). Note
that decrease in ¢ favors the 3~
membered ring structure.
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Fig. 7 Dose dependence of E' defect density in
silica glasses implanted with Ar’(after
Devine and Golanski, J. Apnl. Phys. 54,
3833(1983) .
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Fig. 8 Dose dependence of concentrrations of
point defects produced by impiantation
of Cr* ions (160 keV} into 8. glasses.
The thickness of implanted la_vers was
assumed to be 140nm.  Homobond
denotes Si-Si bond. The dashed line
indicales the concentrations of $i atoms
in the substrates.
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Fig. 9 Cross-sectional TEM photograph. (Top}
160 keV Cu 6x10*°em™ (botiom) 160
keV Cu 6§xX10%cm™?+40keV F 3Ix 10"
cm™?,
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Fig. 10 Photo of magnesium phosphate glass
implanted with 150kev Ag to a dose
of X107 em™, showing the fringe
pattern due to Ag colloids.
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