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SUMMARY

There has been great interest on ion beam technology during the last decade. Ion
implantation consists of bombarding a samples’s surface with an electro-statically
accelerated beam of ions in a vacuum chamber. Ion implantation is widely used to
introduce dopants into semiconducting materials. The number and chemical composition of
the added species can be accurately controlled. The technique is also used to improve the
wear resistance of ceramic and metallic surfaces and finds applications in treatment of
tools and dies. Since the mechanism properties of ceramic materials are sensitive to surface
conditions, e.g. flaws and residual tensile stress, implantation has been investigated as a
way to systematically alter the surface structure and properties of such materials. The
study of ion beam with ceramics was initiated with an interest in an application to the to
the semiconductor industry. These characteristics greatly investigated various aberration
effects for ion beams implantation. As ionic ceramics, superconducting La>CuQs system has
been attracted much attention for its rich and interesting physical properties. There is great
interest in LaxCuO, and they have been widely studies for their various properties and
applications in recent decades.

In this paper, the perovskite oxides LaxCuOs was prepared by auto—ignition method with
citric acid as reductant and nitrate as oxidant at low temperatures. Single crystals of phase
lanthanum copper oxide were implanted with 70-120 KeV argon and nitrogen ions at room
temperature. The prepared materials have investigated the energy transition distribution and
ion distribution for N2 and Ar ion-implantation depth. Also, this ionic ceramic of ion
implanted with N' and N, energy 70 keV, dose 5 x 10" ions/cm® and beam current
density 8.91;zm/cm2 were studied on physio—chemical and characteristic. We have studied on
the effect of ion implantation for ionic ceramics materials surface modification for the first
year. The ion beam treated ionic ceramics were investigated into its chemical structure and
its characteristics as observed by XRD, SEM-EDS, BET and DTA. The oxygen gas
sensors based on lanthanum copper oxide were fabricated by screen—printing method an
YSZ substrate using the powder prepared by the ion implanted ionic state ceramics. The

sensor’'s response was evaluated by periodic variation of oxXygen partial pressure.

- vii -



Recently, the oxygen gas sensors using concentration cells consisting of
oxygen—ion—-conductor have been currently used as the oxygen gas sensors to measure
oxygen concentration of exhaust gas. And, Resistive response behavior with varying
oxygen gas concentration on lanthanum copper oxide have been studied. Oxygen sensor
was measured in the temperature range of 400C ~700C and different concentrations of
oxygen. The results show that the resistance of oxygen sensor using YSZ-LaxCuO4
decreases with an increase of temperature at given oxygen concentration, and it is good
linearity. Also its sensor has faster response property at more than 500 C. It is expected
that oxygen gas sensors based on the ion implanted ionic state ceramics will have great
contribution to the applications of semiconductor industry, environmental, measuring system

etc., in the near future.
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Figure 1. Apparatus of screen printer for screen printing

Figure 2. System for resistance measurement at the various oxygen gas concentration



Table 1. Conditions of ion beam implanter

ltems Conditions
Implantation Energy 70keV
Implantation lon N + No°
Implantation Dose 1 x 10 ~ 1 x 10" ions/ecm?
Irradiation Time 10 ~ 130 min.
Beam Current Density 8.91 um/cm?® (0.5mA)

lonization equipment

Accelerator equipment

Multi-zig system

Figure 3. Instrument and system of ion beam implanter
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Solution of LatNO,J, Solution of CulNO,J,

Solution of Citric acid

Evaporation with stirring

Citrate gel

Buto-ignition

Calcination

sintering

Figure 4. Preparation of lanthanum copper oxide by auto-ignition method

_11_



LasOs CuO

Ball Mill

Dry

Calcination

Figure 5. Preparation of lanthanum copper oxide by solid state method
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Figure 7. Electric measuring system of resistive type oxygen sensor
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Figure 9. XRD pattern of lanthanum copper oxide by auto-ignition method
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Figure 10. XRD pattern of lanthanum copper oxide by solid state method
(a) for bhrs. at 500C  (b) for 10hrs. at 1100
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Figure 11. FT- IR spectra of lanthanum copper oxide
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Figure 12. SEM-EDS image(x2,000) and mapping of lanthanum copper oxide at

various temperature (a) R.'T (b) 200C (c) 600T
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Table 2. Condition of hydrogen and nitrogen ion beam implanter

ltems Conditions
Implantation Energy 70 keV
Implantation lon H, N™ + Ny
Implantation Dose 1 x 10 ~ 5 x 10" ions/cm?
Irradiation Time 10 ~ 130 min.
Beam Current Density 255 ~ 3.18 um/cm?
lon Source Input Voltage 15 keV
High P/S 04 ~ 05 mA
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Figure 15. Simulation of high energy ion(N,, Ar) implantation with lanthanum copper oxide
by auto ignition method (a) Ion distribution vs. Ion implantation depth, (b)
Energy distribution vs. Ion implantation depth
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Figure 16. Simulation of ion distribution and ion implantation depth for hydrogen
implantation with lanthanum copper oxide in powder(a) and membrane(b).
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Figure 17. Simulation of ion distribution and ion implantation depth for nitrogen ion
implantation with lanthanum copper oxide in powder(a) and membrane(b).

_30_



Figure 150 tebdl A342 o] &3] AWl A N + No & o] gake] Mgt 2o 2AL F o
FUEA F sstd FxE Blu 74 &3l oo ik Z3}E Figure 1501 YEFAA L

ol Bl A ol2wule oA At 2 (powder) Bt (membrane)

ofl
fuj
=2,
BN
>
il

o
filo
=)
>,
1
o
o,
r>~
o
T
ul
B9
iin
=)

o]t}. Figure 169 UEH A& F2o0] &9
of ojA ®ke]l FHE7 o]2F P o7t I & Ao ® YEN I, Figure 17915 F Aol
dE el Aoz B (powder)o] ZHmembrane)d Bl o] FAol2F U} H|L=EA WL 9Y
14 ekzt 2 derdeleh ol A vast g W, ol EAh F thh mEWA

W 243 A8 Figure 189 etk 9 fEAGFeavbE 248 A3E La: Cu
Fo1stgrt. olgA AxE oA A
AR =S o] §3te] WARY, TS A 2

4 2.

rlr
V)
—_
jalS
MO

ol

o

A 7154

B =
15
[>
Ll
o,
rfo
¢ i
BN
>
i
=
NS
N

_31_



612

La

367

4.00 5.00 .00
Energy - kev

Figure 18. SEM-EDS image (x2,000) and mapping of lanthanum copper oxide by solid

state method after hydrogen ion beam implantation.
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Figure 19. SEM-EDS image (x2,000) and mapping of lanthanum copper oxide by solid

state method after nitrogen ion beam implantation.
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Figure 20. XRD pattern of powder(a) and membrane(b) of lanthanum copper oxide by solid

state method after hydrogen ion beam implantation at 1.0 x 10" keV.
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Figure 21. XRD pattern of powder(a) and membrane(b) of lanthanum copper oxide by solid

state method after hydrogen ion beam implantation at 1.0 x 10" keV.
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Figure 22. XRD pattern of powder(a) and membrane(b) of lanthanum copper oxide by solid

state method after nitrogen ion beam implantation at 1.0 x 10" keV.
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