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Study on Reinforcement Method to Beam Joint
on Existing Steel Building

Takumi HiBinO*, Yu HonDA**, Kazushige ASART*

Abstract

The beam joints in existing steel buildings are weak points in earthquake-resistant performance as they do
not suite the present standards. The method of welding reinforcing steel plates to both rims of the flange is fre-
quently used as a method of reinforcing this part. However, there is no clear prescription about the details of
these reinforcing steel plates. Therefore, in this study, FEM analysis is carried out on reinforced joints, and ap-
propriate methods of reinforcement are proposed. From the results of analysis, it was found that 30 degrees is
the desirable angle of the reinforcing steel plate and that up to 45 degrees is permissible. Further, in cutting off
the end parts in consideration of workability, there is no influence on the reinforcing effect up to a width of

30mm.

Key words: Seismic evaluation, Beam joint, FEM
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Sanjay PAREEK* - 77/ KE{— **

A Study on Production Method of Non-Burnt Bricks to Reduce CO,

in India

Sanjay PAREEK* and Takehito SAITO**

Abstract

The objective of this study is aimed to produce non-burnt bricks using high volume contents of fly ash dis-
charged as a waste-product from the thermal electric power stations. In this study, fly ash, lime, slag cement,
sand and an alkali activator was used to initiate the pozzolanic reaction. All the mortar mixes for the non-burnt
bricks were prepared using these materials and placed by press-molding at various press-loads. The press con-
solidated specimens were further subjected to hot-water and steam curing at different temperature and time peri-
ods, respectively. Compressive strength tests were conducted for the respective accelerated cured specimens
after 24 h of press molding and evaluated for the feasibility of non-burnt bricks. Furthermore, extensive scan-
ning electron microscopy and X-ray analysis was conducted on the microstructures of the mortar specimens and
investigated for strength development of mortars with high volume content of fly ash for pozzolanic reactivity
by the analysis.

From the test results, it was found that the proposed mix proportioning utilizing high volume content of fly
ash and accelerated steam curing is highly effective in enhancing the pozzolanic reaction and strength develop-
ment of the mortars in a short curing time of 24h. The non-burnt brick production method proposed in this study

is a highly cost effective and environmentally-friendly method for the CO: reduction.

Key words: Fly-Ash, Hot-Water Curing, Steam Curing, Compressive Strength, Pozzolanic Reaction
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Table 1 Mix Proportions and Physical Properties of Materi-
als Used for Non-Burnt Bricks

Fly Ash Slag Cement  Lime Sand Water Ad‘z"ve
Specific Gravity
3 2.30 3.04 221 2.63 1.00 2.66
(g/em”)
By Weight (%) 44.0 8.8 6.2 29.0 11.0 1.1
By Volume (kg/m’®)  758.6 200.5 102.0 572.5 109.9 21.1
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Fig.2 Mix Proportions of Non-Burnt Bricks
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Table 2 Quality Standard of Common Bricks Used in India

and Japan
Type Average Compresszive Strength  Water Absorption
(N/mm®) (%)
India IS - =7 =20
2 =15 =15
Japan JIS 3 =20 =13
4 =30 =10
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Table 3 Standard Deviation and Coefficient of Variation of
Steam (60C) Cured Non-Burnt Brick Specimens

60°C
Steam Curing R
Time Average Compressive Stal,dzfrd Coefficient of
(h) Strengtzh Dewatu;n Variation (%)
(N/mm?) (N/mm?°)
1 5.4 0.5 8.7
2 7.9 0.5 6.7
3 9.9 0.6 6.0
5 10.9 1.0 9.5
8 14.2 1.2 83
12 14.7 0.4 3.0
16 15.7 0.6 3.5

Table 4 Standard Deviation and Coefficient of Variation of Steam (80C) Cured Non-Burnt Brick Specimens

80°C
Steam Curing
Time Average Compressive Stal.ldétrd Coefficient of
(h) Strength Deviation Variation (%)
(N/mm?) (N/mm’)
1 9.6 0.6 5.8
2 13.6 0.8 6.1
3 14.9 1.5 9.8
5 17.8 0.9 5.0
8 20.6 1.7 8.0
12 20.7 1.9 8.7
16 21.9 1.8 9.7

Table 5 Standard Deviation and Coefficient of Variation of Steam (100C ) Cured Non-Burnt Brick Specimens

100°C
Steam. Curing Average Comnrcine —
T(lll:)le Strength Deviation \(ljﬂe'fﬁ.cientoof
(N/mm’) (N/mm?) ariation (%)
1 20.7 1.8 85
2 25.4 1.5 58
3 27.6 1.8 65
5 27.7 1.1 3.9
8 28.3 1.7 6.0
12 30.1 1.9 63
16 31.2 1.7 55
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Cu-Al-Mn @R A VT Y ) - N EOCEMACBEY 27 2 O
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FEASIBILITY OF SELF-REPAIR NETWORK SYSTEM IN CONCRETE BEAMS
WITH Cu-Al-Mn SUPERELASTIC ALLOY BARS

Sanjay PAREEK*, Yuki MiurA**, Akihiro OHIRA™*
Yoshikazu ARAKI***, Kshitij C. SHRESTHA***, and Yusuke Suzukr***

Abstract

Experimental works were done to assess the seismic behavior of smart self - repairing concrete beamsrein-
forced with newly developed Cu - Al - Mn superelastic alloy (SEA)bars in combination with epoxynetwork sys-
tem. SEA reinforced concrete (RC)beams demonstrated strong capability of recenteringwith comparable
normalized strength and ductility compared to conventional steel RC beam specimen.Self - repair network ap-
plied on pre-tested SEA - RC beam showed complete healing of previous cracksconfirmed by origination of new

cracks on reloading.

Key words: Cu - Al - Mn B5iPES G, HOBHEa > 7)) — b, ZRF @R Ay 7 —2

3 Rk L ARAi

Cu - Al - Mn Superelastic Alloy Bars, Self-repair Concrete, Epoxy, Network

Three - Point Cyclic Loading

1. L &I

gmar sy —1+ (LUF, RC) MEWIcB1 500N
BB SN WL OTHY), OUEINOIEA I EY O
EEOET R LR FOBEA L DA T 25| X2
CYEBNAERNE VDL, 2070, FEHESIZVUE
N ECBEREREZ NS Lza > 7)) — b bk o BT
FEToOTVDLY Y, FEllE LT, EHar27)—MB
WTOVEINOSAED TR SN L5 BREIFITNIC, O O0ER
WERTH L LRy OB IEOEAIL (DF, v b
T—2) FiE, OUENIER HEINICHIBH 2 FE
S ETOVENFEROMITEELYRESEL Y R
TLADRETH L (Fig.1)o

—7J, RCBMMEEIZBT BIHERFTO ZKEE T,
NEFOREGR & & D ITRBFO R EW P EREN TV D720,
A OBPERIE T AL F— 12 X o TRBIEHEOHE S %
WL S5 FHEPS R SN T w5, L L, MHERL
ToREREWE, AL\ AR R D DL %D D KB R 5
REUIRBE LWL ), WTIICLAE KB E
T5HI LD 2T RC EEM A IVERIE T AL ¥ —
i (MUER) BROBREER /NS RLDICHz L L L

PH24% 6 H 8 HEH
s HAKSE TR

o F AR RN TRk

e SRR B LRGBS

LIZOVEINOMSESIFES LD TEEE LT, Wit as
(Superelastic Alloy LU T, SEA XUZA4) %350 Ei124t
By b LikcEHT 5. BEHEMIZBT 5 RAEOMS T,
oy Vv—F%r (LT, Ni-T) &&% 632856
WRETHB05Y, Ni-TiG&TEETIA MR, #
W LR &S BN T b, FHELIE, Ni-Ti &
12D D SEA L LT, FN &b L T TMLEICEN
B, -7V I=wa—-<rFr (LT, Cu-Al-Mn)
GV Ear s ) - NEEMOTIRAERBICHWS 2 &
TIRET Do

DB X ARz IR, DUEIhoHOCBEKREZ A L
HOFERBEF 2 Cu- Al - Mn &4 % Hv 725 e 7k
a7 ) — b+ (XY MELVYIV) BEMO 3 ST
AREEEATV, TEREH RC RICBU 2 W ETRIHLT S
BW%a 5 2 720 O OFNHE, O, HSHEOERE O
OEIIUZH 3 5 H CASERRBED B & 12D\ CIEREM 2 i
7)) 2 ERHENE LTS,

2. HERAHEHE

Fig. 2 \ZBATZIR L ORLRG 2 7R 9 @Bk, 5laRE
#ilZ Cu-Al-Mn A4 % V72 SEA-RC L UIL#EH & L
TS L 72 HERIELAT O ST-RC @ 2 ffHE L, wWind
F~F#:b x D X L =80%120%420mm & L, 515345 L
NOFHIIRIEF — & 35, F72, HEBAETR 2 520mm
LFEIZ) 6mm DAy b T — 7 BT, TRFUBIRITEA



16 HARKF T K% 5545 %5175 September, 2012

Flexural cracks

)

3-point loaded test specimen

New flexural cracks

Healed specimen reloaded after curing

<

Network for

Residual cracks epoxy injection

F i —orcsne ] ﬂ
Residual cracks after release of load

!

Cracks healed

Stopp_.s}zﬂnge

Epoxy injection

Fig.1 Self-healing repair system

06 SEA bar 6 SR235 l 04 stirrups

420
500

(a) SEA-RC

“I 360

06 Network

20,40 20

I‘ 30

06 SR235

@6 SR235

(mm)

Displacement trasducers

(b) ST-RC

Fig.2 Specimen reinforcement details

700

600
500

400 /
300
200 /
100 /

0 5 10 15 20
Strain, & (%)

(MPa)

9

— SEA
— SR235

Resisting force,

Fig.3 Resisting force - Strain curve

12k B 0 UEIh O BOBERREE S L 72,
3. ERAMABE

3.1 HERFRHME

BRI A Y NEVSY VML, ZORELE £ A
Yhihik=1:4.4:0.6 & LTIERL F72¢0 X b =50%
100mm D7 A + ¥— A% H 72wt BRE T 7256 8, A
Ji 05 =23.6MPa (I#{R7 2 .86MPa) Td -7z,

3.2 skEh (4H54ER)
SEA - RC iE&K D5 Rk 121 EE 6 mm @ Cu - Al -
Mn &4& %= L, SEA-RC OJF#i# & U ST-RC @

M F /1213 6 (SR235) % i L7z %4, Cu-Al-Mn
A4, EEI2mm OBHE AT IMT L, B 6mm
WHRIE LD D TH D F 7, —Hh5 [BRAEBRORER % Fig. 3
IZ7R T SEA DU & LC, Wl CldiirzokE o
FRAFED DIZR LT, SEA TREZOFAEBO LR 5D,
Cu-Al-Mn &4 3[&RG8E 0, =400MPa, ¥ > 7RI E, =
25GPax i L72bDTH A,

3.3 VUEhm@ESR

OUEIAIERNCIE, R0 R % 25 2 8O 1Rk R
FUBMREZ ML, BEZAT) OUCEHNEORNMI LY £
Nz i o3iT 720 Table 1 IS L 72 K % 2B IF Ok
FEZ RS,

4 RBR A&

EEREATH1ZH 72, 4%, Cu-Al-Mn 5472 RCHE
DR N OB O UEINZ EOREEIZHR 5 Z £A5T

Table 1 Characteristics of epoxy resin
Epox Specific Viscosit
P .y Hardening  Thixotropic P ) Y
Resin . Gravity mPa.s,
Mechanism Index N
Type g/m’, 23°C 23°C
L 1.0 1.15 150
Moisture
M Sensitive 22 1.07 1900
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Characterization of Sol-Gel-Derived Crystalline
Zr0O; -Y,0O; Thin Films

Hirofumi SHIMIZU* and Toshikazu NISHIDE**

Abstract

We have successfully prepared sol-gel-derived Y doped ZrO: (ZrO:-Y:03) thin films on Si(001) sub-
strates, by firing the composite gel films in air between 350 and 700 °C. The thin films provided an improved
leakage current in MOS capacitor superior to that in sol-gel-derived ZrO. thin films. This was caused by the flat
surfaces of the ZrO:-Y O3 thin films. The observation of the crystallized film surface fired at 700 C with an
atomic force microscope explicitly demonstrated crack-free state compared with that of ZrO» thin films. The Y
in the composite films reduced the shrinkage of the films during the firing processes, resulting in smoother sur-
faces, which improved the adhesion of Al electrode on the composite film interface and also improved the thin
film characteristics.

Key words: silicon, sol-gel-derived ZrO:-Y 203, CMOS device, high-k material

1. Introduction

In the field of silicon (Si) semiconductor device processes, zirconium oxide (ZrO:) and hafnium oxide (HfO:)
thin layers as high permittivity gate insulator materials (high-k) are usually deposited by chemical vapor deposi-
tion (CVD) or physical vapor deposition (PVD) or sputtered onto Si substrates using argon (Ar) and O: mixed
gases in aggressively scaled advanced complementary metal-oxide-semiconductor (CMOS).!’

The sol-gel method supplies amorphous or crystalline thin gel films of metallic solid compounds by solidifying a
sol formed by hydrolyzing and polymerizing a solution containing metallic compounds. Sol-gel processes are widely
employed in the field of material chemistry to prepare ceramic powders and thin films of ZrO: and HfO: to obtain
high-quality ceramics and insulators with the advantages of low cost, relative simplicity, and easy control of the com-
position of the layers formed. In general, characteristics of sol-gel-derived thin film depend on the composition of the
sol solution, and residual H2 O may affect the performance of the film.

The continuing miniaturization of CMOS devices requires a high permittivity gate insulator material (high-%);
upon scaling down to 22 nm technology nodes and beyond. The scaling of the CMOS devices has led to the substitu-
tion of gate Si dioxide (SiO:) with insulators having high dielectric constants (k) to avoid the direct tunneling
effect.!’ Thus, the integration of novel insulators as gate dielectrics presents a tremendous challenge,?’ and oxides
such as HfO2,° "% ZrO2,” ' and La203'" as well as silicates of Zr (ZrSixOy) and Hf (HfSi.Oy) % ¥ have received
considerable attention as alternative gate dielectrics. In particular, ZrO: is one of the most promising candidates
for the high-£ material. In a previous paper, ¥ characteristics of a sol-gel-derived ZrO: have been presented. The sol-
gel-derived ZrO: films on Si(001) wafers fired in air at 350 and 450 C, using Zr(OH): sol based on formic acid
(HCOOH) solution, were amorphous and approximately 9 —10 nm thick. The crystallization of the ZrO: thin films
occurred at first at 550 C as amorphous /tetragonal (011), and finally, at 700 C, the ZrO: film crystallized into
tetragonal (011)/monoclinic (111) and (111) structures. ¥ According to a temperature-programmed desorption
(TPD) curve, five distinct H2O desorption components, physisorbed H20O, chemisorbed OH, and Zr-OH bonds in the
7ZrO: film, were reported to depend on firing temperature. ¥ Based on the electrical performance of the Al/ZrO»/Si
diode, the leakage current of the sol-gel-derived ZrO: films on Si substrates has to be improved for the practical use
as the gate insulator of the miniaturized CMOS devices. ¥ This was presumably caused by the roughness and/or the
crack on the surfaces of crystallized ZrO: thin films. The sol-gel-derived ZrO: thin film depends on the composition
of the sol solution, the roughness of the thin film and residual H>O may affect the electrical performance of the film.!¥
Nishide and coworkers ' have already reported that yttrium (Y) doped sol-gel-derived HfO. (HfO2-Y203) had a
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novel structure and was promising for electrical applications. The HfO2-Y 203 thin film fired higher than 500 C was
postulated to be cubic structure. ¥ Simultaneously, composite zirconium oxide thin films such as Y doped sol-gel-de-
rived ZrO: (ZrO:-Y2 O3) where Y203 is dissolved in ZrO: thin film, stabilized the high temperature structure,
or tetragonal and/or cubic crystal structure. 16-%

Therefore, characteristics of sol-gel-derived ZrO:-Y 203 thin film are worthy to evaluate in detail for the practi-
cal use in scaled CMOS devices.

In this study, sol-gel-derived ZrO:-Y20O3 thin films fired at 350, 450, 550, and 700 C in air were characterized by
current-voltage (I-V) and capacitance-voltage (C-V) methods in combination with an atomic force microscopy (AFM),

and the desorption of H20 in the ZrO:-Y203 thin films was examined by TPD.
2. Experimental Procedure

2.1 Sample preparation of sol-gel-derived ZrO.-Y O3 thin films

Sol-gel-derived ZrO:-Y 20 thin films were fabricated on 76-mm-diameter Czochralski-grown n-type Si(001) wa-
fers in a way described as follows. Initially, zirconia-yttria sol solutions were prepared by dissolving ZrOCl: - 8 H:0O
(5.48 g, 0.017 mol) and YCls- 6 H20 (0.61 g, 0.002 mol) in ethanol (C:Hs0H, 31.81 g) at 50+ 2T for 40 min.
The sol solutions were followed by the addition of H20 (0. 61 g), formic acid (HCOOH, 7. 18 g) and nitric acid (60%
HNO3, 1.80 g). Then, C:Hs0H (4. 69 g) was added and maintained at 50+ 2 C for 4 h. The final sol solutions were
filtered and adjusted to be 50 g. Two mililiters of the solution was spin-coated onto Radio Corporation of America
(RCA)?" alkaline solution-rinsed Si(001) wafers (hydrophilic) at a spin speed of 2000 rpm for 270 s. The Si(001) wa-
fers were phosphorus (P)-doped (n-type), with a resistivity of 3 — 6 Q -cm. These spin-coated wafers were fired in
air by placing them in an electric furnace at either 350, 450, 550, or 700 C for 30 min. This sol-gel-fabrication method
is favorable to reject Cl ion in the film with the aim of semiconductor processes.

2.2 Film thickness measurement

The film thickness of sol-gel-derived ZrO:-Y 203 thin films was measured using a single-wavelength ellipsome-
ter (Mizojiri Optical: DVA-36VW). The ellipsometer employed a He-Ne laser (wavelength: 632. 8 nm) with a measure-
ment beam diameter of 1 mm on the wafer surface. The incident angle was 70° with respect to the sample surface,
and the refractive index of the oxide was taken to be 1. 46. Film thicknesses were measured at nine locations per wa-
fer and the mean thickness was evaluated. In every case, the standard deviation on the mean thickness was within

0. 05 nm.

2.3 Characterization of sol-gel-derived ZrO-Y .O3 surfaces using AFM
The surface morphologies of ZrO:2 Y203 thin films fired at 350, 450, 550 and 700 C were examined using the
AFM (Digital Instrument, Nanoscope-3 A). For the characterization, 10 X 10 m? samples were cut from the central

area of the wafer. Scanned images 500 X 500 nm? in area were analyzed.

2.4 Electrical characterization of sol-gel-derived ZrO.-Y 203 thin films

In order to electrical characteristics (i.e., I-V and C-V characteristics) of sol-gel-derived ZrO2-Y:O3 thin films
on Si(001) substrates, the wafers were cut into the size of 2.5%x3.0 cm?. A 0. 2-mm-diameter aluminum (Al) elec-
trode was deposited on the top of the ZrO:-Y203 thin films. Capacitors with Al/ZrO2-Y:03/Si sandwich structure
were fabricated on n-type Si wafers using a shadow mask in a vacuum. Ohmic contact was formed by gluing indium
foil with silver paste on the back surface of the Si substrates. I-V characteristics were measured for both reverse bias
(-5-0V) and forward bias (0-5 V) and the step bias was 0.1 V. The differential capacitance was obtained as a func-
tion of the dc bias voltage (— 5 to + 5 V) on which an AC voltage of 30 mV with 1 Hz, 10 kHz and 100 kHz, was ap-
plied to the dc current. The voltage sweep speed was 0. 2 V/sec. The relative permittivity € zo.-v:0; of the ZrO2-Y203
thin films was calculated using the following equation for the capacitance in the accumulation region:

€ 7r02-Y205= CZrOz-YzOsd/goS (]-)

where d is the thickness of the ZrO:-Y:203, S is the area of the circular Al electrode, and &, is the permittivity of
free space (8.854 %1072 F/m).
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2.5 Detection of H20 in sol-gel-derived ZrO:-Y 203 thin films by TPD method

TPD (EMD-WA 1000S/W; ESCO) is essentially a method of analyzing desorbed gases from heated samples as a
function of temperature under vacuum conditions using a detector of quadruple mass spectroscopy (QMS), indicat-
ing the intensity of the signal depending on mass (m) and electronic charge (z). Samples used in the TPD were
cleaved ZrO:-Y:03; film/Si wafers (typically 10x10 mm?*) and were introduced into a load-locked chamber. TPD
curves of the films can be measured in the temperature range of 50 —900 C at a constant heating rate of 20 C/min un-
der a pressure of 1077 ~10~ 8 Pa with TPD equipment. The density of the total amount of H2O that evolved from the
sol-gel-derived ZrO2-Y 203 thin films fired at 350 and 700 C was detected by QMS.

3. Results and Discussion

3.1 Film thicknesses and refractive indexes of sol-gel-derived ZrO:-Y 203

Figure 1 shows the film thicknesses and refractive 1 ‘ ‘ ‘ . 15
indices of the sol-gel-derived ZrO:-Y:03 fired from 350 Thickness Refractive index
to 700 C for 30 min. The film thicknesses became thin- unl 11.4
ner at higher temperatures than 450 C (11 and 7 nm
thick at 450 and 700 C, respectively). If this ZrO2-Y:03 E 10 | 113 c?;
thin film has an excellent characteristics with high per- ‘:’ g
mittivity, this thickness range can be an available as § 91 112 g’
gate insulator. Though the refractive indices between fa =4
350 and 700 C increased with firing temperature, the re- ﬁ 8| 111 §
fractive indices were less than those of monoclinic ZrO:
crystal. ® T 110
The packing densities in the ZrO:-Y 203 thin films ‘ ‘ ‘ '
were calculated using the Lorentz-Lorentz equation, o 6300 400 500 600 700 8000'9
- = 1 . it D " Firing Temperature (°C)
ne*+ 2 nm’— 1 Fig. 1. Film thicknesses and refractive indices of the sol-gel-
derived ZrO:-Y:03 fired at 350, 450, 550 and 700 C
where p is packing density, nf is refractive index of for 30 min.

a film and nm is refractive index of a crystal. The refrac-

tive indices were 1.24 at 350 C, 1.26 at 450 C, 1.27 at 550 C, and 1.42 at 700 C. The basic refractive index of the
ZrO; crystal (monoclinic) for calculating the packing density was 2. 22.% As a result, the packing densities were es-
timated to be 0. 27 at 350 C, 0. 29 at 450 C, 0. 30 at 550 C and 0. 44 at 700 C. The packing density of the film became
large as the firing temperature increased. This is because the more H20 desorbed at higher firing temperature and

small gaps of nano pores were squeezed or evaporated as shown in § 3. 4.
3.2 Surface morphologies of sol-gel-derived ZrO,-Y O3 thin films by AFM
Figures 2 (a) and 2 (b) show AFM images of surface microstructures of ZrO:-Y2:03 thin films fired at 350 and

500 500

0
0 250 500 0 250 500

(a) " b) on
Fig. 2. AFM images of the surface microstructures of ZrO:-Y:O3 thin films fired at (a) 350 and (b) 700 T

0
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700 C, respectively. The morphology depended on firing temperature. The surface of the ZrO:-Y203 thin film fired
at 350 C gave a homogeneous structure as shown in Fig. 2 (a). The surface roughness (root mean square; RMS) was
determined to be 0.15 nm at 350 C. In Fig. 2 (b) , RMS of the film obtained at 700 T was 0. 24 nm and the surface
structure was slightly wavy, but it did not show grain boundaries and/or cracks caused by crystallization. *. Similar
result have been reported by Peters et al. *” with reference to crack-free nano- and microcrystalline ZrO»-Y2 03 thin

films deposited on sapphire substrates.

3.3 Electrical characteristics of sol-gel-derived ZrO:-Y 203 thin films

Figure 3 (a) and (b) plot I-V characteristics, namely, current density vs electric field relationship for sol-gel-de-
rived ZrO:-Y 203 thin films fired at 350 and 700 C in air, respectively, in comparison with those reported for sol-gel-
derived ZrO: thin films. ¥ The reverse bias quantities are plotted as absolute values. As shown in Fig. 3 (a), the
leakage current of the ZrO:-Y203 thin film became approximately five orders of magnitude smaller than that of
ZrO: thin film for forward bias at an electric field of 2M V/cm, and three orders of magnitude smaller for reverse
bias at - 2M V/cm. This improvement of the leakage current was outstanding. In the sample fired at 700 C shown
in Fig. 3 (b), a similar improvement was observed. This is considered to be that the reduced surface roughness and
crack-free state of the ZrO:-Y 203 surfaces may reduce the leakage current compared with the ZrO: thin films as de-
scribed in § 3. 2. Simultaneously, in comparison with the ZrO:-Y 203 thin films fired between 350 and 700 C, the leak-
age current of the latter was reduced two orders of magnitude than the former one as shown in Fig. 3 (a) and 3 (b).

This is probably due to the crystallization of the film such as packing density and/or the difference of a considerable
amount of H20 in the film as shown in § 3. 4.

The leakage current (forward bias) for the sample fired at 700 C was approximately 5 x 10~ 7 A/ecm? in an elec-
tric field of 1 M V/cm, which was one or two orders of magnitude smaller than that obtained by Chim et al., *”
which seemed to be a densely compacted ZrO: thin film, because they were fabricated by sputtering in argon plus
oxygen gas ambient and annealed at 400 C in a nitrogen ambient for 5 min.* For reverse bias, the leakage current
at 700 C was superior to the others measured. Therefore, there are some possibilities for sol-gel-derived ZrO:-Y203

thin film to be an alternative high-% material of gate insulators in miniaturized CMOS devices. *
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Fig. 3. I-V characteristics, namely, current density vs electric field relationship for sol-gel-derived ZrO:-Y>O3 thin
films fired at (a) 350 and (b) 700 C in air, respectively, in comparison with those reported in sol-gel-de-
rived ZrO: thin films.

Figure 4 (a) and 4 (b) show C-V curves for the Al/ZrO:-Y 20 3/n-Si capacitors of which the sol-gel- derived ZrO.-
Y:03 films were fired at 350 and 700 C for 30min, respectively. The C-V curves are plotted from — 5 to 5V so that
practical devices can be regularly operated. The C-V curves showed well-defined transfer from depletion and inver-
sion to accumulation as the applied voltage was varied from — 5 to 5 V, similar to the C-V characteristics of normal

Al/Si02/8Si capacitors. ®® The C-V characteristics did not show any dependence on frequency, but the capacitance
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decreased with increasing firing temperature. Here, on the basis of the well-defined capacitances in the accumula-
tion region of the C-V curves, the relative permittivity ¢ z:0:-v.0; of the sol-gel-derived ZrO:-Y:O3 thin film fired at
350 C was calculated to be 8.6 and 5.6 at 700 C. This is probably because the ZrO:-Y2O3 thin film may contain
abundant nano pores, considering relatively low packing density of the film. This will be discussed in § 3. 4.
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Fig. 4 . C-V curves for the Al / ZrO:-Y 203/ n-Si capacitors of which the sol-gel-derived ZrO:-Y: O films were fired
at (a) 350 and (b) 700 T for 30 min as a function of frequency.

3.4 Analyses of sol-gel-derived ZrO:-Y O3 thin films by TPD

Figure 5 plots the TPD curves of H2O (m /z = 18) that evolved from the sol-gel-derived ZrO2-Y2O3 thin films
on Si(001) wafers, which were fired at 350 and 700 C for 30 min, respectively. The vertical axis depicts the current
value of QMS. The film thicknesses were determined to be 11. 1 and 6. 9 nm, respectively. The intensity of TPD curves
decreased as the firing temperature increased, indicating that the amount of H20O was reduced in the ZrO:-Y203
thin films. For the ZrO:-Y203 thin film fired at 350 C, the peaks seen at 370 and 400 C were atbributed to equip-

ment noise.

Two TPD curves were close to those of ZrO: thin
films, except that the sample fired at 350 C did not
show any similar protrusions between 100 and 200 C as
shown in ZrO: thin film. ¥ The peak was separated
into several components using Gaussian-type, and the
waveform indicated by dashed line are shown as a func-
tion of temperature in Fig.5. ¥ The desorption tem-
perature of the main peak of the ZrO:-Y:03 thin film
was approximately between 100 and 200 C. This implies
that the peak in the TPD curves may be due to physi-
sorbed H2O (mere adsorption of H20). On the contrary,
at 700 C, the TPD curves for the H20 desorption
showed a similar shape with that of ZrO: thin film. ¥
The peak from 100 to 200 T is due to the adsorption of
physisorbed H20 and the main peak approximately at
250 C s caused by the condensation of Zr-OH

. 33, 34) ) .
(chemisorbed). According to Niinisto et al.,'¥ the
relative permittivity of ZrO: formed by atomic layer

deposition has been reported to be 23. In general, rela-
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Fig. 5. TPD curves of H:O (m /z =18) that evolved from the
sol-gel-derived ZrO:-Y203 thin films on Si(001) wa-
fers, which were fired at 350 and 700 C for 30 min.
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tive permittivity is essentially governed by the polarization of a material. In the present sol-gel-derived ZrO:-Y203
film, H2O, and OH groups in nano pores and other impurities are considered to cause electronic and ionic polariza-
tions, resulting in the reduction of the relative permittivity. The details of the relative permittivity are under inves-

tigation.
4. Conclusions

We have characterized sol-gel-derived Y doped ZrO: (ZrO:-Y203 ) thin films on Si(001) substrates between
350 and 700 C using ellipsometry, I-V and C-V techniques, and TPD, with the aim of establishing the ZrO:-Y:03
thin film as an alternative gate insulator in next-generation of scaled CMOS devices. Sol-gel-derived ZrO2-Y203
thin films on Si substrates fired in air between 350 and 700 C greatly improved electrical characteristics such as leak-
age current in MOS capacitor compared with those in ZrO: thin films. This is because of the reduced surface rough-
ness in the ZrO2-Y:03 thin films. Furthermore, the crystallized ZrO:-Y:03 surface fired at 700 C explicitly real-
ized crack-free state compared with the ZrO: thin films. Thus, the crystallization of the ZrO:-Y 2O thin films may re-
duce the leakage current. Physisorbed H20, chemisorbed OH, and Zr-OH bonds in the ZrO:-Y:O thin film have to
be removed to upgrade the performance of the thin film.
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Adhesion Control and Evaluation of Coating Film by Texturing

Akira WATANABE*, Tomohiro MizoGucHI**, Yoshikazu KOBAYASHI**, Kenji SHIRAT**,
Hiroyuki WAKABAYASHI**, Yasuhiko HARA®*, Ichiro IWAKI***, Yasuhiro KODA™**,
LEE Hwa-soo**** and Tsukasa KONDOQ™****

Abstract

In this work, we developed a coating robot mounted with X-Y orthogonal electrical powered sliders to real-
ize the coating of various types of textured metal sheets with distemper. To verify the relation between coating
properties and surface texturing process using this coating robot, we measured the surface roughness of coated
metal sheets with a scanning white light interferometer, and evaluated coating film adhesion qualitatively by

Cross cut tests.

Key words: coating robot, under coating, top coating, clear coating, cross cut test.
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Development of Automatic Operation System for Gripping Robots by
Image Recognition

Takumi YosHIDA*, Tomohiro MizoGUcCHI**, Yoshikazu KOBAYASHI**, Kenji SHIRAT**
and Yasuhiko HARA**

Abstract

The purpose of this study is to develop a system which positions micro objects, in the aim to realize automa-
tion of the manipulation of micro-sized objects by image recognition. This system is based on the technique of
first determining the position and shape of the object being operated accurately, and then calculating the amount
of work required from images of the object. Specifically, first images of the object placed on the x-y stage are
shot with a CCD camera. Next, the object is detected from the shot images by image recognition, thus allowing
the system to measure the travel distance between the x-y stage and gripping robot, and position them. This pa-
per discusses the positioning accuracy of the system and the technique for automating the positioning of grip-

ping robots.

Key words: image recognition, positioning, automatic operation
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