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An Experimental Study on Size-Effect of RC Beams
with Permanent Steel Forms

Sanjay PAREEK*, Masaharu ENDO** and Yusuke Suzukr***

Abstract

In this study, RC beams of span 1m, 2m, 3m and 4m using permanent steel forms are subjected to flexure
tests and studied for the size effect due to permanent steel forms. The beams were subjected to static four-point
flexural test and monitored for the load-displacement along with the strain of the main reinforcement and perma-
nent steel forms at respective points during loading. From the bending test results of RC beams with permanent
steel forms, the tensile reinforcement ratios (p,pgr) greatly influences the flexural strength and are found to be
in an inversely proportional relationship with the increase in sectional size of the RC beams with permanent steel

forms.

Furthermore, the RC beams with permanent steel forms showed a high degree of correlation to the section
size of the RC beams at a p, pgr ratio of 1.0% for the neutral axis ratio at the yield load. Finally, from the overall
results, the permanent steel forms contribute to a remarkable increase in the strength and ductility of the full-

scale RC beams.

Key words: Permanent Steel Forms, Size Effect, RC Beam, Neutral Axis Ratio, Ratio of PSF Reinforcement

1. L &I

BEia s 7)) — b~ (RC) WD I > 7)) — MTRLEIC
B L EWE A2 BRLIE (LUF, feklg) (&, JEE
ER B AKRERBEIMHEHL, 2oL, HEIOMHEH TV
THHIRTHHZ Lo, BARERIERELRIZT L
Vo 72 R RSB IT O N T D, TD720, ER
TR 2 72 B OIREDS RO STV 5E, Dlh%
BRICHHEOWETIE, a> 7)) — MT#EE, ke —14%
E B S RCHEEY OMIEAIRNFTE 5, WEE
w9 5 MK ATY: (Permanent Steel Form, LT,
PSF) 2 H L, EBRNMIEEIT o720 TOHER, PSF 28
#E/INE T AL L7224 (b XD =120 % 200mm) @ RC
TE LM O K AT RIZ T E LA HL I L Tw
%Y, L2rL, PSF OWEIZ, 1EHS 2 ROWHF 125
DbOHT—ETHDH2H, WHTEI RS 528N, RC
ZOAFWHFE (bd) (2K 25 RIS % %) % PSF ©
WAoo (DUT, PSF O [5RER I p, - per) 1A
529, X oT, PSFOFEMLEEES HK, FRISE
WA 2 1E L &3 B kA R BT IS LT, PSF
DRI R T TR EIC ST A I EN T — 5 2R T 5
VBN DD EEZ D, I TRIGETIE, BEAEOWIZE T
L7z RC #&#ERF (Table 2 1o Plain - 2 # 2f) %3

SPR24% 6 1 7 A H

* H AR TR A

s ARKSEARER TR S
sk PO SR b TR e B3k

HEENER R & LTI~ L OV A 82 %0.5, 1.5 0%, 0f5 &
% HRRICEAL S, F72, ZOREOKHE O BHEEIZ
T HRRED0. 1% LA E A IR, BT L 723 Baik %
T, iR e 17, 2 0FERN R S PSF
% a7z RC s R O ERD RIS RT3 B oW T
B ME L TWa, B, AWRICBIT 2 TERR LI,
RO R T 2 RCEOFRE R OE I3 L CPSF 25K ITd
WERFMT 2D TH b,

2. EBRBE

2.1 f{EEMK

Table 1 I2f#/H L 72 PSF O EHEE %, Photo 1 I2Z DE
RERT . AWM % PSF I, i Lo 2 5 ik
ALbOTHY, HAHMFEERL 8kg/ m?LFERTH D,
JEX (tpgp) 0.4mm & BERORMA CH D, F72, HR
KN AR AE 2 1To /2 Highw - EBHPEHEINTED,
i I IEFICEN TS, 72, 25mm BFEOHTILE##
EHL TS0, BIRINLRE I CORLA%ES TH
%2k, B2, 50mm BFEICET S TW L RO
B2, ar2)— MIROE, SEKFOAPHEENS
EVoHEEFoTwD, 37— MIowTIE, #
HTBEEL=3m kL =4m ORBKEIZ, BEO
72D TR L723BRIE (L = 2m) & [akE, FkatdLueim)y
F,=2AN/mm’OE @ 7)) - 2Lz, &8, L
=1m ORERIKIZT Y 7)) — b RFTER LA, WEE)S
L O REENEAE LD, L =1m OFBRIKICHE
D, FEQEMBRIEEZHFET LAY VBV IVEMEL .



AARFT AR

P NOER 13 SR295

L7z

(& SD295% L, HIXSHIC

2.2 HREBREHE

Fig. 112k T TR L 723 T & % Plain L O
PSF % i L 723 BR KO BRI 2 78 L, Fig. 2 \ICWiTTE
KERT. F72, Fig. 312 PSF #4H L 7z 3BaiA ik 2 7R
L, Table 2 |ZFERIKFETC A R T o ABRIKIZARTEWITE b X D
=60x100, 120x200, 180x300/% 18240 X 400mm & L,
TR T A, KEkG o BEMEIZ
BHRRAED0. 1% LINIZINE % £ 9 IZREFE L 720 &~ L OV
5, AV (spo). TIREEI (sp) RUHIE
Lkt (sp,) 1%, Table 2 HICFEE N T WA,

2.3 WERVAEAZE

Fig. 4 1280 ER RNV BV EZ R, &b, &

2
Rt OB E I GRFRE T 50 Efghge LT, 3R
7 2 A7 - TR I RE L, SRR ki o >~

) — NOESIIESL T CHMMEZINZ 2. B, i
FIZBWT, MEOHEE LIS, BMERIZBIT LK%
NI VO B DISE 24T - 726

46— @50
| g Siin g of Ml
8 8 0
' 2D4 =

1000 )

fao— @lmsmncﬂgcorWd
\ A !
;Z-Dl()m

76 ¢ — @150 ___ Strin Gauge of Mold
\HHHHHL\HHHH
*U—3D13
L |

~ 64— @100 __ Strin Gauge of Mbld
“HHHHHWHHHJ
< -
| A opio 4000 £,
(Unit:mm)

¥ 54 % 2% March, 2013

Table 1 Properties of Permanent Steel Form
Wel'ght per Thickness  Yield Strength Young's
Unit Area Modulus
(kg/m®) (mm) (N/mm?) (N/mm?)
4.8 0.4 195 2.06x10°

Photo 1

(Unit : mm)

Shape and Dimension of Permanent Steel Form

PSF-1

15 200

240 15

(Unit:mm)

Fig.2 Cross - Section of RC Beams Using PSF
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Fig.3 Position of Strain Gauges and Arrangement

Fig.1 Re-bar Arrangement for RC Beams with PSF Patterns of PSF for RC Beams
Displacement Meter
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Fig.4 Details of RC Beam for Flexural Strength Test Set-up and Position of Displacement Meters
Table 2 Identifications and Reinforcement Ratio of RC Beams for Flexural Strength Test Using PSF
Identification : d L Top Reinforcement sPe Bottom Reinforcement sPi Stirrup sPw
(mm) (mm) (mm) (mm) (%) (%) (%)
Plain-1 100 60 80 1000 2-D4-SD295 0.59 2-D4-SD295 0.59  4¢-SR295@50 0.21
PSF-1 100 60 80 1000 2-D4-SD295 0.59 2-D4-SD295 0.59  4¢-SR295@50 0.21
Plain-2 200 120 175 2000 2-D10-SD295 0.68 2-D10-SD295 0.68 4¢-SR295@100 0.21
PSF-2 200 120 175 2000 2-D10-SD295 0.68 2-D10-SD295 0.68 4¢-SR295@100 0.21
Plain-3 300 180 264 3000 3-D13-SD295 0.78 3-D13-SD295 0.78  6¢-SR295@150 0.21
PSF-3 300 180 264 3000 3-D13-SD295 0.78 3-D13-SD295 0.78 6¢-SR295@150 0.21
Plain-4 400 240 350 4000 2-D19-SD295 0.68 2-D19-SD295 0.68 6¢-SR295@100 0.24
PSF-4 400 240 350 4000 2-D19-SD295 0.68 2-D19-SD295 0.68 6¢-SR295@100 (.24
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Table 3 Results of RC Beams Tested for Flexural Strength Using PSF

o Initial Crack Load Yield Load Maximum Load
Identification P, (kN) P, (kN) P, (kN)

Plain-1 2.16 [ 1.00 ] 5.56 [ 1.00 ] 8.00 [ 1.00 ]
PSF-1 2.73 [ 1.26 ] 31.01 [ 558 ] 3443 [ 430 ]
Plain-2 9.77 [ 1.00 ] 26.10 [ 1.00 ] 31.07 [ 1.00 ]
PSF-2 12.25 [ 1.25 ] 73.15 [ 280 ] 87.85 [ 2.83 ]
Plain-3 23.28 [ .00 1 67.27 [ 1.00 ] 83.94 [ 1.00 ]
PSF-3 36.27 [ 156 1 13123 [ 195 ] 168.60 [ 2.01 ]
Plain-4 29.04 [ 100 ] 10010 [ 1.00 ] 12878 [ 1.00 ]
PSF-4 50.24 [ 173 ] 17166 [ 171 1 22165 [ 1.72 ]

[ ]:Ratio to Plain

Table 4 Stiffness of RC Beams Using PSF
Type of Speinies Primary Stiffness Secondary Stiffness Tertiary Stiffness
(kN/mm) (kN/mm) (kN/mm)

Plain-1 6.10 [ 1.00 ] 1.75 [ 1.00 ] 0.14 [ 1.00 ]
PSF-1 7.71 [ 1.26 ] 8.17 [ 466 ] 0.75 [ 532 ]
Plain-2 21.71 [ 1.00 ] 5.14 [ 1.00 ] 0.21 [ 1.00 ]
PSF-2 43.15 [ 199 ] 6.55 [ 127 ] 0.82 [ 3.91 ]
Plain-3 16.39 [ 1.00 ] 7.74 [ 1.00 ] 0.33 [ 1.00 ]
PSF-3 42.67 [ 260 ] 14.52 [ 1.88 ] 1.79 [ 542 ]
Plain-4 26.76 [ 1.00 ] 8.05 [ 1.00 ] 0.60 [ 1.00 ]
PSF-4 50.25 [ 1.88 ] 14.98 [ 1.86 ] 2.53 [ 421 ]

[ ]:Ratio to Plain
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Table 5 Identifications, Reinforcement Details and Neutral Axis Ratios of RC Beams Using PSF
Type of Specimen d A psp X X1 P tpsF sPt P
(mm) (mm®) (mm) (-) (%) (%) (%)
PSF-1 75 84 25.0 0.31 1.87 [ 1.00 ] 0.59 2.46
PSF-2 150 168 50.0 0.33 0.93 [ 050 ] 0.68 1.61
PSF-3 209 239 91.0 0.34 0.64 [ 034 ] 0.78 1.42
PSF-4 245 292 155.0 0.44 0.50 [ 026 ] 0.68 1.18

[ 1:Ratio to PSF-1
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Evaluation of Self-Repair Performance of Concrete Using
Self-Repair System Consisting of Network and Repair Material

Sanjay PAREEK* and Akihiro OHIRA®*

Abstract

The service life span of RC structures is drastically shortened by the cracks in concrete. The objective of
this research work is to develop a self-repair system for cracks of reinforced concrete structures by using a net-
work system. In this study, the regain of flexural strength of ordinary cement mortars by the self-repair system
using a repair material in the network system and the storage period of the repair material in the network was
taken into consideration. In addition to this, the influence of viscosity of the repair material injected in the net-
work on the regain of flexural strength by self-repair system was also evaluated. In order to prolong the storage
period of the repair material in the network, several types of surface treatment techniques were applied and

tested.

Key words: Self-Repair, Crack, Network, Flexural Strength, Regain of Flexural Strength, Water Leakage Test
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Fig.3 Shape and Dimension of Concrete Test Specimens
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Photo 2  View of Crack Injection System

Table 1  Properties of Epoxy Resin
Typeof Hardening  Thixotropic  Specific Gravity Viscosity
Epoxy Resin Mechanism Index (glem’ 23°C) (mPa-s,23°C)
M Moisture 22 1.07 1900
L Sensitive 1.0 115 150
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Fig.4 Constitutional Formula of Epoxy Resin

Table 2 Mix Proportions of Concrete

Unit Quantity (kg/m*) W/C
Cement Water Fine aggregate  Coarse aggregate  Admixture %)
318 174 855 936 3.18 57.9
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Fig.5 Loading Conditions for Flexural Strength Test
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Photo 3 A View of Test for Water Leakage Before Repair
and After Repair
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Table 3 Details of Repeated Flexural Test and
Self-Repair of Mortar Specimen

. Max Load Flexural Strength Regain of Flexural
Loading Cycle (kN) (N/mm?) Strength (%)

1st Loading 2.07 5.07 —

2nd Loading 2.62 6.15 121.5
3rd Loading 2.94 6.88 134.9
4th Loading 3.04 7.12 139.7
5th Loading 3.37 7.90 157.2
6th Loading 3.47 8.13 161.3
7th Loading 3.58 8.45 166.7
8th Loading 3.95 9.25 182.8

10.00 200
istLoading
E=Cycle Loading

9.00 | 190

~e-Regain of Flexural Strength

8.00 180

7.00

170
6.00 1160

5.00 150
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No. of Cycle of Loading

Fig.7 Repeated Flexural Tests and Self-Repair of Mortar
Specimens for 8 Cycles

Photo4 Specimen After Repeated 8 Times Flexural Test
and Self-Repair

Table 4 Results of Flexural Tests After Self-Repair at
Different Curing Temperatures

1st Loading 2nd Loading .
Type of Curing Regain
: - Flexural Strength | Flexural Strength | of Strength
Specimen Condition Nimn?) i) )
1d-20 6.62 295 44.6
3d-20 Normal 5.78 7.02 121.4
5d-20 (20C) 6.91 851 123.0
7d-20 6.95 6.57 94.5
1d-30 5.61 798 142.2
3d-30 Normal S.1:5 6.06 117.7
5d-30 (30C) 6.66 6.83 102.5
7d-30 7.44 712 95.7
1d-40 6.24 17 115.0
3d-40 Normal 7.07 721 102.0
5d-40 (40C) 7:12 8.18 114.9
7d-40 6.41 6.51 101.6
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Fig.8 Effect of Curing Temperature on Flexural Strength
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Table 5 Evaluation of Self-Repair by Water Leakage Test
for Different Crack Widths

Crack Width
(mm)
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Evaluation of Self-Repair of Concrete
@  :Completely Repaired ‘
A :Partially Repaired
X :Not Repaired
Specimen
Identification M-M-1 M-L-1
Surrface Right Side [ Left Side [ Bottom Right Side [ Left Side [ Bottom
Crack Width (mm) a=0.54 b=0.22 a=0.49 b=0.22
Test by W;
esieaiag:m a:A b:@® | a: A b:@® 2:@® b:@® a: X b:@® a® b:0 a:® b:®
Specimen
Identification M-M-2 M-L-2
Surrface Right Side [ Left Side [ Bottom Right Side [ Left Side I Bottom
Crack Width (mm) a=0.52 b=0.23 a=0.38
Te?t;iwam a:lh b:@® | a:A b:@ | a:® b:@® a:® | a0 | a0
eakage
Specimen
Identification M-M-3 M-L-3
Surrface Right Side [ Left Side | Bottom Right Side [ Left Side | Bottom
Crack Width (mm) a=0.64 b=0.17 a=0.36 b=0.35
Test by W;
e?ea}l,(agealer a:A b:. | a: A b:. a: . b:. a: . b: . a: . b:. a: ‘ b: .
Specimen
Identification L-L-1 L-M-1
Surrface Right Side [ Left Side [ Bottom Right Side [ Left Side | Bottom
Crack Width (mm) a=0.24 b=0.60 a=0.28 b=0.16
T
esﬁ:i:;:ter a:@® b:x | a:@ b:x | a:® b:@ a:® b:@® | a:® b:® | a:® b:@®
Specimen
Identification L-L-2 L-M-2
Surrface Right Side [ Left Side | Bottom Right Side [ Left Side | Bottom
Crack Width (mm) a=0.46 b=0.18 a=0.36
Test by Water
Lea)ll(age a: x b:@® | ax b:@® | a® b:® a:® | a:0® | a:@
Specimen
Identification L-L-3 L-M-3
Surrface Right Side [ Left Side | Bottom Right Side [ Left Side | Bottom
Crack Width (mm) a=0.56 a=0.16 b=0.51
Test by Water
Leaiage a: x | a: x | a0 a:@ b:A | a® b:O® | a® b:O

Fig.9 Details of Self-Repair of Crack in Concrete by Self-Repair System Using Various Combination of Epoxy Resin for Injection
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Fundamental Properties of an Organic Acid-Salt System as Brine
— 1st Report: Density, Refractive Index, Specific Heat
and Viscosity of an Aqueous Potassium Formate Solution —

Naoe Sasakr* and Kiyoshi OGAwA*

Abstract

Currently, various types of brine are used as secondary refrigerants. Recently, some new types have been
recognized, and the type of brine that uses a potassium formate (PF) solution is increasingly gaining attention be-

cause its use can decrease environmental pollution.

In this study, the fundamental properties of an aqueous PF solution, such as density, refractive index, spe-
cific heat and viscosity are investigated experimentally. The results indicate that the measured properties except
specific heat increases with solution concentration and decreases with increasing solution temperature. In addi-
tion, the empirical equations of these properties are presented and are in good agreement with experimental

results.

Key words: Potassium formate solution, Density, Refractive index, Specific heat, Brine
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Fundamental Properties on Organic Acid Salt System as Brine
— 2nd Report : Density, Refractive index, Specific heat
and Viscosity of Aqueous potassium acetate solution —

Kiyoshi OGAWA* and Naoe SASAKI*

Abstract

Brine of various kinds is used as a secondary refrigerant today. Recently, some new brine are proposed, and
the brine using potassium acetate (PA)is paid to attention because the environmental load can be decreased.

In this study, the fundamental properties of aqueous PA solution, such as density, refractive index, specific
heat and viscosity, were investigated experimentally. As a result, the measured properties with the exception of
specific heat has increased with an increase in the solution concentration and it has decreased with an increase in
the solution temperature. In addition, the empirical equations of these properties were presented, and the empiri-
cal equations are in good agreement with experimental results.

Key words: Potassium acetate solution, Density, Refractive index, Specific heat, Viscosity, Brine
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Enhancement and Retardation Mechanism of Ultra-Thin SiO.
Growth on Thermally Oxidized Cr-Contaminated n-Type
Si(001) Surfaces

Hirofumi SHiMIZU* and Yuji SANADA**

Abstract

At the beginning of the oxidation of Cr-contaminated n-type Si(001) surfaces, Cr reacted with oxygen
(02) on the Si substrate to form Cr.O; and oxygen-induced point defects (emitted Si + vacancies). SiO:
growth was mainly enhanced by catalytic action of Cr. At 810 C, SiO» growth of the contaminated samples
were faster than reference samples rinsed in RCA solution during the first 120 min. However, it substantially
slowed and became less than that of the reference samples. As the oxidation advanced, approximately half of the
contaminated Cr atoms became concentrated close to the surface area of the SiO: film layer. This Cr2O3-rich
SiO: layer acted as a diffusion barrier against oxygen species. The diffusion of oxygen atoms toward the SiO:
/Si interface may have been reduced, and in turn, the emission of Si self-interstitials due to oxidation-induced
strain may have been decreased at the SiO2/Si interface, resulting in the retarded oxide growth. These results are
evidence that emitted Si self-interstitials are oxidized not in the Cr2O3-rich SiO: layer, but at the SiO2/Si inter-
face in accordance with the model proposed by Kageshima et al. [Jpn. J. Appl. Phys. 38 (1999) L971] and
Takakuwa and Ogawa et al. [Appl. Surf. Sci. 216 (2003) 133., Jpn. J. Appl. Phys. 46 (2007) 3244.]. A possi-
ble mechanism based on the interfacial Si emission model is speculated on. The activation energies for the oxida-
tion in the reduced growth range of the Cr-contaminated samples are determined to be 2.3+0.1 eV, which is in
good agreement with that for the oxidation of the fourth atomic layer obtained by Yasuda et al. [Phys. Rev. B 67
(2003) 195338]. The activation energies for the oxide growth are found to be in accord with the enhanced and
reduced growth of the Cr-contaminated samples.

Key words: Si, oxidation, ultra thin oxide, chromium

1. I ntroduction

Upon scaling down to 22 nm and below in deep submicron high end microprocessor Si device technology, it is one
of the most common items to understand the influence of metals on ultra-thin oxide on Si for fabricating aggressively
miniaturized Si devices.

So far, the effect of Al in retarding growth rate of SiO . has been investigated !>’ in thermally oxidized metal-con-
taminated Si surfaces, an atomic bridging-type and/or a Schottky barrier-type alternating current (AC) surface pho-
tovoltage (SPV) has been reported to occur.?’ Recently, in Cr-aqueous-solution-rinsed Si(001) surfaces, an irregular
behavior of transition from Schottky barrier to atomic bridging-type AC SPV has been reported with air exposure
time at room temperature. The transition occurred because the Cr(OH)sbecomes Cr:03 through the reaction
2Cr (OH)s = Cr203 + 3H:0, causing Cr-induced negative oxide charge described as (CrOSi) ~ and/or CrO: ~ net-
works in Cr203." Cris a reactive element. The formation of Cr2Os on Si surface may affect SiO 2 growth rate, thus
it is worthy to investigate the effect of Cr on the SiO2 growth rate as a function of oxidation temperature.

Regarding ultra-thin oxide growth research, a layer-by-layer oxidation on Si has attracted much attention in the
formation of SiO: gate dielectrics.’ %’ In contrast to the first oxide layer growth without an apparent energy
barrier,”’ the activation energies for the oxidation of the second layer on a Si(001) surface have been reported to
be 0.3 7 and 1.2%0.3 eV.®’ This large difference in the activation energy seems point to the effect of the oxidation
condition of the first oxide layer growth as pointed out in ref. 8.

?) were the first to propose an oxidation model for a relatively thick oxide regime (= 30 nm), how-

Deal and Grove
ever the oxidation rates were found to be much faster than that their prediction when the oxide thickness is less than
30 nm. Since then a number of studies have tried to bridge this gap, and have produced modified kinetic models for
the thin oxide regime ( 2 ~30 nm).*"'? Furthermore, several experimental and theoretical studies have established

models for the initial stages of the Si surface oxidation processes, these include the Si self-interstitial emission and
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unified Si oxidation reaction models.” ¢ =% Ibano et al.”” recently reported that Si self-diffusion is enhanced near
the SiO:/Si interface during thermal oxidation, which is evidence supporting the Si self-interstitial emission

].14.16.20.21) Akiyama et al.®

mode proposed that the effects of interfacial stress on the reaction of O:2 molecules are
important during thermal oxidation of Si nanostructures.
Scanning reflection electron microscopy observation has shown that furnace oxidation proceeds in the layer-by-

)

layer manner caused by two-dimensional ( 2 D) oxide island growth,'>?” progressing up to oxide thickness of 5 - 6

nm on both Si(001) and Si(111) surfaces while maintaining a smooth step-terrace structure at the SiO2/Si interface
similar to that before oxidation.

In particular, our study on SiO:2 growth on thermally oxidized Al-contaminated Si (001) wafers in a dry oxidiz-
ing ambient at 600 T ¥ found that the growth saturated after a certain time (approximately 250 min) for film thick-
nesses of 3-3.5 nm. This saturation is because SiO2 growth and the desorption of SiO molecules'” eventually reach
a balance at the reacting surface, resulting in no further growth which can be deduced to be from an active oxidation.
The Si(001) surfaces that were contaminated by Al % and/or Zn? and thermally oxidized show retarded SiO:
growth compared with those rinsed in RCA (Radio Corporation of America),?’ depending on temperature and oxida-
tion duration time. In thermally oxidized Zn-contaminated Si(001) surfaces, Zn on the Si surface became segregated
in the top layer of the SiO 2 and a ZnO-rich SiO: layer formed.* This layer was postulated to be a good diffusion bar-
rier against oxygen that would retard oxide growth. %

In our previous report on the initial oxidation of Al-contaminated Si(001) surfaces,” the Arrehnius plot of the
initial growth rate indicated that there was a discontinuity in the oxidation rate at 760 C. At temperatures below 760 C,
the activation energy at the surface for the initial xode layers was determined to be 0. 27 eV for samples rinsed in
RCA alkaline solution (Standard Clean I: SC I), and 0. 57 eV for the Al-contaminated samples. These results were in
good agreement with those of Watanabe et al.”’ who asserted that the first oxidation layer was barrier less and the
activation energy for oxidation of the second layer is 0. 3 eV. For the Al-contaminated samples, a single monolayer of
Al, which covered almost all of the Si surface, may easily combine with oxygen. As a result, an Al-rich SiO: layer
may give rise to a greater activation energy (0.57 eV) than the uncontaminated ones.? On the other hand, the
activation energy at temperatures above 760 C was found to be 1. 54 0. 6 eV.. Using the sectioning method the value
was found to be 1. 8=0. 1 eV. The latter results are in good agreement with those of Yasuda et al.,®’ who reported that
the activation energy for oxidation increases in the depth direction toward the SiO:/Si interface, becoming equal to
the bulk oxidation value, 2. 0=0. 2 eV, at the third layer from the surface and 2. 2+0. 2 eV at the fourth layer.

We reported that the Al during oxidation became segregated near the top surface of the SiO: film layer, reduc-
ing the oxidation rate in the temperature range between 600 and 900 C.%’ Our analysis was based on the Si self-in-
terstitial emission model. '®1%%? Other undesirable metal impurities might affect oxide growth rates and degrade
gate oxide integrity, and this means the effect of metal impurities such as Cr on ultra-thin oxide growth deserves
investigation.

The present study investigated the influence of Cr on the growth of ultra-thin oxides on Si(001) surfaces in the
temperature range from 550 to 900 C by using ellipsometry, X-ray photoelectron spectroscopy (XPS) , and chemical
analyses. A survey of the initial oxidation kinetics depending on temperature was carried out with the aim of clarify-

ing the effect of Cr on the oxide growth rate.
2. E xperimental procedures

2. 1 Sample preparation

Si samples were prepared from commercially available (001) wafers, 76 mm in diameter. The wafers were phos-
phorus (P)-doped (n-type) with a resistivity of 10=0.5 Q ‘cm (P concentration of ~ 4 x 10" atoms/cm?®). The sam-
ple wafers were cleaned in deionized water for 10 minutes in an ultrasonic bath. After cleaning, they were treated
with an aqueous hydrofluoric acid (HF) solution (HF:H:0=1:99) for 5 min, and then rinsed in deionized water
for 5 min. After the initial treatment, two further types of samples were prepared: 1) a RCA alkaline rinse (Stan-
dard Clean 1 :(SC 1), ammonium hydroxide/hydrogen peroxide/water; NH,OH:H:0::H20=1:1:10 in volume %),
and 2) a Cr-aqueous-solution-rinse, denoted as ‘RCA” and “Cr’, respectively. For the “‘RCA” samples, the RCA al-
kaline solution was maintained at 85+ 2 C for 10 min and the “Cr” samples were dipped for 20 min in the Cr-contami-
nated aqueous solution, for which the Cr concentration in the water was 10 u g/ml, using the standard Cr(NO3)3 so-

lution (1000 ppm) for atomic absorption spectroscopy (AAS). The surfaces of both types of samples (“RCA" and
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“Cr”) immediately after the treatment were hydrophilic. After the drying treatment, the samples were oxidized in a
dry oxygen ambient (1 L/min) between 600 and 900 C, for times ranging from 10 to 360 min.

2. 2 Chemical analysis of metal impurities on wafer surfaces

A flameless type of AAS (Hitachi Z-8270) was used to measure the ion concentration of Cr and other possible
background impurities (Fe, Cu, Ni, Al, Zn, and Co) on the wafers. The impurities were extracted using the pack ex-
traction method (PEM), ?® in which samples were immersed in 5 ml of solution (HF : HCl : HNO3: H:O = 1:3:
1 :95) in a clean polypropylene bag (< 10? atoms/cm?) at 100 °C for 60 min. During the extraction, the wafer surface
was etched to a depth of about 0. 1 x m. All reagents and water used were semiconductor grade.

2. 3 XPS measurement

XPS (ULVAC-PHI, Inc.: PHI 5000 VersaProbe) was used to examine the Cr bonding state on the Si surface. The
XPS spectra were obtained at room temperature (RT) and measured with monochromated Al Ka radiation (hv =
1486. 6 eV) at an output of 300 W (15 kV, 20 mA). The pressure of the chamber was maintained below 1x 10~ % Pa.

2. 4 Oxide thickness measurement

Oxide thicknesses were measured using ellipsometry. The ellipsometer had a He-Ne laser (wavelength : 632. 8
nm) with a measurement beam diameter of 1 mm on the wafer surface. The incident angle was 70° to the sample sur-
face and the refractive index was 1. 46. Oxide thicknesses were measured at nine locations per wafer and the mean

thickness was evaluated. In every case, the standard deviation of the mean thickness was within 0. 05 nm.
3. E xperimental Results and discussion

3. 1 Concentrations of impurities on Si(001) surfaces
Table I summarizes the concentrations of the impurities on the surfaces of Cr-aqueous-solution-rinsed Si(001)
wafers and those thermally oxidized between RT and 850 C. PEM % dissolved the native oxide and thermal oxide

of wafers. Thus, the metal concentrations listed in the table correspond to the total amounts of impurities that ex-

Table I The concentrations of the impurities on surfaces of Cr-aqueous-solution-rinsed
Si(001) wafers at RT and those thermally oxidized between 100 and 850 C.

Concentration (x10"" atoms/cm?)

Cr Fe Cu Ni Al Zn Co
Cr-contaminated in
aqueous solution at 1.5x10* <1.2 <22 <I.1 <1.0 <4.5 <0.36
RT
100°C 30min  1.5x10° <12 <22 <1.1 <1.0 <4.5 <2.9
100°C 4h 1.5x10° <12 <22 <1.1 <1.0 <4.5 <29
200°C 30min  1.5x10° <12 <22 <1.1 <1.0 <4.5 <29
200°C 4h 1.5x10° <12 <22 <1.1 <1.0 <4.5 <2.9
300°C 30min  1.5x10* <12 <22 <1.1 <1.0 <4.5 <29
300°C 4h 1.5x10° <12 <22 <1.1 <1.0 <4.5 <29
400°C 30min  7.2x10° <12 <22 <1.1 <1.0 <4.5 <2.9
400°C 4h 72x10° <12 <22 <1.1 <1.0 <45 <29
Cr-contaminated  500°C  30min  72x10° <12 <22 <1.1 <1.0 <4.5 <29
and oxidized  500°C 4h 1.6x10° <12 <2 <1 <1.0 <45 <29
550°C 10min  5.8x10>° <12 <D <1.1 <1.0 <4.5 <29
550°C 4h 42x10> <12 <22 <I.1 <1.0 <4.5 <2.9
710°C 10min  3.0x10° <12 <22 <1.1 <1.0 <45 <29
710°C 1h 8.6x10*> <12 <2 <I.1 <1.0 <4.5 <2.9
710°C 6h 5.1x107 <12 <22 <I.1 <1.0 <4.5 <2.9
810°C 10min  4.0x10° <12 <22 <1.1 <1.0 <4.5 <29
810°C 1h 44x10° <12 <2 <I.1 <1.0 <4.5 <2.9

850°C 10min  3.3x107 <1.2 <22 <I.1 <1.0 <4.5 <2.9
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isted in both the surface and the bulk SiO: film. The deliberately aqueous- solution-rinsed concentration of Cr on the
Si surface was 1.5x 10" atoms/cm?, comparable to the calculated atomic density on a Si{001f surface (6.78x 10"
atoms/cm?). This indicates that the Cr atomic layer must be formed on the Si surface.

The samples oxidized at temperatures between 100 and 300°C had Cr concentrations in the SiO: films that were
as high as the wafers immediately after rinsing in Cr aqueous solution, indicating that most of the Cr atoms were in-
volved in the SiO: thin film. As oxidation temperature increased (400 and 500C) , the Cr concentrations in the SiO:
film layer commenced to decrease because of the gradual activated diffusion of Cr atoms into the bulk Si. Above 550 °C,
the Cr concentrations in SiO 2 were reduced to be ~10" order of magnitude (atoms/cm?) presumably due to an active
diffusion of Cr atoms into the bulk Si. The Cr concentrations in SiO: saturated at higher oxidation temperatures
than 550 °C*’ and became segregated near the surface of the SiO: film layer, as reported previously. 2

3. 2 XPS spectral analyses of thermally oxidized Cr-aqueous-solution-rinsed Si (001) wafers

XPS spectra revealed sub-peaks, corresponding to Si'* and Si?* sub-oxides, in the Si 2 p main peak. On this ba-
sis, the residual native oxide thickness immediately after the Si(001) surface was immersed in a HF aqueous solu-
tion was determined to be 0. 2nm. The surface may correspond to a state of oxygen adsorbing to a Si dangling bond
(the Si surface may be hydrophobic, but native oxide may still grow). Thus, it is highly likely that the Cr was depos-
ited on the Si surface by electron capture (Cr*+3e~ — Cr) because the oxidation reduction potential of Cr3* is
higher than that of Si.

After rinsing the n-type Si(001) wafer in the Cr aqueous solution, it has been reported that the deposited Cr al-
ready changed into chromium hydroxide Cr(OH) ;3 during air exposure on the basis of XPS measurement as previ-
ously reported (Fig. 1 of ref. 4 ). On thermal oxidation at 550C for 30 min, the deposited Cr changed into Cr2 03 (Fig.
3 of ref.4). Thus, in the case of thermal oxidation, the behavior of the deposited Cr at relatively low temperatures is
needed to investigate.

Figure 1 shows the XPS profile of an n-type Si(001) surface rinsed with Cr aqueous solution and thermally oxi-
dized at 100 C for 30 min. The binding energy of the Cr 2 p32 was determined to be 576. 8 eV and that of Cr 2 piz was
586. 0 eV. The binding energies of Cr (metal) are reported to be 574. 4 and 583. 6 eV. * Thus, these results imply that
the Cr-O : reaction causes a chemical shift because Cr is a reactive element, " displaying a high potential on oxida-
tion at 100 C. A handbook summarizing various XPS spectra®’ reports the binding energy of Cr 2 ps2in Cr203; to
be 576. 6 eV. The present results are in good agreement with the reported value. These results indicates that the de-
posited Cr, here Cr(OH)3, had changed into Cr20O3; during the oxidation at 100 T through the reaction 2 Cr(OH) ;
— Cr:03 + 3 H:0 as previously reported. *’

5000 : : ‘ 5000 : ‘ :
e o P
i .8 e i [
4500 4300 577.0eV
4000 | 0P ] 4000 | i3 ]
= 586.0 eV < el
S 3500 S 1500 586. 8 eV
s | ’ s | |
NS Cr 2p3/2(metal) —~
2 s000} ] > SO0 cr 2p,, (metdl)
z 574.4 eV Z 5744 oV
g 2500} 1 g 2500} 38
- =
= 2000 | : = 2000 | 1
500k Cr 2p, , (metal) | 1500 | Cr 2p, ,(metal) 1
583.6 eV 583. 6 eV
1000 ' ‘ ‘ i 1000 . ‘ ‘ j
610 600 590 580 570 560 610 600 590 580 570 560
Binding energy (eV) Binding energy

Fig.1 Cr 2p spectra for n-type Si(001) wafers rinsed with Fig.2 Cr 2p spectra for n-type Si(001) wafers rinsed with
Cr-aqueous solution and thermally oxidized at 100 C Cr-aqueous solution and thermally oxidized at 100 C
for 30 min (measured by XPS). for 4h (measured by XPS).
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Figure 2 plots the XPS profile of an n-type Si(001) wafer rinsed with Cr aqueous solution and thermally oxi-
dized at 100 C for 4 h, then the sample was measured by XPS. The binding energy of the Cr 2 p32 was determined to
be 577.0 eV and that of Cr 2 pi2 was 586. 8 eV. The binding energy of Cr 2 pszin Cr203 is reported to be 576. 6 eV
which showed the same tendency in Fig. 1. These results confirmed that the deposited Cr completely changed into

Cr203 during oxidation at relatively low temperatures as demonstrated previously. *-*”

3. 3 Thermal oxide thickness vs oxidation time

Figure 3 plots the thermal oxide thickness versus the oxidation time at 550 C. At this temperature, the oxide
growths on “Cr” samples were enhanced compared with those of “/RCA” samples, possibly because of the catalytic ac-
tion of Cr, and the growth saturated after a certain time (~ 150 min). A plausible reason for this behavior is that the

SiO: growth and the desorption of SiO molecules ¥

balance at the surface, resulting in no further SiO: growth. If
the temperature measured by Yasuda et al.®’ holds in the present experiments, there is another possible explana-
tion, which is that the activation energy increased as the SiO 2/Si interface moved deeper into the Si substrate, reach-
ing 2.0 eV for bulk oxidation. For the two samples of “Cr"and “RCA” oxidized at 600 C for 10 min, the native oxide
thicknesses were 0. 8 and 1. 0 nm, and thermally grown oxide thicknesses were 3. 8 and 1. 4 nm, respectively. This im-
plies that Cr affects the oxide growth just like a catalyst, bearing in mind that Cr has been reported to form a

%) In Cr-aqueous-solution-rinsed n-type Si(001) surfaces, a Schottky barrier con-

Schottky like native oxide barrier.
tact was proved to be formed on the basis of frequency-dependent AC SPV method.?’ Thus, Cr may cause the initial
oxidation reaction Si+O:— SiO2 to occur under barrier-less condition. This will be discussed later.

Figure 4 plots the thermal oxide thickness versus the oxidation time at 710 C. At this temperature, the oxide
growth of “Cr’ samples was still enhanced compared with that of the “RCA” sample up until an oxidation time of 350
minutes (oxide thickness was 8 nm). At 810 C, the SiO: growth curves of the “Cr"and “RCA” samples “ crossed-
over” and growth retardation of the “Cr” samples started at approximately 120 minutes (oxide thickness was 12 nm)
as shown in Fig. 5. This retardation tendency became more prominent at 900 C as shown in Fig. 6 . These phenom-

ena will be discussed in section 3. 5.

6 10 . , . .
[
5 "Cr" "Cr"
N . o~ 8 i |
£ 4 g
it ;/ "RCA"
5 g 6 1
£ £
Q 3 @] [5) |
k= 0 RS
© "RCA" o 4 i
g !
S S
1 2t i
0 0 L L ] ] L L ]
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Oxidation time (min) Oxidation time (min)

Fig.3 Relationship between the thermal oxide thickness Fig.4 Relationship between the thermal oxide thickness
and oxidation time at 550 C and oxidation time at 710 C
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Fig.5 Relationship between the thermal oxide thickness Fig. 6 The relationship between the thermal oxide thickness
and oxidation time at 810 C. and oxidation time at 900 C

3. 4 Activation energies obtained by the initial oxidation rates and sectioning methods

The activation energy for oxidation was determined using both the Arrhenius plots of the initial growth rates
and a sectioning method.®” On the basis of the SiO: thicknesses versus oxidation time relationships, the initial oxi-
dation rates extrapolated to time zero (¢ =0 ) can be defined and described using the Arrhenius-type equation dt./dt
= C1 exp (-E/kT), where tox is the oxide thickness, C is a constant, E is the activation energy for oxidation, % is the
Boltzmann constant, and T is the absolute temperature. The Arrhenius plots of the initial growth rates between 600
and 900 C was conducted in the ref. 28. The results indicated the nonlinear temperature dependence at 760 C. At
temperatures less than 760 C, the activation energies of two samples, “/RCA” and “Cr’, were determined to be 0. 26
eV and 0. 05 eV, respectively. The activation energy of ‘RCA" sample values were close to that given by Watanabe

and coworkers "’

who reported a value of 0. 3 eV for oxidation of the second atomic layer. In contrast, the activation
energy for “Cr” samples was smaller than that given by Watanabe et al.”’ A possible explanation is as follows: the
Cr on the Si surface, 1x 10" atoms/cm?, almost entirely covers the first atomic layer of Si. On the basis of XPS analy-

ses, the deposited Cr already changed into Cr.03,*’

because Cr is a reactive element, thereby, causing barrier less
reaction in the first atom layer. This result implies that Cr atoms play a catalytic role in enhancing the SiO2 growth.
In contrast, at temperatures higher than 760 C, the activation energies for the “RCA” and “Cr” samples have been
reported to be 1. 58 eV and 0. 46 eV, respectively. ' Yasuda et al.®’ have recently reported that the activation energies
of the first, second and third atomic layers were determined to be 1.0=0.2 eV, 1.3+0.2 eV and 2. 0+0. 2 eV, respec-
tively, in the temperature range from 730 to 900 T. Above 760 C, the activation energy for the “/RCA” may be a good
agreement with that of the second layer by Yasuda et al.®’ Thus, the obtained value of 1. 58 eV may possibly be close
to the oxidation of the second or third layer.

Furthermore, the result of the “Cr” sample (0. 46 eV) was smaller than those previously reported,” and rather
close to that of Watanabe et al.”’ In our previous work on Al contamination, the activation energy obtained in a simi-
lar way at temperatures above 760 T was 1. 60 eV. % Therefore, the activation energies determined by the initial oxi-
dation rates may be connected to the oxidation temperature and characteristics of the metal impurities. Consequent-
ly, a more detailed investigation of the oxidation mechanism at temperatures below 760 C is required.

For oxide thicknesses ranging from 5 to 18 nm at temperatures higher than 760 C, the activation energy was de-
termined by a sectioning method.*” The reciprocal of the time required to grow the same oxide thickness at each tem-
perature follows an Arrhenius-type equation 1/t = C2 exp (-E/kT). Figure 7 shows the Arrhenius plots between 1 /¢
and 10°/T. The activation energies obtained were 2. 1 0. 3 eV for ‘RCA” samples (the results for 15 and 18 nm is un-
reliable because of less data) and 2.3+0.1 eV for ‘Cr’ samples. These values are close to the energy required to
break Si-Si bonds and to form Si-O-Si bonds (1. 83 eV) upon diffusion of oxidizing species through the oxide. These

values were also in good agreement with those obtained by Yasuda et al.®’ who obtained bulk oxidation activation en-
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ergies for the third and fourth layers. Therefore, for oxides grown thicker than 5 nm at 760 C, the oxidation process
was concluded to be diffusion-controlled. This result provides evidence that the Deal and Grove model®’ does not

hold even for the thickness of approximately 5 nm.

Temperature (°C)
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Fig.7 Arrhenius plots between 1/t and 10%T for various oxide thicknesses,
ranging from 5 to 18 nm, at temperatures greater than 760 C.

3. 5 Enhanced and retarded growth mechanism for thermally oxidized Cr-contaminated Si wafers

Based on XPS analyses, immediately after rinsing n-type Si(001) surfaces with Cr-contaminated aqueous solu-
tion, Cr existed as Cr (OH) 3, and after long air exposure CrzO3 is formed.*’ At the very beginning of oxidation, Cr
may act as catalyst to promote a Si-O2 reaction on the surface of the Si, enhancing SiO: film growth compared with
“RCA” samples as indicated in Fig. 3. At 710 C, the oxidation of “Cr” samples was enhanced at thicknesses of less
than 8 nm as shown in Fig. 4. As the oxidation advanced, for example, at 710 C for 4 h, Cr atoms may be mainly
situated near to the surface of the SiO2, ® and became diluted as they moved towards the SiO »/Si interface. Thus,
a Crz203-rich SiO: layer may act as a diffusion barrier for oxygen species as previously reported in the Al and Zn
cases. 2% At 810 C, oxidation of the “Cr” samples was initially enhanced, while later (oxidation time of 120 min:
oxide thickness was 12 nm) the growths of the “Cr’ and “RCA” samples “crossed over and growth retardation
started at approximately 120 minutes. This retardation tendency became more prominent for all measurements at
900 C as shown in Fig. 6. Therefore, as the oxidation temperature increases, the role of the Cr atoms may vary,
probably due to the thickness of the SiO:.

Figures 8 (a), (b) and (c) illustrate point defect generation at the SiO:/Si interface during layer-by-layer

oxidation®

and the speculated oxide growth retardation behavior of thermally oxidized Fe-contaminated n-type Si
(001) wafers. Figure 8 (a) shows the reaction mechanism of Si-surface layer-by-layer oxidation from the viewpoint
of the point defect generation mechanism proposed by Ogawa et al.* In the model proposed by Ogawa and Taka-
kuwa et al., 142233 point defect generation induced by the oxidation-induced strain plays an important role as a
rate-limiting reaction in the unified Si oxidation reaction model for very thin oxide growth and decomposition.
Ogawa et al. *® suggested that vacancies resulting from Si atom emissions are predominantly induced in the first
strained Si layer (Fig. 8 (a)). Figure 8 (b) illustrates the reaction between diffused oxygen molecules and emitted Si
atoms at the SiO2/Si interface when the oxide is not contaminated with Fe. Figure 8 (c) illustrates the case in which
there is a segregated Fe203 layer formed at the top of the SiO:2 film. The growth retardation phenomenon can be en-
visaged as follows: the Cr203-rich SiO: layer is a diffusion barrier preventing much O: from reaching the SiO:
layer. This in turn suppresses the emission of Si self-interstitial atoms due to oxidation-induced strain at the SiO2/Si

interface and thus, the oxidation reaction at the SiO2/Si interface is reduced. Our results indicate that emitted Si is
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oxidized not at the surface of the Cr203-rich SiO: film layer, but at the SiO2/Si interface in accordance with the in-
terfacial Si emission model proposed by Kageshima et al.'*!'? and by Ogawa and Takakuwa et al. 142213539

The Cr-induced negative oxide charge [(CrOSi) ~ and/or CrO:~ networks] in Cr203 is not responsible for the
phenomena of the enhanced and retarded growth. This is because (CrOSi) - network has been reported to collapse
during oxidation above 850 C through the effect of frequency-dependent AC SPV, but in our experiments, the oxide

still grew at this temperature. *> %
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Fig. 8 Schematic illustration of (a) point defect generation at the SiO2/Si interface following
the Si self-interstitial emission model proposed by Ogawa et al.,* (b)reaction between
emitted Si atoms and diffused oxygen molecules on cleaned Si surface at the SiO2/Si
interface, (c) the case in which a Cr203-rich SiO: layer (diffusion barrier).

4. C onclusions

Oxide growth on thermally oxidized Cr-contaminated n-type Si(001) surfaces was investigated in the tempera-
ture range from 550 to 900 C in a dry oxygen ambient by using ellipsometry and XPS. The catalytic and reactive char-
acteristics of Cr caused an enhanced oxide growth to assist the Si-O2 reaction on Si(001) surfaces less than 710 TC.
For shorter oxidation times at 810 C (thickness: < 10~12 nm), the samples contaminated with Cr (“Cr") showed
enhanced oxide growth. As the oxidation proceeded, however, the oxidation rates of “Cr” samples slowed and became
less than that of samples rinsed in RCA (“RCA”") . This retardation tendency became more prominent at 900 C. The
Cr on the Si surface became segregated near the top surface of the SiO2, resulting in a Cr203-rich SiO: layer. The
retardation phenomenon in thermally oxidized Cr-contaminated Si can be envisaged on the basis of the interfacial Si
emission model; the Crz03-rich SiO: layer is a good diffusion barrier against oxygen (O:). The diffusion of oxygen
atoms toward the SiO2/Si interface is reduced, and consequently, the emission of Si self-interstitials due to oxidation-
induced strain decreases at the SiO:/Si interface, resulting in the retarded oxide growth. Our results are evidence

that the emitted Si is oxidized not in the Cr203-rich SiO2 layer, but at the SiO2/Si interface in accordance with the
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proposed interfacial Si emission model. The activation energies for the oxide growth are in accordance with the
growth behavior of the Cr-contaminated samples. The Cr-induced negative oxide charge (the (CrOSi) ~ network) in

Cr203 is not responsible for the oxide growth retardation.
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Generation of Wide Domain Satin-Finished Surface for Machining
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Abstract

This research is designed to create an extensive domain image by connecting individually created surface
textures. In this study, micro domain images were connected by averaging on a personal computer to compose,
a large domain image. The created image was then used for machining. Discontinuous relaxation of the gray-
scale was confirmed between the micro domain images after averaging.

Key words: Satin-Finished Surface, Milling, Machining, discontinuous

1. #&

VAR, HEE, FEMSEOTEMGOREIIE, KET
7 AT X EMHEN D B 2 MRS S L Tn B b o
WL Do KT 7 AF ¥ IZTIZH Y FTFT AR
Iy F Y TIZE o TEREIN TS, LELERDEL, 0
ERIZIE, SRL -8l 2 38 e L, HEMEICZLwen
IMEL DD FOI0, L) EAERICERE AR T
AF BB D72 0ICKTT 7 AF v 2 7V 5 MWET 5
CENRELEEINTWDLY,, FUINMETARET 7 A
F v BRI O A, INTICH L TERRKO 7 — & &8
BRIZHD, ZLTC, MTICHCSILHEN LT —4% % —
fEfy7: PC OS—VFvar¥a—%) CIERT 24,
TEZRE (CL7—7%) %2R0 5720 0ONEIZ R % 5
L, BEMNTIER V. 2 TRIFZEEIZBVWTIE, — &Y%
PC L Y IR L7 — % 215k 2 P2 REL 72
RFFEIZBWTIE, & 50 UL HEEE{S L 32Ok
W%, 3 D OBEFEHMGAH S ZXICIN LT — ¥ % ¥4 5,
AR (57 & O A4 R OByNEB % 1858 L, M/NA
W& 3 O OFIE G CTEE L DS, H\WIHK b
L TR E R L, BRI m/hEsEGg T — 2 %
ffioT, D% EHbELHEEEAER L, »D, Ok
&b SNIREEIN T 7 — % Ok % BIg$2%, %47
SICAREB I L C L E 9o AEEHRF bR B
TEICXY, RERERS R AT A FEERRE L

2 BREF &

2.1 [L#EECL 7 — 2 DERFIR
BI1IRT & 912, JR#CL 7— % 2§ 5 k%

Jill]

TR245H 150 %8

* HARSE R T eI Lo 4
*+ FAKE T T

e A T S P

RELZe ZOTFMEELTIIRT,

O WGREY T N EFEHLTC /A XE T VLA S
&, BUEE AR T 5. SOk X RFEEEGE 3OO0
AR 2 VB S 50 3 DOFHIRE R T — & = H|
WD72DIZ B,

@ 3 OOMEME G, S ZRITMTHT— 425501
OERLTH<,

@ K10 ARYT L) IRFEIFICET L, EEOTA
ZDOfyNEE, (K& & dx, dy) ZI8%ET 5o

@ TREO~®% JLHEEm{G O F CIHRFIET L, MNE
W% 5% EELE CRFIRmEET— & 2 Ek L, 2
Moo &b SNALHIEINT T — % 21EKT %,

® K 1ONIRT & (NI 5 % 3 D O Rk 5§
FCERLZELIIL, BEWIZR S FLLL T3
7 v 7= by F s (ERCHEABE:) 12X
DHEET 5o

® HIOWIRT L) ICHE LN %G — 4 %
ffioT, 2% TEDLENHEIREGEEZIERL, 22D, D
R EADESNZIREEMTT—% (CL7¥—%) %k
T 5

@ B1CONIRT &9 IO THESR LI BT 587
7 PSS L BRR@ & S0 L Tl b B L 7238 72 7
NI G 2 KD Do & L TDo7% TG b S 7RI
W5 % AE 2 B NES R 7 — & & 7212k o 725
FHI IR ORI A —/N—F v Tt 2 %I CTHRET %,
LT =22 L CHFEBIC A — N =T » Tt % 3%
T %,

® WHI2. 21TRT L HIZENZFNDF —N—=F v THH
WK L b fEd



36 AARREET A

A dx B C

o Ry

| N — —

(a) CHREES (OYBREES (ORI 35E %ﬁﬁ?‘ﬁ

(QB)DMIF—% (eMEERTBIMIT—%

M1 REFEHOWHEN

2.2 F—N—=Fy TERINTZFEOFIE
SFIMEOMEZ K 2 \IRT o A —/N—F v TNt
T e L, HELBMMNMEEEGOEQDF —/N—F v
TRt ORIT, ¥R L - NEIBE (5D 0 FE A % 100 %70
SEEIN A S8, EREFQOEAE 0 %H HEH
W& 5 2 EICL ) F—N—F v FHEISE SO E
RODLHDTH D, RNTL Y EE 7 LIVITHNT 5 EA

ko, RWAT S S & 12X F—N—F vy THEEO
T—=F e RKDODLLDTH b,
wlil =1t (1)
I'ixllyl=

L [x] [yl % (1- wli]) + L2 [x] [y] * wli] (2)

tEA—=NN=Fy TORS, 112075t THMEE 5,
wliliZd = N=F v THEEIIP T HEAH, T 134 —/N—
Ty THEBOT =%, T3RE L 72 NEIsim O O R
i, T2038RR L 72y NEIE QOB L § 5,

dy >|

RREED | ¢ | RREEQ

RRESONEH f><:1m%dx 7

BREBQNEH 0%
XAmR

M2 PO

oAE 5 54% 5275 March, 2013

. IRSREESER O — B DIER KR

Tt ERE HVWiEE

X3 (a) |2773, 1000 X 1000 ¥ 27 & )V o 1 sEIs 5% & [X] 3
(DR TH 3 (@) O—E2 53 & H L 72200x200 ¥ 7 £ )L D
PRI 5 3 B % IR SRS AL H B {5 O — EE OB -V 72
BERIZHW Ay NMESIT %% (dy (= dy)) 2100€ 7 &)L
ELA—N—Fy THREEERTT, AREEE G O—
VR L7z VR RO—E %K 4 1R A—/N—=F v
T AR o rzrzo, FI(W) ONIELS, [hiEEE
WHEED— 2 VBT 5 720120 % T4 b8 72y INEIS
BOBEFIZ 7 L — A7 — VORERED A LTV 5o

3.1

L= 3 NVl ﬁ T ﬁ
L § ﬁ;a[§
1000pix. HaEs R/
— —
200pix. 200pix.
& (b)
B3 v
v —
- . &
. . ‘ 2
’ S Y. d 2
- % & £
. - . S
b ‘
n . . 4 . N

200pixels

M4 O%EEbSNFRFEm G (—HEK)

B AN LD )

3.2 FHtzEHELEE

EL L RO WG L, FEALE R A B3RS B /N
W% (dy (=dy)) #100€ 27 kv, F—/N—F v Sz
7N (30%) DML, F—I8N=F v FHEEBANT
I bE R L, D% &Ab SIN72IR AL (%% VR L
720 VERFERZK S IIRT . A —/N—F v Tl E & 572
9, D EEDLENZMEI/NE L o TV D T EWHERR
T&E 5L, F72, LA RTANCEA LT 7o NI
BB D7 L — A7 — VOREEDFEA L T 5 2 & 5 HERR
T& 5,



JEFEIRE D I D AE R D FE R & FEIN T 37

- @
.~- /. ,;5)
=3
~ ( t o - ° ' | §
g . - .
|: - & - 8
170pixels

5 OhEEDSNRFEMmG (—HIEK)
Stk

4. i T = E&

4.1 PNIHH

REFLOENEZ MRS 572012, M4, K5ITRT
W ERRE L, MLEREZITo 72, L&, STL 7 —
% % v/, STL 7 — % &£ & (Standard Triangulated
Language) DBET=MAA Y ¥ 2 OMAEHLEIZLD,
SRR ERBT 52PN TEHL5DTH L, PHIMIE
XAy BN T EL Omm, A B
0.2mm OKR— VT FIVEMHALZ, OSTLT—% %
BT 57— ME%200um & L CERITIBIR 2 TERL L
720 @Y FI VoYX, HINTI2200 u m, 4 E1F1250
um & LTI LEATR 5720

4.2 STL7—20OEKFIE
STL 7 — % OVEFNEZ LT IR,

(1) FETLVOFERMBEEZIEL, BELY z0fEY (x,
y. z) OEEET— 7 ~EHT D,

(2) LAT @)~ (5)DWLER % BRIETTHE 2 X CD 4 N TIT ) o
D EoWsiz X in i wnE % STL 77— % AMER T &
5o

(3) 6IC=ATRAEHOFIELRT, Ml & 4 DEE,
H2L3oEMBRELZREL, FNENoMRoEKE
L, Z0PPWHICHET &, ZARSEZT .

(4) ZMIEFE L2 ZMBOEMRNRY MVEEET S,

(5) WITHEMART PVOfiE T 7 A WAEE A,

14DZED TFH/NE NS

AN
3 4

23DZED TR/ NS
1 2

1

3 4
=R O TR

X 6

4.3 INIHRER

B4, E5ITRTHEIFICHL, FRoFEICI DIERL
72 STL 7 — % % f#i ] L Roland MDXG650A 1= & V) fil T-3EE%
AT o720 ANEARAFEAE LB R 2 712, Pt
Wi L7 AERAE R AR 8 IR T, M8 TIE, dA—nN—F v 7
FHMNO T 7 AF v, ENLYOFEO T 7 AF v LA
KGR TR EN TV B Z DD 5h, ZOLHIZHW
ELEARERERAT D2 ST L 2L, RO
EEDPETEL o T BEDDDH 5o

20mm

[ gl
40mm

B7  PEEGRER (A

20mm

]\
34mm
H8  fERuHER CFik)
5. n/A g
5.1 # &

KT 7 AF X IZB HMNEE R 7%k TEbET
LRI R 2B T AW 2 (T 5720 D% K& bE72M
NI R B2 T B AN DR 2 X0 B 7280, Kt
NGRS A — N — Ty TR Lo TOoR EAbET,
F—N—F v TR P C ROl & HE L C L aER
B S 2 R L7z F72, F—N—F v TR O #H
fii % MEE L, LT O % 5720
(1) D% EHbEDMNERERM O 4 —/N—F v T

2B L WEOFEHMEI, Wi N EE o B s U T

B EAE & 572 E L TR 5, Pz K

OLIODTT 7T NEER L2,

(2) D% EEDELBNABRD F —N—F v THEBI T
b2 T RNICEAE L T2 L — A7 — )V OAHED,



38 HAKSTLHE RE £54% %27%5 March, 2013

SR RE L 72 2 B2 & ) AN R R T & 72,

(3) M7 7 AT v QIR TLIZBIT 5 CL 77— ¥ 1ER
DFEEREL T,

(4) D% EEDbINLHBEMBER L ER L, Ihhrs
IMLF—% & RO CTRBEEREMEmMEZ N T L7, 2% &
Ebglod —N— T THEIBICAE R D EE A L T n
ZERMERR LT,

5. 2 SHEORE

(1) ARWIFETIE, +—/3=F v THBIEHLE L 7277,
ARXA=VFNT 4 v ZEBNICE VA L0 LR
FOWEZIT) o

(2) AN, F7e 2 B0 L HEIE RO —E 2 H LT —
5 &RDIZD, BUNEBOM LT — % OA% Vv, L
WINTT—% %2k 5,

(3) T 7 AFYORIRIZIZE T ST L DOIHFET 5o
SRR L 72 87 DIERED T 27 2 F v 126t LT b [ FHE
IMTT7—% %Ko, MTERZH#EL T,

2 EZ X |

1) Yoshikazu Kobayashi, Kenji Shirai, KiyotakaKawasaki :

GENERATION AND ASSESSMENT OF RANDOM

SURFACE TEXTURE IN A WIDE AREA, 10th Interna-

tional Symposium on Measurement and Quality Control

(2010) 191.

Gary Bradski, Adrian Kaehle (#tH —) 3£/ OpenCV

—IYEa—-FETarIA4 7T —mflio - WG -

F2ik, pp44-50

3) ZESEIAAEM RS OpenCV 70 75 3 v 77 7 1R
F—2X4 O0penCV 7077377y 7, ppl76-183

4) FEE BT ERE R R L 7 il o R IREFAG AT,
FIHFA Vol. 57 No. 8, (2006) , pp. 554-558

5) B I, MR R, B BT I-) Y SIES
B F OVERGE O R, B A16h BB T —
7oAy 7in THE, BEGNE25%585 1275 ppl0-11

6) &l s, O FR, R R g BT R
WAL F T OVERE & 2 ORI, FBEd 2170
BPAl T —27 > ay 7 in iR, BIEATE26428 12% pp4ds-
49

7) WOHEZ, MRSERN, PORMET. BTHEEA A AT FV
TA YT D T 7 AT v RIROFEES LN, 20104F
Fia L 2R ERE TP EES pp947-948

2

~



HARSATLSE /K% £ 54% %27 March, 2013

Z 5 1AL E) rTRE 2 /NI T 2 oK b D FA¥E

RIS - JEET L

s INBR A

(I e ]

Development of Omni-directional Miniature Robot for Machining

Hitoshi Oyama®*, Tomohiro MizoGucHI**, Yoshikazu KOBAYASHI**, Kenji SHIRAT**
and Tsukasa KoNDO***

Abstract

In recent years, surface texture and relief are increasingly being added to buildings and interiors. These ma-
chining techniques are effective for improving visual added-value and design characteristics. However, the ma-
chining of surface texture and relief by hand requires considerable time and labor. In addition, depending on the
size of the workpiece, large processing machines are required for the machining work. In this study, we thus de-
veloped a small robot that can machine large planar workpieces at low costs. We conducted experiments to vali-
date the machining accuracy of the robot, and evaluated the usefulness and functions of the robot system. As a
result, we found that within target error values were achieved.

Key words: omni-directional miniature robot, machining, machining accuracy.
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Automatic Tree Parameter Extraction for Forest Biomass Estimation
based on Terrestrial Laser Scanner

Tomohiro MizoGucHI*, Yoshikazu KoBAayAsHI*, Kenji SHIRAT*, Hiroyuki WAKABAYASHI*,

Yasuhiko HARA*, Yasuhiro Kopa**, Ichiro Iwakr** and Hwa-soo LEE***

Abstract

In this paper, we develop an automatic method for accurately estimating forest biomass from point cloud
captured by terrestrial laser scanner for evaluating amount of carbon dioxide absorption. For this purpose, we
first present a segmentation method for identifying each tree in point cloud, and then present a method for esti-
mating height and breast-height diameter of individual tree which are required for biomass estimation. The effec-
tiveness of our proposed methods is demonstrated through experiments on real point cloud of forest.

Key words: Forest Biomass, Terrestrial Laser Scanner
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A Theory of Binarism and Its Extension II:
Application to the Taxonomy of Parts of Speech

Masashi KAWASHIMA*

Abstract

This paper, part II of diptych, is primarily concerned with the application of Binarism. The author first re-
views the discussion of the previous paper. Connectedness Theory is then introduced to enhance the case for bi-
nary analysis. Binarism is supported favorably in terms of learnability.

In Section 3, the author attempts to analyze major parts of speech in a binary manner and show the effective-
ness of Binarism in taxonomy of parts of speech. The major parts of speech, including verbs, nouns, adjectives,
adverbs, prepositions, and conjunctions are defined. However, pronouns and interjections are excluded on the
ground that the former are a subcase of pro-forms and the latter being an isolated part of speech with no syntac-
tic interaction with other parts of speech. The author then goes on to the first branching of prepositions and con-
junctions from other parts. The branching node is proposed by introducing the notion of open/closed class. The
two are the closed class parts of speech because they are limited in number and conscious coining is not allowed.
They serve as functional category, without being able to convey a meaning alone.

After the first branch, the remaining six parts of speech are again processed in a binary manner in terms of
the notion of sentence elements. Nouns and verbs are considered to be sentence elements because they can be
shown to be indispensable to complete a sentence. In other words a sentence becomes ungrammatical if they
lack nouns or verbs. Adjectives and adverbs are not viewed as sentence elements but modifiers. Although modifi-
ers help add some information to a sentence, they are optional in nature and can be skipped when conveying a
minimum proposition.

2. R eview and Extensioni

2.1 Review

We have seen in the previous paper the mechanism of the binary structure and its validity. The basic structure of
Binarism, repeated here is like (43a), not (43b).

(43) a. a

w W
/\
W/\S S S S W
b. o)
P
C C C A% C C

The validity is supported in terms of a pronominal coreference (44 (=(15))) and a quantifier floating (45 = (21
—25)) in Japanese and double object construction in English (46 (=(41b))).

(44) a. Johni loves hisi mother.
b. *Hei loves John's; mother.
c. John'si mother loves himi.

d. *His mother; loves Johni.

Received October 22, 2012
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(45) a.[np Sannin-no gakusei-ga] sake-o nonde-iru
three-persons-GEN students-NOM sake-ACC drinking
(Three students are drinking sake)
b. [xe Gakusei-ga] sannin sake-o nonde-iru
c. John-ga [xp sanbon-no sake-o] motteki-ta
NOM three-bottle-GEN sake-ACC bring-PAST
(John brought three bottles of sake)
d. John-ga [xp sake-o] sanbon motteki-ta
NOM  sake-ACC bring-PAST
e. *[xp Gakusei-ga] sake-o sannin nonde-iru

f. [xp sake-o] John-ga sanbon motteki-ta

(46) \V4
/\
A% P
/\
DP: P
/\

g(Jal P DP:

) theme

Now, Connectedness Theory can be considered as another case for Binarism.

2.2. Connectedness Theory'
Kayne (1983) proposed that under a certain Empty Category Principle based on the notion of g-protection (47),
if an empty category and its antecedent satisfies the connectedness condition, the empty category is “connected” to

its antecedent and thus becomes grammatical.

(47) g-protection set
g-protection set G in the category [ with a governor a is defined as below.
a. if a category 7 is a g-projection of y , then 7 is an element of Gj.
b. [ is an element of Gy.

c. in the case where o dominates [ , and o does not dominate y , o is element of Gg.

From the definition of g-projection, the * category in (48) can be seen as g-projection of . (47¢c) is so intended
as to treat the case of exceptional Case-marking, whereby IP and VP are also g-projection of [ .

(481) a, NP*
/\
Det N*
/\
Jl N PpP*
/\
pi|cture pP* NP+

of t=8)
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\ IP*(=0)

believe (=) NP T

VAN

tE=p) to be sick

Next, connectedness condition is defined as in (49).
(49) In the phrase marker T where there are n empty categories, these are described as f1, -, Bj, Bj,""", Bn. By
assuming each [ is locally bound by an identical category a , there should be n numbered projection set of G 4 j con-
taining fj, in which case every sum of sets of G; and a sum of sets of {a! is required to form a subtree.

Take, for example, the case of the parasitic gap of (50).

(50) a. Who do close friends of e admire ¢ ?

b. CP+
/\
whoi C+
/\
C P+
/\
dJ) NP I+
T~
I\‘I’ 1 VP+
/\ PN
AP N* V+ NP+
S |
close N PP*  admire ti
friends P* NP*
o‘f Jﬁ

If we think of ei as 1, and ti as [f2, g-projection set of 1 are categories assigned*, whose topmost category is
the subject NP and g-projection set of 52 are categories assigned +, whose topmost category is CP. These two g projec-
tion sets and who, which is a , constitute a subtree, because the topmost category of g-projection set of [, NP*, is di-
rectly dominated by an intermediate category of g-projection of 2, IP+, and thus is connected, and who, which is a,
is also directly dominated by CP+, the topmost category of g-projection of f:. Therefore, the structure of (50b) is con-

sidered to be grammatical.

In (51), the improper structure is shown to be correctly eliminated.
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(51) a.* Who do you admire ¢ because close friends of e became famous?

b. CP+
whoi /C’-F\
C P+

I I R

admire ti because

o
C P

/\

NP* T

N* became famous
AP N*
close N PpP*

VAN

friends P* NP*

of ei

In (51b), tiis seen as f1 and + are added to g-projection set. Also ei is seen as 2 and * are added to g-projection
set. Who, which is a , is connected to g-projection set of 1 but is not connected with g-projection of f2. It then fol-
lows that the “who” does not constitute an independent tree and violate the connectedness condition.

This illustrates that connectedness theory can support the plausibility of Binarism.

We now need to examine the case for Binarism in terms of learnability before proceeding to its application.
3. Binarism in Learnability

The fundamental purpose of learnability theory is to give an adequate account of a palpable fact” (52).
(52) Every normal child can acquire any kind of natural language naturally".
Learnability theory whose ultimate purpose is to investigate (52) aims at giving clear definition (53 a, b, c).

(53) a. A set of grammar which humans can learn
b. Primary linguistic data used in the acquisition

c. Language-learning procedure to pick a correct grammar based on primary linguistic data as input

In the early stage of generative grammar, or transformational grammar, Gold (1967) argued that context-free

grammar was not learnable'. He also argued that, since transformational grammar included in its base context-free
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grammar, which is unlearnable, it becomes a natural consequence that transformational grammar itself is un-
learnable, by definition of superset theorem. On the other hand, in the case of informant presentation, where gram-
matical sentences and ungrammatical sentences were given in distinct forms, context-free grammar is learnable*,

There exist two approaches to solve Gold's problem. The first is Wexler and Hamburger (1973) . They adopted uni-
versal base analysis, which specifies context-free grammar, which is incorporated in the base of transformational
grammar, to uniform grammar. In this approach, they explained that by positing a common (universal) base across
every all natural languages, the difference among the languages was to be given account of by the difference at the
transformational stage. It is true that by adopting this hypothesis, there will no need to learn base since it is innately
acquired. However, it was also indicated at the same time, that in the case where text was presented, transforma-
tional grammar was still unlearnable.

The second approach was also presented in Wexler and Hamburger (1973). The same constraint was assigned as
to base, but they made the set of (b, s) pairs of deep structure (b) and corresponding surface sentence (s) in
(52).

(52)
— |Takelnew d=(b, s
C (b) can’t be computed
- No — |Pick hypothetization or rejectionl
Yis

hypothetization rejection

! !

— o —

The transformational component starts as an empty set. Then the data are presented, which consist of a pair of
deep structure and surface sentence(d = (b, s)), and learning procedure applies set C (which starts as an empty set)
to deep structure b and generates surface sentence s' (s = C (b)). If s’ = s, then the transformational component un-
dergoes no change and receives new input. In case of s # s’ , a new transformational rule T is added (hypothetization)
or a transformational rule T' is removed from C (rejection). Furthermore, in the case where derivation C (b) “can’t
be computed”, the same operation of hypothetization or rejection is repeated and the transformational component is
revised. After it has been revised, a new material is received as input. By repeating the learning procedure (52), the
transformational component of adult grammar is learned. This is better than the instantaneous model proposed in
Chomsky (1975) in that the learner (a) is not required to remember materials given in the past and (b) the learning
procedure is steady and gradual because the addition and removal of one transformational rule is done in one

procedure.
Here, it should be noted that the binary principle is assigned to the transformational component.

(53) Binary Principle

The transformational rule cannot be applied to the phrase structure over two or more B-cycle node.

By assigning constraints to the base and the transformational component, this limits possible grammar. And by
enriching input information, or by making it a pair of (b, s), this proves the learnability of transformational

grammar.
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4. Binarism and Parts of Speech

4.1 Parts of Speech in English

Before proceeding to the analysis, we need to have some agreed notion of parts of speech in English. The notion
of parts of speech originates in Latin “parts orations”. “Word class” can be used instead and is used for classification
of form or function rather than meaning. Tens of thousands of words intentions can be classified into several catego-
ries. Although there is some dispute in the detailed case, it is important to set in the initial stage of analysis, a cer-
tain standard of categorization. The primary purpose is not the classification itself, but a preliminary to make easier
grammatical explanation or description. So if we find it useful to attain grammatical description or explanation, with
all its insufficiency of criterion, there is certain advantage. Such judgment has established several categories in parts
of speech. Traditionally there exist eight (or nine, or ten) parts of speech. We will start by surveying eight parts of
speech, and go on to reduce them to six “prototypes”.

In Latin, or Greek, where words abound in inflection, it is not difficult to distinguish them by means of form. In
modern English, however, it is less clear how words are classified and by what standard. Still the classification itself
is not hopelessly mistaken. Although in modern English, which lacks much of the inflection form, classification can-
not be solely based of word forms, we may need to fall back on other grammatical relation, say, position in the sen-
tence. Nouns have singular/plural inflections. Verbs have tense and modal word inflections and have past and past
participle forms. Adjectives and adverbs can make comparative and superlative forms by attaching - er/est or
more/most. Modern English can be categorized based on form, but pronouns, aside from personal, adverbs like
here/there/where, conjunctions, prepositions, interjections lacks inflectional clues, and therefore must be classified
by functional standards.

The traditional eight parts of speech according to above standards are as follows.

(54) (a) Nouns: which go through number, and case changes.
e. g. boy - boys (singular - plural number)
boy - boy's (unmarked - genitive case)
(b) Pronouns: which go through number, case, gender and person changes.
e. g. he - they (singular - plural number)
he - him (nominative - accusative case)
he - she (masculine - feminine gender)
I - he (first - third person)
(c) Verbs: which have number, person, and tense.
e. g. he is - they are (singular - plural number)
I am - you are (first - second person)
I am -1 was (present — past tense)
(d) Adjectives: which go through comparative/superlative changes.
(nominal modification)
e . g. young - younger - youngest
(e) Adverbs: which go through comparative/superlative changes.
(verbal, adjectival, adverbial and sentential modification)
e . g. well - better - best
(f) Conjunctions: which link coordinate or subordinate clauses.
e. g. John is a doctor and he is efficient. (Coordinate conjunction)
(g) Prepositions: which link subordinate words.
e. g. in the park
(h) Interjections: which are related to no elements in any way.

e.g. Hem!

Determiners (a/the and so on) may be counted as the ninth part of speech since they behave differently from
numeral adjectives in that they do not have comparative/superlative forms and they do not serve as predicates. Aux-

iliaries (can, may and so forth) may also count as the tenth part of speech because they have inflectional forms and
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are independent of verbs. The author will not initially investigate in detail and abide by the standard eight parts of

speech.

4.2. Preliminary Analyses of Eight Parts of Speech
4.2.1. Preliminary I: Interjection

Among the eight parts of speech, interjections may be omitted from discussion, since they are independent of
other parts and can constitute an utterance to express emotion. They are emotive words which do not enter into syn-
tactic relations. They may be any member of class of words and are grammatically isolated. Although interjections
may not be one word to be so used (56), they may often be contained within larger sentences (57). They can com-

pletely stand alone (55).

(55) a. Ouch!
b. Ugh!

(56) a. Good grief!
b. Oh my goodness.

(57) a.Oh,Ididn't even think of it.

b. Wow, you made it!

4.2.2. Preliminary Il: Pronouns (as an Instance of pro-forms).

In traditional eight parts of speech, pronouns are treated as independent parts of speech. This may be true con-
sidering that they are so in Greek or Latin, in which pronouns are rich in inflection since inflection is a major clue to
positing an independent part of speech. Unfortunately, this is not totally the case in English. Personal pronouns do
have inflections (58), but others, which most likely serve as quantifying expression do not (59).

(58) a. He is now member of our club. (Nominative Case)
b. He agreed to pay his club fee. (Genitive Case)
c. We are all happy to welcome him. (Accusative Case)
(59) a. Each has to pay one’ s club fee. (Nominative Case)
b. It has to be paid each year. (Genitive Case)
c. The membership card will be sent to each. (Accusative Case)

One can argue that both (58) and (59) are equally treated if (59) has null paradigm parallel to (58).

(60) Paradigm of Case Shift of Pronouns

Nominative Case Genitive Case Accusative Case
personal third masculine he his him
quantifying impersonal each each each

Apart from the discussion of inflection, the author presents the notion of “pro-form”. Pronouns are the instance
of pro-forms representing nouns. They cannot be independently introduced but must always refer to their antecedent

and syntactically be bound by the antecedent.

(61) a. *He; lost his; temper.
b. John; lost his; temper.

This is one of the instances of pro-forms, where the function is not limited to replacing nouns.
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(62) 1 don't like beef but my father does.
The does in the utterance in (62) stands for likes beef and can be taken as the pro-form of a verb phrase. It is
called pro-verb to avoid the repetitive use of the same verbs as pronouns and is used to serve the same purpose of re-

peating the same noun®™.

4.3. Six Prototypes and Their Binary Analysis
4.3.1. First Branching: Closed Categories

We have seen so far, that two parts of speech do not function as major parts and can be eliminated from the proto-
type parts of speech in English. The rest, targets of analysis, are verb, noun, adjective, adverb, preposition and con-
junction. We can now see how the remaining major six parts of speech are classified in a binary manner.

First, the author will separate prepositions and conjunctions by the classic notion of “open” and “closed” cate-
gories. An open category has the following two properties (Emonds (1985)).

(63) a. Only open categories have indefinite numbers in the dictionary of a language - say several hundred at least.
Closed categories have twenty or thirty members at most.
b. Conscious coining of new lexical entries by speakers is allowed only in the open categories.

(Emonds (1985:159))
Thus, defined, the only possible open categories are the major lexical categories; nouns, adjectives , and verbs.

Closed categories are the remaining two parts of speech, prepositions and conjunctions. The number of them
depends on how they are defined. This does not involve the vital discussion that they are limited in number and con-
scious coining is not allowed. They serve primarily as functional, rather than lexical. That is, they do not convey a
meaning alone, like open categories but are combined with other parts to constitute a unit.

(64) Intelligibility in Independent Situation.
a. Nouns: Rainbow/Dogs/Money, -
b. Verbs: Stay/Freeze/Run, -
c. Adjectives: Cool/Beautiful/Natural, -
d. Adverbs: Enough/Quickly/Definitely, -
e. Prepositions: *Of/At/With, -+
f. Conjunctions: And/If/Though, ‘-

(65) Closed Categories in a Unit
a. Prepositions: Of course/At the same time/With you, -
b. Conjunctions: And what/If I saw you in heaven/Though he is selfish, -

The difference between a preposition and a conjunction is what follows. A preposition is followed by noun to
make a larger unit than a noun, phrase. A conjunction is followed by sentence to make a larger unit than a sentence,

that is, a clause.

(66) a. PP

T

P NP

of physics
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b. structure of clause

Cp

C IP =9)

that the earth is round

Phrases can be commanded by nouns, so can clauses by sentences.

(67) a. a student of physics

NP
T
Det N
/\
3‘1 N PP
stu‘dent P NP
of Jhysics

b. People know that the earth is round.

P
TN
NP VP

‘ /\
People V CpP
N

know C 1P

that the earth is round

So far, the binary branching node of parts of speech is illustrated in (68).

(68) parts of speech
open categories closed categories
+N +S
|
pjeposition conjunction

Next, we will proceed to the second branching of the major four categories.

4.3.2. Second Branching: Sentence Elements*
The other four open categories - verb, noun, adjective, and adverb - will go through the next branching node.

Consider the following sentences.

(69) Students often buy inexpensive computers recently.

There are some essential words to make a sentence, or logical proposition, and others ignorable, although their

existence can give further detailed information.
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(70) STUDENTS often BUY inexpensive COMPUTERS recently.

These capitalized words are indispensable to make up a single sentence while the others can be omitted to con-

vey the minimal message.

(70) a. STUDENTS BUY COMPUTERS.
b. *Often BUY inexpensive COMPUTERS recently.
c. *STUDENTS often inexpensive COMPUTERS recently.
d. *STUDENTS often BUY inexpensive recently.

The capitalized words function as sentence elements. Quirk et al. (1985) defines sentence elements are more func-

tional than formal. They are shown as in (71)*,

(71) subject (S)
verb V)
object (O) - direct object (DO)
- indirect object (I0)
complement (C) - subject complement (SC)
- object complement (OC)

The sentence elements serve to constitute five sentence patterns.

(72) a.SPI The sun shines.
S v
b. SP II Your brother seems a coward.
S A% SC
c. SPIII That lecture bored me.
S V DO

d. SPIV I sent my parents an anniversary card.

S Vv I0 DO
e.SPV Most students find Phillip a liar.

S vV DO oC

The sentence elements consist of a verb and noun (and a secondary use of adjective). None of the labeled ele-

ments above is can be deleted, otherwise the sentence would be ungrammatical or miss the target interpretation*®.

(73)  a. The case where verb is deleted.

SP1I *The sun.

SPII *Your brother a coward.

SP IIT *That lecture me.

SP IV *I my parents an anniversary card.
SPV *Most students Phillip a liar.

b. The case where subject is deleted.

SP I *Shines.

SP 11 *Seems a coward.

SP 111 *Bored me.

SP IV *Sent my parents an anniversary card.
SPV *Find Phillip a liar.

c. The case where object is deleted.

SP IIT *That lecture bored.

SP IV *I sent an anniversary card™.
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SP 1V *] sent my parents*.
SPV *Most students find a liar®.
d. The case where complement is deleted.
SP IT Your brother seems.
SPV Most students find Phillip.

On the other hand, those which are not sentence elements are considered to be instances of modifiers. Modifica-
tion is an optional function. In a semantic view, modifiers add some information to the sentence elements. By modi-
fying, the author means restricting the head set. Take, for example, the sentences below, where a noun goes through
nominal modification by adjective (s) (74b-e).

(74)  a. Look at the house.
b. Look at the old house.
c. Look at the old stone house.
d. Look at the big old stone house.
e. Look at the big red old stone house.

By adding a modifying word, the head in the noun phrase, house, is more restricted. First, by only hearing the
Sentence, “Look at the house”, the listener has no way of focusing on which house if, for example, s/he sees a host of
houses. When the listener hears, say, (74e), s/he senses the set specifically. The appearance of modifiers is optional
can they appear in multiple places. Unless the meaning conflicts, they can help offer more specific information. For
instance, sentence patterns (75) have more enriched information with modifiers without changing its fundamental

proposition.
(75) a.SPI The <lovely> sun (always ) shines (brightly) (here) (in this town).
S A%
b. SP II Your <elder> brother (sometimes) seems a coward
S A% SC
c. SPIII That <difficult> lecture (desperately) bored me (very) (much).
S V DO
d. SPIV I sent my <old> parents an anniversary card (yesterday).
SV 10 DO
e.SPV Most students <in my class> (often) find Phillip a <big> liar.
S V. DO oC

The < > means nominal modification, and ( ) means non-nominal modification. Modifiers can be a single
lexical item of compound phase paraphrased that way. Here, we will focus on single lexical items. Nominal modifica-
tion is mostly exclusively* served by adjectives in an adjacent environment, with adjectives preceding** its nomi-
nal head in fundamental cases. That is to say, the primary™ function of an adjective is to modify noun.

Adjectives and adverbs differ in the manner of modification. The former modifies noun (s) by adjacently placed,

the latter modifies primarily verb and does not involve adjacency.

(76) a. My <old> roommate sent my <new> roommate a <heartfelt> greeting card.
b. They (often) played football (enthusiastically) (until dark) (after school).

The < > in (76a) are adjectives modifying underlined adjacent nouns. The ( ) in (76b) are adverbs modifying
a single underlined verb played, with (often) accidentally adjacent while others are not. Adverb can also modify

other parts of speech.

(77) a. He got a (very) good score at the exam.
b. He speaks Russian (very) well.
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c. (Happily) he didn't divorce.
In (77a), (very) modifies the adjacent adjective good. In (77b), (very) modifies the adjacent well, and (77c) is
the case where sentence initial adverb (Happily) modifies the sentence™.

The different behavior of two modifiers is summarized in the way that adjectives are nominal modifiers and ad-

verbs are non-nominal modifiers.

Now the above preliminary binary tree in (68) goes through the second branching with the diagram of (78).

(78) parts of speech
open categories closed categories
sentence elements modifiers +N +S
S,0,C \% nominal non-nominal preposition con‘junction
| |
noun vel‘fb adjective adverb

5. S ummary and Further Investigations

In Section 2, the previous paper was reviewed to support the case for binary branching analysis. Kayne's con-
nected theory has been added to enhance the plausibility of Binarism. In Section 3, by surveying Hamburger and
Wexler, which gives another support for Binarism from the point of learnability, it has been shown that Binarism is
a well established system for analysis. The theory of Binarism has been applied to the taxonomy of apparently com-
plicated parts of speech in Section 4. First, by eliminating interjection and pronoun, the major eight parts of speech
have been reduced to six. They go through the first branching of the Binarism with the notion of “open/closed cate-
gories” . Preposition and conjunction are filtered out as closed categories, the former commanding noun to make up a
phrase (P+N), the latter commanding sentence to make up a clause (C+S) . The remaining four go through the sec-
ond branching, with the notion of “sentence elements/modifier”. Noun and verb are classified as sentence elements
because they cannot be dispensed with in a sentence, while adjectives and adverbs are viewed as modifiers because
they can be skipped with the remaining sentence conveying the minimal meaning.

The author mentions adjacency in discussing the distinction of nominal/non-nominal modification. The condition
is by no means accidental but well motivated cognitively. The author may wish to discuss it on some other occasion.

In the current theory of generative grammar, the functional category can be the head of a projection and takes a
complement of lexical category™®. Take the case of DP, where determiner heads functional category DP and take a
lexical category NP as its complement.

(79)  a. the book
b. DP

Spec D
D

the

Z—7—Z

on
o Ju—
)
=~
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This may affect the traditional classification of parts of speech. If so, the first branching in (68) might need to

be discussed under a new light.

ii

iii

iv

This paper is part II of a theory of Binarism. Those readers who are not familiar with the discussion are referred to Ka-
washima (2012).

In the previous paper an anonymous referee suggested the author introduce Kayne if he is to discuss binary branching.
The author would like to take the opportunity of doing so here in this paper. The author is grateful to the invaluable
suggestion.

The author has hinged on Ando and Ono (1998) for the source of discussion.

The author has referred to Araki and Yasuda (1992) for details.

By natural language, it is defined a first language or mother language.

Refer to Wexler (1982), Wexler and Cullicover (1980) for detailed discussion.

In his term “nonidentifiable in the limit”.

viii ~ Brown and Hanlon (1970) reported that no evidence was found in actual linguistic material that adult gave a child negative

ix

xi

xii

information about syntactic errors. Therefore, it will not be empirically adequate that both positive and negative information
is given as input.

The notion of pro-infinitive is sometimes introduced in terms of pro-forms.

a. I didn't have enough time to clean the room although I desperately wanted to.

The point is, the second ¢o in the above sentence (a) refers to antecedent to clean the room and should be treated as one of
pro-forms. What makes the difference is that in the above the second part of the repetition is presented by means of to, which
can be taken as part of the preceding infinitive to clean the room and can be considered to be the instances of ellipsis or
empty category, like ti in (b) below.

b. Which book do you want to keep before throwing away ¢?

The author will not discuss it here in detail.

Adverbs can be considered as a derived form of adjectives. Since they behave syntactically differently from adjectives, the
author will treat them as an independent part of speech here. The possibility of the unified treatment of the two will be an-
other paper topic.

Some may argue there can be such expressions as “In” as shown at the entrance of the parking. It can only be possible with
surroundings with a gate and a parking and so on. in the very sense, it can safely be said that the preposition only precede

”

the concealed surroundings: In (this way). The same holds when we use the conjunctions “And---" or “So--". They can only
make sense by following and preceding a series of dialogue.
Usually tagged “clause elements’. The author refrains from the term because it may cause confusion with the use of

“clauses seen above.” The author limits the usage of clauses to the unit with a conjunction and sentence.

xiii ~ Quirk et al (ibid.) considers adverbial to be a functional category of clauses constituents and propose seven sentence pat-

terns. The author will adopt the traditional five sentence patterns without discussion.

xiv It may the case that , in the Sentence Pattern V, the sentence can sound grammatical when missing either a direct object or

XV

an object complement.

a. Most student find Phillip.

b. Most student find a liar.

Still, it cannot be interpreted in the same way as (72b) . In this sense the above (a,b) can be said to be incomplete as
Sentence Pattern V.

Plausible in the sense of SP III, where “an anniversary card” serves as direct object of “sent”. Not the case here.

xvi  Plausible as well when used, say, to the question, 'Who did you sent to the party?” with “my parents” functioning as direct

object of “sent”. Not the case here, either.

xvii  Plausible if taken to make up SP III as a reply to “Who found a liar (among the committee) ?”

xviii Noun can be seen serving as nominal modifier.

a. a paper lion
These are limited in production, and do not affect discussion.

xix  In English, some involve post-nominal modification by adjectives

a. He tried every means possible.
This is also limited in its appearance.
Adjective also can serve as complement.
a. John looks happy.

S V SC
b. The news made John happy.

S Vv O O0C

As we have seen in (72b, e), a noun serves as complement. Therefore, the function is not limited to adjectives. Only adjec-
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tive can serve to modify noun, it is a natural consequence to argue that the primary function of an adjective is nominal
modification.
xxi  Take the contrast
a. He didn't divorce (happily).
Where the sentence final adverb (happily) modifies the matrix verb divorce, deriving a different interpretation.
xxii  Refer to Fukui (1986) and Abney (1987).
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Measures the administration took against Influenza Pandemic (HIN1) 2009
— Analysis of the result of the questionnaire survey to the local government —
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Abstract

This article clarifies and analyzes the result of the questionnaire survey on the measures against Influenza
Pandemic (HIN1) 2009 that we carried out for the local governments of the whole country. It was a mail-in sur-
vey for cities and special wards conducted in August, 2012. The purpose is to build a more concrete analytical in-
vestigation and a new theory model based on our past collaborative study.

What we found is as follows; many local governments made action plans before outbreak and carried out
prior preparations such as taking the cooperation with the medical institution; therefore they were able to re-
spond to the situation after outbreak relatively well; the media news ahead in giving information made confusion
among the relationship between the central and local governments and between the local governments and the
public; after the end of the pandemic, many local governments made new action plans or modifications on exist-
ing ones and took measures such as building the cooperation system with the medical association and the medi-
cal institution. We are going to push forward further this study by identifying the factors which determine what
measures the government takes and constructing the model based on the data which became clear in these

findings.
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