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Quadratic reciprocity law over number fields

Hidenori Ishii

Quadratic reciprocity law, which was first proved by C.F. Gauss [1], can be viewed as a relation of two
quadratic Dirichelet characters. The author has given a proof by virtue of the functional equation of
Dedekind zeta function of biquadratic number fields. [3], In this paper, similar argument as in [3] will
be applied to relative biquadratic extensions of number fields. Then we will show a generalization of
quadratic reciprocity law over number fields.
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Relationship between polishing performance and viscoel asticity of epoxy
resin polishing pads

Yasuhiro TANI?, Yu ZHANG? and Junji MURATA 2

Polishing performances of glass using epoxy resin polishing pads from the aspect of their mechanical properties
are described. Material removal rates are independent to the hardness of the epoxy resin pads. The different types of
epoxy resin pads are produced by varying the composition of the resin and the curing agent. Dynamic mechanical
analysis (DMA) of the epoxy and conventional urethane resin polishing pads was conducted to investigate the
relationship between the material removal rates and the mechanical properties of the epoxy resin polishing pads. DMA
measurement indicates that the epoxy resin polishing pads showed a significant difference in the storage and loss
modulus compared to the conventional urethane pads. Moreover, the epoxy resin pads showed a higher loss tangent (tan
) than the urethane resin polishing pad. From the investigation of the relationship between the material removal rates
and tan 6 of the polishing pads, the strong positive correlation between the material rate and tan 8 is observed. Finally,
the dependence of polishing conditions on the material removal rate by the epoxy and urethane resin pads is evaluated.
It is found that the difference in the material removal rate between the epoxy and urethane resin pads becomes larger
under a condition of alow abrasive concentration and a high rotation rate.

Key Words : Polishing, Abrasive Grain, Polishing Pad, Epoxy Resin, Cerium Oxide, Glass, Viscoelasticity
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VB AR URRAFEE S > R AT U —IZxt T 2 BIRERE <, (ERBRRES M BT 2 2 &0, kRO HUE
T LAy REE LT 2 EREOMBREENE OND Z EBNb>TWnD. F, BEMHISLHINRRED
H EFHESEOR EAHGERS TV A, S BT, P a=T R L SRS VRIS Sy REOHET 5 2 Lok
0, bt ) U ARRLOSERRREREEBL L TD (FFHEf, 2011) . BFEE Sy ROSFEEREEIC 5 2 2 BRI
AV =R BRSNSy ROBBAIMMERE T bND. LvL, RS UBHEIIE <> N ORI
P EWFEREDOBIRIZ OV I S MNIT e - TV, £ 27C, AT, AR VRIS <> RO 72
WIVEDSHF BRI S 5 2 DB A T U -, £, RS UBHIEIFE Sy RERWTH 7 AORFERETMm 2170,
WFPE /S N OREBE DM BERFE N BT TR OW M 21T o 72, RIS, =R F IR S ROREHEYE A B)
HIRERR 53 #7  (Dynamic Mechanica Analysis, DMA) (2 X 0 3l L, AFEE <> Rookhut: & BRI & OBIHR 2 5~
7o Fettls, TR UBIISIE Sy RORFEEHEOI T2 3HE L, 5EkD ™ L &2 ASIEIEE < R &
DHEREATH Z & T, =ARFURIIEIHE N> NIl LA AEORT 21T 7-.

2. IRZIBEETE/ Y FOEE L FEBRFEORR
£, =R UBIENE Sy B CUF, =R8F%8y Fed %) OMEPIEERHECS 2 5582V TRl

Fig. 1 Schematic view of polishing experiment

Table 1 Experimenta condition

Workpiece Abrasives
Materia Soda-lime glass Materia CeO,
Dimension ¢ 20 mmxt10 mm Average diameter (D50) 1.2 pum
Surface roughness 0.4 pmRa Product name SHOROX A-10
Polishing condition Surry
Polishing machine ¢ 200 mm single-sided Basefluid Deionized water
Polishing pressure, P 20 kPa Abrasive concentration, C 3.0 wt%
Rotation rate, R 90 rpm Supply rate, S 25 mL/min
Polishing time 30min
— 6 —
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(T = A D) BAT o0, T D%, BIEH#I00 DX A Y& FESKAZANT, FLyH3y RE#ELHE 90 rpm
DT R L v 7% 10557 - 1=, AFEERESRIIIN TR O T/EMOEEZEIC L » THRE Lz, HFE% T/EY
DOFEH ST, (A7 TS (Zygo, NewView 7300) (24 ¥ 0.70 x 0.52 mm OFEEZHIE L, By b4
7l 0.08 mm DOEIE T VX EEA LT, BITFESHI R EEH L.

2 \THFEE S R OREFE L BRI ORUR 2R, mARF /8y NIC K AHFEERERIT, /v NEEICEb 59
FE—EDMEERL, WITNBAERO T L X oy REIE L T 70 WfEERWEZ R 2 B30 hoTz. —7,
A EFEH SRR oy ROMEIZIKGF L TERY, EENNSLRDI2 o TE Y ENA LTI E 0835
DTz, ZAUTHE RS X > RCIIRRRLIAN Xy RIZIhAaATe T2, BB/ Ny ROBRRIGRERED M B L, TERRR
PEESHIM L= Z Ll kb B2 bNS. £, Ny FEHENMELS 725 LRIV ARSI ES L 72 5720,
Lo ThEEHSIIEEIND. —J7, WFERERIIERARRE O &G0 IARES O T EZR S LD
ZEIZEY, Ry REEICELOTIRE-ELRoT-EHZ LN,

UEXD, mRFI 8y ROMEIFEIERICEEEL G202 EbhoT-. LinL, RERTHEH LIS
Ny RiE, #HERES KO ORAE, K[ALERE, HEONRT A= BRI 5> TNDLID, R HIFEREC S
I8R5 2 LIdREECHD. 2T, BIROEAGHOLEELS TRy REERIL, %

Fig. 2 Material removal rate and surface roughness by the urethane and epoxy resin pads as a function of pad hardness

Table 2 Composition and hardness of epoxy resin polishing pads

Pad resin type Epoxy Urethane
Product code A B C D E KSP66A
Prepolymer (wt%) 60.4 57.0 54.8 52.1 50.5 -
Curing agent-X (wt%o) 12.6 11.2 10.2 91 84 -
Curing agent-Y (wt%) 27.0 31.8 35.0 38.8 411 -
Hardness (type D durometer) 775 720 64.5 575 485 30.0
— 7 —

This document is provided by JAXA.



o k- ik FeMHE S

DOEIREFFEZ DMA &2 IV CRMli L, IFEEASME & ORI AR5 Z & & Lz,

3. IRFUBBTRE/ Y FOREEE O

TARF URHRIX A & A OFEECRL A L2 B L S8 5 2 & T, FEx OMIIRREZ A3 2 e 2 (EfR4
HIENTES., 22T, FHB IO LAIOFEEIZRE —& L, BELEELSHT-oARF Iy REERL,
DMA 35 X OWFEERRE DRl 2 F20 L 7=, 1ERL L 7= AR o3y ROTA| L LRI OB, 726 ONCHE 2% 2
WRT. R L7 RS UBEEANIE 2 7 = 7 —)v A RIOWIREIE (Z25b% (), ja834) ThY, =KX
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LDy REAER U=, B3 L7 AR ooy RIGEELA]Y OBIMIfE, EMET T2 2 L 2300s.

wIZ, BIR LR xi 3y RO DMA §HliZ LA A —4%  (HR-2, TAInstruments- WatersLLC) %\ CiT-
7= BESMEE, BIEYE— FCHIE#HEIZS5°C/mn & L, Bk 1Hz, AJZE005%E L=, £7-, #ERH
ELT10x50mm, EX 15mmicy)) i LizmARE o3y REfniz, SEZ5E, JERIEAZ X 31TRT.

TARFURIEC T L & URBIIRRE O K 5 Temi oy TR, BRI & i 2 PR R SRR IR Ot 7 O E
Y. 2 THERVHE SN W BB ICY A L0 T EAEATIL, HESNDIET EATEHRDAL
FHZE 6 2 W TR 2 595, SERMPERONAZE 61X 0°8 720, TR DONARZE 512 90° L 72D, &
DD XD TR ONFZE 51X 0005 0D & 70 5. 7, BRIMNENE R B A L5 (D 12
REND XD ITHEBHMER G TREND.

G* = [40] / &0 (1)

WIZ, REBRPERIC AT SN B A L RNARDIE A Tl DHTREIER G LU, BA LY w2 72 A E A
IS T DRKEIER iz nzhll (2), 3 DXHTRIND.

(a) Appearance of DMA apparatus (b) Measurement principle of DMA
Fig. 3 Experimental setup of dynamic mechanica analysis (DMA)

This document is provided by JAXA.



TR BRI /S v B ORhGEYE & PR

G’ =G* coso 2
G'=G*dnJd (3)
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TEMEKRFLB EORZ V(LAY OHEIMC XY, BHEE(LINOZEEEMET L, o FHOMEMENRKE < 2o
TeledThD. —h, VL& 3y RIRREIZ X o THPBMER PR NZF R LN 2 L3 o T,

4. IR HIETE/ Ny SO & FEEREE

AIE TR L 21Z, ZARF IRy RIIRERO T L& Xy B e bhlig UCTRME DS R E < B D Z 13 0ho
7z, 2T, TARF Iy RORHME L AFERHEOBRE TR T 2L, ZARF Iy ROMEBEEROFMZLT
Sfc. FREMITIR L LFAETH S, R LIZE Sy RIIR 2ITR LRI IRy RCBIWETHD. =
RFX Ty RORHRMEIRIEEIC L > TRESEL LD, ZOMBRE~DOEEZFH7-D, MEREZ 11,
22, 33 °C & L CHFEEREME 2 M L 7=, S50 RT LI, EHEAT Y —ZERAKTHA, £ixe—#IX
S TNBRAEATWR IS S Z T 72, 77, BHE Ny FOREIRE T (°C) ZRIMMBEFHERERE (k) i
YEFIT, 1T-B40E) (2L W HIE L. 73y RE & TIEMAERALL T D AICIW T, BEEESEA LSy REH
DOIENRERL TS EEZ DD (EAM, 1994). Xy FREOWESIZBIT DIRE Telxt L, #FERTO
BEEHZa (C) LEFRLE.

6 (ZAMFEEIREE 1C L D BFEERFEORHMMFE 2R3, U L ¥ 2Ny RISAHEIRE T3t LT, MEREROE

(a) Storage modulus (b) Loss modulus (gtano
Fig. 4 Dynamic viscoelastic properties of the urethane and epoxy resin pads as afunction of temperature

This document is provided by JAXA.



o k- ik FeMHE S

BT R IFE—ETh-o7T-. ZhiE, RIETORLEZELIIS, TLZ oy ROREENEEIC L > TIZEALL
AL L2 e ThHA D . £z, 7 ADOMEBRNECHEL 52 2E R E LTAZ7 Y —DRE LT 5 (Kim,
etal., 2005) 73, AEBRTOIREDOHPITIL, TORE IO TN THLZENDNoT-. THITHL, TRFI L
> RIX, WFEERERDIFEBIRE T lIZL o TRES B L. £, WTNOMEBEREIZBNTY, =hFI/\y
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ZZT, DMAIZEDEOND /T A—=HD1OTH D tan § 1285 H LIFEERER & OBIRZ 3l L7-F5 R, X7
(@ W1 X9, WFEERERLE tan 0 ICABUIA BN -T=. UL, FRIMRIEHEE G CHIE Sz iizE &
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Fig. 5 Schematic view of the polishing experiment

Fig. 6 Comparison of the material removal rate and surface roughness by the urethane and epoxy pads under the different
temperature conditions
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IRHFADOTARF Ly FCRHl L7 E IS b RREDRE R DG D272, T OREITER S Th -7 & ffmf T
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ERRO XD 7, B Sy ROREHENE & RO BRIC OV TE R EIT 7. 10 (&) [Z/REND L 9Tl
BERRRIAFEE CIE, Xy R ISR SRR, TAEMERE Z 5> &, ZORyNeUIEIER T TI/EM R E Dbk
EREITT A, INTIRITERA LNy R EICRFFESNZIRRLIE, TAEMD L OENT K- THE Xy RIZiEAIAI
RN TR ERET D, £ 20K, WSy FIZTIEWSORRRL) b AR 25 T S b. 10 (b) (TR
T LI, TAEMBBE) L2121, HE Xy RIZTAEMD D2 T CO T E DRSS T2, B Ny KD
EALAEHET 5. Z OWF tand DIEA/ NS WIFEE S RiX, #FEE Sy ROZEMLOBIEN B ARRIA /Sy K&K E)
LEENA T U —HICiET S, —75, tand DERRKEVIFE Xy Ry ROZEMOEENEN-HIZ, £<0
BRRIAMERF SUTIRBE TNy FEE RICER T B2 0N5. 29 LTRSS NN, RICTAEY & A
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T, TAEMEREOMMARRLE D /S HIWTOD A, FEEO T/EMEmITMRR L 0 K& 2MMRH 0,

Fig. 7 (@) Temperature dependence of the materia removal rate and tan 6 of the epoxy resin pad (C). (b) Residual sum of
sguares (RSS) between the materid removal rate and tan ¢ of the epoxy resin pad (C) as a function of the increased
temperature a.

Fig. 8 Comparison of the material removal rate and the surface roughness by the different type of epoxy resin pads
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RE 5 0 2ICIEE T 5 L mARF /8y RCIZEDWE Ry RE Y bENA ETEHE BN EOND 2 ER0n5.
ZDXHIZ, tand DIEAE WIS RIFRKIOREEICEN TV D 72012, 26 < OVEFRRSRIE AN ©H AT EERE
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Fig. 9 Relationship between the material removal rate and tan 6 of the polishing pads

Fig. 10 Schematic drawing of the loose abrasive polishing
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7= ORRRLOREEN B <, (RIRREED Z T U —I2B W T H %< ODIEIRK BN S SN -0 ThHEEZ BN
5. TARFI Ny R CILE &l U CTEWIHERERIE HALTZDY, 9 Wt SRR Tl IXTR O EERESR
Tholz., BRIRENINT S & ATV —FORRIFEIN/NE <2, RRIR TN AVOENX 21517 5720, /3
v RO tand I X T IRRIOWEMENE L R D ENERTH D, VL Z /Ny R, A7V =gz vz
EMD, FWERRLHREE CHIMNTIRIC 7072 2 7 U =D MG SRz, =ARF T3y R TRWHERESR
ERLIEEEZDLND. fERE L TZARF Iy K COMKIEE 0.5 WODHIEERER L v L ¥ /3y KOKKLE
JE OWNDIFEERERE M FIEFRFED Z &b, ZARF I /Ny FCEMHT S Z & T IR 25 94%I{EJ T 5 =
EWNTRETH D Z E N7,

[RIHRER FE DT RERIC B 2 D B2 R LI b 0K 12 (b) ThH. (RO EREHREE CIIRR £ 721327 U
—IZVEHT 2m LA NE L, B Ry ROREIC X O 0 RN SO ND -, Loy R
TARF Iy RCIIHFEEREIC R & 22 BB, ERAESEHE 25 < 95 &, AL E TAEMOFHEE )
A0 BERERIEM B9 5. —F, ERRRIEREE OO RERRICER T 2 LN K E e b, BRkLD
WRMEME T35, IRRLOBREEDTEN T L &2 2%y RiZ 30 rpm LI EO[RIERHE T, BFEEFERMNIFIEAF L T
WHZ ERbns., —F, TARFT Ny K CITMRRLOREFEN WO, @RS E RSB W TH 07 E
FARRRIEL MG DI, BE O L Z L%y ROTARF IRy RE LR L CRWIFEBRERN G DN LB 2 65,

Fig. 11 The surface roughness of workpieces as afunction of polishing time

(8) Effect of abradive concentration (b) Effect of Rotation rate
Fig. 12 Relationship between the material removal rate and polishing conditions
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(1) HHEDFEELA A 28 b ST AR S BIIEIHES S > RAAERLL, BIFREEMEIE 21T o 7o /5 R, ko™
LAy REHIRL T, R&ERtand 2T Z Enbnrol.

(2 =AHRFT Ry FOWBEER L tan AT 2 EOIGEL, MIAICET 2 Xy ROREL BES - 724
B, HIEIREICRT A I T A CTOIRE F&HITX 20°C SfEE Sz,

(3) M2 HZRIEMA DAL/ ROWFEREZTHE L, HE S ERIEEIZS O CHEBREE L tan § O
fRAEFAATRER, mE ORICIEOHBERIRZRD b7z,

(4) =R TR Sy RiIZw L X URIIRNFEE S v R & bl U CRVOIFE R CRIE SIC=#E L, M oEnT
fE EFEHESAELND Z LN noTz.

(5) TARX BGHIEE S v FITEARRIEEE, @RESHRE DOSIEC B W T B BN ERER NG LD 2 LR35 h
Sl iz, WEROT L E LNy B & U CRRRAE 25 4 WK TE 5 Z L 3o 1z,
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Development of partially Ni-coated diamond abrasives for electroplated
tools

Yu ZHANG Y, Yasuhiro TANIY and Junji MURATA?

Electroplated diamond tools are developed for grinding hard and brittle materials because of its low wear
resistance. To improve the grinding performance of diamond tools, a single layer of diamond abrasives is electroplated
on the tool body. The electroplating process delivers a homogeneous layer with diamonds embedded in nickel alloy at
high speed. In order to facilitate the adhesion of diamond abrasives, the diamond abrasives are coated by nickel
membrane. Therefore, the cutting edges of diamond abrasives are hidden and the grinding performance of diamond
tools decreases. Moreover, a phenomenon of abrasive aggregation generates and leads to bad abrasive distribution. In
this paper, in order to solve those problems, authors developed partially Ni-coated diamond abrasives, which were
produced from the commercially available full Ni-coated diamond abrasives. The adhesion characteristics of partially
Ni-coated diamond abrasives were discussed, too. The grind-abilities of diamond tools, which are fabricated with using
non-coated diamond abrasives, Ni-coated diamond abrasives and partially Ni-coated diamond abrasives, have been
evaluated. As the results, the problems when using non-coated diamond abrasives or Ni-coated diamond abrasives could
be solved and the grind-abilities of electroplated tools were improved with using partially Ni-coated diamond abrasives.
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o
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RO =L —HIRIZBIT 5 KB R EOBEEMILIFETETRE - TS, sk U 2 KEERIC
by aryz—NI~vLFIA YY) =TV arf Iy "aRATA LTI LIk filiEs
No. AT7A TV TIMTTRIZEBWTE, 7 #E @l AT SE2R0 O LRI GC MRk 21l St 7= 2 F U
—Z T DHHEEEIWHE & XA T RIRRIZ T/ BRUCES LT XA YEY RUA Y LEEZ BT S COKBMEF
BINE DI % DT HAFEIEIEEED 3 % (Webster and Tricard, 2004) . BFEIEIHE 20 IHFEESIM T 2T Eb~ T 2~3 {iF
FREOYIWRE N 29 5720, BEV U a3y, 77 A7, SIC 72 & OREMEAEIO IR ARBTG5 20 K A3
HATND., BELAYEY NUA Y THORIETETIE, MERIONTHEEE & RO 217 B3 572010 —
AN = V72 E ORISR SN2 EEMEZ AT 5 X A YE 2 RERRLAMEH ST 5 (T3, 2003) .
—F, BIRA, BT v 7 REOHEMAMELOWHNZIIFRIEEE, TEREMEICENTZEE S A VYES RRA —AR
IL<FIHEN TS (FiTH, 2013). BAEX A YEY REA — /U DWW TE AT RRRLE 8 - Z R IR L3
Hr &5 8 o S ECIRRLZ TR S THTHB B IC L 0 K- A2 HLDIA A T RIS 22 & 0 51k (B A, 1989)
THRIESN, AOUNKE RO LD EBWEDO N A Y RIBRIAMEH STV D, —RICESF THD
BN TZEITH Ry v THEEICBOTE, OWEBHEAFINEH SN TWDLT) Ry v U TEENRREETH

b BEXAYELRIATYTLEO RL v v 713N T A YO EICEBIT A2 TOEE Ny v 73540
ERHD, L0—BHLIRD. 20D, Ry TELEE LRWESEX A VYEL RUA Y LEDOBIEN
HfFEh T 5.

FNEFEITH-OIEE DITL A VT FIRRLOR HEREE kﬁﬁ@lﬂmém@ﬁmh = L OBIEMEICIER
LTW5. AHFFETIIZ A YE L RERRLO 5 DA Ni ETEOIT-E %y Ni B X A Y& IR 2128
T 5. T ORRRLAE Sy NI gFERRR & Fid 5. ZAUSxE LGl O2m A Ni THdE S VTR 2 4 Ni #78
RRLEFRT 5. ZOEy Ni X A VE L RIRRLOFES LA ~OFTHIREEIZ DWW TG L=, 2L ¢, 2f
P«%%&4%%/%@ﬁ%io#ﬁﬁﬁg54%%/b@ﬂ&%@b&@%,ﬁ@b:*”ﬂ«%g&4?%/
RRRKL A W B O RS TR OBRGESME 2 Mt Lz, #EIRE 2 2 X To BRI A WD TR L 72 B8 TR Af
mb,@%ﬁﬂ%ﬁ%ﬁév):Vkﬁﬁxwﬁmiﬁ%ﬁw RSP X 0 B T HOUIE 2 3 L7-.
ZORER, B L7280 Ni g 2 A Y2 Rk 26 L7256, ESEYE Y A v PRk L 0 EA THE B
DORRRIEREF 1055 <, 21 Ni 78 2 A Y FIRRL L D YINBRIMEN D Z L DGR CE =D THET 5.

2. BIERBEFAVED FEHORE

BIE, EEXAYEY FTEOREEIZB O TIH - ZRICH A YE L FIRRLZ e St 7-Ex = v 7 VEA D
S ETENEERSG CILSAHAENTWS. B T EAZET 54120, mu®@n%%%ﬁbf#AEw%®
HAYEY FERINZHINTVD., DoZBORETEAL SBRWEOILZOEAED > TRETIIEREE Y
1 KAIM? LR SRS BRESNTE Y, EEEEDEN. é%:,%%ﬁ@ﬁw&4?%/bmﬁ#ﬁ%én1w
B2, BRIE D> XHOEEMENMEL 725, £ZT, EEXAVYEL RUAVYILETIE, BRLED-XEED
BEMESCHNREZM LT 5720, SRWEL A v RIBRAHAWOLN TS, SRIES A YT Rk
T2k, ¥4 7Ey R Z TEHAEGIIHHT 2860 > & TRORMI EHE T, S5 LHOE
HWEAZEZEL M ESELZENTED. L, @BREFEIR AT 5 & 28 LI RRISEIRIT O - 032 AT
HT27-08EE THOUNBRME T LT LE Y. £, HED- X217 ) BRICIRRIOEESNIE L 70D, £
T, EEOIIBBEES A YT NIRRL L IEGBIE S A YEL FERRIO A Y » FEENTZ LN TE, HE
o ZRH TR OERRLRE C B ARRIOAT AN <, BINBEDMEN S TEHOFEBR O, A vE L RERRLO—H
FDOHINBIETBEOND I BIBHFES A YT NI ZIRET 5.

FRRLOEEMEICR L CTHRRGERE D8 - X TH O EAZ DWW THEL <fmik & Tunbd  (FEfk, #AK, 1982, 1987).
BEBLRO > X (T HBUNSEBMEDOH K2 H L7255, X 1@ d & 9 (SRR 4 2S5 M R g
(BN ORI LT RRRI A ROy & 720, 25H L7k Iz &g B ek s & < Mt 9%,
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Z DORESR, BRI OHT AN < BRRLOLREF /1038 < 72 503, ARRL D BREENE X T T H EORRKI AR N AL —I1272 5.
ZIUTxE LT, EEMEOARWRRLA M L7255 Lo)rd &L 5 12@ES TR EORRRL & A4 BitimfEH»
HIpNT D, BRRLOLRFF ML 725, F£72, BRELOREIZIZEBMED W, M LI oR O Rz s
DRI A B I OHT A U RRRLOBEEN T & A EE U W OIS RS, ATHIEHREEDSELS 72 5.
I G DOREZ RS 272 DIZX L)W T & 9 IO R O— 3B R BB 22 WKL A2 EAUL T RIS L
TERRRLOD S HED B < REEN DOEWES TEOERNAREL 22 b0 L Bbhd. 22T, FELIX, Akl
£ O IZER THOMES Z i3 2 72 ORRRL R M O —F8 5 72 1 & &M AR50 Ni JE TR S -5 Ni ¢
B A YT RERRLZBA%E L7z, #5045 Ni B RRRLO EENCIZ R IR 222, M RRRIOEEMED & 5 H5y )8
T2 > THREIHH Lb-> EEAKET 5. RO > X BTN, HEH2E Uk
BWER TR REL 725,

3 Ni BBRRRIOMERUGYEIC B LTI, FERERRRIE [ O — R IS IEFEAR Ni D> X2 X 0 Ni 2R TR S
B o & 1 & A Ni 8 S TR R O —EB5y D Ni 2% FIiE S 585 HEEEN H 5. b - &k

Fig. 1 Effect of nickel membrane coated on abrasives on growth of electrodeposited layer along the surface of abrasives

Fig. 2 Production method of partially Ni-coated abrasives
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W S5 2 A ' FERRIORTERIC X 0 fIRKL & Ni fEO B AN K E < g B 720, ARFFE TIEEh sy HIg
EIZ X0 N BRI A (R U 7=, 7088, 0 RIBHEATIER LT, o> XIETER LT, EETHD
WFEMERBIXIE & A EZAED 720 2 E R STV D (I, 2008). X 2(@12iE, #RIBEEIC X 255 N
PFERRRLOVERL T 1B X &R 7. 77, JEA 2 mm OMBEEMEDMEN D AT > L A8k (SUS430, (1150 X 150 mm)
FlizAy b7 L— M2k 120 CIThET 52 L TU v 7 2 (KPW-A, JLEER (%K) () % 20 um F2EE
i L7z, ko4 Ni #6882 A vE 2 NRRKL kit : 30~40 um, 55 wWt%Ni) &7V w7 X BIZ¥)— %@Fﬁb s
L 2R DALY T L VLS B2 T v 7 APTIRRI A LIAATS. ZOWREETIE, K 2b)RS
ND X DITHRRIN T v 7 ADOREPHFHREBRH L TS, ZORK A2 RN L-filka R 1LIoR LiIz=y 7L
HBERIIRIEL, Vv 7 ATBEDIL TR WSO Ni B A2 FBES 7. ZOfEE, K2eomsihd L9 IcH
HERS T 121 T#7 \ffﬁ%ﬁotn’-*%, BRRIR A= v 7D ST, BRRIREIIIRE (XA FVEVR) BE
H3 2 2 E PR CTET. Z0%, ATV LVAHIRE ML OfIZiR L, Uy 7 AZERITENL, kL
TRRL 2 & AU TEVRIR ik~ 4/1/5' TAHIET 5 Z LT XKDy Ni gFERohi 2 B H L7z,

X 3 1ZIT R =40 X #5688 (EDX, INCAXx-act, Oxford Instruments #1:51) Z T, {ERIL 724645
Ni BRI O R F TR T EAT S TR Z 7~ T, BRRIRE O—H 53D Ni ZER 2 XA YvE R (IRFE)

Fig. 3 Elemental analysis of partially Ni-coated abrasives

Table 1 Conditions of stripping nickel membrane

Fig. 4 Ratio of carbon and nickel atoms on the surface of partially Ni-coated abrasives
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MEBEHLTWD Z L ERTE 5. HIBER ~OIRIERF] 2 30 min, 40 min, 50 min & Z{b W CTHE LAk A
— D EDX 095 Z &1L D C & Ni & OFRTHOBG ZRDT-. ZORE, X 4107 T X 9 I HIBERFR
NEL RBIZONTRBOEIGNHEZ D Z LW h -7, FIEERRT 2 50 min OFEITITRRKL L T~ 7 ZADFRRIC
FIBEEMZA L, BRRIEMEO Ni FIESMEE A CFHEESN=bDEEZ NS, 5 13AERL L 72855 Ni grgiihs
@® SEM BE %79, 30 min OHATIXY v 7 AOFKEIZFEL L7- Ni FRIENFZ2IZHIBE STV, 40 min
DOBFETITRRRL ORI DI DSHEES LTV D Z E R TE 5. 50 min OGATIE, BERIORE T e
Ni B L 23k » TRV, ARIFFE CIEHIBERRT A 30 min, 40 min, 50 min OF4y Ni #BRRKL (s
#5y Ni #2788k 30 min, 40 min, 50 min & F74°%) ZHAWVWCES LEZ/ERL, 6O THRMEEZ M L7,

3. BEIRDFH

3-1 BEIROUEEESL KUHESH

IR CTdn D U A ¥ CTIIRRKLOUFEIRREBIE S N T & 5 7200, ABFZE CTIEBUE L72#545 Ni $RFBRERL & fiflkd 42
i Ni #EBERRRL X OB 2 EHAERD > E{EIZLY, HONTOHT VL U BHELELE X OWRTEALEL (75
ftll, 2011) ZJifi L72[EA2% 10 mm DI (S45C) IZEAE LTz, X6 ITITER =y 7o T EREED A A—
MZ2Rd. BiReE Liohli= o 7V hbe%E B — 0 ONBEZEE Lz, TERMM & 705 S45C Fube% [aisdEE ofho
THEINCERD f1, BEOEFICE 72> ENTE LX) ICMEE P - D EEHESERB LT E{To7-.
BEFA YT NUA Y TEORGEFEEIL 10 m/min A EZ BIEL LTWAT2W), BEDORESEENES X A VT
v RUA Y THORGEHE &[5 UFEEIC /25 X 912 300 rpm (C[EE L7z, [BlfEEOHio 4 @R o bl & EiE
RO % Bt LA B2l U CHRICEE Lz, B — DM BHROMIEE b O~ IR T 4 v I AX—T D
FIZHE, DoXIBEMBL RN OO XA HR LT-. Bl L7o& A Y& RERRL (BZf% : 30~40 um) & -
TR SE DT80, AX—F OEEENT 1000 rpm (ZEE Lz, EEX A YEY NLEOIERICBIT 50> %
THRNLMRINCA R T A 7 Do &, HED-E, BDoZX DI AT v TIrbsd. 7y RIRIL, 5RERS Tk
FHEICKEDOKRFAT A ZHE L, BBRATICRE W CGELFRER T LERM OREBR(EM 2T LR b o X

Fig. 5 Surface state of partially Ni-coated abrasives stripped in 30 min, 40 min and 50 min

Fig. 6 Schematic diagram of plating setup for manufacturing diamond tools

_19_

This document is provided by JAXA.



i T Fuh-NHE O ONES

DI EMARETEHME DB EDEEENREL 5. 0D, ANTA T HoXTUIT v RIgEER LT,
RRLZ AT T A A O - ZIR S MRRLORFF ) 2 @ H 1k - ZIRITIE, BAESSIDVINE < BRI EE A3 AL 7
7 IUBE= VIR ERIR U, BRI > OB L O > & &2 £ 21ICF L O, ANTA 7o
ZORREIZ 05 uMIZRD LA RN TA 7 Do ET DK A 150s & LTz, D> EZDHRMTIE, Do X DORUFH
FED 3um/min TH D728, IRRIEZEO U3 FRE (10um) 2MEDIAEND K H 1Tk~ X DI %E 200s & L7z, #
o X ORI ONT HH B L 5.2 5720, IR ONTHEZ BE L 2N HHEE 0 > X ORMZ R L.
F 70, BB E OHERF O 7= ORI = > 7L & T R Rl Z AW TEHAD > IR & thd > ZIRH pHA 1272
HEOITEBE LT

3:2 FEDHOETEHICKHIEEIARADEROFTEEL 7

AR AT X9 ICHRRI R I O BB R IT T REICHT ) U 7o AR BT B2 5. 2, 857 Ni Rk OHT H &)
218 Ni fEBRRRL & FERBEIRRI ORI/ D LB 2 b D, ERLL 7285655 Ni g8 Rk & TR O IEWFBRRRIES L O
2 Ni BRI A2 W ClRl—8& Tl L7 TEOREIIHTH L7oARRL O SARKIBIIX 7 1R S b . FEERR
BLOGFEATITRERRINZE & A EHTH LTy, 22 Ni A RRRL 2 1 L7235 8 T RIS L 7e iRk e & 2%
WS, RRRZIA MR L CHT 3 2 mA L o s, 2kt LT, #% Ni #0ERki &2/ L5 aicidem
Ni FEFERRRL & b~ CTHTHIRRRIE 300 72 VR, BRRID S EMEN K< 72> T A, F72, ARRLO Ni FEIEHIEERR
MR EVIE ENTH LIARRI DO BV N2 ERERTX 5. TIEDIL, @RMEN R DML E IV, iRkL
O HEDSHRRAEEVE BB BR L, EEMEA & ME IR Lo W E G U7 (T3Efh, 2003). Z Dk
HiB Y, AWFZEICAE ] SRR Az Ni g aRhs, 550 Ni #2780k 30 min, 40 min, 50 min, FE@FERRRID
JEZRERT 2 1] D4 B DS D 7 MM TEL Ip o 727280, IR OTHENMEL ot E 2 BN,

Table 2 Compositions of plating baths and plating conditions

Fig. 7 Distribution states of various abrasives deposited on tools
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—WREVIREBE S A Y RUA Y TEIIHRKIBE D 150 mm2 F2E CTHh 572, 4 Ni ek, #45 Ni 478
BRRLES L OFRIRRRL 2 IO TG W o DR 22 LS, B L7BRkio B2~/ X8 _i@é@o%
W ORRRIREE, HE - TS 22 S 728, TEREOENEEH 7 0 ITHTH L 7= ARk EEL (BRI )
T DWTIOBRKLZB W T HEA O - X OKRLRESCHE G D - S RFEE 2 513 &“ﬁtlj L 72 iR D 57
BN 2 Z &8 binoto. FEPERRRIOSAIZIE, ST L7-RRRIE LS 150 mm2 [Z3ET 5 72 DI i3is o O RRRLE
EZ 40 glL, #HE D> B % 60 s (2 L2 UEZAe 5720, 2 Ni %&Eﬁfﬁﬂ%‘:{%ﬁﬁﬁ“éﬁ/\ I%, 0.5 g/L DI
BERIEEE, AW X OZ 5 s ICL CHEOHTHENMS LN D, Tk LT, #55r Ni #7868k 30 min

BElE, IR OBBLREZ 1 g/L, EE 0o ERHH% 5 s 123703 150 mm? m@%ﬁ%rﬁbiﬁ%gn 478 Ni 4%
FERSRT L 0 FRKLOHT 2N OR0ME AL D DN BRI IS HE T L W2 E 3o 7o, FIBERERE 23R VE Y N
PRFERRKE 50 min TiX, ARKROREEZ 10 g/lL, A D> XA 60 s (2T HXENRH S, H57 Ni gFamth 4 H 3
HZ LR, HEDo XRRHISOES O o JIET ORI EE AN 22 Ni gEERRAL L 0 om0 03, IEREIRRLE

M7 DARNZ LD BTz,

Fig. 8 Effect of complex plating conditions on density of abrasives on tool surface

Fig. 9 Relationship between grain distribution on tools and kinds of abrasives
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A LHRE ORI & AR ATIRIEI L THOMEIRHEIC R E (B E 52 5 6B 2605, 0w, &
BHEAYEY RUAVYTEELFRE UL, BRRIEED 150 mm2FEE 0mES T EAZER L, THXREORKISARIEA
FHAT2. BRRLO 5 AIRAE 2 BRI G AT 5 726D, —320 150 pum DUJ5 TE DA AT H L 7= RRRi O E%k & 200 &
Bz, RO A FF N LT, BRRLO% 7% ZRALCiE, RRRIR OO HULMEEEEDS 40 um BAN ORRRIEE % 5%
Z, EERORIEL L OFIG CHRRIEHERZ E u‘* 9 ITIT T EARMEIIHT Y U 7o A FEARRL DB & B
BEPE Zod. Axim Ni SRR 268 ) U 7= THRIZIE, BEE L72ARRI 2372 0 2 <HI 70 %ITEE L, RRRISTAE L7
VRN & 7 B EOREIDS 30 %R HD 5. éﬁ?&%@moﬁﬂ/\ I, BTt L 72 ARRI o IR  ie H AR < 40 %
PLTFIZZ2 5 TD. 2305 ORRRIIZKT LTI, BEFE L7255 Ni %Fx’f%ﬁﬁm L, IR K Dﬁfi*i@éﬁéﬁﬁﬁw’@
BN, A Ni BZBRSRL L 0 K& KR 2 Z LT 72, #4) Ni #78R%RZ 30 min & 40 min O3 /\%ﬁ
WEEDZERINF & A LRSS 420 Ni BFERRRL & Tl % Lufvumirbx 15 %FEE D 7el 72D = & Mﬁ
N7z, RRRIDMF(E L72V \Aﬁﬂzk 7ELL EOREIBIZINT S, 55 Ni BFBRRRI AN Ni g AR C L~ Ts) \&
AR5 Z L 3o 7o, B84 Ni %&%ﬂw 50 min | iéE%P;Z?EEEEm:Wb B7RWE ERRRIATIREEDS L 2 é: 75>
MR TE 5. Kl diéf-&ré#&) RSP O EAL N < ARRLHTHH LoTWieh 2B 2 bihvd. sy
WEFERRRL 2 92 & 4 Ni gEEIRRI D541 Ot ) RRRL DEREILAT N C &, BAE LE ORI \%fzri%ﬂjz
%ﬁéﬁ%ﬁ%é’&m%#m%ht

45 Ni BEZBRERIIC U VT Ni B D 722 A I T B B TR0 L ToME X 122 S 2 IEEA T ED
’@Jh%@lﬂh%;@fﬂfré ENTE RN, THEITHTH L7865 Ni #E Rk o & 28153 L7-. K103 T A
FIZEA SIUT-H5 Ni 9N 50 min @ SEM {4 & RFE AN (EDX) 23§, MRRIDH 5 & 2 AITITRHE
DT E A EBIEIND 720 Ni IEO 72U R DA Z > TND Z E DR TE 5. %ﬂériwfgb\éﬁ?&%&ﬁ

MREHTH LIZS W & &, FEMEO S 2 2m Ni gREERRRLTH Lod W\ 2 & Zfid Sz, BRI HIC

57 LZIES) LESSy Ni EFBRRRL O X CTOEN BT 2BENF U B2 550, LD X A ¥E Hs
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L, E&*ﬁ@f%ﬁjmi%}b YEFUNEA LW EEZLND.
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Fig. 10 Orientation of partially Ni-coated abrasives (50 min) and EDX analysis of carbon on tool
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Fig. 11 Schematic diagram of grinding tests

Fig. 12 Influence of kinds of abrasives on grinding force and surface roughness

_23_

This document is provided by JAXA.



i T Fuh-NHE O ONES

EHEAAYEY RUA VY TEIERENHECTH Y, ORI TEEMIIRE AT S, SOk
DIRFF S 23 M 5 720, WEISIEOTIAZ R % 150 ym (ZHIIN L W T A D EHEIZ1T-72. X 13120%, &0
SR 20 ) U 7= 3B T B2 F O THIFBI R A B0 L 7228 SAFEIIN T 24T - 7= B ORI HT O 2 b 2773, % Ni
PRFBRRRT A FV e T EGE, 42 Ni RS0 T HIC KL 0 TEAVEICE D £ COMEIRPINLZET D 2 LR S
N5, 4if Ni BB OBE, BRI CIIRRk i B b 7z Ni B ERE S A A & RANEEH LAY
P T D EMN A HIVD. 55y Ni BFBRRRLOSA TIE, BRRLOSESRZ Ni D722, BFEIHEHTS
ZE LU TRVMEZ R LT & B L. TEGEG @FEIEED) 1XRRRJE O Ni B AARIETS J ORRKL A ¥ —
PEICRE <RSI A . i 72 Ni B CH £ AR —IZ T A RiCofi L TRIF TEEGRREWE B 2
LA, IEWREIRRIZ M L=5AaiE, o307 [BIH O T LR EE L=, LITREND L 91T, FEHE
BRI B, & DT 2500 Th - ZENMA TW 720, RRIOREF1M55< 720, TREFMI K bEN -
TmEEZLND. ZHUCK LT, A Ni gk 2 L2 TEOSHAIE, ISRk 2 AT 254550 b
THAEMIEOTND A, 12 BIFFEILIE IR SIS R L T HOD - X EAHIA S T HAHEICE -
To. FAUX, —EBORFFIDTHORRI EIC TEN S L, 7o IoRRLZ IR & 2o HI D 035210 D AVKHIELD
RRRILE A U, FFHIRE D D722 d > E B TAEICEREIC S o> CHR END Z L ic kW THOMBECE 7
L HEZZ LT H4) Ni gZB AR 30 min & 40 min 2 W 7= T EOBEE, 13 [FIRFEI £ © T ARSI T X 7-.
43 Ni AR 30 min & 40 min O T E/ 340 Ni gFB kL0 TR LV TEEMRORCRWNZ L3V To. ik
KL D Ni BB FIBERFR] 2 B UL L 72505 Ni BRI 2 VW2 2 &2 R0, 4xid Ni B RRRL L 0 &
MEATLEE LEMETE 5 Z b o7, 45 Ni gZERRKL 30 min & 40 min Z VW =% TEO A%
MNELARDJRNE UTE, BERIS TEACHTH LIREER R A2 2720 L & 2 s . 2l Ni R OS540,
LITREND £ D ITHESy Ni BFBRRRL & LEA~RRRLIZEEMED Ni I 5 5 T2 Db > EBOEFREIILI TR Y
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WRFBRSKE 50 min o T B3 10 [A] H O#FEI 24T - 72 B T E 3 E N, thoofhsy Ni g8 ikkio T B X v T B 5Mm)vE
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Fig. 13 Variations of grinding force using various tools according to the number of grinding pass
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A feasibility study for the application for dicing Si ingots using awet etching
assisted by wire-friction

Yasuhiro TANI?, Yu ZHANG? and Junji MURATA 2

Silicon (Si) wafers for electronic or photovoltaic devices are fabricated by slicing a Si ingot using mechanical
dlicing with a diamond wire. Recently, the slicing method without generating damage on Si surface has been strongly
required because of the increasing demand of ultra-thin Si wafers. In this study, we have developed a novel machining
method for Si grooving based on a wet chemical etching. In this method, Si was processed by the chemical etching in
HNO; and HF mixture combined with an abrasion effect of metallic wires that contains no abrasives. The extremely
low kerf loss with approx. 100 um was achieved by optimizing the composition of etchant. SEM observation showed
that Si surfaces processed by the proposed method had no crack and tool mark contrary to the mechanical dicing.
Furthermore, Raman microscopy exhibited that the proposed method generated no disordered layer on Si surfaces,
whereas the mechanical slicing caused amorphous layers. Surface roughness was improved by adding CHsCOOH to the
etchant.
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SIhbdie, A>Ty EhOMEIOREE Z D72, L0 OEREYI HTZ EMEa X Meogk s 72 5. S
A3y FOYIWNZIY, VA Y LEEZHW LT UL VICEDIMIRHWLILTWD. GERTIE, MR R
th?)—%HTT/ﬁIﬁ’ﬁﬁ%b@%%ﬁﬁﬁﬁ%ﬁﬁﬂﬁﬁf(ﬁﬁ%@jZD&%%M\%MTb%ﬁ%*ﬂ
WIRER D[] LRI OWEZ D20, XA YT FiRALZ VA YIHE ST A A YT RUAYIZLD[E
TERRKITIET (T-#fh, 2003) NAMKICEK ZMITL TS, L, A4 VES FUAVICK DU TIE, B
L7 S Uz —A"REICH A—UNBET L2 X0, UIWNEIE (I—7 1 R) ORI 6 25 72 EORED &
5.

ZOXIREFEOL L, BN TIZEO20E L0 S OUIlETE LT, MEML (T2, 2009) EMAEM
T (Leg etd., 2011) , 7T A~vxT v F 7 (G, 2001) 72 EOMLTEMNOBEAIRF SN TND. bk
ETIE, S Uz —NTHEIHE Y A — D 28 SETICUIA IR CH 5203, MITHESLH—7 1 A, ILaX k

RSV, TERORKIINTIC L 202 DIZITE STV, 22T, EE001L, Y=y b=y F
YT EFRALIZH LW CH D T A VERIER Y =y by T 7 ) OBIREIT> TS, ZOMNTH
#hiE, =oF oW (myF v b)) TTETTHEBUAYICEY, SAEET S L T EM %2 HE
ELTNMLET) ZEERBETD. ARTIE, B LML LY STk U TR A2 L, I
R v F v 2 MEEL, INTERADIN TR 5 2 2 UM s E IOV TREZITY, S A > =2y M~
O ATREMEIC SOV THRE &2 T 7.

2. FHEMIEBEOMELMIERDOETE
21 JAVEGERYIY FITYFUIOBE

Txy hToFUI@ESE Ty F e Bn, S O REAICTAZ EHmLTHEY A Ry FRAELD.
ZDEH, S U= OUIHLTHELRDT AT MEO@EWEINEZ N T3 2 L i3@Es ClERE#ETH 5.

Fig. 1 Schematic diagram of the dicing method Fig. 2 Schematic diagram of experimental apparatus
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FEFEOIL, oMoy F o 7B EEZIHIL, WS FMOT v F o 7 a@iEd 5 2 LA TEIUTR GO
TIHNERTELEEZ-. 220, MLIORTEIS, SAvIEy My Fv o MHGL, #T7T548BY
AXICEO ATy bERBET AT HEZER L. SA Ty beE&BT A YOEMRSICBWT, BEED
FAERHE 2T v T v FOFEIABRIR LI > RS FA~DT y F o 7 HEOR L2 X -7=. —F, Ty
¥ v MEROFEGIZ LY, EEA ROy F o 7Ol a Lz, 2o X5 2T HENREBcEL, b
FPHWERNCHE S MERETH D720, XA YT RUA YUK CRIE L 72 2 UM ~ ORI 2 A — 2 & 584
SHFITITNTE S, B A — 130 = — " OTHHRE DK TICER 57280, HAY = — OUHLICE
WCHRHEEY R T S, —T, VAVEBRER Y2y by F U7 TRY 2 —~DOF A=V OFRAENRTR R
My c—  OUHLLRIADDS. SBIT, XAYELRUAVUNE LT, TRV v ~OafE I TE
B2, MR AYOERIC LA —7 0 ZADKBNRFIRE L 72 27 EORENRET b 5.

2:2 IyFr b -MIEE- TEIVAVDETE

SDOYxy by F 7T, KOHRLTMAH 22 ED 7 07 ) Al (Sato, et al., 2000) <°, it & 7 v {b/kHElE
(7 k) OIREETH D 7 v ilE (Senner, eta., 2005) NEHINTWS. 7B VIRRICK D=y T 7 Tig,
T F o TRE ORGSR R R, =y F U THE IRV, ZAUTK L, 7 BEERIIAE SRS N
&<, FEHMT o F o 73 E (K 800 pmvymin (Yoshikawa, et dl., 2010) ) 233 6h 5. F7-, KB EMmLE T
BRICBITAXAA—UBREOT T ¥ M LTEERDDZ LR END, ANTHINCBTFA2=yTF v e L
TEIN L2, EFROH LWINLEAIC L 2 S OGN Lo REMZMEET 5720, K 2173 7Y A Yl
TEEEZRAR L. TREUVAVPEEREODOTTEARE UV EZE—X|IZLVEEETAZ ETUAYEETIYE, 7~V —
ENLCLIEMERZ VA YIMERTAETH D, 7 v il~DOMEE A2 ZE LT, BEEERITEARIC PVC
(Polyvinyl chloride) & 7-1% PEEK (poly ether ether ketone) THERLS AL TW D, = F ¥ & MILIEW LA DB
TT5ZETHIEL TN D, TEUA IX, BREOHD TEW 7 v ilICIHEEZ AT 5 2 EnERENS.
£, BETETLAENL S ATy h2EBTEZ LD, BOSRRENKEL RS, Kol A8T7AY
DAOIEMEDE B ZZHR L, 7 v RIS D R E A7 L7, £ IR K 912, 7 hEilE (52 40wt%,
7 iR %) JRIER DU A Y OBELRD BEAFHI LAER, =27 a4 (NCHWLD) i ONZ AT > LA (SUS316L)
TAVYREWHEMNEZ R LI END, ThHE VAP TEE L GERLT.

Table 1 Corrosive and mechanical properties of wire

Materid Reduction of diameter (mm)* Tensile strength  x10% (N/min?)
80Ni-20Cr 0 0.7
Inconel® 0.04 0.6
HASTELLOY® 0.04 09
Ausgtenitic stainless stedl 0 2.7

*after 2h immersion of HNO; (40 wt%) and HF(4wt%) solution

Table 2 Experimental conditions

Workpiece Mono- and Poly-Si ingot (10 x 10 x 10 mm®)
Wire Ni-Cr ($160 um), Stainless stedl (¢100 pum)
Wire running speed, V' Max. 200 m/min
Wiretension, T 5N
Etchant HNOs/HF mixed solution, room temperature
— 29 —
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Fig. 3 Material removal rate and kerf loss of S asafunction of (8) HNOs and (b) HF concentration

40 T T T T 4 Ll L ! T
Wire: 80Ni-20Cr (¢ 160 pm) HNO, HF= 40:4 (wt%)
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— L ~ 3k
g 30 E
2 - 2t
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g 3
S top B oLr
0 L 1 L 1 0 L i I I
0 50 100 150 200 250 0 20 40 60 80 100
Wire running speed (m/min) Temperature of etchant (°C)
Fig. 4 Material removal rate and kerf lossof S Fig. 5 Dependence of etchant temperature on etching
asafunction of wire running speed rate of S (100) wafer surface
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EREREN S <, 7y BRIBEMENT vy F v b (M 3@) Tk, S OBEEIIHFIREVDS, 7 vEEIZX
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Fig. 6 Optical microscope images of Si kerf processed by proposed method
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Fig. 7 Comparison of dicing characterigtics Fig. 8 Comparison of the etching rate of Si (111) and
between mono-Si and poly-Si (100) wafer surface immersed in HF-HNOs
mixture and KOH solution

Fig. 9 SEM micrograph of Si surfaces processed by (a) diamond wire dicing and (b) proposed method
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Fig. 10 Micro-Raman mapping of Si surfaces processed by (a) diamond wire dicing and (b) proposed method

Fig. 11 Raman spectraof Si surface at positionsA, B and C in the Fig.10.
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Fig. 12 3D images of silicon surface processed by (&) diamond wire dicing and (b) proposed method

Fig. 13 Surface roughness of processed S surfacesasa Fig. 14 Material removal rate and kerf lossof S asa
function of CH3COOH concentration in etchant function of CH3COOH concentration in etchant
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Social Sciences of Hope in the Theory of Langauge Communication and
Language Philosophy - Is it possible for us to fully understand each other? :
From discussions of W.V.O. Quine, D. Davidson & R. Rorty

Tsukasa Yamanaka

Are people able to “understand each other fully” in the ultimate manner? Differences of languages and cultures
make them differentiate their final epistemology and philosophy? Since individual distinction could be decisive, is
it impossible for people to “understand each other fully?” We should appreciate the profoundness of philosophical
significance in that the Sapir-Whorf hypothesis was ever proposed, suggesting a renewed focus on two extreme
frame of mind; “relativism” and “universalism”, both of which might surely have a valid point. This paper
reconsiders the discussion between “relativism” and “universalism” based on reviewing theories of W.V.O. Quine,
D. Davidson and R. Rorty who made a commitment to pragmatism. The paper sides with universalism conclusively.
Suggesting remediation of Rorty’s argument by converging “social sciences of hope” with pragmatism, it deals with
theoretical new horizons of communication focused on “hope”.
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Formation of Forsterite Grains and Direct
Observation of The Sublimation of Crystal Formation Grain
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Forsterite crystal fine grains have been produced by flushing SiO powders into the flame
during MgO grain formation in mixture gas of Ar (80 %) and 02 (20 %) at 13 kPa.
Experimental studies on the sublimation of forsterite grains upon heating at 10¢ Pa have
been carried out using a high-resolution transmission electron microscope. The spherical
crystalline grains became polyhedral at 973 K, which corresponded to the temperature at
which the stall state appeared. Coalescence and sublimation occurred at 1093 K. The
sublimation rates of forsterite grains with a size of 40 to 100 nm with the structure of
Mg2Si04 were estimated . The sublimation of grains near the crystallization temperature
indicates the reason that no crystal silicates appear in the interstellar medium.

1.Introduction

Submicron-sized silicate grains are present in the circumstellar outflows around oxygen-rich stars and
within the interstellar medium. These grains may play an important role in the early evolution of the solar
nebula, both as the starting material for the accumulation of planetary bodies and as the chief source of
infrared opacity in the nebula. Since the estimated pressure of the solar nebula at 2-3 AU is low [ 1],
experiments on grown metamorphism in vacuum are important for comparison with condensation,
evaporation, melting and crystallization process observed in the primitive solar nebula [ 2 and 3 ].

IR spectra of red super giant (RSG), asymptotic giant branch (AGB) stars, post-AGB stars and
planetary nebula (PNe) obtained by the infrared space observatory (ISO) project indicated a mixture of
amorphous and crystalline silicates [ 4 and 5]. Spectroscopic and imaging observations of the structural
and compositional properties of brown dwarf disks [ 6 | showed that crystalline silicates are significantly
more abundant in the outer part than in the deeper layers of the disk. In addition to the crystallization of
amorphous grains, the reverse transformation from crystalline to amorphous species has become an
important point of consideration.

We demonstrated that the crystallization of amorphous Mg-bearing silicate grains to crystalline Mg2SiO4
crystal takes place at 1075 K in vacuum [ 7 ]. The crystallization starts from the grain surface. We also
found that prenuclation occurs in the 923-1003 K temperature range before the onset of crystallization at
1073 K. The phenomenon of a pre-nucleation state corresponds to the stall state, which was clarified by
infrared spectroscopy [ 8 ]. Specific studies on the evaporation of forsterite at 1973 K have been performed
recently. It was shown that forsterite evaporated congruently both in equilibrium in Hs gas [ 1 and 3 ] and
in vacuum [9]. The evaporation anisotropy of a synthetic single crystal of forsterite was investigated by
high-vacuum experiments [ 10 ]. The intrinsic evaporation rates for the (100), (010) and (001) surfaces are
different, and have a ratio of ~17, ~7 and 22 on 1z m/hour. The evaporation rate along the c-axis is largest.
The evaporation rate along the b axis is smallest due to the cross-packed direction of the MgO tetrahedron.
In this paper, we report the direct observation of the sublimation of sub-micron scale, crystalline, Mg2SiO4
grains vacuum at a pressure of 106 Pa. The dynamic behavior of the submicron scale, crystalline, grains
was recorded on videotape.
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Fig.1. Schematic representation of method crystalline forsterite grain formation in magnetism
oxidation smokes region by a tantalum boat (a).Temperature distribution daring the appearance of MgO
smoke in mixtute gas of Oz and Ar(b).

Fig.2. Schematic diagram of heating stages used in the present experiment in transmission electron
microscope in vacuum

2. Experimental Procedure

The crystalline Mg.SiO4 sample were produced by an advanced gas evaporation smoke method, i.e. ,SiO powder was
flashed into a magnesium oxide flame as shown in Fig. 1(a) [ 11 ]. The sample preparation chamber was a glass cylinder
of inner diameter 17 cm and height 33 cm. MgO smoke was produced by the oxidation of evaporated magnesium from
the evaporation source of tantalum boat in mixture gas of O2 (20 Torr) and Ar (80 Torr) in gas pressure of 13 kPa. SiO
powders were sprinkled on the smoke stream rising straight up from the evaporation source. MgO fine grains were
produced by evaporating Mg powder at 1000°C in the mixture gas. During the evaporation of Mg, the temperature in
atmosphere becomes higher than the source temperature due to the exothermic reaction of Mg vapor as shown in Fig.
1(b). SiO powder sprinkled from the top of the smoke was evaporated in MgO oxidation region in Fig. 1(b). If the
evaporation of Mg powder finished, the temperature becomes the general shape of gas flow temperature at 1000°C as
indicated in Fig. 1(b). The evaporation of SiO powder occurred during the oxidation of Mg. Two heating stages were
used, as shown in Fig. 2. Specimen Mg2SiOa4 crystal grains were placed on the tungsten heater (Fig. 2 (a)). This holder
can be used to heat the specimen to 1773 K, whereas the holder shown in Fig. 2(b) can be used for heating to
approximately 1073 K. The specimen was dispersed on the carbon holey film. The specimen holder in Fig. 2(b) can also
be used for the method of covering the specimen with a thin carbon film [12]. The sublimation process was observed by
high-resolution transmission microscopy (Hitachi H-9000 NAR) using the specimen holder in Fig.2.
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3.Results and Discussion
3-1 Formation of forsterite grain

One of experimental methods used to produce ultrafine growth is the gas evaporation technique. If the Mg and SiO
is evaporated on the mixture gas of O2 (20 Torr) and Ar (80 Torr) from the evaporation source of tantalum boat at 1000
°C (Mg) and 1600 °C (SiO), the typical electron microscopic image of MgO and SiO2 were produced as shown in Fig. 3.
MgO particles were cubic shape compound of 8 {100} planes. By the evaporation of SiO powder in the mixture gas,
amorphous oxidation of SiO is preferentially produced beta-SiO2 amorphous spherical structure as indicated diffractions
pattern. The detail formation of silicon oxide will be published elsewhere.

If the SiO powder were introduced into the Mg oxidation region in smoke, the reaction between magnesium oxide
and SiO water took place as indicated previous paper [ 11 ]. The heating of Mg at 1000 °C, the reaction of Mg with
oxygen gas becomes at 1600 °C as indicated in Fig. 1. The produced particles were MgO and Mg2SiOa. The amorphous
Mg2SiOa particles were hardly produced in the present method against another method [ 7 ].

Figure 4 shows a mixture of forsterite particles indicated A (Mg2SiOs,a = 0.47553, b = 1.01978, ¢ = 059817 nm),
the same lattice constants as those in the studies on the evaporation anisotropy of single crystal forsterite (Nagahara and
Ozawa, 1999) and of periclase particles (MgO indicated B) produced by dropping SiO powder into the MgO smoke
flame [ 11 ]. Since the MgO flame due to the oxidation of Mg vapor reaches 1873 K [ 13 ], the SiO powder becomes SiO
vapor in the flame.

Figure 5 (a), (b) and (c) show the high-resolution transmission electron microscopic images of Mg2SiOa crystal. Most of
the spherical grain had a plate shape, and the crystallographic orientation is shown in the images. The electron diffraction
pattern (ED) showed the single-crystal grain growth of forsterite.

Fig. 3. Typical produced grains of MgO and amorphous, 83— SiOzby heating in the present system.

Fig. 4. Typical electron microscopic images of MgO and Mg2SiOas crystal grains produced by the present system in Fig. 1. Aand B shows
Mg@2SiOa and MgO particles.
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Fig. 5. High resolution electron microscopic image of (100), (010) and (001) direction images of Mg2SiO4 nano particles.

Fig. 6. Typical image after heating using the holed in Fig. 2 (b). Spherical grains became polyhedral upon cooling in
vacuum. A and B shows Mg2SiO4and MgO particles.

3-2 The sublimation of crystal forsterite grains

The morphological alteration started at 973 K. The spherical crystal indicated in Fig. 4 became polyhedral shapes as
indicated in Fig. 6. This shows that the higher order crystal plane started to sublimation or be remolded. Fig. 7 shows the
direct observation on the alteration process of forsterite crystal. The shape of the particle indicated by arrows A and B
were altered at 973 K. The alteration of the spherical shape crystal B than the spherical shape crystal A was clearly seen.
The black dots and the coagulated cubic particles indicated by arrows suggest the formation of MgO crystallites, i.e., the
decomposition of Mgz2SiO4 spherical particle into MgO and SiO2 took place as well as prenucleation of amorphous
forsterite grains, i. e., surface decomposition is prominent above 973 K. The b and c or a axes of the forsterite crystals are
appeared. This shows that the higher order crystal plane started to sublimation or be remolded. From the difference in
evaporation along the a. b and ¢ axes of the forsterite crystal [10], the (001) and (100) planes, with higher rates of
evaporation, both evaporated.

When the temperature was increased to 1103 K, which is slightly higher than the crystallization temperature of 1073 K

[ 7], coalescence growth and sublimation were prominently observed. Figure 8 shows the process of alteration and
sublimation. The convevex region indicated by the arrow in Fig.8 was flattered by the sintering process (Kimura,1960).
By increasing the temperature by only about 10 K, two polyhedral grains of size 500 nm in contact were observed to
coalescence, and alter shape as shown in Fig.8. The particles indicated by the arrow A altered their shapes.

The blact dots seen in Fig.7 hardly observed. The sublimation of the Mg2SiO4 crystal took place congruentily, which

means that the residue has the same composition as the starting material [ 1 ] . The grain indicated by arrow A sublimated
— 48 —
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and disappeared with 430 s as shown inFig.8. If we assumed that the particle size indicated by arrow A at 210 sec is a
sphere with a radius of 42 nm, then the mean evaporation rate of the forsterite crystal is 2.04 x 10* molecule/sec. From
the coalescence of grains at 1103 K, it was estimated that a spherical grain of 172 nm was absorbed in 810 sec by
diffusion to the substrate grain. The alteration in shape suggests that this may be the result of the differences in
evaporation rates along the different axes. The sublimation rate before the diffusion process merged the two grains was
3.6 x 10* molecule/sec.

Figure 9 shows a grain of 100 nm radius on the top of a MgO crystal sublimated in 380 sec. The mean evaporation
rate for the particle in Fig.9 i s 1.5 x 105 molecule / sec.

To observe the evaporation along the [ 010 ] direction, the surface of the particles was covered with a thin carbon
layer using the heating shape (b) in Fig.2 (b). The specimen grains were dispersed on holey carbon film. A typical grains
covered by a thin carbon layer (4 nm) is shown in Fig.10. The carbon layer was also evaporated above 973 K ( Ishikawa
et al.,, 2003 ). The evaporation state of the forsterite along to the ( 010 ) plane was observed using a high resolution
transmission electron microscopic image of the ( 101) lattice image in the temperature range between 1033 to 1113 K as
shown in Fig.11. The lattice image of ( 101 )lattice image in the temperature range between 1033 to 1113 K as shown
in Fig.11. The lattice image of (101) is distorted upon the evaporation of the (010) surface. The thickness alteration
causes the lattice image to disappear. Therefore the focus of the grain in the TEM was altered. However all of the (101)
lattice images disappeared within 1063 sec. The disappearance of the lattice images left to right suggests that sublimation
took place by layer. At about 1113 K, the crystal structure of Mg,SiO4 was destroyed and most of the particles became
MgO crystallites. After heat treatment of the sample, the particles dispersed on the carbon holy film had changed in

Fig. 7. Morphological alteration of forsterite grains by heating to the prenucleation temperature (stall state)

Fig. 8. Coalescence and sublimation at the temperature range of crystallization

shape and MgO crystals were predominately observed as shown in Fig. 6. Figure 12 shows the high resolution electron
microscopic image corresponding to the grain in Fig.11, fine stable and dissolved MgO crystallites was predomimately
seen . The layer — by layer- alteration along the b-axis was mainly due to the decomposition of Mg2SiO4 and MgO and
SiO, The metamorphism of SiO; phase [14 ] was clearly took place at 1173 K. More detail based on an experiment using
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the same apparatus in Fig.2(a) will be published in near feature for the SiO2 plane.

Fig. 9. During the sublimation process, the shape of crystal was altered.

Fig. 10. Typical grains covered with amorphous carbon layer of 5 nm thickness. A grains covered with a carbon
layer can be easily produced using the heating stage in Fig.2 (b) by heating at 373-673K.

4 . General Discussion

The evaporation coefficient for forsterite in vacuum is between 0.09 — 0.16 at temperature of 1900
~2163 K [ 9, 15 ]. Extrapolation of these to the sublimation temperature at 1093 K is impossible.
Evaporation experiments on single crystals have mainly been performed at temperature of 1973 K [ 10 ].
The present result is about 0.51 times lower and suggests that the sublimation temperature of the dust is
different these that of the bulk material. The main reason for this is that the surface energy of the
grains causes a decrease in sublimation temperature. The surfaces to volume ratio of grains with size of
10,100 and 1000 nm are 2.75, 0.275 and 0.0275 % respectively. The coalescence and growth of particles
in the smoke cloud is also a low temperature phenomenon in nanoparticle physics [16, 17]). Spontaneous
alloying at room temperature [ 18 ] and the spontaneous mixing of alkali halide crystals [ 19 ] involve
atomic diffusion at low temperatures. The alteration of the surface structure and low temperature
sublimation become prominent in grains of size less than 500 nm. The present results are in good
agreement with the schematical diagram of dust metamorphism in a protostellar disk and the processes
involved therein [20]. The authors thank T .Yamamoto and Joseph A. Nuth III of NASA/GSFC for the
reviewers for valuable comments.
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Fig. 11. High resolution transmission electron microscopic image slowing the evaporation of (010) forsteraite.

Fig. 12. High resolution transmission electron microscopic image after heating

Referrences

[1] Nagahara,H. Kushiro, I.,BouyMyson, B.O., ,H., Huelawo,H., C., Geochem. Cosmochen.5 8 (1 9 9
4) 1951

[ 2] Nuth, J.A., in The Cosmic Dust Connection,ed. J. M. Greenberg ( The Netherlands: Kluwer Academic ),
(1996) 205

[3] Myzsen, B. O., Kushiro, I., Am. Mineral, 73 (1988) 1-19

[4] Waelkens,C., Water,L. B.F.M.,de Graauw, M,S., etal. A and A 315 ( 1996) L.245
Walters. L. B. M. etal., Astrron. Astrophy. 315 (1996) L361
Bouy, h., Huelawo,H., Pinter, C., etal., A and A 486 (2008) 877-890
Kamitsuji, K, Sato, T, Suzuki, H., Kaito,C., A and A 436 (2005) 185-169
Hallenbeck , S. B., Nuth, J .A, III.,Nelson,R. N., Apj 535 (2000) 247
Hashimoto, A.,Nature 347 (1990 ) 53

[10] Nagahara, H., Ozawa. K ., Proc. Japan Acad.(serB) 75 (1999) 29

This document is provided by JAXA.



Chihiro Kaito, Saito Yoshio, Chiyoe Koike

[11] Kaito,C., Saito,Y., Ohtsuka,K,Watanabe,T., J.Geomag. Geoelectr.. 45 (1993) 105~
[12] Ishikawa, M., Kimura,YY., Suzuki,H.,Kido.O., Tanigaki, T.,Saito,Y., C. Kaito. C., J.Cryst. Growth
254 (2993) 131

[13] Saito,Y., Otsuka,K.,,Watanabe, T., Kaito, C., J.Crystal.Growth 128 (1993) 271

[14] Kamiotsuji,., Ueno,s., Suzuki,H., Kimura, M., Kaito, C.,2003 (In Grain Formation Workshop 2993
vol. XXIII, ed C. Kaito and O.Hashimoto ) p 101

[15] Wang,J.,Davis,A.M., Clayton, R. N., Hashimoto, A., Geochimica et Cosmochimica Acta 63
(1999) 953

[16] Kaito, C.,Jpn.J.Cryst.Growth 55 (1981 ) 273

[17] Kaito,C. Jpn.J. Appl. Phys. 24 (1985 ) 261

[18] Mori,H., Komatsu,M.,Takeda,K.,Fujita,H., Philos. Mag. Lett.,63 (1991) 175

[19] Kimura, Y., Saito,Y.,Nakada, T., Kaito, C., Physica E 13 (2002) 11

[20] Gail, H.P.,(2003) in Astromineralogy,ed., Th.Henning ( Springer-Verlag Berlin Heidelberg 2003) P
100.

This document is provided by JAXA.



Sofn B K BT WF 7R BT A B 73 20144F

Memoirs of the Institute of Science and Engineering, Ritsumeikan University, Kusatsu, Shiga, Japan. No. 73, 2014

FHEE(L D LIEE ZDOEIR

e

REBY. PRERY ., AIREZY | ERBEAY . FIIES

Shikiba Construction Method and its Origin

Masao Okuda®, Youji Nakane®, Yukihiko Kani®),
Katsuhiro Nishimura® and Kiyoshi Hayakawa® .

This report presents an ancient earthwork method called “Shikiba Construction Method” from a
viewpoint of civil engineering history. In the report, the locations of remains with Shikiba Method are
limited in the area of East Asia namely China, Korean Peninsula and Japan because the data of Shikiba
Method have been able to obtain easily by authors. The Shikiba Method is an ancient earthwork
method, which was reinforced with the natural plants. The Shikiba Method is different in the name
depending on the countries. Also, the various applications are found on the Shikiba Method.

The modern Reinforced Earth Method applies the same engineering principle of the Shikiba
Method. Finally, the authors surmise that the origin of the Shikiba Method might be devised from the

ancient rite, which presumption is deduced by the interpretation of a Chinese character “#~ .
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History of cut and soil at the ruins
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The origin of civil engineering work in Japan could be found at the pit dwellings built in the
Jomon period. Since then tumuli, residential hedge mount, leveling work of mountain castle and
defense wall of cantonment had been built by cut and fill of earthwork.

In any case, there were advantages as local procurement of materials, effective utilization of local
soil and speed up the work operation. Those advantages were noticed by people from the earliest

age.
Keywords; cut and soil, ruins, moat, bank.
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As the Beginning of this series we sketch in this article with easy examples the symplex method and will

solve then with the help of the excel solver. In next articles we will go more deeply into this method.
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