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BBTFEE ) PGB EEY KIF 2 L TRINE
2B B ROPAMEAIZ1990FERUTR S - 72,

PRI 5 T19904E U [=WoeiRAE ] oHidy
PREFRNZRRTH S, ZOREHD, HLwF—%
PAHEOEMMASED? S E > 72, WFEOWEEAICE
WTHEOZRA M) —~<—%, —E BRI FATR
L, RAEOZRELEED, SZRNOMENED
WHeZs b—A Y IHARDHIE S . oIS X 5
THFISH T 2 &, ROBEL S HIZm L7
ZL T, ZOHMERIIHRRO T 1 25 VG L kR
2, E&LH LR EOFM B 2 EAL LT L.

SR BEALFOMBEOm LT LT, X
HEEN I EOERF EITO =R THIBIRSHHTE 5
IRy, WEADOIR, REREEOBIK, &5
WA =Y a VLI X 2 5RO EIERICE -
T, WRHERE 2B OB E 2o T
5. BHTLTC, MELEoREZHEEHE S5
HITHXNTETVEY., ZoH LWFRE5UE [H
EHILY (Seismic Geomorphology) | & I-iXi, Hefg
FO—DDH L WFEMGEIREL .

72, AAEAMSESCCRIZE S NEANC, AKCPHRHE]
i 5. BAETIIH 10Km 12 H K SKFEXH %
BA— M VoORET, HWOMEEZIANS Z &%
DL ENMEL R, INPEBRTELDI,
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SERTCYWEIRE T — 5 DALV H 5. EREEO=ZRIT
YHBER T -5 ZRHTLHI LT, BOTIDEIHI %
PREIEH I AER T RE & % o 72, & &I \ZHERR T O HHE
Rz ZRICTHIL Y AT LA TERTHZ ET, HHI
AR R/MIIRD XS5 Z OKEHREIBT

i, BAEKREHROICEESREIS>TWLE Y 2=V A
HROEHRTH 5.

—77, 19804EAX. 7> & 20004E X FITH £ COATMBETR X
AR T AL A S — zx%ﬁ%@bﬁ%ﬁﬂt
e M&A) OBRTHY, ThIETRKFLELDL
NTWAMAETTHA, ke L BRSNTT R
RThHot. ZORR, ZLORFEFAE - FREE
B L, JMHEOEID O BSE & A PE F T ORI %
BZICER L, i, Y- oA vimzises
L7z, HEBEORNEZCHRIERTOIDH 72, =
D L) HRIRPOR T, ZWRITWHEEOMKRE, v
TIA =T x—IlE o TH L LART VLT ORMEE
THY, ZRTETHLENTA A — YV 2 HliE#
T RRN S, WEORMEIT) L)1k Tk
7o DS B IMEIBATE & FARICH L = koe B
OFHHE IR 5 72

B 5 -a' 1219604 A% D Wy B A ASFR A3 2 o T 1%
RS 2HMED, BHRTREIN TS, #hisiE

WS & IR B OBMERTH Y, HlFoM#ELHH
MasL, &40 THNEREM»BR SN, %
SUMBIREOFME TH - 72, THAME-ICIE
ML S N 2N S OFMEAME AL TOpET
ARTENS., —J5, X 5-b 1319904 & 72 =k
TCHEMBR O THERICHT 2R TH 5.

SRTERETEOEF I T — IS TEI SR o
ToBEEAERICT 2 KE RBHE CTH - 7228, —
75 Z ORHR O KT BT B BN R EILIE, £ A —
DY TEN (R4 7L —Ya B oBREF0R
FLTH 5. HF TS N7z PEN T 2 U5 A
WARHE L, BONSER ORI S, HUOHEICRE > TL
5. N T OBV O AR TR R I & o TR
F57:0, BHEOETH»SORFEOBIN A AT
b, KPEZREHEREZBVT, IhPEBIRLZ LI
v, RIS B S N7z OB T o E 0Bt 5 o
Yt CH 5D, AHTHS. LarLarsdEi, #

TIERBIIEK L EEGETH S L e LT, CDP
DOHDOETIIYy ¥y 735, EimZ I FToIEL
WEZ LI L TiEwniwn,

COMBEOMRDOEIZ, <4 L —3 3 S LI
ENHUBBNEN R D, D7D, 19804FE 0 5
20004E RIS HT Tid, % K ORLBTFEMIRES N, B
fi~A 7 V—3a VB EEICER SNSRI
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SEISMIC
STRATIGRAPHER

susmic
CIowesT

jtd Iﬂlfulll
\ o CEOLOGIST

m

(a) 19604E R O W BRI 2 W T M2 AU §
LR (Tucker and Yorston, (1973)).

Reservoir Engineer Geophysicist

Manager

a Drilling Engineer

IT Engineer
Economist

(b) 19904 T2 & 7- ZWRICHE M R O H TSR
%R

X5

ol WHENBHTOIELWA 2= ¥ Uik
SRTEAMERESA 7L —Ya ViL#E (Wb
PSDM; Pre-Stack Depth Migration) 252127 % 7%,

FREFLZUIF SR TR PRI, @EO
MHTIE, TTEFTERMINSLDIT—HITIER .

SHICCOMBIE, B Y FT X o THRAKERDK
ELEDLLI LB HMOENTWVS. ZHIE, ZoH LW
Har ORI, B RHFZ [HE] L& [
] BUETHHEERS.

AT V=3 a YVRBAIRT X 9T, EHEORK
DORFIE, T RATHHET 2RI LT, WA
¥ =7y b ETOERER LT, BaiEsar to—-v
THIEBHRLVETHL. REY -7y PERKD
AATYH, ZORTOBMICLE 52 E,
WHEDECHBYIZZDOYF L TEY ADBVE V)
WMRATH 5. BUE, ZORRSHRIND BRI
s, BES CFROKRE REMEGFO—2IT 05
TRLTHA).



934 AMEREE & Wy PR B D FE I R

9. BHRLEREYEREIAC IS4 —
EROEERE

ECZ T, AMBEOLOICLERYIRIRE T
HoTwaYHIEEa v b7 7 & —EROERIZON
TR TB L. 2 OFEFIT19305FEM A MM
VEETHHEMORMERE LTHLEL, RKENOS
K OMHDFRIHGT 5 LFHEEC, NAAXLTEO
< THA KM TORMBEE R EICKREREWHEELT
Wh. 1960EMRICT 4 VF VEGIRIY, TV
VARG DHIE S NS, T OEERIE GSI (Geo-
physical Service Inco.) & FFIEH 2 K [E o> 2 &fi My BLEE
a3 bF 77— (19304EIT78) SO TIER L
52 JiEE L7z, 72 BRI C otk 2 s L7
DX PBIR A —F — TdH 5 Tl (Texas Instruments,
Inc.) THo7z. TLIZGSIOFEHE LTRELE
¥ETHD. GSLIZLWDOT 1 V5 VEGOFETIFL L
THELXRECIEKRL, FEICYBRAEHM 2 KE <
ErTTo 72,

oK, T4 VI VLB OB % H o 7201,
AR L THRIES D 2 W E VWEMBERETH -
7. HESIE, COEMMICREYERZVE ) ICH LY
Kt ER AL, FEa Y T2y —IZBEITE
EL, HAETWHEAMZRA L, 19604251990
FERICHTCE LK OHPa > + 7 7 & —HHit Tl
L7z, BIEOXKETIE, £ OBHCEMERFINGES
5, RETEISH B R TH o 72,

F72, WHROAMA Y v — 13- TRIrORBEA
WAEALZ, ZooaAMEMIEIERREOmRT
GEIFERY, BREREELHRWT, N7 MUVEHERE
RBFIE R ORI OBFITAMEETH o7z 29
L CRITTI A O SR AL B AR 13 1980 4R A3 3 &
AL, BIHERD1980EMRICITRENEAZ 5
Iltib.

LA L&A 519804 X0 o6 2 AR O
M&A X, Z0avy 975 —RFICKREREEE
LT Lilhs, —REIEFTRROIS T 75 —L
bEF DN/ GSIIE, 1988412 N — b Y HIZH I
BN, HRAIZ1319984E1Z Schlumberger D4 TF 12
A7z Western Geco tLiZ~v—Y &N TLE ). 0D
fi, FrEO T+ T 7 & —REEINE A EHDEL,
LBHDar 7275 —0% 1, BELEZLRY5
BV, EHIC, TR FOREVRE o7
b LCE 2L, AREICAIR T RELEE L
MiAs, BAMFOWIMIZ & o THAE LS N, BERmED br¢
TRBL L7222 &2k D, BE—mh >R & L
THlC o2 B 2L THAH. TOMHRE, Hlim

SEhH o TEI2S K ORFERZ, Palid gl - B
LENBITHE-T, ERVEH LI TV ST

C ORISR BRI BT A Bl (W)
PRV E-THRHZE, UFDEI BRI ERGDD. —
DOHMAIRE SIS 5 &, BiAlf okl & i—
EASHEA, BBl oM BT MEW Ligd b, ZLT—
EOWHEZRBLH ZORRETBHES X512,
ELH L WHERST — s A CRESh, Zh
5O T — % BT E 2 HHEMAR DL 51
IRESES N, HOBML, ZLCINSoREEH
FTOHBIUEELLH L VFEMSHLAEAML L2208
b, SFTLREL S THHOFHER LR L T
CEVWIHIERTHL. ZOEFEORHIE, HrL RS
SNTZBMGEH LRIl % F > T2 729, #ilH
W& OFHEOFMIEE . LA Lad s OB A%
B L, —Mfb S NBEEALD LI —F fEShTwn
ST, BAIxd 2 5HmE A IR T L, B
LT SRIGEE OFAM AT &R TH H 575,
P BRARAM b, FRER L2 o722 &8
5.
ZLTOLBZOBERIYEISNLZDOTHNIL,
Wy RHEAT T, 19904E % 5304E 2 #%7220204E401%, ¥
LWBRAR L, ZOBMIIK T 28 LW EED
RATL BREWNC B, BRELEST LA )
N=F =ik, IhHoREEZVEREADFHTE
BEDBFIREHNEFHFOBETHA ).

10. BRIy TERMBMY AT LA

19604 AR 2 & F2hts S 721 LB HRAE IS B W T
gk S N7 REEHE (RVWIHEIIEE km) WIARECERI,
R MM L Z02Bx W oI Lz, 72, 3Rl
P2 515 o Nzt OB ilsklE, HEREE
Wit & LA G b3 h, WREOHITORELHL LIh
Fag7e £ ONG, EOMR AT LTI HIN
BB EHERE A & VKL, HERAE O EE L R L
S\, HEEAMBFE ORI T — 7 oEFoOFKE
LI R LS. Zo k) R Eo
R Eom R, Amodk - BE) - £/ w50
WELR TR CTOBER O A L h v, TAMS A
TA] EMEN LB ML LTz,

JEAL N Ty T 2O L) BAMESL TOREN -
ERIERICE > T, —EO&RMPEZITRITSh
BDFE S M L7, B STOREN N7 v THRIED
HEARWN IR EIDTOL I R bDEEZ S
O HHBETHHBORMY AT LOIFENTHEL SN

TWbI e, ZOROEEEMRT, HREOHE

HERR 4 O A COMMA A OB, W ARE
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DR ORIE LT BEORE Xy

F VHEBOME, B s AMoEREOBWE

Bt (migrationfairway) DREE, Z OB EREE

FLCORN LT v TORETH B.

@ BiibTy 7ORECE, TREBORIR B L
PZAZT > TORBA W LHIFIATES 12 X B,
HEINLEFREORRE FAH 5 \VIZ RN Lo
JE DY —VEE OREE, EE EALZ A > T Y —
VOMEE, BFETMDZVIERNT TRORBO Y —
VRN DMERPLETH D, BF TD 5\ 0id R
FTALONED ¥ — IVEET DFERE &\ 9 B3 8D T
BETHLIIHWST, EMHN - KFEHMO Y —
IVEETIEHGi O A% BT 205 ), Bz L,
WL s\ (Shell #hi%, Z o mIHFICREAE T
H5). METIIHHEOTMEOEMIZONT,
ZORFHFMOEALE E, FHEZFHI§ % LA
HY, NPTy TIRIEOGE 7 5 EER T
THbHILalEfiLizwv,

Levorsen O i $ L 7219414F i B © AAPG Special
Publication “Stratigraphic type oil fields” & 19904F, 1991
4, 19924E i AAPG Treatise Stratigraphic Oil and
Gas Fields (Beaumont and Foster, 1990; Foster and
Beaumont, 1991, 1992) 23 I N7zl 7 A HOFE
FEDOVRA T EBEIITLE, RESGTT v TOHRE]
& &N 5 East-Texas i H 5 WL4E T 5 19314EHi % T
FELVEM STy 7TENHOF AEOZERITRDO SN
v, F7o, MEEEROZEAN (192045 F -
19304EAX) Ltk T 4 T oS R FERA:
DR FITWIE I FEN TV R0, 19604548 T TILMK,
W N TR L 7o T2 LD 0 5.

LALEDS, 197TETOESHORL N T v THIK
DFERIE, HT PR, HEREOERORR,
WERALEO 7 1 27 WKIZ X 28 - FEER LI o Hff
BOWMBGEEROE, MHUTECHEN, B N7y T
IRFERICHH I N/ T2 5. o) &
HREA B (seismic stratigraphy) 2S#EH ST
WSHHATO Doz, il BRENTEICEY, A
ML Z DT b T v T2 KD SE2Fipl L L
T, A ¥ ¥ BRALFE T O FE Tuscaloosa b &,
Colorado M H B Denver Basin T Albian “J” b2 &',
% F 5 @ Alberta T Cardium i3 Jg DR % 215 C
BT TR 1970 519804 HE T D
HEITH Y, PINEZ O YR EIILEAR TH 5
EEbNTWI B TH 7. 4, Seismic geomor-
phology & R ROFREZ ZWILbT5 2 T,
ZNENOMAT AHOBHERBIZBEWT, ZThET
RFELLCELBUIN I vy 7T LARREATE LI

A
=

73 935

Tl

BHT 5 EIIIMEEED S D .
11. KRR MNMEEEEILER

FLWLABREERE LTy 2 — VA AD, Fhi
TOEWHMBROME L LT, 200741 KEIZB W
TR IR S g 7-2 & iE, —DDKE
GIRYy ZEERD. T — VAT HEEHRSE
&, BRI OAME R 2 M L DR DK E
L, RIBEORDHIZH S.

201AL DA IR SE A & Z DBEND 2D DIEED
B R ELT, S SIS OREED 72 O HA
WDFEHE LT, AT X F 4 EIFEN B2
72 L RERR L. o w2 IEMEISE
DML, FIAMBEGEE AT ONRELT, b
LM A EEL, TOWRBMIIBVT, AME AR
L7ze#Fz B0 GBAL, WRE, RE - R %
BETH. ZOAMAEREE (FyFr] LIFEAZ
EH—HE) ITBVTHER SNZAMDS, #TFKE K
L THED/N S W2DIZIR)) %203 C, i B ()
AHERT % J 10O B J5 1) OB KB
Mg Lokl ey, BEIT L. ZoRKEISRE
b AT —IVBIZ X o TRBZIICHE SN TS
VDB DH. OV —IVEIZEREE F Tl LT
EL, WiEREICL2BBREOA LN H->TH, HE
P2 MR L, SRS CREMIChORFEIICH U7
Wk bS5y 7R BKT B, DV - PR
MIZD ¥ — VR BHE T 2N H - T, Wig -
Sy Z B NTy ThELELT, ERHTI550H 5.

— 5T, BIE THR S N E - RER T A DT,
KRB OAMIIRIITERT L RIEH % L) ER
bdHb., Thid, MICRE ERBAELZVLZDOREED
B IIARIE A TR S 2B - RIRAF A D907 ¢ —
Y MUEAFELTO AR ZRIBL TS, §
bt TERBMORKRTABEOYEEREL T,
Y= WHAADE L, DRSS ERBENOK
AT A DBBHFEIBD TRRT, %< OERREY
ADFDORIFED DV IEE OB OREHNIIRE LT
WABBGBAI, Y-V AREGIFEBIEK ST
WhrEEZONS., Lo T, Yx— VT AT
&, =7y MR, WREND KRR
AR L (WRIEERE) BhERL. 2070
RIVDEM A A L R, KR ORRE S 7SIl 4
HLTETS LD BRI RENNAT AHD X 9 e ERE
V= NVHARELRW WRT AL, RRTADF
F U E FOWE O EERD Y 2 =V F RS
WA E D, TDF v FUIZBVWTHBYO
B EEDSHRMICEH VIR ZIFE L, ZORTRAS



936 FrImEREE & Py E

Land surface

— T - > — —— —
Conventional

Conventional Coalbed gas asg:mufal|g:‘

structural gas Convaricinat ul

accumulation stratigraphic ga:
accumulation

Transition

Gos Generation Window

chalk or shale

oil accumulation Continuous

basin-centered
gas accumulation

Modified from Schenk & Pollastro (2001)

ontinuou
chalk or shale gas
accumulation

I Tens of miles
n 0il n Gas [:I Water

K6 7FEkBofmin, AT AT L0 THE S
NCTBY, HRYIHEE BT2BELCYF
SHEETEICER L2 E 20N TE& . Y
— VA ARHGEBE LRI EE 5TV A A
EEZLNTBY, 4% TORIMSLFEALE G
BEZ v RBEEPITREE T oTWVD).

ADVHER SN B LHEB L BET LI LNV 2=
ABHOE—DOREL %D (K6).

EBIT, Y=V R ETERE O AN RSB 5
EDREREVIL, ¥ —VHZADEIEREDEMHITIE
BThorIeThb ZDRD, TORBOREBERIM
DT, WHEORRY ZEFEHOMRT, HEH D
P& L72E, 1AERD-YOAEL — RN
BV ETHb. ZORERIEF ) F—2—107°F—
V=) UFCTHAEIEN—HTHE. TDDITLE
FEHLR-) OEEL — 25, HEOHEIZ ED4a R
b2 EE L TR EE RO REICROIE, AN
AHFEHOYREICH T B ORXE (EREE) %
HFEROETFERNCL > TR THLENH L. &5
12, TOXMTERERE N TSR L, YiBEoApE
J& O F M RL % BN S & B ALE F 1T, REEOM L
ERAELED DD, T 1 ROEFEIDRRFEE 2 MR
THEREL — M REIFHRT S X912, AR % ]
MLCHEEROFEGORHILIRZ LEND 5.
Yz — VI AR BWWT 1 RSO ERE A 3B
FTORBPSIE, 2 -30HOYENS 2 - 340
WEETNTYENRREV., T — VT AOHRELFS
T, FRLo &9 BAEEFIINU ) 04RO,
1VEEHFOEEREGORE L V) EMErs, BT
LREAAGRORIIAE L LD, MEAOMIEE)
INE L, BaB L AR O RE R B W B B Yk
OH|EZEST L. oo, IR N, AERHER
D7D AR NHSE DORIRH ADRFEAE L Y & H
2%,

CORIZY = — WA RAFREIIBIT 5 R HEFEME,
V= VHAHKROFIEL D b, BT - EEEREETO

FEFHICHHEEZTIW. T B8 E (= —
WV, PREE) ST B AT R EE MR LB o R
(R - L — N OMRICBIT 2055 &g
EHRBT A0 EE I &) R, L OREERDD
5. BfEoE A, RISy 2 —VH AEFEIER L
TEAHHIE, PV HRABOMEFNRME (3
LRBEAEDOIRE, ©orzh & Lo S, WERE
NEW, WE LWL ROREREO%E), MATF
2275 (BIHRANL T54 VRO, Yo
PEEIHAT (NJD, Haimek, e 10) odekibis
TORM, HBROGEVPVEENTH 0 EE R
5. B5IC5HIE, RAATADERE - ki LT
WHEINEY 2 —NVF A LT, Y=V AL
FH-OFREICOWTIEROBIMER I ELZ LICE
5. BAEFTEHRRKDOILKTO Y = — VI A DHE
R ORI, IhhSHROZHTOY 2 — V7
AWFICBIT 2 RELMAE % 525 2 L hfifEs
nas.

12. #bUIC—FFREE

MO FRAG% FI T 5120E Tl 2EET
5. ZO72DARKG TN OB B F B & ik
WREAOE R 2R B TR, BiEoR %
WRCE Z B HNE, MBEOAMERLS X O RIRE R
MoMiflizPd s Eichb). 2T, Emkl,
DTOREELTBELW.

1. REHEORKOMEL, kRO EIERE 2 8

Harrua— kR WD, F—7 v bOTEH

ERSBURHREVETH D, ZODWHEED

FHIEA R LT, Al A @A T o Ly ikl

HM oM ALETH L. 71220k 2EMT
Shell £i{l DA HES 2D TV B KRG TH 5.
AMAFE 24T > TV A I RBIAFAIE T A IE A & 4
FEHEDEICHTF—F Vv EREL, BFEBNORRE
BNT2LE NI T RATLATHS.

2. F=ROWARDFLAURTH S, UEGHEE
ZBWTIE, BAEMIC1Y 2y bTTRAFYRLD
F— I WEFER SN TS, 5% I NIT1007
Fx A NVOF— 5B (2O 10m HE T
WCZRBEEE- 728, 10Km U OFKTHY, 3
WICHA & LT3 L CRBUETIZE ) ATHHFIC
hAHEEbNSL. ZThiZid MEMS % & OB Dl
HDUIHTHS ).

3. Y- VEFETOREBIZOVWTIRF /T /1
V=RF ) VF AT ADOFEMES RIS
9. 8%, HERE L 815 Monterey & D LR
ICHERR S N/l O SEMIETH B, 2D &
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A HEALTH CARE ANALOGY OF OIL AND GAS EXPLORATION

| Producerwell
K |

[ i
Injector well {
[~
‘ Our methods do not allow us to
‘ see small details of 'patient’

|

\

We would like to administer our
care more precisely.

To do this we have to learn the
anatomy and circulation system
of our ‘patient’ .

M From Sergio Kapusta, 2012

X7 RARETOH F—FIViEE GIMEE TOHA
A D F7 BB & 2 O JF Rk (S. Kapusta
2K % (20124, RARIAE). MBLFai R & J5
&uﬂvu,ﬁ%mﬁwmwm%uﬁ%ﬁﬁﬁ
LZ0IFML. BEESHTRAT—TNICED
MAEPIBIZE, NHEEIC L 2B - FhoF
EDHDH. INELIESLISHT A2 L 2%
RIRREH 7T — 7 VR OBGK. FEAHE
EREHEFALT BEENICH F—T V%l

L, #EO#MEEROBIICHHT 5.

1.43um

1.96pm

8 T A1) A&%ME, California 1 Monterey J& /1
ORI, TERIE, AAEF T, BERICHRE
SN Bb B2 IRITMHM TV B
KEXILEETHD, £ 1-10mm ?fFFO)fw’E’UJ\(Hh%
DN T ¥ AVNICEIZE S 7z, (O'Brien, et al.,
1996) .

I RBIERERDLILET, Y=V A VDEER
FERYETLWHAN, PN HER EHHEHI N
TW 25T 5. Zoz0icd, HEH1EWE
TLC, BN GFEN) comsing - bEm
T— Y OPREPLEE 5.

4. R YEER SR T % {, ALERA SN
HOBOBMPLETH L. HEk, mEIEHEAZ EH
LCE7-DITHIF B 2 WE 2o IR D FH A3
FEHENTEL BAETIE, ZOWHENEROM
PUIZLFE RO 7 — 7 LB TH Y, FDIUE

LR A REE T AEMOBIMAE TN TS, H

BT 5 72004 ¥ 7V & 8§ BALS50HT & i ik

A
=

& 937

Zu

T HICIERELREPLETH S Z LI TIE

H5.

5. HlEKERME GEALEYAEY LT B RO
L Z2 M EMPLETH L. CODIZFHTE
LEAE2IA D4 H, BEICHEZLTWS. ZoH
L \WEARAR & W L 2D KA. 505 % #1555 7)
L7z ARSI CHER 2/ 77 /0y —
(BT OMF %I L T 2 HMARR) 2AARTH
HWEMDE (F7 VA v R, BUMESEHEAER
i) OREEE IR L 72w,

JERATRT Z &, B, BEh Eo%E L S L
2 & B EHUEA, ATEMOESRTH Y, A2
OB EERLENT, FHICHLHEREFAHEL &
N VIR TIZ %225 9 ». Drake DEEE RS &,
Drake ®ZHUIEFE R, L 7233 2 HER] O PR D1
THMNTHY, TONEOBTEIRATH-72. L
MLaA6, TEAMEEICHL TE, RIZEEE v
I i O HHIESE, E‘?lﬁ@’#%@&“ﬂi&( EER /DA
BOYE, SOt o, r—rr eyl
WL, T OHEREKIRAKBIZEALZVWE I I
Fx4ToTwi), MEks LI THMICFRL TV
Ml afERED O S. R EREICS
Wi, Hunt %2 & O YRERFTHRE BATW2HE
FHEROBIGIZT TR, REBEE 2K
WA T o 7z78— §F— o Billy Smith D5 % 145
EnLzEBbns, BFOHEMEZEEREL, @M
AabE, TOEMOERSEHRD Rz ETo, #HH#l
% £ %> 7% Drake D1TH) Z 4% Y 38 5 &, Drake (&I
i W) % el L 72 2 0 3 # 20 5, Pratt” A%194012
“Where oil really is, then, in the final analysis, is in our
own heads!” &L L 7804E L LHIIS, A VlERAL B 563
DHDENETHEHFRZTO2E IR 2™, HE
%, A%, EEICEbD S X9 12% 3 ] D. Rocke-
feller 213 R 2B aHME L LToRE%:
FoTWwiz LB DR THAH 0.
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Orientation of dendrite crystals depends on ar
! Si crystal
H Dendrite crystal
1
I
T

e % -

Prefarentlal orientation <111> <112>

of the dandnte crystals
| Twin
I
1
! <111>

0°c 10°C

Supercooling of the Si growth melt, 47 (C)

1 Preferred orientation of the dendritic crystals
when supercooling occurs at temperatures above
10C.

Concept to control crystal
structure and defects

Bi melt

Dendrite crystals grow
along the bottom of the crucible

Si multicwstali

Using dendrite crystal,
'we can control the grain
orientation and the grain
size

We can growSl mu|t|crystals

12 Large grains

Si multicrystals grow on the upper -

surface of the dendrite crystals

Dendritic casting method

R 2 Concept to control the grain orientation and
grain size® .

Dendrite crystals usually appeared with a random distribution

Edge

Dendrite crystals that appeared first

Dendrite crystals that appeared second

3 Distribution of dendritic crystals grown at the
bottom of a Si ingot with a diameter of 30 cm.
The red arrows show the dendritic crystals that
appeared first and the light blue arrows show the
dendritic crystals that appeared later. The
dendritic crystals were distributed randomly in
random directions®.
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Relation between random grain boundaries and
dislocations during crystal growth

Conventional casting method Dendritic casting method

Directional

" Random grain boundaries

Few random grain
boundaries
Quite large grain size

Many random grain
boundaries
mall grain size

4 Schematic illustration of the relationship between
random grain boundaries and dislocations during
crystal growth for the conventional and dendritic
casting methods

14-16)

Reflected light
from flat surface

Beamsplitter

Semni light
from etchpits

Sl erystal
Itd: pit

Seed crystal ;

Aspecial seed crystal

B
1

Distribution of etch pit density of dislocations
measured from the spatial distribution of
scattered light from etch pits using a laser
systemm

Relationship between the coherency of random grain boundary
and the dislocation density

T 00 gy, Straight parts of random grain boundaries

0.64 x 105 /cm? 6.54 x 10° /cm? 10 x 105 /cm?>
low | _—high
Dislocation density near random grain boundaries

]
good Coherency of random grain boundaries bad

| We should keep a proper amount of random grain boundary in ingots. |

6 Relationship between the coherency of random
grain boundaries and the dislocation density"®™*®.



4% #5875 20154E10H /.

Effect of the angle (O) between dendrite crystals
with several orientations

On the shear stress On the dislocation density
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Dendrite crystal 1
Ty Angle : Dendrite crystal
i
Grain boundary

7 Effect of the angle between dendritic crystals
with different orientations™ ™ *®.

Temperature distribution with a line-shaped highly
supercooled part

A

Line shaped part

Nucleation sites

Il Highly supercooled part
Slightly supercooled part
8 Temperature distribution over the entire bottom

surface of the crucible with a line-shaped highly
supercooled section.
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Distribution of
dendrite crystals 7~
(30 cm®) :

y-axis

Dendrite crystal

Line-shaped highly
supercooled part

=== Dendrite crystals that appeared first
Dendrite crystals that appeared second

9 Distribution of dendritic crystals grown at the
bottom of a Si ingot with a diameter of 30 cm.
The red arrows show the dendritic crystals that
appeared first and the light blue arrows show the
dendritic crystals that appeared later. The
distribution was obtained using the circular
graphite plate with the line-shaped, highly cooled
section”.
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‘Wafer position in the Si ingot used for the preparation of solar cells

20 Level of Si single crystals
(Using the same solar cell process) |
’§ 18 P L2 o ¥
< 1 2 ¢--e-"""56¢
> 3 4
2 16
@ ~15cm@
s
514
s top
v 12 | | Height of ingot
(] 4.7¢cm
c
8 10 10cmx 10 cm |
wafers were cut
| bottom from the ingot. —
8

0 0510 15 20 25 3.0 35 40 45 5.0

Distance from the bottom of the ingot (cm)
10 Conversion efficiency of solar cells prepared

from Si multicrystals as a function of the
distance from the bottom of the ingot'®.

Conversion efficiency of solar cells using 180 pm-thick wafers
grown by KDN (Prepared by Dendritic Casting method)

35 T T T T [ ; . .
30 7& 92 % above 11=16.5 % i
(3000 wafers)
X 25
:“ 59 % above fMas? of the
g 200 n=17.0% ingot:420 kg)
=
g B -
E 15
~
10 | i
5F l i
o 60 6

182 18.017.817.617.4 172170168 16.6 16.4 16.216.0 15.815.6 15.4 15.2 15.0

Conversion efficiency, I] (%)

11 Conversion efficiencies of solar cells using 180
pm-thick wafers grown by KDN using the
dendritic casting method without controlling
the arrangement of dendritic crystals.
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Noncontact Crucible Method
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Pulling rate
(Growth rate of the CZ method)

Expansion rate of
a low temperature

€ region
H (Growth rate of the
present method)
/-/

Ingots with a large
diameter are obtained

Vertical growth r él*ing a small crucible

Low temperature
region

Small crucible

EAHOREA:SiFERITRET D, TORFEN%ERSE D,
12 Concept of Noncontact Crucible Method.
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52 NOCICEDSivM>dy MEEROBREE
H1212R T & 912, NOCED A » Ty MERDK
FeRE L, RIRAHIEAT S AN TIL AT IS & -
THE 2. REFHIBROLAY 121 Si @i FE -
TIEA BRI OB R &, Si gl NI 2 -
CILD BRI MOBREED D L. T TR MORE
WER D L7720, HISIRT ), §l& LIPRE
EATbRWT, SiBRELXFETLT 4Ty b
Kb SiANERIE D > TR TSRS, HEEER
T, AT, Ofie ZMEICH LT, £ Ty Mm%
BB L2 2-4mm) 5l& BT, £ Ty
MEROREIII—F v 7% LY. <110> Kk
<100> HFHTIREREEEIEVDYH 5 2 L2 5.
H14121&, <110>J5 B DR )7 17 DR IE % 7175,
Mk R E S, MR ERETHY, Z0oF—2%
MO B BEAIRF R & 29777, R 3 v Hs R 12
KIFL, GHEEA L 2B IE EREREIKE R
5. MRKOEERE L, GHEEA 0.4 K/min OFT
1.5 mm/min & 7 5. K15121%, <100> J5 0] D #i )7
WD W R 2 7§, R B R Bk 2 0 12
KIFL, GHGEEA L 2B IE EMEREIKE R
b, WROBEFEL, HEHEESS 0.4 K/min OFFT
19 mm/min & 7% %. Si4 v Iy FEKESOREMN

(b) Surface of the ingot
AT=17 K

(c)

AT=30 27 22 17K

13 (a) n-Type ingot with a square-like shape of size
20.3 x 20.3 cm® The top surface has four steps
corresponding to the growth process. (b) Growth
process of this ingot for the purpose of making
marks to determine the growth rate. (c) Top
surface of the ingot in the <110> direction. (d)

Top surface of the ingot in the <100> direction.””

A
=

73 945

Tl

WCHIN S AT O A O RRBEE % K3 <100> F 1[0
WRBED, WATROBORERE KT <110>0
BEMEE LD DR WD, HUMADEIRS, NOC &
TRRRELHNG . K16k, <110> 7R OHE A
DODRERIEATOMBRERLTEY, GHEHEEICH
PHY B EEESIZATOR I >THRTILILE
RLTWRY, Yo THAMELZARXLLT, ALK
EZIDOANTTA Ty MEMERET2H0BKE A
Iy MERSESND. RITIE, O R
% SO S EOMRTETT. HEH 0K E#
BEE, A4 Ty MESARE RE LTV Y RIEMIZ
il 7R E QBN S 72D, FOEENIAI V%

Surface growth rate
@ :0.6 mm/min
@ :1.0 mm/min
® 1.5 mm/min

20 T T T T
Growth direction <110>
E
3] 15 |- i
~ Cooling rate 0.3 K/min
% Cooling rate 0.4 K/min *
c
o 10 | E
5 . *
o 5 * Cooling rate 0.2 K/min R
(L)
0 L L L 1
0 50 100 150 200 250

Cooling growth time (min)

14 Surface or horizontal growth length in the
<110> direction as a function of the growth
time. The growth rate was determined from the
slope.””

Surface growth rate
@:0.8 mm/min
® :1.3 mm/min

Growth direction <100> @ +1.9 mm/min

20 T T T T
Cooling rate 0.3 K/min
3 Cooling rate 0.4 K/min
£ 15 ° ]
o L ]
£ .
% 10 o |
E (1Y Cooling rate 0.2 K/min
3
o 5 = ]
[0} *
0 1 Il Il 1
0 50 100 150 200 250

Growth time (min)

15 Surface or horizontal grown length in the
<100> direction as a function of the growth
time. The growth rate was determined from the
slope.””
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Cooling rate (a)
® :0.2 K/min
" . ® :0.3 K/min
Growth direction <110> ® 0.4 K/min
20 T T T T Fan-shaped
E 15 | . \
&
S 10 | . $ b Diameter:23 cm
= . = Side-face width:
s : * 4851cm
o 5 B Height: 7 cm
(U}
0 ! ! ! ! Cooled by 68.3 K
0 10 20 30 40 50

Initial temperature reduction, AT;, (K)

16 Relationship between the grown length and
AT;, in the <110> direction for cooling rates of
0.2, 0.3 and 0.4 K/min. The growth length
almost linearly depended on AT;, regardless of
the cooling rate.?’’

Cooling rate: 0.2 K/min

c 1 T T T T r r

E

€ o8}

E

2 s} b

£

g > '
04 | ']

e * P .

o

302-

L

s L. . .

>

Depth of Si melts (cm)

Fig. 6 K. Nakajima

17 Vertical growth rate as a function of the depth
of the Si melt used for the growth of ingots
when the cooling rate was 0.2 K/min. The solid
line was inserted as a linear least squares fit for
equally weighted data.?”

Wi LT RREM 25k, RRIR S 2R TH - TR
EHEZRD 72, @HIHEES 0.2 K/min DR, #EH1H
ORFEHEIL 0.3-0.6 mm/min TH 5. SiglEOBE S
PR GBI EMEEESKREL R AEADVD 5.

X181, FIHEID Si 4 > Ty PHEERERT. 0
B~ o % 15 5120%, BOF o B #E
ELTBUENHL. ZORDOHFT, Sadeface width
DERIZA ¥ Ty MO by THIZBN S MAEO
—BORKES %K T. Sadeface width 2SRV HHK
ERMNARTHLILERL TS, HROKKD
side face width 139 17cm TH» 5.

18 (a) n-Type ingot with a circular shape. (b) Top
surface of the ingot with short side-face widths
and fan-shaped faces in the <100> direction. A
fan-shaped face appeared at the point shown by
the red arrow. (c) Ingot with a diameter that
remained constant during pulling with a high
cooling rate of 0.4 K/min because the horizontal
growth rate increased with increasing cooling
rate and the melt temperature markedly
decreased.””

5-3 NOCEICKBMARDSI 1> dy ME#ES
(Q)57% =3

AW R SRR P ICRIR IR & 5720, K&
TR O E AR LV Y REOIEDIMI R E L &
W, FODNAIEDOA v Ty MERPERE LR TV,
K191, ZHOMMEDOA ¥ Ty MEdERTY. Y
ﬁ%@%mmmﬁfu,mﬁm%uu<m»ﬁﬂu

FPFERLCEEL, KIZ<U0>FH P LERTYW -
CHERELTHAZEKT 5. WATEOMD OF I
£ DIZURTy TSR ) &AL LT} %
L Twa. K19(a), (b)id, <100>H DM U
#wHC1k$ 1), Fan-shaped face & FEIEN 2 FE DL
VAR T, WARKERBOAPIL o/BThS.
19(c), (&, <100>JHOMUHEPTIELES
& 72 {, Fan-shaped face 25 2\ C, % T CTHUAMA
TEAEROBRERFEL CTREL72HITH 5. side face
width IR EA Tl ecm Ho 72, TOKZRIUMAIED A
Iy MEREESEETENE, NMAEOKEERH
7 =% G0 NSRS B OF AR £ D Ka
A MEIZHDO%0h 5. WAEDOA Ty N HfEEZF]
AT I3 EEHED S, WRLTIREORR O
MEBET 20RO BEETH L. FRICHAA >~
Ty MEFROFAIIIEIRAALASLEHE 2 b,
54 NOCEHICKWRRULAESIiA1>dy MBS

D&E
KGEBHO SI A Iy FEEROMEOFRE
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(a)

10.1 x 10.
(c)

Fan-shaped face

(d)

<110>
10.9 x 11 cm?

19 (a) n-Type square-shaped single bulk crystal

grown using a crucible with a diameter of 17
cm. It had a size of 10.1 x 10.1 cm?® (with a
diagonal length of 14.3 cm) and a height of 2.5
cm. The (110) side-face width was 6.2 cm. (b)
<100> corners of the ingot with fan-shaped
faces. (c) n-Type single bulk crystal with a
perfect square shape grown using a crucible
with a diameter of 17 cm. The dimensions of
the square were 10.9 X 11.0 cm® (with a (110)
side- face width of 11 cm and a diagonal length
of 15.5 cm). (d) <100> corner of the ingot that
had a perfect square shape without any fan-
shaped faces.?”

FATIALLTHD. T4 754 L3RRI A
WARBNIEL SR wL, T4 754 8@ we
BHNRDPERS W E VI HEARD L2925 TH 5.
FA 754 2GMESE, RALEOMAFTIZE Y KE
CEDEERZEALTZDT, BTNV —TTEIRERD S
MIT (2/&§F L T, quasi-steady-state photoconductance
(QSSPC) method THl%E L Tw2 2.

X201%, £ > Ty MERO by THhALERNAETO,
FGAT I LEEEMOT Y F ¥y NEE (EPD) %R
L72bDTHBY. 54754 0Py 5 v
BeghHETRS VPR EZ-TEY, Fyy) v
7&@%%?&347&4Aﬁ%k%<@§6’&
X, TOMRIEELETY Y )V SMBETINS &R
ﬁﬂ%#@lwaé_t%m%waé.ﬁLﬁz
EEBEAMY S ZMSEE, ¥y 7)) v ZIEETYH
FTATIALDNEL BT L ERE/RL TS, EPD
FA Ty MERPRET A IO TRIEIZHA LT
Wh, ZHUEA YTy PSRRI E TN
MEE LTW5720, BRI A5 SN 5
LOTHDH. TDOAL YTy MR TIE 500 ecm 2T
o TWwah, 94754 LIIMETHIToNTRL
BoTHBY, WBHEIm *F—FETI25L,

A
=

& 947

Zu

BRI B (CHRVGMBEENTNBINS A IFTALETHS
4 T 541 AFEAEEICHKEFURLS . FEMRECEFLT

w3 3000 i : . . . 5000
‘l; @ Lifetime before P gettering
3 2500 | @ Lifetime after P gettering
Y = Etch-pit density (EPD) - 4000
'E 2000 - &
.\g 4 3000 E
= &)
c L -
S 1500 a
= { 2000 o
©
£ 1000 [ w
£

4 1000
8 500 [
@
14
0 0

0 1 2 3 4 5 6
Distance from the top surface (cm)

20 Recombination lifetime and EPD as a function

of the distance from the top surface of the
ingot. The red and blue circles show the
recombination lifetime at 1 X 10" cm™ injection
level measured in an area of 4.9 cm® by the
Sinton method before and after P gettering,
respectively. The lifetime decreased even
though the EPD decreased, which indicates
that impurities more strongly limit performance
than dislocations in this material.”’

FA T YA DI KEL W S, &
LATA4 754 JEEBASHI OB B RME S K 1258
AET 5. B, 54754 20REHEIE, ¥y ¥
)Y 7B T32ms TH DB, VY RHAKE LA
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5-5 NOC ED45# &R E
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FRICHAENH L w2 BEREHIE, 1)1 Ty b
MR/ VY REECTRINDERILD 80 % DL e KE
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FKDLGUTONERVYRTHETE S, 2)Sif@
W RO ATE N 728, VY REEE SRl &
FOG23g8 <, VY REEDBMITZ b, 4 Ty b
WM OBERRENF 3 7 5V AF—ETHE L
& D BRIEIZTAS, 3)RERMAH R IR
LTMERDT, WET B IZEVEMEEIRD L,
Ay FVIHPATHTH 100 ecm > F — ¥ OIEfL B
EREBTE S, 4)BIENEETORERBOIZE X
HZALD, MHERO ETHRETATFa IV A
FoELIIRECRLD, EHRRILDIzODTTE
WY RMAH DL, BAEORETH BN A 2
Uy MDD, SHROMIERICHEINS.
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AT B, 5 1d LaCoO, % La,NiO, & D5
EOBUMES SEORAEEE YIS ICLELS
3, 8T - USRS 2 Wt GETESE - TR - Kk
FARBOBRENE) T E A Ebho TRV, 2, &
B - BEREDHE LW TH S, b LI OMENRRES
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EARETH BHY, SHREER) F I AL F BB
YA 7N ENOFHPRFTX 5.

¥ o oFH #d

By % MmE wEir

HEE . o B0 (20154E 4 A X Y PCFC 1LFIWig:
A EUEEER)



o

980 i

TSR MR T
M7 Ot X THHEE
WERBERIZ2H

[ERROFEIREDEEZ R D1H
MAREIRREDEZEA)

MEMBIZCB W T, TFHRREEIC B 2 ERLR ORERE (B
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P e L7z (K1), FofE, AR ToOmEH
POBHILE LPSO oD L1, 7 5 A ¥ —fk & OB
EVHHBA S B Z & R L, AHBIMHOR % M

Mg #4644 LPSO M DLEME RRIICEIFTE 5 2
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OFAREDD L TIRENYT = 54 PEEE®D kinetics 1
754 VEBOSEEL) bREBEShLZ L,
SEHBIAIRL 7 = T 4 MERRIIEINARBIC X - TAHRK L
727 294 M35 &fe B OB RIS L - T
WML L72d D THAZ R RPN L. T/, 15
LN7AERE S LI M TAEILE 23 L, KR
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SN 7Ta 7 7 A VR LIRER, 725
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REDOKERE L 352 9] & 002 5 L TORBREWET LAl
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PETHICEREIE L2 0AE i~ L s w34
NERE], A — AT T4 N ORERBOMEETE RIS RED
HEUBBAI[OTATRILT VA4 NERE| LM X
N5, Lo L, ZOWME OB OAHE HIZ T 2R
BTV, AR TIE, Fe-33Ni 44128 LT 7
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SBEFEL OB - R, FREHEe KRB
X SITHMBHEEO B O 720, FYRISLIEART /R O
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H5H720, BELTWEBREEZHVOF FICHLET L
DL (insitw) 1Z 2T THREETH - 72, BifEET
1% SPring-8 7 & OREH B TR EEZ 10 keV DL E
O X OBASEEFIH L, BERIREDENIL D
INZEIC & 0 MR GE AR % B R C 2 OYBIgt T & %
FHEHEL TV, 20X BTEENCLI LT, 8
AR OB & F o0 BREOISE SR - ZD
BB HEIC e D DD 5. S BIT, BEFEMAED 5 it
BEEEROMBRIIS D RIS 52 L2k Y, BEIH
BENABG R L2 RV 4%, LV ERN R T—
7 OB, WHE T VOREL EICXY, E TR A0
BIBIZHFGTEDLLELD.

REHEERR DY 1 20 R (EREFFDEREE))

Bl 5 OBEFMA T, EHHOBAR - BRIZED
LWIHBOBOL G, FRECOEE AL 2
D (WHEER), E5ICRE - EORE—IZ X b RS
LB GEEIRIL) . 20k LiERORE, BoOBE),
YWEOBE), FAAOTN & Vo 7Y BBISIIHT Tld 7
, HDIZHER BT LR Ds SRR TR S 1, i
ORE—TH AR ORETS. ZNET, TV FIA b
7 — A (EE AR oA O REIARATEE O JHIK T
HNVHIHRETH A OWILEF VAL I TE L. LaL,
BeE - KRR AT, BHFED 5 VIR TS
AREIC & ) BRI ETE L, ZofHRe LT
TRHTATERR SN B FEMDH 5. XA A=V 7 EH
WIRIRE M - ZOBHRERIC L Y, SIEbE o BT
ROERIZBNT, BT OFRY LR %9 504
T, AL ERI L, WITERICO2h 5 2 L %
ST L7z, BIgHO W T, 2RO, Wit
FILORE, PIal—Ya ry\OIHEToTWVA.

HiEIC K D™ RECAZFIA L
mowelooteyy o

M AR R 1, RRREICDZ 0BT UL Lo
W RETORDIIESEL I ENTE, 2Dk
9 TR BRI R RS SO RISV 5 5 00 b AL
L, MEEE 7o A ATE WML H 5. Bl
X, 370V AT—VOBUN KRR RS X IR
M EEC, BTN M2 BrE T X 2 MDD 5. 5
DOEFNC & 28 ME, MEORE O EoH 7 e iig
DFBNOLHBEEZLN, ZOX) L% o7z
M7 a e 20RO E B L TWw 5. BRI,

#

BEMER R NEHET &£ LOSAF SN T 525,
MIZRIZ X DTS 5 720 BN X 2 Bk B AT
R B-FeSi, 1I2oWT, 370+ —F? B-FeSi,
BUE S 2 W\ X D BRI S8, 3 #hoddh s A 25K
272735V 2 B-FeSi, ¥ OVER 2 DTV 5.
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MgZnY B&HIZEK 25 LPSO M c #ohmic
JEIR 2 MR L R E OZER 2 Fi D, S SRR GO
WARATRE DS KOTOBAREE 2 R0 Z LS Tw
5. /MAEGEL/MPTEE RIS 5 2 LI2X ), Mg, Y.Zn,
~MgsY,5Zn,, DHEPAOMEL T D LPSO ik D%tk &
BLHIRETE OFS R ML 2 ex-situ SRR 0 5 &
WX DN, ZRZEN ORI BT 5B E R
AONGEREZ W S L7z, $72, B CIEED R
i - BRERE 2 BEHEZ OYEI & - TRNS Z 21
X0, BHKIZBIT B LPSO Mo geEtk, A% etk
% S CIIRIREZ ST B 2 EDSTE . IS
LPSO #&3# DZE T OWTIE, ¢ iR OMRZE RO
EEtk e, RITBPICET 5 2 RITBREE DR ENEDE
WIZHE H L72AER, A b (H) REED S R RATE
DIEMIISAC B B 2@k 2 Kok, 4522 ol
WEZETHDLLI2Z FAY —OREWEEIZIZR L TH
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T In-situ /MABELEDHEDNTE TV A, S EEE
7 6000 ZA IOV TN OB T HEI M & 1T
EFRLCTH A0, BHKEETH 7. In-situ fEZ 5
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WHEHED TS, HiH CCD Mt ERIC X 2 iR
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F41x, EREPOMBEEFHEAT S RKKY HEMEH
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WETVEMRSB 25 0 9 % 2 & 2 & T HEEMHAL
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BIRIZLDES VT AFADPEASINTWE Dy
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VTTAIBWTIE, RSB MBI > Twb 2 e
ZRLTW5.

HEAEVE—NY INRERDIDHD
Riilis DEE DR

AE VBB RORNTH DAY Vi, HMigidhs
BURIE QTN A BT HE, ETIHIEETES LW
S 72EIISIE B VWA ZRMEE R R0, ko
MR T AN F—FM~OIHFES L Tnb, Y
ViR A LIS B OB D 720121%, A¥ VRO
BBEY ORI LB K TH B, FaIZA Y Vg
BGo—rEEE HiR LT, A¥ U ichs 5 3% %
W CH DRESARL R FIF L 72 EBRE 1T, FRCAE Y
EBOMALITHLBMAY VRREO—DOTHLWAY
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VEDRHY, F-o& D e LMEEZBLIZEIITE LD
572, Z 2T, AR 2 I AN E & ERT RS
BT H720OFH: L LT, 1mHz OKEN TR 5%
RSB AEN L, [ RS O #7207 % 3l
W3 2 R AL O BISE & A 7. E ORR, Mgk
7% 001mK FTHIZ 5 Z IR L7,

B PN
depE B
B AR W



o

983 i

TSR BRI T
MFHRRE SRR
MERIEZE 2

1T VBRE—T 54 LESRICHITD
&RE Mg DEXIEZ

Mg (3B B AR TR, (—2.356 Vus. SHE), K& 78
AR (3839Ahdm™®) AL, XKt XKEiho
B e LCTIER S5, L LeRE Mg 2 B4k
ICHT ISR C© & 21RO BMIIE, W bR,
GIRME, FBRBERAME S, FEREICZLW. 44
A EERE, HHESSME, B4 4 vt b BB
BN DOBEASEENTE LD, TRETAF Vil
TRHIS 2 & Mg AT IIRIY L7z & v ) TlEAD e it i3
B A F VR O RV E S EPEEREE RS A
FHHEEZ bR,

Z ZCAMIZE TS B L OF KA 100 C LT
HY, WBWRZELAERERTHL 771 258 (G2,G3,
G4) %, FWAIES X OSHMEA & L CoRBRE LT,
73 FIE Mg (TEN), 2 & U724 4 >4k PP13-TEN 12
RBELAF Vitith—2 54 ZIRGBHBIZOVTH
L7z, ZOHE, WINLIFENHENTIEIHS 00,
10°Acm? F — ¥ —DEWEREE TEE Mg =il
BRI L7, Zodna sy v LB CIIN T v
A AFEED DA W T THEN TV 5. Raman 53060
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ROFERATRIE N7z, G4/Mg (TEN), DS HLRIC
DUV T DX BT R IE e R L TB Y,
G4 Mg izt L 1 5 TR L7k 2 2 5 2 &b
SYAR

I—5 )VECHIEGEBE L1 4 2 BRIEDERR

KRB ANVF—HEERBO—D L LT h
B T AR KEMTIE, IR (2250 HTIRES
TO1BTRICICL VRAELBBILWAF 12X 5
IR D535, IR TOK X 72 MEE, BRI OZ4A M
HOMEI DB, LoT, BHALWA + v HRE LT
HETELHLOVEREILETH L. £ T, BEELY
T VR RRA L T B EEA & VAT b bR
LA F VRO FIRA B & YR 2 AR6F7e0 H i
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BRI U A KO, EBRINEY T—F Vs S5y v
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379y —FVEE KO, D 1: 1IREWIAHSEEL
TWBR, BEMETY 9y v o—F UK IR L
THAFF Y OREEHR L. 1 HOARNET 200
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BRI A 4 VAV ERTE1/20AE 25 25,
WAL E DK, EEE 1 HEORFHTIZ 72.0~955%
DFBBAL A F » DAFFEL, F#I2 [18C6K]0, Tl
1HE%TH 82.0% DOBEALI A A+ V BEEIALLET 5
ZED oz, iiE 50 T T [18C6K]0, DAL IX
253mPas TH ) — % EiR A & » WARORE &
JETH o727, EEFILIHRENS L, BREE LT
AT 2 I ZHEREISLETH D LRI STz,

KBED S DEN Cu,0 BEDE [ E
Z OIS

MELE X7 2A0FEE A5 p—Cu,0/n—Zn0 KB
HlANER SN Twb. BEOBL, ANHTHD ZnOo ©
{0001} T & DI FEEAMEA ZRE L T, Cu,0 1E <111> #
FFHMDHDOHPEE L. Cu,0 MEIZ AL R K
A S OWRBITEIC L D IER SN DS, BB
I LOWTHMTH 5. BeERSERET AT 2 EN
Cu,0 I3, $ibHI & LC3ME (HL) Z2dmL7: Cu* 25
LARBRD STFR I TS, L LZOBEED pH
RAEVER BRI AR R % v, Tz, BAFOH
FLERSS RO BT — & o S M KB T
Cu(OH), DILBAT I S5 %%, M OFFE T3k
BIRE SN TBES Y, RANOSHHTEDFIEATRIE ST
w3,

ATFZE TN Cu,0 OELIPED pH B X OEAAKAT
PO TR, & OISR ORI % KA
7o F 7, MK P ORMOS AL L5 L7, &£
BrofiE, pH10.0 LN OB % T —0.374 V os.
SHE & W § 2 BN CIEEBMEBEN 21T 728413
<100> B D, pH105 MLEOBEMR Z 72354
%> pH 10.0 L F OB % VT —0.492 Vs SHE &
BB CENET - 28A1E <11> B Ho
Cu,0 DESNT2. L72A3o T, HWwpH Th b Z &5
BREMICE > CTERBENREIVWENGHFTHL L
T, Cu,0 ~O@EITILHHAETH 5 CuOH DD K
BB (ouon=k[Cu 1 [OH ]oci, & FUBEEEEHD) HK
VA <111> #BEH MO Cu,0 25Nk, Th
1, veon DK, OF 1 Cu0 EEA~D OH™ OWEH
RAES NS 2 & T, Cu,0 P TORFKHA (111} T
H5 Cu PWEELEN, ZOHREHNTHS <111> )
flZ Cu,0 2IMET 2 LT E 5. F72, T HiHRA
5E, NV — Fomlliiiie, ST siiisE, Raman
SEHEIC XY, HEHEMEAKER T T Cul,(H L) &
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D) A VIR L HRESG T8 Si-C R SiO-CHERRED
HHEEEEZ ML OBR S NS HOERILES 7B (Self-
Assembled Monolayer, SAM) &) I ¥ EEREGH
SAM EIMHEN S, BHIRETIES TR Inm BEO T <
0t ¥ (Fo) #FEMKIC & 5 SAM (oW CELSILFENE %2
1T, Fe &/ a Y ERB OB FRE 2 A L T & 7.
LA»L, E$Ho SAM (2B1) % BT BEFRM A 22 5
. AHFETIE, 7nm BEOSGTEEZHT 5 11-Fer-
rocenylundecyl polyoxyethylene ether (FcPEG) % 3V 2
VERICEAL, RUETFRBEEEL YA 2 v 7R
A M) — (CV) EBXRMEICE - TEHLL 7=,

FcPEG BHIIKERImIL S ) T Y R 23iE L, W
Yo BB L TR T 72, BRINE TREALERD
InGa 6&%=EwE LTHWASZ & T, InGasr1-21) 2
CEARIE L.

CVMIENS, ¥— 7 Bitlh & fary EEEICHIE R0
Bohsz, ZHUIBII S 7z ¥ — 2 % FePEG-SAM (26
FN5b Fe OBALRITCTUCICHE TS 2 & 2RI LT
Wa, n B a3 YEBUCEE L 72 Fe FEk SAM Tl
Y — 7 B ONISEHH SN T W52, Fc ® HOMO-
LUMO ¥ % v 7 X ) 8T AV F— LRtz BE L
7oA DS DME S N7z, FePEG-T ) a Y R H
\F % EA-IEFLRTIHAS CV IZ BT 5 BT RBEIRIGIC
WETH DL LIRS Nz, BRBEZT - 78R,
FcPEG-SAM 8B ) a o T3S S vz, 2
OFERIAEEOETBEIC Fc ® HOMO » b %€
FIVCHBHTELZ LR 572,

RRYOF Y VEGRREICLDEMEIED
[RE=]e 727t A N

vruaxl 74 R) < —(Cycloolefine polymer, COP)
&, FEEOHDER CEHZSHRALKE T T AT v
7THY, FIAORBLEL3A 707 L— M4
MELTHREENTWS, L L, COP ARG
IZHEAFR SN TV 5. AIFFETIE, COP REILFER
MWD (CVD) Ik B5HY 7 V2 Em T %
Z & ClitEBEAAIE O _E & T L7z,

COP 7 4 VW AIZEHZeA (Vacuum ultraviolet, VUV)
Nox RAGZHA TR L, nzgK(LL7. 2o COoP
& 2,4,6,8 Tetramethylcyclotetrasiloxane (TMCTS), #fi7k
AR EHIAIUNBL L7z, 2858 L 72wiBRIA5 113 COP
KHOBKEERIEE KIS L, 5 T2 RS 5. 7V
FaTVFIVT T (FAS) D RBICIER L /2.

% ARRI O TCHEHB AT OFES, TMCTS H%0 Si
R FAS kD F Al Sz 2 &5, KiBkks 1
OWEIMERINT RBHCF YL V2T L, BHEE
HEAL T A A% 376 L 72. TMCTS EAE I
FAS &R L 7230F Tld, F3 L v 0iRERLHON
BWAVE LR WZ &S, BN A RARINE 2 E0 L 7.

ST 989

HZEENAWEY7O0F LT« VIRUI—D
REEREEEN

VHFRE TIE, BESTAEFZELAT TO VUV BHEEHC
X EA XN EBERA COP OFEMALIES I
54252 25N AT O ADREIZIE, COP
KO ERELE R ZHHT 2 LEXH 5. KB TIE
K4 7 500 C VUV 6% ST L 723 B o RIEHAT 2179
Z & TR ERRIE O R OGS RE L7 2.

COP 2 VUV J6 % KAE T, & MBEF I EE (2-50 mm)
TS URMIRRE 2 35t L7z, 372, e L7:
COP IZHF L. mEizerh (<1073 Pa) &\ ) WMk ERERAS
R L 2w T VUV SEIRS 2479 2 & 12 &
0, BYEERRIEOSREBRE L. X BEE T
(XPS) % JiVT, K&UE T T VUV JElES L 72 COP 3%
MLEIRE R PR R, L) BUBHEEBEOSLMA T
B E® 5 -CHO, -COOH D& st A LT
5 Z AR I NI, RwERGHEEECIE VUV b5
L, G EAIIH S N7 B E 2 b b RIDERIL L
72 COP %1 (2 L Zevh T VUV SBIRST L 72508 &2 047
L7z. ZO%ER, -COOH 2% -CHO &\ IE R T o -
Brdi s, -OH RIS R EERA ST 5 2 LR S 7z, &
ORI B REZE LR BB I 7488 e 0 155 & £ 2
bhb.

B{tJS 70 VUV ILET

I 7z ORBEEELETHLEMEILS T T v
(graphene oxide, GO) METL7 LA & LT, HZek|
(VUV) JBHEEHC & 2 6fbsnd e R Lz, AT
Gl - B - ERE VORI, T NIV TTT
1 EAEDHEDLZ LT, HIF GO OWEPI I EE
M@ etk (reduced graphene oxide, rGO) 7¥% — ¥ Ol
B2 ETH 5. AfFETIX, T VUVIGO 2o\,
XPS X AEHMN B TESBL Y VE Yy Tu—7
7 4 — A (KFM) 12 & B30 2 R E AL Z I
X oT, BEGAIEOBRFER I - Bl Lz $512, &
VR R B (CAFM) 12X Y, GO/rGO <A
7 1Ry — v OIPEEENEZ Gl L 72,

V) a MR L7z GO 12, EEZEh (<107 Pa)
T VUV EHE 21T, B ORBEZE/RFRTHE Ry,
% XPS 12X o THH L7z, BRI oI Ht- T,
Rojc PMEIR, THbOMRETHROBREEZBLE L. K
12, KFM ZH\C, GO * rGO OFEH BN 2 g U5
F, BEHREOBINIEY, REEMOEKT 2t L7,
FbH, KFM IZ X Y BN 2= ICE ORHliAs ] #g T
AL EWbLD ol EHIL, AR T AT N LT
VUV SEHSIC L ) GO ¥ — FRIC rGO fHIB D~ (1 7 1
Ny —= T ERATo 72 BB KEM il & DR s h
72— MPRETE/ N Y — » OHIPIEE IO WT CAFM
WL DEHMi L7z, FoiER, rGO FHIgiIC BV T E
BYEOM LR IN, RIFFEIC L - T VUV BIC X
5 GO HNA~DEELE Sy — > Ol %2585 L 7-.
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economy (G717 v b7 ¥ b L BHELRRERICB A4
KT FE L L RWHOFH % 87l 5 5 720 O#HL
A1 ERIT .

Rt BB AR ORI ER 2B L 2o TBY, H
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P, H—ERICHEE - HENICE IR TV EL E
SR ATIC L DAL, A BB CRMES 5 Mt

#
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WEIRE VT, SRICIBESE AR - NI
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BREERRE L. TRIZA ¥ FicB) 5 EEENC
W - BEEMNICE D 2 BB B E 50 L7k R
THb.
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130 commodity sectors

Miscellaneous textile products

Cotton textiles  EE—— 28]
Carpet weaving  ——————————— 305
o ¢ 1.208 676

Artsilk, synthetic fiber textiles D — |30

Woolen textiles
Construction

Miscellaneous food products

———
i 161
Khadi, cotton. . E——— 101

Hotels and restaurants ﬁ:ﬂ
Fishing  I—— T 2

480
Land tpt including via pipeline E——'/’;G 53
Trade IE—— 32

27

1 10 100 1,000 10,000 100,000 1,000,000

" " 275,752

Silk textiles 17,655
Readymade garments . _ 30,336

Medical and health —==——— |35

Medical, precision&optical.. *

Rubber products —_—41%:43
Motor vehicles —— 7

Printing and publishi

Soaps, cosmetics & glycerin ﬁl’é
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7z Ca0 - ALO, R (b % 72, B 1 (@ISR L7z
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A 4,945 | # § B
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