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B1E FW
1-1 EFEMFEOTRERF

Abbe[1] DSEESEMIBED 1 8 7 SEICHBHEZRR Uz L &, ThIZIIEBOEMSH D, 2D
EEMZ52DICENEHTT AV XOMABEDEUNOHTEEZRAWRTFAERSRW %
R U2. TD6 5FEHED1 93 8FIZRHST. £H5PL R4 YOIRKZED Knoll, Borris,
Ruska &D 7 NV—7OFZ[2]1[3]1& Siemens #DWHIZ LD, FIDTEFREBRRL VX0
BEDVICLZEFHEMBENHER Uz, ZO—E#0 1 9 3 9 FIZHER —HABIROEEY
ZHAEMERRE3 7T/ NEER (BETFEMEREER) BRELTWA I LIIBEIRETH
D, BBRIZBI ZEFHEMEOREIZRE LEZOZEESOHEIT. EEBEFROELRE
UTUEUVIERD EFsh T, [4]

FUAHE 2 R BE. EFEMBERREFLNVOLREEEE L. BEEOHDIX0.
1 nmOBEREIZETEDDH 5, UL LS, EFHEMEOHEEII O W TR S, it
HIOEFEMBE L R TAS FENRBRBIEIA SN TOWRWRATH 3, BEFEMEICEDK
EREREPTTCWEEYEZDOZFIZBNWT, REOFAEFHEMSE (90, 18nmnm,
NEREE200kV) 2EMELZBE T2 -DIFEHTIREE. MHEEBEE100KVUT
2 U REED—HHE W TH B, ZOMEEIK. 19 5 6 ICHIRS /= 5eRIE FoAmME
Elmiskopl 2> T UL TH+HIZZFDFH 228D TH 3,

BETHEHRIIOHA, ZOEDEEDEIOEELI SRRV, REFEHFEOEE L BIRITIE
UTH 5. 6 1AL ERID 1 8 7 3£z, Erst Abbe XEHIE FEERICH W EERIZ
Lo THEEHFEOREGIHER/ 2HIL. FRCY 74 ALEOUBOHF LWHI X TH o=V
VLT SUUHIALEAEFE ST, BEODRVWHIL Y X, wWhBB37RI7O0v— %
FTREE (188 4%) . MEEOEALLHINHEEMFEOHFEERBIZR LR
L TWe, THRAONXEEMBETRZ 23D, Abbelz bR EEELESTHEERT
ERW[5]1 LEDNBWZIATH S, U UENSNHZEEHMEICIE WK, BItEyRaE
IZ& - THEMRERPEREINAEZ L Z2REER V. 193 5412 Zernike 2 k- THRAX
N, 194 18ZY 74 AR TERALEhAEMEEERETH 2. ZOMHEBEMSEIEYE
ZOAFICREELUEERIZOWTEBRZETHR N,

BIBRPOEBETFEMBEICBWTIL, Zernike OAIMERICH ST 2EMISHEEI M -
20, TOHBKRELZ L UTHEZE U, XEEMBRICB T3 Abbe LRZOEETHS
BRABZHBLHE TS CLICLD, (MMHGEBEITIL WSFEENEIFDhTEE,
ERMIBET S UTBE TR LiE. WEDSBEIIVWEDREBED., XEH3VWEEFEN
VXA 248, DFDORODEBRLE 1 ROEHRNEE CRER-TE{LTRZLERD,
HRC Lo TEUEMEER /2 2THHE L. MMEEFEDLDITETHETCE32 2 IR %,
Zhid Abbe HEIFHRFEHE U THRERODERNBELZEZ S P CRERFERI L L,
BATMRRFERIGL UAFRIMR S 2V, L L. ZOFETCIIEEEERIEDB LT

LT3 LidmDTHETH %, EEOETFEMRSRZI BV TESEZD LIO36 LS
B %EE L (Through focussing) . FhizH ST MG L2EERERICIVHELEF -1t
Biazlickb, ES UTEFLANIVOBERETOTWADDERTH B,



$HZ T Lernike DAIMERICHT LR 2B M2 EFHBHEOIBH CHIT 2L 72861F. 2
NIFBBYEL WS 22 RBPBHIRN. ChIXYAVYEY ROBFIRI YT ERNT
YA SIEEBEE LR IZLALRERVWVEEFFVRBEEYE (~10nmA—¥—0E
X) zYD L VETEMRTCHETIL WOIFETH D, LI L, ShidshEsskizkn,
BEDOITHZ D 520D CETFHREMRERICKELOESENELDOTIRE N,

BEFEMHEDD S —DOEERFETHIMEMTE L OV TGERS, EFEMEOERN
IZDEMDREEICH DL EEDETHRN, ESBETHEI N TV B LEIIDOREEY
AHBEDOZE T ONFEMBEILLRS L SRV MRETHE T 23BN TETNS, LHIL
BWERSRED I HOMHBATD TEL L TETFEMBOEERBECH 2. SR
BEBEORIZZ> TUELRREL IR TIEWED, ERHPDOTEORIEDF ) A— Mg —
Y —DZEFDRETER LU TVD WS EIZERICEER L TH 5, iz, Bl Ktk
SEERIBIZRAEORSREEZFARILTRS ZLOHERVWERE 5T WS,

LD Lad 6 2 2 TOEYEZDFHF O TEFEMBEOMGIA+2TH 2, 2hiTE
FREF L DEEREOHEHIN T2 REHBBOMBETH 2, 2T HES. ZORER
FREES - #EH (S/NEE) RE-TEDSIATLEN, +OREEEERETIEDIZE.
ARETROBEZ LIF20ENRHZ, 2O LI MRKIICHKEEELZL 25 L, fI<E-7
BFRTHAEZEE LRD 5BEEEANIC H 23RBS O EIN 21T DD ETFSEME
. EYEEICR LA E L T0a0h, #2580 T3 (Burning) Ohbh & R0NRR
DPELULRV, FFAOSTHEEED Z I TCREDEOESBENEROBADEE NI > TWBD
TH5

COFEETREYEZOAHFIZBWTHEH I NS, EFEMREFONR UL ERTZ D%
HACDOR. 758 LR LA RBEOITH Aok WS EXEZDELE
ZULRIThERS 20,

1-2 HUWETFHEME (201) — B2 EG N EFIEMSE

Z 2 TIERIZ & o TR S h B AES U RO B TEMEAOBR IOV TR, 2
NOGEROBEFEHFEIH LT, EOLIR” FLW B2ESES LELERELEN, &
D5 1 OFREHNC, 4 HIIEEE RIS L 2T =8 UV BRI A A T 2 SR L
(6] B1— 1 IZfEkOEGMERE (a) LEEHREGLEE (b) LOBERET UL
TWB[T], ZOLEERIEGMEEE DMAING & 2 3 IERDEIH 5. EROFE (a) TH.
ESEORE (L) BRI U, EREEES & CEE 08 AR 12 SR LTV 3,
COBERIZIE. T4 VYNV EEE UTHiDN TNWARD, FENRUERT-o22 LT
HZOREHNI LTV BBIZRED DDA, Thbb, BEY 1)V A~OELBEHIEZED
RHGBREIINE U, B I NET 2V ADEREEEICHY T3, I5I2207 1)V A%RNIE
HERWIZANS Z L IZROEREBNEERE 2T T 52 L TS 3,

PILESR ORI EENIE B\ CIIREW - BT AEAHENE & >~ HEMITELEL ¢
3, XFEGNEOSTFIIB W, A1 vab—L Y MHa30WEae—L Y MERILERAIZE
332 0L REBEREMN TOFERBEI N TVEE, WIShBREShEFE LS
ENTVWRVOBBRTHB[8-11], =71 ¥ VEBLEERAVEYL LT, BEERHE
OFEN. K. BEETS, $30EHEMZOEA L V- EEEEESISUEA HE& ICSEh
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M1-1 feEEguEsRoEsR7 o0y /X (a) &
geEumE RIS ROEA 7 v K (b)

8. BELRLLEELERTOIEE Zh 5 DEEHMET N Y I SEBMRETIC &R VE
BHRRERE UCHREAINS ZEEFEENIZEITS . chizxl. (b) IZREhTn
ZEEBEIEGIIEEIL, ERER. BIEGRD 2V IENRYERKIH SrORENEHR %
Mz, EERHER TIIEHNERICLD RASHPOEBLHE U EESZZ OEHICFEE LEE
EMEEOREZENTITIV -4 VT V- LV EGRET2HETH 2, ZOHFRT
oo XS REEHST B I FOER CEELNR I T LR DEEREBOBHRE LT
3R, TAEELRWERRREREZ5 25X Z &RV, F2REICHEHRNERED
Mzshzkz6iE, @Br2OREEEREZHME T2 2 ERETCEEGUEZ2EZE I h2—K
OEEEGIBONDZLIchD, ~BREREACHIZESNE 2 -FRELIETRE L=,
BIEEEHR T A VY — P TERFEEE LT EHIREBBES L TIWVWS[12], LI LIOKR
FEeldz b, EHRBELEOA LV RERENEGEZELC LN TEDIS LHEE
e IcebX g, ERZNZ25ATHH20. LHISEEESREGUIERE L 2T 2,
HHIZ1 985 FIZCOFEERFEMFEICOA LT, (1) RENEZMIT =YL X
DINEEFRIIBRETEZC L. (2) HE. EEGEZHE L TROHEITZENTESLZL
ERUE[6l. BRI EIIORRBRIAZEFBRTERDITDON, KEOFHFTHREShEE
DIZLLEVSTVWWEFHIN R Z e hd oz, BRAEROEGLIEED—DE LTL
BRSEPoEN, CORREBBRETEIEDL>TVWRVWEDIIZBEDN S, ZhITNFEEMSRI
BOWTIIRENERBLEL RBML Y XL OHAEDBIZL DML >~ XORENEIFIE
B2REIRTWBZ L E, MEEIZ DWW TiXZemikeDMMEER WD Z L TESICHE
TEZLWVWHEFLHEODPBHNRN. oL b, BETEZ N AHARRHFRIZH LT
BWEROIXABNPEHEGEDOFH IR 722 TR, HATEBT I3EEDZLTH
BRUVODPBHHINE N,

U LETHEREOS B TCEHRHEE—ZT 5, A TETEMBEOARERFZ2HE5LTH
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LN XORENETH B0, BHDLS CBFL Y XML v X UM EERES., =
DL ¥ ZORERERBILHE ICEDOHD UPRAL R TVARWN. RENZEHRENEDL VX
BRI TNEE, RARBLIZFERNVRATH S, o> T. LU XOHAEDEIZLD
RENZZRET D EHPRTETH 3. TEAMEGHBIRAR IRV 2 LI CIcRigT
HAR7ZEBOTH D, ISICHBNEREEMR 22 LIETHEMEOREF - BEENREHE
MZ%ZLTRETE, LrOERLEEFERER L OME L RV RE T 2E)TETH S,

MEE I X DR R E GBI X I EFEMEOAICET DO THS ) LEKHRE
ﬁ@gbf®ﬁ1985$®§ﬂfﬁoto31986$4Hkﬁkﬁgﬁkiﬁﬁn§£u
KFREOHFHARIMBE D, ZOMBOE 1H#H 1 9 8 SEESHYMBEER[12]InHEX
Nizo T, REBEEGUEETEMSENGES LEFTUVWETEMEL LTOa Y+ b
2ELOHTEL, ZOEOEFEHARDERICOVWTIIBODFEMBLIZZE LHBROATINS
[13],

TERDETFHEMEICBVTUIEEED LT DAL TWERDE S Z04E. EFEMEEES
‘®mHLWVD, Wb through-focus imaging HEHIAS HVWSNTEE, ZhIIBIETH M~
T2 & D IR O W THRZZ IS OBMENET 22 L LEERHERL VESD
LHRABBLONELE Lo THEIN TWAZRAERTF VY v VEOHIERE LWHE S %
WRI2E=HTH B, Zhice LB RESNLEEFERSELECIZh2hoEENnER
MY 2EAZBIEHI T A—I AV F T - 2AVWTHEET 22 & CRERNZ—KOE
B &85, RBEEELENETIZITOANE, ZOEGIRENESRES L EBEEZD

Dizfliiz 5720, Hib,

(1) EFEMREORELRDE TH - EREINEHEINERT 3,

(2) FEE UTIRESROD through-focus imaging FkICFREHA AHMNT CREE T LT
TBEEEIFS 1D Z L IR EREGLERERT 3,

(3) EABBOBRHIZL > TEBEESG L UG L IREG 208 U Tl T2 2 208
k5,

HErE» 5B NIE, BIZIE through-focus imaging i2xtd 372 NI X MEFEAERIZITS
DEAEZTERV. XTHEHOEXDO0. 1nmA—¥—COERRHIENNETCHZZL L.
BRANBIZOVWTHERRAEDMBETH 20, WThRBT LB/ Ex L 275
ERICHEDZDEIEFH TR V. TSI, BHLREGIY NSX MNIERTFHOILELNH D, BF
SR - L DR REESEI B ROEMRIIBES N, BVWIBFO-—XIE232 LB
BEESTWAERRERNZ Zi2H 3,

Zhizx U CREB B B E FREMBRII EMIR T H 5, KTEIX IOV TORRIETFY
ETHY, BRUBIZOVWTRZOEHELERICHI X TB K LENDH 22 ML EEES
DETHZ20—BROTBHIL V. X512, @A5HIVFNSX M 2HETRZZLERLIES
NE—ROBEEGIROIBBE LR 5. ZhDH ULWVETIEME L FEEFTH 5.

1-3 HULWEFHEME (F02) —a4 Y AEFIRMR

EFBEMHR A SEINETTEEOH LIZHEE L W OH B(14], BES i FEERTE
2 K B EFRREE 12 & D5 XBORH JBTTRO BIGRE COEBEN N —F B E ST
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%, X, FZBREFROTERN¥—547 (Energy Loss Spectroscopy - ELS)IZk Bu&ES#T &%
OBEFAERIEB S ITBETRIZLEZ > TUIN 230D LEFIRHEBOFIHRE 12 & > TRIBIZRH
BEZN LIS LEICHEERER EOREANTDREEICRD D05 5([15], kb bFEHEX
NBOEZDEMIRETH 5. REBRBNEETREBE LS EFEME TR, T
Y7 F ) A= MVOEBGRBIEEDPERINTE 0. BiolEk, B8O REY R
X OESBESTETERFEB R RDPSXBFERL UTEB LBDT NS,

LD LD S COSMETHEMRELEY. EEFHFZEVWTEE LV -TLWEZOHE
RETIEMNTERY, BATRINTVWSETEMRDOIZL A LIt fgIh
B, ZOKEDEY., BEEFOTHIMDSEN TS, LHALIhSORHEEIIEDN 2 =
i<, ESIRERENE LS ICETFEMROAROEIBEEMELREIhBZ 251
FERAAINTWIODHRIRTH 3. Zhik. BAEOEFEMBEIBLIZHEL OHgE &8k 3
2HFED, " MEBLOILTIOP” LWOSEROBNZRL->TED, EhratkiERLtsH
BLTWAD 5z SR,

AMEREH, C. O, NREDOEBEARTCEELEDSNTED, BEFLRINVOESREES
EOMMILERL &Y. EZOSHTROLATVWBDIIE, & UARSREETE WM
YIIRAMDBEETHD ., HHOBETHRRBHEE 2l X 2 2 RAFT COXEFFTETD
ZETHB. BEODETEMEL. COEBIHNUTFEENIZEZSZehERZV. H
WHNBESHXBTHNEAE T THNITRAN 217D ITIT T+ ESMMES (S/NEE)
ZHRRITDLEDNH D, ZOEDZEEFOVAFEFHRENERI N, ZORTCIZEES
LRI R T W< (Burning) DILET SRV, 2hTl, £ I T 238 F5E
ST BRRREERDTHS 5 H? | | |

CORREIZN T B2RALZD—DDBNRIA VYTV ABFEMBROTH %, UTFZhizoN
TR B,

a4 VYT VRABENDIDEERR, HEORIEINTWSESEMHETIFRL LT, B
CFHERYEO B TRE UTEEFEEMTHD. S/NIZ1LDIEZPINI WRET
OESREBIZAVWSATWVWS, 2034 Y YFURAERST Tl EFEMEIC LD Ah, &2
BRENTREWEDTHZH[16,17]. ChoDEAIIRTIS VY FUAARY NIRRT E—
LT THo7z. BRBTFLZOETFIZL-> TR IhEZREF[18]., AV BF[19]H
DZWEEMEXRR[12] 2004 VY FUZRBIZ L > THZOFTHEI N TWAESEHE UL
2LNIHDTH LN, M<KBOSNZAGFETFEIFEHNEL2EEL. BETITLEOKXK
AT REERE UTEET 5L VWO BEONEFEMBEO AR ICEST VT VA, LHL,
BAEFTCOLIAZORBRIAA VYTV AANRY hAX IV — 2 X 3BTRS ITER L
TRV 34 VYTV AFHAICBEVWKHIARENNARG TH . BRHICHEHIhEY X
TLADPBETH D, BEOHIY A7 LDOELRZMEHTIIE D TWER T3 2 HHRT., &
ETEMESNTVWBHEBREIBRILRDS ChEEMF T T\, DHEFEMBEOREE L sz
B TARHFBEZNICHEE T SREREHEN. B EEE TR AR PER X
h3DTH5. '

FMRTHRZEE LEIA VYTV ABTEMBIIROD 2 DO E TRROSHTE TR
ERERICRERE-> T3,

(1) PASEFR (~10 °A) ZHMIKKZ LR < BEOEFHEMBBELFLL DI

- 5 —



A 2RSSR LicEDEBOBEEER ¢,

(2) $ERDIA VYIFUYRANRY PAROE-L B, ZRTBERHEE2EET3HE
LD, FEXRERE LEBRETFDAE2I( VYT ABRE UTEETEO e 2803
3, O TCEBEDIAA VYT VAANRY bOZXIE—D XD R FNEHIE RS L BREED
M LRN,

EMEBSEICL-T (1) BEOHTEELRBKREZ DD, TROBEFRBEHEEITEY
AR U CRN EREEICHIEFEE2E > L wWwbh T3, ZOBEREUTORE®RET
HBNEEREICDE> TR SN THBHIIERI NS 2 i3k, FHPOEDE S
DOHFTHEAABMIEZETNDIDTH D, ZOERBEIXERIZL>THERD, ZORKBERS
HBICOBRELKET D, X, EMHHBRIIEAVSRTWAREENBEIZOAV NS M e
LF50OARSTEENER U TODOEMIAFEHBEELTVRILEEVDATNG, WS
R K. EEROBEHEES I3KA L U T nedical physics OBEFEZRED—>RDTH 3,

(2) BANEFEMBEE UTHERBEEZES5TODOTH D, 2T AT bz
IE—DHBIPSBREN., EFREMBRBILESRL, XD 2S Loss imaging (xr%
V¥ —BREBEFIZLDBIER) OX S IZEFHREUBEAGL REBOMIZZIRY MU A—%
—PAELRV. TROBEHEOETEMRE 2 ALRET T, P OBEOSITE FIEMSE
DOEBROE F TRTARSFENBONZ LIz B, HITHFLY (5F) BREMEL
MEEFTATH 5,

PE#H UWEFEMROMEE BIS ULERNREZFIZOWTH~E, ZOEK&ERT
5E0OMFEBEO7O0F»y— MEKL - 215K U,

ThbhE, KRXOE2ETIE, HUWVEFEMHRL U CHEESRE SN IE FEME LD
EFTW3, CORBEESGIUEETEMEERRTIICHE->TEoL bRELRS (1)
BEZRGARS T (2) BEEETFHOEMALOZOO5H UBEEEEOMREIZONT
BRTNWD, WONSBRABHTOEFEMBEOESER IASOLELBEHITI 2 i<
BHICERTE2EANRRENHEREEE LD TH S,

BI3ETIE. HTIULWAMETFEMBEL LTaM VY F U REFEMBEEZHEE LZOEBRICH
T TOMRIEZODVWTRRTND, 1Y TV AFADOEEAZ BN, XERHE, ZRTiE
BREBRUIA VYFUVRHBY AFAEZOVWTH L A1V O F Y ABEEERT 3700
FEHiz oW TR TN B,

FBABTE, AELEIA VOTURETFHEBRIIOVWTERTVWS, XHEREBELTN
al (T1) ROFERHSBORA L ETFHEMBEANORD fH). SBREFO RTAERE Y X
FLDEIE. BN EME T4 VYTV AFAERE IV a2 -4V —T x—
ZDRMELEZDVWTHERTWVWD, Th6D IS VYTV RAFNY 25 AOB AR MEEFE 2170,
a4 YTy ABTFSEED R I b KRG TH B 2 LERPD TV B,

BS5ECTIE. 2h50aA4 VYT URHBAY AT AR ERICEFEME (JEM120CX)
ETEIMEEE, a4 VYT RETEMBREBERRE TR LTV, FHAETFEMEOBEI
LBHHIDED, ZCTITONEEREEERRNRIA V> 72 ABEFEMRHIE & TP
55D TRELFRREROH EZHRWY, BoNAHREFEE LEaS VYT AEFENE
PEFOHRRIZLD+FEM TS Potentiality 2H TR 2L ERR LTS,

-6 —



LLEDRFHER ZHEE X TRBIBRE L UTHIERE2EN T3 L2z,
THBRTNWS, AR THREEZERE L2#H L WETFEMSEDS
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E2E HUWETHEMROMER (1) EBETFHEME

24,
R

BFEMBEOEFRIIEF2MHT2ETFH L ZOETF 25 SHIBE L CHRI h T35,
CHhACERERZHMT 3 LIC&D, BDERIINVF—Z2E-->EFEFENEOINS, —RIZE
FHEHFREIZAVS W TWAEHL V XIBNELNTHZ720. TEBEFZXINF—DHI-
REFRPIRODLNTNWD, COZOEEEFRERETRERRE LY YTV T 4 vy — THEEX
htnd, COGEBERTCESETRERERERETDHZLZENE LTWVWSEYD, EH
REFEMZ SN BRI R TRV, ZOEOERECHRENERERITRD ZEMNT
= ZEEERME SN BEFEGAIEE 2 WA DI XA 5 hOXEE T3 LELH S,

BEZEHTZ LIz kD R EEG L E2ETFEMRICER T 20 TH BN COKE
FOLRNVF—DBRENTHNIERLRERHEMZ 22 LB TELRN, ZAKXHOREREESE
R THE T 3 TR RS EFEMRENH 205, COFE L D REEROMNES O
KRERT VP VEOHEE T22DICOREERETEILEL RS, COBEREH2TH
DEUTERNVF—EDBDREDD UNIRAEEL RLIAERBHEETHIH SN TS,
ZOMERMNEFHRERECEMES B 3EDIRT3EDICEEEICL VRE ZRHERS
HARETIVELH D, ZOEOEFEMEICEIH UVEEZS/ZIZHD FIRIThiIERST
KIEREEIEFL RDED. BEOEFEMBRICEHTZI2LTERY. ZhS5ZO0ME
Zx LIise R o

2-1 ZERMEFEHR

EFEMBRIEITCEI IR VWASRBETHHEZBE LEVWEWSERZHEITIEREI NE,
BREOETEMEIEIN2 - LIRLAEL D RBRL RoTWW2, ETERHTSETHR. #HH
PEE TABIETFEEDSIVF UYL VX, B EER UEBFRHARG T L
VX, AL Xz XA AGESEE LIS IBARET ABREL XA THBEIhTW5S,

HE 2N T2 2D BFHRLOEAEFRIGREES VTP LU X0, B E2EEL
EFEFEHLARBRE T30 VX, 2V Y XIIRETCHERIZLZ2BRH L > XDBHNWLNT
W3, M2-2I20BR e FHEERLUE. BRL VY XEHRERETD IV L ZOHRE
BB, MHEEMIER IRV E—I BRI TWS, a2/ VIZHEFEEFETZ L
W2k D RET AR ITEHZ B RNV E—ZXDF ¥ v 7 EHF CEMIZUAHT. D2/
LAE R X D EFIIMHEASRICEEX S S ROEH R 22 TR 5%, ¥
Ol E IR EFOUEIBHIT Sh . hldh SEI B2 LD > TRVDVIRARINOH 25
F3EHDL X UTEfET %2, 100 KVOEFZIGREIE2GER—-IVE—-RIZH L BN
100 OATORRZRET ENEHEAEE I mmBEEOL VX123, ZORRBEIXLO0
OOEEBEDIMNIZIAZE T ZLIZL-oTHESLNZIV I NV 2E<BROERICL->TE
I BEHKEUEMNSEEIY D, ZOERICLZRBAEZHZ, IHTBVERERETS
EHICBESEERVWEBEE IV EHRALZOAD YA AR EZAVWEEESHE
X AHEEERWAETEMEOHEZI hTWS(21], ’
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LY ZOHFE BRI ANV IR T BRICE DFBTEDDIANNOA VT I & U ZADEHHIE
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