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ABSTRACT

Research of the Application of Binary Optics Technology in
Inertial Confinement Fusion(ICF) Target Uniform Illumination

Abstract

The research on Inertial Confinement Fusion(ICF) is of great importance in the
field of Energy and National Defense. Rigorous requirements are proposed in ICF
experiments. In this dissertation, based on the theory of scalar diffraction, the
characteristic of Binary Optics , and the analysis of those reported methods, the
application of Binary Optics technology on ICF target uniform illumination is
explored thoroughly through the systematic research in system structure, design
methods of elements, analysis of fabrication errors  and testing experiments.

Firstly, Yang-Gu’s algorithm combined with Geometric Transform is used to
complement uniform focusing of Gussian beam. It is shown from comparative
analysis that the combination of different methods will improve the optimization
ability of the algorithms. The effects of the quantization opportunity and beam noise
are also discussed. A Binary Optics Element(BOE) with 16 phase levels was
fabricated and a CCD camera was used for testing its focus. ‘

Secondly, on the basis of the above work and the comparison of some general
algorithms, hybrid optimization strategy is proposed for designing BOEs. According
to characteristics of simulate annealing algorithm(SA) and genetic algorithm(GA)
respectively and the basic principles of diffraction , a novel hybrid algorithm called
SA&GA suitable for BOE design was constructed successfully. Simulated
computation shows that results obtained are better than those from other algorithms
when plane wave incidents.

Usually, the input beam is focused through one transform in an ICF uniform
illumination system. In such a system, it is very difficult to design BOEs having the
function of suppressing the side-lobes and obtaining high uniformity at the same time.
Enlightened by the Fourier transform of some special functions , a new scheme in
which two transforms are implemented is proposed for converging plane wave into
flat-top focus. Two kinds of Double Binary Optics Array(DBOA) systems named
Sinc DBOA and Gaussian DBOA respectively are designed and high quality focuses
are obtained in both systems. The simulation results indicate that the scheme with two
transforms do decrease the burden in optimization design. This is a promising way to
realize ICF uniform target illumination.

Referring to some reported methods, an error model is established to investigate
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ABSTRACT

the effect of alignment error on the efficiency of binary optics elements. Simple
formulas of the relationship between alignment error and diffraction efficiency are
obtained. Theoretical results along with simulation results are presented and
discussed.

The method of image reconstruction from projections (Optical Tomography) is
applied to measure the intensity distribution of micro focus. An experiment system is
established and the effects of different errors of the system are discussed. Higher
resolution and precision can be obtained by this method than that of CCD camera. A
new testing and instrument is presented for the research of ICF uniform illumination
system.

Key Words: Inertial Confinement Fusion (ICF), Binary Optics, Hybrid
Optimization, Double Binary Optics Array(DBOA), Optical
Tomography
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T e A T W R R AT BRI, (5T LA i e ) 3894k i 7 R E R
B, AT LA bR R A T B SR S . th R WA A I 2 AT A R
MR E, (BeE— BEAR K FHRRETTE TR, B2TE. B85
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BE &

HIAEDE o B IR ] O SRR B R B T AR R T RO AR W N IS TR) R 1y, REAE
t<ty B I ) P 85 B R B g a7 BLRR B F 3 AR 3 9 20 AW B0 4F AT, X7
FLETTATHY, BRI A

T3 B ) e 2 T B 3 A BRI A Bl AR T Ot TR AR & O SR TR B A X A
FHREH . WEEKMBOERE T ILFRAT RN, TERERE LK
T —RFI B30 5 vk . oy & i 3B A 1S1P4°7! ( Induced Spatial
Incoherence ) ; ¢ i (4 & F 3 SSDP®¥! ( Smoothing by Spectral
Dispersion ); 7 5 #8580 K ASEM®*!T ( Amplified Spontaneous Emission ),
FE., ~REXRTERRERMEELT .

(P

Bandwidth Laser

i*

B 1-8 KR EEREREE

UK 3 Wt A i L S OB R FUAWE - R RB S A Cechelon)
B RPP SRR SR TH, R B ERBEFRES THARE
m&m. &ERERFEDMRITH LR, RELENEGRESA:

E = Efblitdi-ont) Ezei(k2L2+¢2—ﬂ’ 2t) 1-8

HAPE . Eo BT EES A, B sine BEBEER; L. LaAN
ey b1y BN AA (SREMABMMAEAE) « ki ke BEH. AFH
HOE R, W E=Ey, MSREZH N,

I=2E} + 25 cosllyLy ~ kyLy +(dh — dh) + (@ — @ )] £-9
TN B 5 2 SR AN, T XA & T IR IR) AR AR 5 B B i R R
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B—w E

BB E] S AT, ANTTHER & FOR A MM F . XFE, BRI % £
PEHRAF L 0B BE VA, I e 3R 0 < BT I ) 7 PR A 4k o 7 B X 1 I i)
P B P 3 RO A v 9 B T R A, A AR I 0 AT 5 K W IR B T 3R R
TS 734 o

EISTH, TP EMERSTRAE B, WHMATENY ¢,
WM& FRGEEHLEAE: TENATENEEEYKRT o, M
TR 7RI AT, SEREBDIOTHE, SOEEE. K
FREIXRE R B 6 R S B S EAR(K . WO AE SSD Y, MW R b & 4
BRSAELEBRIT, FHENMFRRAEFREHR, b 1-94, BAT
CA15 3 P33 A5 4 10 95 B i TR AR BT . T AR R T DL R 4 L
AR EHEANEIRE, NTRS T =MHMMH%E.

A EH OFOM*(Optical Fiber Oscillator)® ASE Y5 AD™)(Angular
Dispersion)&5 & %575, BT REW RINBWHBASEN, FHETL, X
BEAEFRFENA, HPWEEA AL K.

§1.4 ZILAFHARII ICF 557 5RR

§1.4.1 ZmHAEE T

1987 FF, R EARE T R HEEE ( MIT/LL DR W. B. Veldkamp
LSARETHRFHRAN—DHRE: Zok%¥. 5EGERR, BL
PAJERIRT I R B AR . A E Y, HTHEF T ZEG xR
BAEmHee: EXERE DL, ERAEHFHHEREHUREIN
NG RARAFEI MR, 28, Do BELS TlknT,
. EEEEDRHEEHINMEASSA T ENA. sHER
R EMRR S B

ZothE U ( BOE ) ELGtHHEHEE ( CAD ) FEWit, X
A A ( VLSI) MIHEARGEM AT REOEMEMMHEH X%
ff (DOE) . Z b 2ot ot —oov ¥ m et Sl A NHEK—
WEE =557 N,
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FoE HR

TSR T EE R GEASAE (CGHOYAMEE ( Kinoform )
HIRFE, HFERAEGHMNEELZSTEE TH#H—PKE, FHW xk
FNF AN RAR N FE ORI, R R .

 AEWREMAHNE. SEMUHELEHNEFER EEAETR 95%

MATHE. B8 EMM B4 COBE S HIE.

o JLHhTAE, T, ROMHT oA RS EH RR.

WU SH AT ERXEME, TR HIIGE.

s ZHNEBRHY KT HAFRERTEFVHI B HE.

o TR HIE DA, B RERALRORES S S RS

Haf, ot asmymNHTE 77, flu.

1) WHEE., B2 ZHOFBET S oS8T U AR R

mih R EH, FdREAN ., AFESARPHERESRITEFHER

T EEEM.

2) WS, i Dammann ST R & M OB S S 00, AL ®

AR . THEOCHE. JGBWRMOEE RAMSH T ZNMNE.

3) BEKIE. FHEWF/AH RSOOSR FEEFMER A oS80T

PAR VSR IE R MR, ATSEE TR E Y, W RR R

o2 R G i 5 2= 61691,

4) SEBRRVF . KB R IOl MORSh R AR L R4

P LT A KRR, RE RSV, R, B

AT RN, T EENMTHRRET, SR MN AT T.

oAb R BT A

EEWA SRS AT, o EREMAIRRE. BER
T H AR ARWRS, ¥ m AR mEEE AR, 59U
MER HBEE, TLWE, S0 WACEE RN —HH N E6w.

§1.42 SRR ICF M BBAMEEE N

T, ICFH S BBMESR, REBRMN —EMEANK, /3
B, BRSO AER. M ERTITORENKFETUES, BARE
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BH R

B, HE T HRI RTINS E . SR B G S R
¥ 7 v W, HRE CUE AT SO, T KPP R — R TIuot
2o fE, W D ek R REAN KA A A, BRI BT, B
MUEHSTEMEES N, XWMAERE—MHENELESR. Rl 2
o 2 4R B i R ) DL SRR v T B S I R G

ICF KB IRE B R DR MM E, RERRAAUELRLES
PreEp Bk, HRATAMRERENMERT 8S%EFR, M 15%H) fE
BREAMKDIREARERNZEETHN . b 2zSGRETHEN
AU B, RSB RHEKXT 9% R, Har iKY
AL E] 90%LL LRI E. B, BESMNITZNAR, RAES
RAHAFH M T F RO AR P, AL EREESER.

TULYe R R A BB, W LA R Rl A, H N T R
A H 2 2 7R A Sol-gel HARUIGIE B4 EIRB . X
A SRBOL A TR BB B E SR T HARRIE. St FE Rt
¥ FEERIEEEN, DR T —SWBRSENERNTE, k-5
BF 9T B SRR SR B .

WIERE T mAF M ERR, KEFRE IR RERLRSE
( LLNL ) 7€ 1994 4E 11 A ¥ EH B %17 K IAEA(Technical Committee on
Drives for Inertial Confinement Fusion)< ¥ b & #i ¥ & 1 4 SEZ ICF 5
BHMBARBL. MBPARAEE, —at¥EEARENSIRER,
HAAYE— S 5.

7R3 B X BRI 0 R HARBN R REMT E. ICF HRHE
WA ERGEIA 0 — R R Bk, WERA NI S
BHERGF M E T EE, Kk, MITZRERFEE A RR
MEBAR, M TEBWELFERIE. HEaErH —ARENT4E,
MERBRAEESMAIMERGM N L LZTUMEESAENAEFTER
2 A8 43 A0 B A PR AR
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31.5 KL LM R BY & EEr

SEHLA A ICF R — A% A E M, 1 4 294 B
ICF SEI M B 5 6 B B, M R0 10 48 B 2% 30T 0 o e 3o, P 08 % R
KE, WHETEQEEHNLRESK, MELI2EENERERL,
REER THEAMO S FBRERG. RS myagmm, geE
B R BN RE R g, SRREANERBESALE, HiHL
IR P, AT ERI . =663 H R TE S 80 W 7 T B AR A 3
5¥ 01, HEAREBIRFE T k%L ICF ISy R
5%, FEFAENEREROBENETFE, IT TSRS
A B, BUHERD ICT R = GRS R B

FN, RESEASEFRERAR “ 863-416-2 7 I B S EE, 5
FRE HIFR 4 He-Ne $06 8%, i K 0.6328um , Y6 042 30 ~ 50mm ,
ST R T A 400 ~ 600pm « BIAHE (BHFEE ms ) N 10% K%
KT 90% 5 I .

§1.6 RiESLHMEERNA

BB, Hik. MBENATHEAREESL (ICF) MEX. R,
RGEUEHEMNEHESRBHEMER. BAFAMER THESHLHY
ST RNARE SRR A . FRSIT 0% s L
ICF X P A 5% s, R RS T AR T R LA
ERZ

B, R R WA A TR RN EATE R R
MRAREMRR, BB TR ICF ¥ K ek % 884
B v B A W R v .

BoE, REGRMB S RE. B LA R -0 R A
SRS SEIL TR OB IR B “E T A EBER RS ATT BN PR
W ps St Z R A AR B g R R RIME T — A AR R {E
THERBEW. AEETHRMEYRELSHR TN IRETHZHE
XHER.
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E

HIE, FRMENESIRE, ARIDCRNTIRERE, 4 RE
BENAAEIERILE, R D SAKGA BSH BRI ICF ¥4 BB — 5T
HAOE, BETREAEMSE BB B S, WS
MERBHRERL L, BT AN TEF SR LEEYaRE, Rt
TR TR SINC B B0R B RO BB B G, BB R X R R —
FEMBARA T E.

EHE, MTREX 08T AR M B 1R b5 B
P ERE, A TSN ALGD, MBI TRE— 2 M EE RS
HEIR ZE 0t = T 2 S AT AT SR M B, BN TS S IR M T 3
BE T BT BRI AR,

BN, NLBERN . BB AR T E A R R AR
HBEHE ST GBS CT) MEBMRE Y, B THELR RN T
FRAREN MRS R, ST T BT TR e i £ SR A A A

HhE. G HRE., BERR T THENTMARE, Finmt—5
BT B0 1
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FBoE RIS FAg v

EE EAREIRITHRE

ZonEE R USSR AT EIg H E A, SEH ICF 54 FR B i — sy
BT EEReEES e A A . A G ATH M n I E aT oL A
PWOREK: FRETH I ( scalar diffraction theory ) Fl & E#74F H b
( vector diffraction theory ) , IX th /2 70 6 % 23 4 W i1 A9 BL A 3] i 176801
AT AR FRT AR AE RSF R TR KN, TR REGH 2
ATt HYEHSEMSTERTTURERKMEBREE DT K, b
[ 45 45 P AT 45 SR KR, AR B AT B N EE M, T L R A
FEEHARFHELRRBERL S A RAHEINE B HEB TR
WY KBRS R R SRR B A8 30T TR SR
RN ZERTHER, HEMSHEBWEITRSEOTHES R R,

§2.1 FRIERENTH

§2.1.1 FEBRATHFNFBAFNIENTS

Xo A

249
e i
7
J/a‘/’ E}/ dal
! -
T neTE W E T

B 2-1 s L s |
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R ERNTEIL R

B RO AR, B T RRE TR EE, WREk
R AW Y (B 2-1) , M FF5 A P # 0 ULE M R R
T IR AU, R — I 22 U AT TR IR e ok R T R T
EVERFESAEM ERMSIAT T TR mmS, MSEESA P 1
KRB RS & TR AE P AR IREY 1030 . I 32 10 6 19 77
SIS R E B -G AR R AT, WY E Py MRS N E(Ro)e ™ 15 i
AR TG ds , T o 7 S - VR R B, BE A GTE T Z AT A A 2k -

[ s , 2-1
E(P) =k fs E(Ry)K(8) ¢ ds

P

ik 2-2
h (P, By) = - K(8)—

LIE

E(P) =I5 E(Py)h, (P, Py)ds 2-3

B 2-3 WA, HEMERTUER - MERRRLRE, hPPYRES
MIRKAF L B4, ERLAE Po MM FHER LT FREMEE FIE
Y| 20 A o SR A1 6 3 B A A FIRCEE M F BRI 30 1 4 1 B
1882 47, FH/RERNBHFEHE, B EFHAEE T EEF-ER
I R R EL B U TR IE g

FHIEMESHT, KO=1, MEEAP EZAELEEAPIESE N,

2.4
=z 4 (- xg) + (- 7o)

W h,(P,Po)RT LLE g

-20-
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BE AR RO A

exp|:ik\/22 +(x—x0)2 +(y—y0)2] 2-5

iAz2 +(x —x0)2 + (¥~ yg )
= h, (X ~Xg, ¥ — ¥o)

hy(x,y%0,¥0) =

WLk N ERAESEAEENES . ERHALETF I A & H
FHEF = ERMERE THA BN R R, X, MmNt
W Exy) SILRE L9 Efxoy) FIRER A

E,(x,y) =y E(xg, Yo )h, (x — xq, ¥ = yg)dxodyg 2-6

B0 Bu(x,) 5 E(royo) 2 MG EH— A BRBA KR FILFT LY 5
25T FLBHTH IR M BN ZRBR AT KON, £ ASETHBR
RGO 2 IR0 b o 5 7 1R AR5 B ok o o S 2
RS W BT 55 A3 T RO IEAE, X9 22 R B ¢ UK RS 3L, 70
DL/ B PR S EAT A VR AR AT AR K A B
EFE VR AT A0 A T, Bl 0 6 A

hz(x—xo,y—yo)=?/%;exp(ikz)exp(i§%[(x_x())2+(y_y0)2]) 2-7
oA GEEREH A
B, (x.y) =20 | _QEOE(xO, poye HE o0 2-8
LA RIS B
2-9

dhkp 2,02
E(x,y)= CF{E()CQ,)}O)QZZ(XQ ‘fﬂ})}

_*0 _J0
fx‘ﬂ:fy“;tz

R FREGRZHRE T,
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oW ERER RS

C:Lfkf_e%(x%+y(2}) 2-10
ilz

BUER R4 C 4b, FETR/RATE 20 A0 w] ¥ AN 35 43 A7 A0 BR T AL A0 B 7 e
IRRUAL SN i

LMEMBEF AR TFEMES 2 BiEn, FEERATH A ET UEE
BT LAL B, B BT U A BRI SR Y, AT DLAE B Sk B AT A
s

hr  dkg2, 2y © g (0 Y0 2-11
E,(x,3) = See2 00 T Exg, yoye™ ™ G2 gy

—a0

BT, BREHFE T, KM/ AR ERA LT LS
A 8 B AR e . BRI AT B S R

-Ez(x,y)==CUT{E(xo,yo)Hj;:%ohfy=§o 2-12

A 2-8 A 2-11 £ R 2-1 REABEEBI &M FRREER, BRELE
REMHNERAR, BELEFEHN GRS N EL.

§2.1.2 BEREEMTRER

MW EH SR EN, LR EMH SEETRREEML. —
J7, AT AR R AR g B T R AT S o A, SRR A
P K EH B LR E ., REBBIMTHBHSA; H—T@m, X
I AT S ok L L M AR e RO B 3K S AR i A
ST IR BOGEE R ARG T Bkl AR E R,
REAFRATH B EX . E—PHRREM, MHEREMHEER
% oo, W RAERIEIE A LI AE (BPE) BRI AT .

-

S R e T e e

AR R e e R S e

s

HEELN




B CERENS R HETY

A4

<
-

B 2-2 Y4 R S 0B B ) 4 B v AR

WE 2-2, WHTHYE () REBHITRD, FIRIEN A KSR E
BREETEY . RS %%?ﬁiﬁ’]ﬁ%ﬂlmﬁﬂ’ﬁﬁ

E(x,y)=A(x,y) 2-13
T 0 5% I 3 B ) A R A e B 4 D B2,

-Ii(xz +y2)
yix,y)=e */

WERLFEENMAHLS, TEFHENTEHENERIES M (RIEES
HLARRSD K-

sk 7yt 2-15

E'(x,y)= At(x,y)e 2/

WA HERES £, 2EXEEmM LSS d3ERRATHE AR 2-9

i%-gﬁ:’ aéf:

ik 2. 2 2-16
—{xr+y7)

o2/ S F{t(x,y)}‘
Sx=77%

f4elkf
1Af

Elxgp,yr)=
727 oL
Af YT Af
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-*

W ERRNES R

REREFEEFEE LA A ERTYRENEEN TR BRET
AR ATIEE S RAHE T, XA IFIE AR,
B JE £E T b (6 4R 4 A 5 90 AR S0 8 9 R0 AR A A E R s e AR R, (EOEE IR
MWE il KRR, “RAEMETFERERW. ERRAENT
A BUEH DY, EREYEBREZERIERZE, FRAEE LI
SAREE LT YR B 8 Bk 2, R 63 o A 19 A OB 2 IR
F8 I F 9 5% W A A

BEOXHMEEANEERLENGTH A REOBR T RTIEX
A8

§2.2 ICF AR - U FESF R —iRiRE

Y6338 ik VA AR i) e AT S S 7 A AR G B T A A e, O
AL AR Fr B AR AL I Bt A A S RO B AR ot . BB IR
AR LERMERN X — . XEBEEZTHESFOIR LR .

BOE(E,n)

(x.y}

(a) BiEH (b) BOE 5&H-53
B 2-3 TondeE W — AR

CRGFERMFHBULAFEREXN TR ENMANKE ACn), FHREF
BERLAE A A (E BB I, T8 E(y) WL —E
MESK. W ERGHAREMH EGNMERAL R M, ERTH Y S
BMfastpamz M BTl ENRER KR, ZHNAE A
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BoE RS RO

MINF. MH G FERMA S AR w A M. — o0 3844 1
Bk AT LR 4k B 2-3 PR

B 2-3F U EES, BOE BEAABEERE, 7 2-3(b)% BOE
HEREH. PTERNPHER, BREMCHET, SWLULI®HNS
MR AR:

E(x,y) = F{A(& n)-1(& m)} 2-17

W E(x, y)={E(x, ) expliy(x,y)], = 7084 I EHH @ F B4
1 ST B B E(xy) A S A T 6 5
2 ¢ AEATRRU AR, SUWATH IR S A IR IR E SR, BB By, »)f b
5 S B |
5 25 I L F S 6 2 B T 00 N S S R T BE sk B 4 A 0 4 A B
AR RLARAT ST BRI 45 00, B BT 38 0 SR AR 0 A I DY), SERR B WS
VAT S, B & BT AL AR, R A0 i DL
RER. B A(m,n). o(m,n)5r B % B BB A5 65 R = 55 58 4 fr 40,
|ECk, D) expliv (b, D] A BB B WS 24, mnk,I=0,1,2, N-1,
SR, ERTRRLER AR AR

N~1N-1 2-18

% ZO A(m, n) exp[igp(m, n)] exp[— i% (mk + nl)}‘ = [E(k, l)!

m=0 n=

k,1=012-N~-1

REARNERSE N A RTHALAES AR H BT, 5 H K
BAL G REBON T RGBS, R R BEC LR R BT 9 R 00
PEANME—E, RpEREpiBERg, EmE— .

BoREE, NTHSAMESMRRE T ESR, KFTER TR
P TR oy 1
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WOE FAENG R R

N-1N-1 -
pD) A(m,n)exp[iqo(m,n)]exp[—«iwzjvg(mk+nl)}m]E(k,l) 2-19

m=0 n=0

expliw(k,1)]
k,i=012,-N-1

X B A N AN B IG AL A E o (m,n) £ B 2N A H R (N? AN |E(k, 1| F1 N2
Ak, 1)) SRE 1 0 R M — R TE AR . TG 0 5 DL R AT B A
SEOESITLT B R M B A, R ET DU 4 R B B s
BRI IRIR S AG, WIS . ARUE RIS TN B S 4
Fi BB |

iy O TR, 5 - 2K A0 BB 08 . Y E ICF 8490 B B R T I 8,
A BEREM R IERXE IR 0E S, Bk ICF ¥4 B
BT DL T R M TR, B

400 A S35 T 0 4 A ) K 0 R T DG 8 ) A | B, )

3R 1 76 6 5 BB 10 B 42 A6 (&)

fl . VAR C B,

C=|F{accm - explioté |- EG ] 220

3303 i) JB1 2 AL T 45 5 A T ATISR 10 i O R 0B o 0k A 2k MR A
B R AT 06 B2 0 LIRS 00T, K T R R, AR R I A e %
ARBWIETE, T o808 B 55 d k5 05 R B AN R 1
[0, o 4465 7 5 S o O UG 20 M 0 B8 R R 4 A IR B, BRI A B
A PR B AL 7 ¥k T SR A S AR

T L R A T R . AR N S R e (R T
EMAR R, 1971 £ Gerchberg fl Saxton BB T —MELGFE
NHEE GEREHRA GSEE) PN, HYXEEMEAAE 24 Fx. DY
5 LLAIR R AR A0 NS 8 MO 3R VB 45 45 TF 48, RIS B, 3B A
By BRI, B L N BR B R I R A A IR SR IB RE 4, AR
RGeS EE AR B, X B AT IR, BT L0 A 5 45 0 45 A AR
HARIE S, I RFRAIARLE, BEMRESR, - . A R T
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BoE RS R R

B 5k Misell® Boucher!”#1 Fienup & A\ PSP 4k 48 1 T & b 4%
IER GS Bvs, ME Rl E g, AR —REN.

T 4h
MR A
Y
I I BB o A 75 37 BR il 4% 1

Y

g‘=|g'le”” < A K2 @

B 2-4 GS HEREE

e S 3 @ o i V0010 e B LR T A A R 4k 1) R SR K B vk
WIS A Bk N, T DU T T B AL . MR,
AN TR B9 P84 77 9 3 AR D 6 10 RE A S [ 0 R A 1t B0 45 SR, R 9T - Tk
AR R UNAR R R, RERS BRI T,

82.3 EENG
AEMHT R EMFER, BT B2 E 410 R
WREKR AR, REABRTHSMETHROERA T T = 0n28

R — AL, B R BT ik BBl ICF #40 M8 B ) B
I¥9 2 A5 B A B WA O vk
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B mIOCRASSERE

EZE SHARMHSEE

it

§3.1 5|

ICF SR BSR X EE RS R, BN ZE SR BOL R R A5 PR B 4 A
BT oA HAAFZMASSEEOLIN T, EX¥FRMEKITER
LR R RS TSR EMEYSRER" . 1—REOLEN
MBI HOUREMBEHR, EMARLLTAREREFHIN AR Y
HEREANEWHEERKN, LHBETEE. BAIER ICF KEHF/HI K
REOLRGERIE “FM” WOLR, {H% BB 7 30 57 00l B H &R A
HI 8, MR PE R ER, HEVIFAN He-Ne WOLHME AN
EH MR IR L. XX ICF K548 5 i 10 25 18 ki 28 ¥ ik e 2
AEXK.

3.2 JUERE

§3.2.1 FRIE SR

Lt X
| i >

B 3-1 JLAT 38 o i B
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L L [ R R

At R R RS GARE, EEEE RN EEN R, &
BEA AR EEREW A RSN, HERTEEEENT, &
Wt E SRR (COH) WA E RN MO, Han 2% A%
Seiz Fl 0. Bryngdahl F AR H M LA BB S B Tt g4 B84
RERRMER, TIEIOERB S S M As gt

WHE -1, BEEANFEHRGEIL. BN 6w M A IR
H (O’ 2 )

2 -
i(r) = exp(-2) 31
0

H wo LR AW E BT P ALK 805 BB £
SRMBELEN R IR W () B BAFRALAE AT, 35 A
B BUA BB RKA0, ABRIA .

dgy(r) =£R(r) 3-2
dr f :

HA k=2n/\
NARE P . PHEBESAEHMKEA, PIHERE r NI LEED
HEPHEFYENROEEA, TH TR

E(ry=2xf} i(r)rdr = E(R)= IynR> 3-3

HAr TohEmHE. 3-1. 3-3X575,
1/2 3-4
W2 2 2
R= EI%(lmexp(—Zr /w§))

NARVEREE F1E, E(ro)=E(R)), AJLATEH:

20y 1—exp(=2r§ I W)

(24
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B WA SREAE

Weh3-2. 3-4. 3-53, WLBABEMMCHESEE (F(0)=0) .

k 12 i
hr)="115 [at1-enp-2r ) e 6

Ht £ A BB . B BAE 5 09 77 vk o L 280 AT SR AR A 4 A
IR B BE it A, Bl E R R,

8322 HHEHLER

WL B 87, 0PSB K A=0.6328um, R EHE r=25mm |, B
Wo=12. bmm, G AEYE £=800mm, #r BT 4% Ro=200pm, FI JL 0 45 #e 3 42
£ BOE 47 AH 2> 45 W B 3-2 .

¢1(rad)

3
¢ (rad)

40 2
30 / 1(m)
20

_4| 0.0g5d.Joif.jda
10 E{m)

-2

[

76 2q. 25
0.0850.010.0150.020.025 -3

a) JL AT 45 e ) Uh % b) X 2n B G A7 A 4 A7
Kl 3-2 BOE M{r4rfi R & B

WBE 31 FroR, mATH R EB A, EHTELALET, 2 ER K
BRUEAAMETFRE, S LSS NSE PECS S AR SR LR, B
AT #3 B3 BOE MW GO MmME 3-3 ik, (ANEFEHME, Ffp
BRI EAE T — AL H ., )

_30-
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'Ez?se.
w
g
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|
o
L
g
i
E
-

R R R AR i G i O

i
a5
f
&
b |
k.
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3
|
5

St
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HoE SRS RE

(a) i A\ A SR 58 BE 43 A (bYAR B 58 1§ 43 A
! VAT N R
E.
2
-%un x (pm) 5090

(c) FETE—HYEIL5M A
B 3-3 JUAT A He vk ST TR W BT 06 SR B &) R AR 5 1

AEER, SRR “FIR” 44, THEM, BEBEW. Jx &R
RIATH AN, ShEXLNMERRESE (WE3-4) .

5B E

1/e2]

q

'Xq ~Xrms X Xrms X

40 40

Bl 3-4 FETE R & B HE X
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