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Abstract

Research on Inertial Confinement Fusion(ICF) is very important in
Defense and Energy. In the ICF target optical system, some demands on
beam control are required, including beam smoothing, harmonic wave
separation, diagnostic sampling and focusing. In this thesis, the most
concerned is beam smoothing. Based on the analysis and comparison of
some ICF beam smoothing technologies, Binary Optics, the most promising
technology, has been chosen to realize ICF beam smoothing,

After analyzing all kinds of the traditional phase optimization algorithms
of binary optical element(BOE}), the demerits of these algorithms used for ICF
beam smoothing have been exposed. Contraposing the phase continuity,
global and local search, and the demands for different beam control, a hybrid
algorithm combining Hill-Climbing and Simulated Annealing is proposed.
Furthermore, a variable-resolution algorithm with coarse-detailed search is
developed. The simulated results, with fine phase structure and good
performance of the focusing spot, show that the above algorithm has
advantages of high global optimization potential, relatively rapid optimization
speed, continuous phase distribution and flexible cost function in selectivity.
Therefore the hybrid algorithm with variable-resolution is an effective
optimization algorithm for ICF beam smoothing.

In the numerical calculation, to avoid the restriction of the sampling
theorem and obtain the real beam smoothing performance of the intensity
distribution on the focal plane, the method of refining or choosing any
sampling interval is also proposed and has been used to design the BOE. The
conclusion that a continuous phase distribution can not be obtained by
interpolation with the discrete sampling phase values has been pointed out.
Based on the analysis of the phase cell diffraction envelope of the multi-level
BOE, a non-period BOE is proposed and applied to eliminate such kind of
diffraction envelope.

Facing the practical design feature of the target optical system of
ShenGuang Il and some special requirements of the BOE, severa! tentative
discussions are carried out. A kind of demand for beam control, which a
buffer zone exists between the main lobe and the “blocking” side lobe, is
adopted to obtain high uniformity at the main lobe and no “blocking” effect
simultaneously. So as to obtain the uniform spot on the side wall of the
hohlraum with different incident angles for the indirect driving ICF system, an
idea of “approximate non-diffraction beam” is introduced for designing the
BOE. By adding linear phase-shifts on the cells of the BOE array,
geometrical transforms can also be performed simultaneously with the



proposed BOE array for obtaining a uniform focusing spot. A composite
array with different kinds of cells is used to increase the filling factor and light
efficiency. The tolerance of the BOE to the wave-front distortion and the
latent capacity of the BOE array to increase the tolerance are analyzed.
Finally, to simplify the system, the design practicability of functional grouping
elements is studied.

Several quasi-continuous phase BOEs with large aperture are fabricated
by using rotating hollowed-out masks and ion etching. The influences of the
alignment error and depth error are calculated. The fabricating accuracy
obtained is also listed. ~After measuring the hollowed-out masks and profiles
of the quasi-continuous phase BOEs, it is found that a rather large depth error
exists in the present processing method.

A test of measuring the intensity distribution of the focusing spot is
petformed by using a common CCD with continuously operating laser
diode(LD) and pulsed operating solid-state laser. After data processing, the
focusing spot with certain uniformity at the main lobe, steep edge and without
sharp peak at the zero order is obtained on a certain defocused plane. The
feasibility of the binary optics technology used in ICF beam smoothing is
preliminary proved by these good and firstly obtained experimental results.

Key words: Inertial Confinement Fusion, target optical system, binary optics,
beam smoothing, optimization algorithm

— I —



M 6] % & ORH

FAB R MR RRNANERITHE S T H#AT M 615 T R 5
FAR. REFE, BT ICHEINMUSREMBE RIS, X hpAasgt
MACLRERESENTARRE, EAREHRBEFERERREHTILY
KA BE BT L KR 58— R AR [R5 X AR 50 BT A B 45 AT s
HEERCPET BRI BRI T#E.

£ A ’1:3 j"ﬁ‘ ‘f& H #H: 2w 4%
B l

XTI E AR LAY A

FEANTETHEERERREE. ERFMRIHIE, B ERERY
BB, RO EHAER . PR A X 2B
WA, TTLUCRAZH . GEsEARE T RIRZRIL.

(BRI 18 SCTERR R IS P S ML)

% 4 M A simes, i@éﬂ g g #3027




1.1 REYFZETEN

BEELHMAREFEKENANRE, SHENERBEXEE, /R
FHECEBEARMAREFEMERAOXRAIE. AEXCEFRIHATE
wiE, S.om. K. B, KERSEZHEE, BUEETEEANKE
R, EWRTER. B BT, EWESHFEMNAE. Y450 EER
BRAREE, FHBMAR, MbH., KHERAMERERMTE L, #
LA 1R BE ¥R f& Bl .

BRmzef AT U EMREEI. Bl FANEREERRZETR,
HAMTHELR, FMUABNEEERNZELE, A RBERMEMRE
WAZERE, MARREINBERTDRAGEREIZ P TEREYRHE.
BEREYFEERMM, SHEKEEHE 40 MM 0. 1 IR HEREEK
B 10 ZKm', NRXEBKRTEEALBERALTE. BRELL—FH
LS R EERE. B, GEEVRRRNIELRR. BREMNLTR
WAL AERTRENZE2FAMNTR LG THZEREE T HIERE,
BEHEKNEMNE. ERAREANEARAAZEAER HRATLE
FERRERSETUEZREENA.

BTN, WRLTEETHRS, ABHL—EMBREEELMS.
Filh (Lawson) HIEMRE T LB REHEL L4, IRARNES 7& 0
AEH—EMEE (., BEM RLOEREBE (). XR-WEMN,
nt239x10"(s/mm*), TAKXNI0PK., AHLHE&E, EANTEREEHN
AR A r REARBEER ( Tokamak: R DR SRAEAF
TEn S s B4 W B4 (ICF: Inertial Confinement Fusionm)!'l. H#T
A LEEKANERAEREI TR ERE.

ELEHN+EED, 2HANHERTREARERELART T
£ THEPY, gy THITRMAREETTRFAN KRB ESL,
MEEF®E « MBHEREFRELEE(LLNL) A Nova REFAKEE
(NIF) . Rochester K* W Omega 3% . H & Osaka K %#H Gekko XI%.



BEWT 1976 EAMMATEFEMPA, MBRILT “2x7 & “HH7
RIVEKE.

B 1-1 HRAREEZREREE

BHAREREKERDE -1 BR. EAT0REEE S BRI
S, SSHBERE AR BERESNRAM, RIVEREMREE
. BENSMNREEUBOLE X AR EFBE M, F2
FRFEWHK. SRESEASMN KN, REDETEEE, FARBWANM
FOFE. YEHE-EREN, BERERATLOEARS, RERE
FRBEAIEEBBEEEHE, mEBEE, FEERERERERM,
IR 48 20 0k B L A2 R R D

BHEARZELTNRBEXATHA In IFEANBHIHNE, KEEE
MEAEFETEARENTOUEES. EEELRNEY, LAEE
BEYREBHMANEATEREEREETH, FETHNEN-EH
AREHURBASERETHHEELERIBRERSRA RN IE. 1
HECESEFHRAELERIRENORIBEER ICF W Bt B R wH K
YRR — WLREIGAYIUENER THEEZRTAY IR
REDMBERBOARRE: FEFHTHAL (BRE) 2EREH
6 F 58 R R AR S AN A MO 8 RN (SRS) L R B RN
(SBOEH L XEHENEARF XERAZS5WAHFOLAHIEINE
MK, NFHMEEBRESAETST, AaEgph. Fik, ICFE
RO EE T REHNEX,



fmh

£ HEIES) b, ] 3 8
B1-2 EBLICFMBEHITA

MEAREETE HEEE R EEEF R EE W ICF
RUENRBCEEBSEATMFZEAERRES, WH 1-2(a); HBEIKE) ICF
RERAITEREHER, EARERRFEFMNSES, BHERND
MR BEE, A X BB AARESE, mE 1-2(b). BEEKS)ICF,
HT R BOCAE R A, X558 4 A 25 () 35 S B oK AR
Wy, EEREETS —SRER, WEAERTEBLCHRERNELNE
=, LBEBEANRN, EENBETESETH, QR E S K T
IEEER R, MAE “#0” NE. HAREEXMNAZNEE, ERE
WO ARBOE R AFED., LEBKKED M.

1.2 #RIIERIHEE R E T

R E BB SRR, IR R R R
ENIERSFEENBETNE. BHRELFS5EHAEI) HENTRT
H, BE LB RERFSEUER: AN BB RN RS KR
MR EMBAEAL, ABRITMELFNEEVEERE &M, ZRTE
THHUBBEEHFRAE, HEERD SN NH.

MENEEMERREEOE 1R, AESHIEREXMNEES
BRERWMT

L O 3TH 60 B (F IR T 1% 30 3):

NGB R REE FF A am, B AT B ERER;

3ROSR 7<2x10"W/on’, SEEAEMRERN2250pm , HAEWN
WA ATET. BEA. EF M.



% 5lE

4. ZH 90%RLEM “AW” ME, LHRRRLZEBBERS TE
MEETFH, RAERABKY “H0” 8%,

5. JH [ LT e 3% 2 A o <2 18 AL A 10pm DA b (1R AT 41

6. EREMBRRAEAAL.

s 00 -
B3 MR E AR R (B0 00 - RK)

FEREIE B EEE TIL(Technical Integration Experiment Line)
d, HEGARERENEAMMEDR 1-4 R EHRGALE RS S,
MEBRKEREHEN L loBEHRARELI _EH N 20, BRTET
AR ERTRN=ZFS0t3e. EREPEK o5 20, BFYET
BEETETR, B, AMREAAEZTEEIEN “Ta#H” , EHE
ERABRER o, 20530 B RAE. AUERLSY, FERY
0. 1%-0. 01N KA ERFRFIELBEERATIE. ROERMTER
EERKEOC R RAEERT, LU aBEUELWE LB ER,
i P

\
. u;‘x HERES

A T S
B T
O kPR Vel
\ B fei b

e

B1a AR RELEGFREHAMHRE

— 4



B—E SE

ERHARGRBEG R FREFHX LSS RS, T
SRR SRR B4 EAN SRR B ROER A R B BB B
RESEM. FEXMEARWRES BRI BRI EM, L3 Kb
BT — B BRI

1.3 REEHMG

LRXTE R, ERAERS, FERENERBEETEY 1
HEMES S, XMNEENEERNRIBRE T HRAHER. XAZEES)
HARBMFERX ¢960um R, ERIELEFIEAEMIRT, LR
BT 6 9 0 A B OGR4

T ICF BRI BB R BN, SEHEERBIIFRET
EHATE. REWOARE: TREBERONEFEHER. FHTRH
AR EFFTESHH ST EHRS, EHEHBCBESHOE, Hgk
HERARBEARGSHE, FEREBRIABALBEREHSRHER. T
B 350 18 SR R AR A A TRE AR S R . IR 58 SOb 6 & R
AFEFRBAR, EAEDE 5T SR ] RE AL, 752 85 5 0 R Ji] (] R 1
BRI R X EREE, DB DARERSSHE. MEFERAREETR
8775 ) AE AT TST K e A 2% Tl R BSF ) A6 4011710 0k 38 45 BP9 SSDUBlske
BN AT, R ASE 20N bepl i SEE A RS R
HEEREHLEH, EFER, EXREMAANE. TENSHLFHTHT
BRARTE.

EI R STR B FRBEMAHL M. RIENBFEEFRILRE
CLHw GO P, KB KM AE FRERMHERNE, TTHE (R
B) M TRUEAREREREXERN, WRALMASHSARITR
HMAREN A XERNAT M. EXHE, BAICHRETHEIE. &
36 4R JU R {0 48 25 1

1.3.1 JLI e 2 B 51 28 14

R, EAFERANH BN, BRLMAETEETERT, B
MNPEAZNABHITEE. TERAEEEIITCEES.

—_5 -



B—E 3R

a JEEERER) (LA: Lens Array)

M 1-5 BREFIHNRARETEE

LA ZREAHHBEFARNN—FOIRBEEAR, B—FHAMTHE
HRAREAER ENBAERBI . REWE 1-5 FR2PL, WL kE
ARG, ERARG M EIREZEFENETHARERENAMN. BE
REFI# A BOE R FRENREAR, B —THEREX, PEREAEGE
RAPIGEEE EREGHAR, FHNEDCHRA-REABEYE, NEF
JEHRER AR S I FEHLIE C, K EA TR CEA ARG T4, WA S
CHLRaANEH. EREIRTHARE L BE/SEERARD. &
B FRERPEHKNNKEA:

FD .

= (1-1)
HPp mAaX, MEBEHLEL, B,
D

=4 (1-2)

EREIIGETHBAN M A ALEAX%E, MBXK, NBEH
HEE, AHAERIBEH, BENTHRERNYS. EAYENEE, M
BHPRBAME . 8. F. DESHHER, M. fRIERESEHTH A
EHARTYPEE. STARECHEAYNFERMHE, BRESZAR
T#, B/EAE CHKGRZIIET AT H B %0 & 5T 3 &l 4% 808 4
A, BRE ICFP, BN ETAERANETE, BERENN
BE T 5T 51 R B R BURBIA WR B B SRR, kAT LU ER S &

6 —



g5 3l

13

BB RN Rz, SO RTERRUE C MBS s, KRR AN
BRI S, BFE BT RN, FEEREFHERMN L 8sER.

R REBSE D=200mm. F=400mm; FEFKEId=20mm( M =10),
S =20mm. BIXRALEREMI<SIMP, BE—BHEA/ F<15x107,
/LT RBEER6=400um; HEEFHSESER/~8mm. SheE
W 1-64 1-7 K 1-8 fiR. wBEELE “Bih” MNMEE. KR AR
POL R R AT, R EREEEECE, TSR E s
BRI RS,

b HRAMG—HERIR S
Bl 1-6 X LA E

a. BEIEXEH-HER b. HE4M —4HsmO>
B i1-7TH LA, £

a. BEXAEH _HEH b. AFEAMH—HXIRS A
B1-84F LA, BEM



B—E 8lH

b. JEHEFEF ( WA: Wedge Array )

HAEAR LRI SRR ER R, & 19 &,
SWA;. SWA, AEXBEMNWA L oHERMARIME, HATEHEY
Hhd. REAFHEANFNEREAE MM ELER. Ruflio VR EEN %
S NAEFRTER, SFARE “EREH” LRLERLR, R
EEEBBAMRELER L, BN FRRMEEAE, ERLE L
BEB RN T RED.

ML, AHEEERN&EHN:

L =L +§ (1-3)

FRERKMBEMEREE TR A
7 = Lz_Sz
C (L, -8/ f
_ d
- 1+(L2_S2)/f

(1-4)
[ (1-5)

Kb Ly, L8R SWA, . SWA, BIEBEMTMMMEE, S % SWA, .
SWA,MEIEE, S, SWABIREBHEMNIER, dNCRENRTHEE.
SWA, SWA, FEE

I @Mi
e

. A
|<—Sl -;L——Sz e Zy »

+ |+

ll

B o1-9 EA RS T R Y



B8 3E

SWA|. SWA, B m B ILHIRAE 9.

i X,
%m=n_1meMz? (1-6)
a ——1—ar tan(—) (1-7)

im 1 g L2

Kty x,v v, AR RE m BB P LEDCHMMEER, n xR,

Liaw]

Tdm it}

|
o 0 ]
' Y Cwun)
a. “HEaMm b. EFH T EAES M

B 1-10 T3 X5 FE YR 4 A

TR R AT B, AT BRI 5 A7 A 4T 9 I T 5
ARRERBWE, RABRARER, E& BTN A5 H R
B, TR BRSBTS AN K RETR Y S, LLE RS ALK
ERWAE 1-10 Fion. A EOGEY T8 225 4 0 4% 5 TEEBE,
ER%tFE “Ha” R, WIRAKNERRRTAN 17%.

1.3 2118 &4

BEEFIACRES DR ERES, BdTERIF, KB EA
RIRTAT R, MR IURRERLT, BEE "B BN, #ER
RUEBTE. EictlBP NS % RB T, R AT b R4
EMAESW. THEEBRAIECEITHER. ¥R MEE.

B AR AR G B OF R R R LUK B I, LISRB AR
ERMRE SO A4, WEL-1PY, B4 AECEROLIRE OER) 29,
BHELREMM, UEMHEEREAEEERER. HahFRE L H,

—



g8 35l

b, EchMEMEHREBRMALZR). HPHaS5HERFH. HNH
WHRESHNERER, #4LNATE.

P Py
:;/.__\__.. G . n—rL —(®
a T
AN A e w
P v Py U
Ann J.—_l-_.-._._.(.c)
19 als

Bi1-11 fisAe¥2RBAARBHH="FRE

ARUAREETE, OB THBMEAZEM, BBENAHEAF R
HEBERHER.

a. BEHLLY#H A (RPP: Random Phase Plate)

BEHLAL M A BBk Y. Kato 1 K. Mima 2 iP5, tnE 1-12, £XRE
BEREUHE 4B -2@QFFNEFESRERERNEERS, KREE
BRI SRR R PRESH. SRXTLREFE. EXNUE. EZRE
%, RO, HYHIE, BRFEFRIEMMEA O = KB TR
LB 7 AT 4 DR BBk P . ASTROEHRE RPP AT S K
AHEE. BB OHE N EBRH TR, £2REEREE SRR BIR
M, FTHARGHEFENATENRTETREYNBABZE.

RPP RPP i (&5

W
T”

—

b
B 1-12 RPP IS RSG~EE
2 E LLNL & 5% T 1991 5F 7 Nova EXF T RPP 23T E RIS,
FALZAERETMEERER ENT H E% 800mm i RPP 2884, XR&
R 1-13%7, R{EA RPP i, HHEF 4mm LKBER 1mm FIHH,

.
|

—10 —



F-8 3H

W 1-13(a); H RPP j5, ERTH/NE, AFFSSMHER, ARE
O T8, WE 1-13(b).

a. & RPP 4 /5 4mm 3L BE b. & RPP N (4K
Bl 1-13 Nova % RPP EBRIIAI4L LR R
FEAERE EEXERENEARMTE. BEREATRT RO
% RPP MIBFIRCY, E¥ ¥ K 1=06328um. RPP i #8850 R~
d? =04mmx 04mm. EHEEE f =120mm. 0% D=38mm, KB LRLE
FwE 1-14. B 1-4@FHEREREERHEE, B 1-14c) B OK
SHRBAIMEL. B 1S HNRR T EATE O FH R E LA,

1.0 -
<)

b. & RPP c. H RPP HHIZ4HERE
1-14 RS AEE

1.0 - - 0.8F
@) o6l ® for
2 . .
E % _ f': 0.6}
z @ 04]- |
g.

Eos- E £ ol
= . H
| 35 g
| wWV“‘J - "l

¢ t 0 0 1

—20 [ 20 ~ 180 0 180 ~180 o 180

xfpm xfpem X/pma
a. 7 RPP b. A RPP #HIH c. & RPP A EIH

B 1-15 SR ORmmSSEBEE— ¥ fmE

_—11 —



F—E 5FE

MERPPH, XERTEEFMA, AP REHYIMEE T HE MR
o LR IR RIEF RPP MM TN A G R E . E TR PR,
HRENY TRENE £140pum X o) 7R RHE Y 9BER N — RN E
oA, SRBIRRA K ADBABMRA, THERACERIRE.

BRELRERYN, JAHBORLEL RPP %G i BE LS4 9 75 %
BTkl BRERRZHE. RPP XA B R HTSHH,
RETHEGRERES. HOhTSUHAATHHEA%, EHATES
W, LEeRI A EEL 5%, MHROEMBARFE N BN 4.
FHHEMETHMEEAMCE, BUENHAKTBERNLE, SRIAHE,
{8 H e 3 38 5 K 48

BRAEMHRTHHEESN, RPPHBS NI ERNBEEL N HTFHE
WHERTH LY, — M MRETERSIARREHR. WIREEHRAAHE
75 R EREARIRGEFHET, 8w BIR 8684 8 R %
HFHMERENMETFALERE, BAHZERPP, BEBIFHATHFAM
ERTEM, FTHESTFHHP.

b}, #H 8 E 748 ) (KPP : Kinoform Phase Plate)

KPP EHEEHE uE]

e I +
Kl 1-16 KPP i =B E

KPP IR R BN 1-16 Bizn. ATy S KPP fusdiBdl. 7 X REE
GEmMERIHSME. KPPEARAELTMHKEGZEHERR>ELE
BHEHMBEM, ERRT RPP AEMHRTANE S, AEENHHHE.
MRS ERAT OB, SR HRE R4, FBCFET. i, F
TN RS A, F ARG ISR AR 1O,

—12



o 1 i Lf T . T
1.00 4 -
K f
~ ¢
S §
£:010 H
£ as.
B S
® e
E A
a b, J
| 081 R
g 'j:J.”
‘e
o d
- A M
[l % F . 2 4 .j . 'l
-800 =400 -0 0 200 400 800

X x/ pm
B 1-17 A KPP J 5 50 7% A BE 50 6 3 43 A5 36
Hep: a REEMKIE b. X — MR HEEER
c. {3 B SO A i U AT RS OF 2% d. KPP F=AE AR i
3t F A8 W sy ICF, #E LLNL #/H KPP # AR, 7 NIF L3KBAHE
FREMTARBIGWE 117 Fr*, BR=£4E4 R £300um ¥
BAFATFNRREE., FETNESESNFEEREREEEEE
EH-BEE, HFHIESFHEYAVHME, ARTHA. R HBECMER
WARESE, SRAGBHBERRNESR, MFEREOL, WRIHEENE
MR IESE. Wik, KPP A MERMEREFE —LRE, EFLA R
WMAESBEEMENES. HHT KPP MEHES, SHTFSERMER
BB, IAAERMBRICFRIBMERWENBERER.

14 MRS FEHFEILE

£ 1D AHTHMR\ERGOERLE. RAEM—FMEAR, K0
ICF ¥ 38 L o % SR 39 S0t B SR 396 W .

AL ICF YRyt E R, — 5 B A8 R T e
A, BENAFFHEITRERARESERX, m—/EFHHLEFELR
Mt FRg, K8aRERNAER. B, FMMAEL4,
FEEBRNEAEERD.

MAJR B, RS 62 84 RPP 55 KPP 2 Z 7o J6 2 28 11 W B P AR i 1

13—



F—% 3lF

. ZaAFRERETREAHERE, WHENMB I dEyn L
REEVRA REEFMEMO LT BE o2 B4RHEAMN
TR EEMMAHEMS, HRPP R O BM A4, T KPP £/,
HTZEAFRE SR A kE8d REN, A0 XHTERRAMAC
THFEBARLR ICF BHAFEREPREREHRE. FTEHEERNH
TLAEHA.

& 1-1 PRSI B AT M PR R

v REAMBH gmps | rmpy | moaER | HER
EHEE He i 4 T 3%
PEFIE TCAIHHZE | >>2n >>27 T

2 Sk B RAE B =
TR i 7 e i
hs%k i 1830 By B U
AR | & 7 % B4

1.5 ZRAFHRAREERS N F RGP M A

1987 4, XEMREETL¥REAELEHE MIT/LL) A W. B. Vel dkamp %
AR T A FR T AR DORRMAT S BB — ol — %
RFEATRARL, B4, RIGERESHTEME N, BREZIEN,
FETEMT., 6. EXREWRTE LM IS S AHZ N
ﬁﬁ-ﬁ[ﬂ-il]o

TRAFHARAEAET R R FERIEE LM R AMBE, B
WETEMNH— A S, MBI THERERE, fln, ETTHEELER LR
RS FEREM BRI, CRT LEFTHEL R RENMEATH % E
NABERE, LS EEE 100%KKF; BR—FT&MAItiT
e, RAOFATERERM: § KT HRERE R R F M BT 6,
FrRaEFIENARL., EHNREAERUMAEREERSE: R —WHA
BN, WELERSHMEMENER, 44 Sol-gel HR, RE&HHEL
BUTBME: RMTTZmE, E5EE, EEHHEETS4, EEums

—14 —



£—% 5§lF

HHUMIELER S Z k¥ ORINEFRiTER. S804
RO, R g E s £ .

ETIRAZFNMHEHRY, BANUAECHEEARBZELFHS
RMHMBAABMNEAR. E1994F 11 H & B B R %47 HWIAEA Technical
Committee Meeting on Drives for Inertial Confinement Fusion& i F, £E
LINLEABRTHENSHATEMNEARBRRE -t k%, WEHTR
ZGRWERY, —THh¥RE—FHREFENERER.

G NERE Y, O EBRERANBIRARSRE, TTLHER
SE. BRI, RESR. IH=Z6MA58M4, CHZmELSE,
ME1-18(); FFARMHHEN “S” BATWERSE, WEI-180),

a WHEAE b, BE BB
B L-18 ~ 56 3 58 {46 8.9 o 2 o g iz 1

L6 ARXHMABR

FREEREFRETA 863-416-2 I H T 1 7B 416-2-3.7: F/H —
TF LI ICF AN R, UMRAHFEN x84 584, UMb
REGREREPHARESH . EXHARTERHW T

D ST 1. 053um 8%, 3T 100mm K/ MIE R F A%
B[, HAER 250 ~ 300um, EIRDA P, KL, B .

2). HEARASBAREGC" « 45° . 55° )HHEE 1.053um ¥ %,
BF 100mm A ETE R oS 84, SSHEERE LR A S .

3 HOCTIMILRIC R A TR, T BRI A5 R U] £ 5 R T 48 0 B 7%,
TR AT RSt W5 ERMET.
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5% 35

4) HEROENE & HEUEEMA TR E RS,
5 ERARAESMMBRIRESN, BHARESER. HRRE
FE 1 A I i 2 B e 1 5 K B 2 SR PEL K4

LIERIMEEARSE

£ 3E. MEAAREAREEERIIONN I MAERAR
R B TR 62 R A RO R IR . W T PR SR 51 08 S
Bt KRARRE BHROE, SEERAR AT R N T TR SR
DEMEARRE, BEWBIHIEELERENERBHER, 284 TH
924 2R H AR«

$oE: BREM. MEMOBEENRENSEG. TRkeS
i 5 B 5 A MO0 3 R AR I RY 45 648 84 0 TR 2 O W 36 47
AL P YL LY L e e e i P o E S X
MRS, BUE T A B LR

B ROMBAECARMR. AT 7% RN B
B L S A G AL B, S R A B i = A
KREE, WA AR RS SRR R AR B R
P o SRFEIE L~ B LR KR AR AL ST A B3, i — AR T
MWE" EAPEOBCERAHE. WAL 0, 395 AR 1
W PR EARBIE. ERETET., BRI EBEN, RFER
FCMAETEN SRS RSB L B, SRAH R T 4 B AT KNSR
0 077 B HEAT R A BE S s 980 ek TR0 B A0 SRR 30 47 4808 B 949 1 o
REABS A, 907 T R B S & MR AFRATR T M QMM B, 3
BIAM TR BEREBR KA OG, BT T WS R

BIUE: IR SRR BRSO  5%
BOLRBHIT KA TR, HIHOES REO7 BB HR
R FEE SR NS TR SRR T o TN
HRE, RIFFRA T EREAH AR 0BRSS B, A
TREFI SR B ER LA, AR R, TR
B MBKAN, SOAELARRER: BB, HRL LOF Bk % 5
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E-E 3lFE

g, RUTABGHHBHIE, HETHEROWEM, T THEIB B
NERRNB-RESMRASHEHMME R, FREWT KT,

BHE: HESUHESEN TSR, FRMET 55N AELE/E
SUEMMITE, MRS RTHIEE, 0T K O3 5 X PR % 4 A 4
R EMA. PWZAGRERESHERE, HFLHEERR. BEAH
PRz TRAMRERBNRER, MUEBAONIT AR PEFER
KRBT R R E .

BANE: BPRLBSANE. FACCD 5% CTE#RTT 16 AR
HHFHERARSTNE, RETHIEKLBRER. FIH CCD MAT T HE
AR RERESME, 45 U3 T 65 5 WOk A o B 40k 2
AN, E—ENEEELABATRA -EWHYaE. EaAXDO
B RK R EBE

FLE: GRERE. REARNTENAF A, FHUFR —L®
ABFFTHT JLA 5 AR
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FoE IR
FTE IR

HWRKFRRTHAREBRFRTUSARWAL: FEMHBILNER
BATHERITCL Bk g BN AR TR KT R,
ARAGBRTSER, AERBE R RANAERSE, EERHE
EHICH A, FHATAAR B S R T AR KA LR
REEDMTEEN, LOREESTHERFEAEW, FETHBRA
BEH, MAARREEZSARFH LR RRERTFHBABINE
BT B R BT MG H S8R0, A8 30 b BT W SR A 4 1T
FAZRKFAER, BEMHELHRTRECTHEMAER.

2.1 RETHER

TR WE T
B2-1 wEfHRE

miE 2-1 iR, NT-AMREFLABITMARERLS S BT ER,
Fif e BERERDRFMN, REFBHHER, STERFHIHH E(R)
A, R AR AR T dS, MEEPHERFEE N ZHMEPHE LB 6 A

E,(P)=% [ E(R)K(©)5-dS @)

Hef, K@) REAET.
%

hy (P, By) = £ K(0) 5 2-2)
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BIE HIBER

E,(P)= [ E.(R)h,(P,R)dS (2:3)

KT HERTUER—MEEREREL, h(P,R)RREKIIK T
NE¥. FHEMUEHET. K@=, h(P,R)WUEN:

explibyZ +(x—2,)" +(y- 3,)"]
AJZ2 4 (x— %) +(— 3,)? (2-4)
=hy(x—xy,Y~¥y)
TR REBRETHFHEAREE UMEFTR MBS HE (x5
LBE BB E(x,, ) THEKR

E;(x, )= _[LEE (%0, Y0 )y (x = x5,y — ¥y ddx,dyy = G(E; (X9, %)) (2-3)

by (%, ¥:%0,¥9) =

GRELCFRAMEHFBATEREL, RQC-VAHZREEE.
RENEEELAENES, TUAIBEREMENGS. FEROY
FIK AR BT .
R RATH -
E;(x,y) = G(Eg(%4,,))
“ 1) 30 kaR) (-6
e [Eatro e ™ ey, = CRE, e )
REAF AT
Ez(xvy) = G(Ez(xm%))

i*Z

ik
307 +7)
=——¢l E (x,,¥,)e
iM _[E_[ 2( 0 yo)

i o) (2-7)

dxydy, = CF(Ey(x4,¥4))

A2-OFQ2-NH, FREMBEWNZHR, CHEH.
ML (2-6). Q-7NATH, XEWEFEEMHSEEHZTHREFMHX, 0

BRAMEE, FTEREAS S 4 EES L RBNFATH DM A EENE
e, TELKEMRASEIE R RROERE. @8, KA AR
BERT, A TERMMEFELELS TR, AL AR, &
RERABREEBANETERSA ST 0 XRUMBATH AL BN
Foult, BB AR LIA LA ERE AR,
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ECF HEibHA

FREBELRRY E(x,y) - THERGEEGEBHARE, Ak
WARNY -MBRAVFANEERYN, EEREEENAHI ML T:

W ik
e¥  Suind)

Epy)=gpe’ FlEGup) (2-8)

HQ2-8)FW, HERFEEETMBNARIN, TFE ZRAMAHEEFH,
BREAT LN EHRESAELF ot R4 BT ERBT[METE
BHRES . ABULEN, TR - ARG RESRHITERE
BE, EREELEMNAGREBAMHEL TRESERRBEMERET TR
4R B 5> A, FUR A Y 22 B R R U2,

2.2 ZANMSESMBITARRY

B bR UL SN AR WIE B SN, REEA
“EAEEZEREZMTEE G AN, mAE2-2 ix.

[ e

[ =
|

/i

f—7 —i
a. MK b. H&EM c. \NGH
E2-2 ZEEHRITESEA AR
MAZEMEPOESHE, FNEECHESTENL. BUERHERS
BEEEAHEMAL, B2 EE. £, Nafi-— TSRS WXz
bR Bt S B L .
IE2-2h 2 GBI — R G HE LM A E, REAR AT Hh
RN HEBANEMEREHER, M EECHY, BEIRRBETETR R
tl(_x) = ;5(x — mT)* {rect['—;—) .[geﬂdfuﬂN 'rect(x -kT/ N]]} (2_9)

k=0 TIN
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WoE Eie il

K, fo=(n-1)d/aT, nhiigE.
EOXEN RAME RN Y IABEREE AT AE, NEH
BOANBI U BT S R E R
n==sinc(1/ N)]2 (2-10)

MTHBEEEFE, EXFEINRBENFMTHHER, BABEMERMN
E®M, R IOR-HASERTFUESEHBAMN— I EEAR.

SAAHE L RERETRARSMNAHAE, 16 EBEFTHERE
98.6%. BEMIH, MHBWEMNEEE. EMEREZMBEEERBTRK.
X TFEZ-2FRNBEM, XEBEMEEREN, EE8SEHM AR
EWRod e, HTHRENT:

1 ( 2{_) 1—exp(— i275d)

’]=E exp—lN -1 ——-( B (2-11)
l—exp—lwﬁd)

FIHRCIDTEHRTHBUESEMBMNIXERE, WERZ-3FR. Y
8d <10%, HTHI A EEBT M. WHod>10% W TFMMmtk. T hER
IO FHREMEMEEZEREER, FEMNFETEEEHRBHAY
SHFIEFM, WHEREEEMTHNEREENHE, ERAREH K
FRzE. attdRPEarER T RELVEET,

Lo

L [ 1 |
0 0.1 %2 063 04 0.5
WIEERRE od / ru

Wi2-3  FPHMR L AP IR E 5d MK AR



B_ow BipHER

ME_AAFBENIIZNESTE, EEMMPN - TAERND
REDN T (¥ RFBHE) . A 4B B A AT ST BEEIE100%: 7E T,
BETREUAHMNEREENEXANERE, ABTREMNEEEE: ®
W, BHEASHE - MEETRINIE, TARERLEN S BT
ARE, BATRIMEMRBERE, MBAUCMATMARTEL, BitH
HREBHESHAIRIEGLE=E), F%. Ak, EFREXTEERRA
AL AR TR 2 B

2.3 TRHXREFRIBHBEGMGITHER

EREFERIHE, TRAMABTHE, FIATHELEE
MRS X— WL, TR 124 AR G REE, R (2-6). (2-7).
ML ME LB HEES 6, ALEERE 9%, &
ST BT U465 B0 T

FH - RhERME (AHRESTER e, B E&K oplie)) HHE
LBREMARKE, <) HABEHGEGIHHENRLREE,.

wr{ﬁﬁ FER AT
771 0 K it

—MREHNBRRAEE: oBTHFE. BEMH—2 B
JNe(x)?  s.L|G(E, exp(ip)) =|E,
AREXRENYOARERHIRT, ZRE-ERARHK XX
R, BN TREESENTHRGERARRE,, BHNTFIEEER.
fitn, AXH. BEESAESBMENTHETAER ERBE T L

RETY A ERERBEBNYLR, HEIREEEEaRTT,
pHr B R e X A

(2-12)

E,(x,) = G(E; (503 )) = | [Ey (X 70)B, (g, ps %, Wiy, (2-13)

Hep B (x0. 0,5, ) ARBMZER, HREAAA:
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HBOE OHBER

expi(-7/2+a)
|sin e (2-14)
explirecota(x’ + y* +x; + y2)—i2mesca(xx, + yy,)]

B,,(xo,)’o,xyy) =

o a=£25, B p b 4 B B A 4 4 BB
B\ 00 3840 47 0 R R

2 2
Xy + ¥,
25

|E; (x5, 20)] = exp(- ) (2-15)

Hbroh@mpi e mmsELR.

LT FEHEEYSERAABRSANA(2-12), NERETITIHe L
AFER.

EFEJLAeZ R T, FIWmBERES. MEMEAE, SR EEH
RGN, ERRIRAMATLRERNE. RERBIMIEFHAER
MER, THENBEYEERERNXN. WRABH KRB RZIALE A

Ko, min D(g)=||G(E, expio)|-|E,] |

D) W EEH TERES BFERGES, SARMRSEER, 7

AR,

2.4 BEHLXEZSH

PRt R, TRTHETE, QNS ERRTEK
WAHE . HRAE R - EMEAXNKIFE THEE S 4, ok ¥8y
HROR IR g o

MYHEE, BREHEF, BEERSAN:

2

-2 3
I,(x)= IEz(xo)exp(iwcxu))exp(%xxo)dxo =|F(E; (Y explipe,p)]° (2-16)

2 BUS I TE G IR A A A

I, (m)= (2-17)

> E.(n) expa@(n))e@azﬂ]vﬁ)
STEYHNET, ERYET, 2REKET, SELBES N
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BB BIGER

2
IE:(p)exp(ica(p))Jn(z—ff-’)pd% =|B(E; (p)expligp(o)| (2-18)

H BRERTEREHR, J,ATH NEREH.
FAMERAHHER BHENERARMIGA:

If(r)=

2

3" (m explig ), ramn) -~ 1., e~ D)} (2-19)

If(m) =

AT 5~ RERRE.

AR B EE L REAE Y

X <M
s ) ={ 0 s

Hb¥EhgRTERE MRERIBXHEAETHEERRE M.
SFRIE, EXTRARLIRTEA LGRS BEF:

| 1,m) = Ly (m) | =0 (2-21)

REER ZTAERM N R MRS G, ERF LR ARRIEY
KMyt -, AAENEEkEg 2 MiRE.

HEBWB - AASBEUAREENBIERE, T, EXHER
AW|ERT, BEABRI ORI RS L

p i B

(2-20)

=2 0(m [ 3 1(m) (2-22)

m=1 Ym

Tﬁ%ﬁﬂ‘ﬁ]’ﬂ'f’i:

L [efrm-1T ]
rms =~ Z{{—“—"j ] (2-23)

EF{:'f:éZI(m)g
KREFHERBRTRABER RN CRETRE: TRBAYH
RERH XM MERSAACAGE, G “FHR” HES. ©H R4~

WHESHRERROBENER, FlNES TN EREENHTET.
BRARSATHNRARPMMENEASABFHENLES, H32-22),
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BE HERER

C-2)VEXMLEAAREMBA LI EEAGER R HERRSE
R, NEEXRRIXPEREHNSERFN T ERGEHRITER.

2.5 RE NG

EENBTABERNFETHER. ARTEZEMEETAEE
A ARR, ATH MR 5 AR HR R R UK TR 2= W AT B R
e, fEHEEBANNSLRE, FRRAIRCERETRIELIAR
fro REXHEBFOERXALARABER, BHRIW - oXEHH
AL B AR, FEAL YA, BERETE AR,
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F=F ROBBAARLRT

BT REEHFMGCHERLRT

Tt RMMMART, ATRENFEL SR -HRRrE Rk,
ERERHBHH, SHEHECOBERLRE, FREXHEETHR
Wi . EXFFEHERAN N KRTHE, THEETH, ABRMBLEMLTE
BAEHMRRITRENCHESS, RTRIBREHECHE. X TFEEA
o oOMERABAEERN RO EETAGT . A BREANEGS .
YG $Hi, BERAEAHEHERREZL. REFXARLEEZESRE
BXKEERNRERESFENRHARECEE, E2RMUA. RIEE. &
MAofREEMREGRYERRAEETHAARS, FRBTHEER
MRHER, RPEE-HEFARN - ARERIBEFRATTHE.

3.1 LTk

E3-1 LT8Rk

WEOLE RS SRR, FHLREREN 0. B I FES
HP e, WE3-1, BRAT GRS A FNERCHER TP, R ERA
BRI, RHMNEP RS SRR 2 A0 F

2

2
E,(r) = exp(-—7) (3D
0

Harng e N ERESHPEORELENEFOLRRELR.
EEEPRBEESFAREES, RRUEIN o).

EPHERrANBEERIREABEL,ELERN, dRRETHEEERK
Py, PEIIGH S A, THHASREMNXE:
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BEE RO B AR R

roz 2 ’ w2
R(r) = 5[~ exp( ) (3-2)
0

Ko, ohpr, MBS IKE.
RIRC P A=

delr) 2z
dr A
RG2DGAMWE—FWILFFMH, TRH LR FEBENA AT
FREEAHNFENANMERERITRIBWEG. FAHEK
A=06328pm, BHFRLr=25mm , FHEEE £ =800mm, W EK L E
Ry=200pm, BBEMN_mhESRMAMCHES>MAWE 3-2 FTRP,

R(r) 3-3)

40
30

20

WM @/ rad

10

0 5 10 15 20 25
#ZEN R r/mm

B 3-2 JLERH KA

BREBESAWE 3-3 fra. FEEE P oM. LEHZEHRTE
B T EHIATH R R R PETRE I T AR R . A S B R RNE
AT EEG N, NS NERNARAE. BX T FEEANS,
EHRAEOTRELATHNENEFEE, WE 34 K.

a 2

8 3

a. P\ LBARBL R EHED A b. H—tL BRI A
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B REESCmRL Rt

1

08

B—fL B/ I/

0.2

Q

-500 800

{Qin:/um
o) BE—{LER-EXBN
B33 JIMEHRETMESARRGE

1

o8l

B~ W3R £/ .

0.2¢ .‘

Q "
500 o 500

X xipm
B 3-4 FHEANE, LAZHEBOERALRST

3.2 ERMUEZE

BFLTRGTETREEROENTE BN, FERTTEEANER
Tha R, MEMAIIFARBERED, MENBEGTAARES
B A B ST T, TR R P 0 ORGSR AT SR O B A AR R

MAFNQ-17) (2-19)K02-21), AT EH R E N B85 RE
HECHE, ®ERMBERA(-17). (2-19)% =TT % 38 0 0 A0 40 B 3
I BIRR Z R IR R R, BRANEERGSE R, ATES
HAEEMRAEE, HERKHTOYCHE. SARREZHERE, TH
53 A3 LB S B L AR B
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P=E AR SRRt

3.2.1 GS(Gerchberg-Saxton) B %

1971%EGerchberg MSaxtonH LB T —FH L bR & XA #2 7 -7 A7 1%
HEZE, GCSHE, FIAMAE G IE kB2 S5% A1 iE
PREI&4, REERETHLRITERE,

SHFHEMHTHRAL, CHEAN. MERANLRES fifSe, £
ZEERMEROMMAI A e, KEGANARAHETT e AT EUT:

LEEHUEB G E e -

QA BMAE. MEANEETERAXRERa;

a = arg[ F(f exp(ip))] (3-4)
FAAEE. ARNEENRTHRXEREK e ;
@ = arg{ F ' (gexp(ia))] (3-5)

4. HWEREERIE, T, NRE 284,
B, F. FIORAERHTHREGEY REH.
GSHERADEETHREMETHORA, RBREBARESITES
EEMB T ER, HEESTHRAR IR S R XTI 4 A i %k 5 g
% TN, Misell, BoucherflFienup® AL T EMGSBEE R
B9 FHENEEER, BERHEE—FH.

3.2.2 - (Y6) %

19814, MEMNBARENRAY —RERER, BUKTTRE
FFRiE-Gr A MR — BT, AR SR, B
—HWERB-LAAS A WKL TR, FREBRSREL EERASG P
B2, Y G ik RN AT B AR R 0 2 R 40 I 4R AR R e T e

BL—#h P, HA. MEE LM E ()5 E,0)KEER
KRG, RAEREEE N H, 8

E (%)= G(E5 (x,)) = [Ey (x,)Hx, %,), (3-6)

MAG-OBA, WA, WEHAERESES AN . N, HIW N
FNxN B FERE, W
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BB RRBLAERLE T

Ezt = Py exp(iq}ﬂ) 1=1243,......, N, 3-7)
E,, = p.expliay,) m=123,....,N, (3-8)
Ny
E,, :IZHWEu (3-9)
=1

HEANEREI Ry, F8 L, RSBEEBRL E,. IEHED
REBHBANERNBILER:

N,
D=),

KOWABEREAK ey, EDRAD. HBEMERE, MHEARE
W F

2

Ny
ZHMIEEI - Em

=1

(3-10)

@5, = arg| Z H;kpz_/ exp(iaz) _Z Ay Py exp{ig;, )] (3-11)
J Rid
ay = arg| Z H,p;; CXP(W'E,)] (3-12)
J

Hep, 4=H'H, “+" RrWEFHEEH. “x” FrREHEHL. 36
HLEEER, RG-1D)MBGSHEANX, FHHh, CGSEERYGHEMN
—Ai5H, YGEUFABEYEM.

FIRYGHE ZEMAT U RS A AR, BB TRXMHI. flna]
SEIREAE LR, FHEEAFFREPAMLRsESEERANRE, BF
KEFNERSPES RN — e BH0 Tt g5l

HEHEALHRIBRNEENTRAGE M I EERRSE, KEHYG
HiES5GSHESEM.

3.2.3 LB (SA: Simulated Annea!ing) Hi%

GS. YC HEMR—MRHEEEE, mMsAgR!YYeang R
M B. S\EEEBEATEA%FNEM, BE—HETHE FRIEAKE
EMEERMARILEE. EXRTRASBEZAETU —EXMEER

AR b VPO B B R IKRE, AHER LU, R-RERIRAREE.
HEADBHEE: BRECTENTHRRES FAE—YREROBRR
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BEFE ROBBAMARL R

& MRBENEBRCS)EREYRERENRRETHAR, HABRHS
B TAULEBEE. £X—EBET, £4AHER, E2RBETEPHNEER
g, FNEAEMERRFL, NERTH U —EHERL FREET
2REHK. HERHEAIE Metropolis FIEMBAIREFHEBS, &KILR
A 3-5.

Wt o, REBRET

HH R -

f r Y
ks e =0, + Ap

WHPNAEEC

g expl(C -G /T g2 —*
Ci=Cp, 0 = @,

K 3-5 SA BEFRRE

MU K B VL W R R 544107,

LASYE . B AWTERE, £ —MREHTLUEE. EF4
F BB R ALAR AT BE
DHOERRBVIE A . T A AR ERAH N KNESLE, Bk
Bl RBN, MEERAEBLSGS.

I ftREYE. MEEREN, fREBUR AL RS R R R
AN E: HREHIELTR, HSRTREHTERMRD A,
4B BB EBME. AREFEER, BRRENEEIMN L

HABBSHTM, ZEREREI RS A RNAEIEXH R
A, EAFEESMNEEERLHRUEBTIRAA. MHNA

— 3 —



B=F ROBBIRARRMLIR T

EXRE, EUERZNNREFIFHELERPERTUT . HILTERIHE
MBAHEZEBIHERARKMK, HTER—MREBRDAEENANEE.

3.2.4 GS, Y6 EESHER

BHAEZHEWT. FHEBEAN, BEKA=0351um, BHEEE f = 600mm,

TN ERM R D=100mm, #HHER KA R T=210um,

A P ol BEAL A A 3 A7 R DA B R IR AL AR, F GS TR IR B0 o &

RWE 36 37 Fim. HEEHAE g NMFHA YT rms 53 7
17.3%5 98.3%. 18.0%.

A 98.9%.

u_
20 7]
E s ¥
- I
g = 4l
.%1_0 iﬁ#
= R,
00 Lh
R e Y o S A
T AW HE x/pm
a. {rMRAR h. H#EBNIRS
& 3-6 GS HEth R &G R—
8”
7
E: -
" ; 5
?E 1 E 4
# x 2]
1
T 1 . a4
" T U7 W e s "
a. (A b, ER KBS

B 3-7 GS EEMALE I ER T

L 7k H 28 p(x) = —x” fE A MBS A2 AR, RIA YO HERAL BRI ®

HERWE 3-8 Fifk. nflems 50 98.4%15 20.6%.
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BT RORFBAARRA R

BHE 3-6. 3-7T5 3-8 RWH, S5 YCHMEERERDIS ML
HIBE T A, ALK ARSI, GS 5 YO B IR RIF B s B &+
FPLIERN: Hbl T Gibbs REMR, WH A5 E TS M ERE
AR ESE.

1.0

-~
"

08

E: e

: 23

§ o <,
E

b4 £
& )

# R,

i

S e e e e i A S
P38t HE x/pm
a. PIAESA b, AEBIABES A

B 3-8 Y6 HikiLIL R R
3.3 RYBFG LI A X B2 iE) 3T

3.3.1 iBaH

ME 3-6(a). 3-7(a) X 3-8(a) P ATELEH, FIMA GS, Y6 EREMAMMK
Bk, MWBESRRE FROEVGBCHELECEBAARNMEEMESG, B
ERUESNMBRES. HHASHTHNET A ST AAERY. BERES
eReR . MHERE SRR CBETHENBRMERES. %Y
RERENAT, ARB - oAERGHONBOLRGRE, BERAHE
MR R, AR ELAMETS. GS. YCEERENRBRIEE
XA EERA D).

ARBHERMMHS MW, T, EXMHEENERSH:

1 N
€ =5 2000+ D= 901/ Py = P (3-13)

Ko, oOAR i CRELSWCAHE, VAKNERE, o 0 TR
MEBRK. BAME.
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BEE AAORBIARLRI

B 3-6. 3-7 AL R R, CREEAREMEEN TR FFT IR K
% IFFT MIERRBNELES S A WE 3-9). O)FF.

mzl 0.12]

l(\

p—""

[~}
3
e
2

B

RrEEtEESH C/irn
g
PHBEEEE RSN C/ru
E 8§ B B

8 _§ §

0 @ T N I A W 0 @ M W aw zm
BH FFT 0 IFFT ¥ WH FFT R IFFT ¥

a. 5 3-6 X b. 58 3-7 %[
B3 omHEEHERSENT LGS

HE3-9TR, 2—RkiERE, KHELIHN CEIBEX, AL -
EREEGS, EEBRTRE.

AP MRER, BASMAARN GS FREHAT T Rk, PHE
MR XEEXFEARE T MEB A H % (PMA: Phase Mixture
Algorithm)!'%®1, FI 3t 1 5 R 68 & R B0 R 48 5 b — WG M R A R 48
T AE, B

@, = ap,., +barg{F ™ (gexp(ia, )} (3-14)

Kita. b HIEAKERET, Ba+b=1,

PMA BEF DG GS BEE T MM AR MR E S Gibbs #& .
EARXEMGINASNE SN EMASNAT 2N RAEHS, 8
PERERMNHEE. Z2XKEEATE PMA HERLE, SEFRBTIHEAH
fRi%3E LB (WPDA: Weak Phase Deviation Approximation) "%, Fi#g
BRI A FTWE 3-10 Fin. BAEEEPRE T4 & e 4
B, BEARIIHEESGHENT GS. YCHEZETEALEBNE, BOAKYT
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