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A2F =%y hOERIZED, AVERHRAFOET EIEREREEM - FRIZEBX TH
BL, £/, BEobBRERBRETZIENTESLDITR . 2O ERE, BHREM
(IT: Information Technology) EMOEEIH &R0, R LO S I ERHBWEHOKR
FEMEEASD LTS, BROBBHELEIZATNBDIE, KBERERER (VLSD
EEBEILUABTF Oy Y THY, BRWICHLEOHRE, EERRIERTEITHSD.
SR8GE 7O A BT BR/NMMITTER0.1um IZED (1), BHEFELREOBTRI AT
LEDLORBE—D VISIFv 7 TERENES ELTVS [2]. ¥, N—YFha
Ea—F D70y 7 BERIIEFHINIVVIZEL, Ry N7 DREEBEERT IV
VEBZDODHS 3. Lhl, EF /Oy dedis LEBRLBIZEDSERI A
FLZBERVHZ ZEBEETHS. HIAE, T—IR—ARBOEE - HET—F72E
I U TIRAEFIS BHAENERTHS. ERETIERICHGT B0, FREE,
MERES, JLFIEVT 4R EHSOIETHRMSNFH 2B RTE DS VAT LR
BHEZDEBNH/FIND.

HiIEEME, ERMFE, ZRTHE, EBEMELRELSORMEDS, BHREALLT
DEENICENS. BEOBEZLFNICHE TEZLERIINOFENRFETHD, £<
DIATLTERTHBEELZOND. 28RS, FRICROED ZLDOTELEHEN
BT 57280, YATLARERELUTONBERESRENICH LTS, 2EAZ—HELTHR
Sz, WEOBHENEMTS, YATLEIZ/NY MITES, REDFRNESN
BMETHS. Lidt>T, KNS DEROBEOHBEERIA L 25 L0OBRIERE
720, TNEOREEZ—FELU TR BEM — WFAREEN — BIETEITERICR
TL 3.

BHEOEWREHHERRT2HETNA AELT, MEX¥ERFET (DPE: Diffractive
Phase Element) 2% % [4,5] . DPEZZEMIMICHEAYD 2D DA DMHZLINICERT B
XWX OB ORIEEEE TS, DPE Z2XA¥ S AT LNGATH0ITIE, BERA
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iR

MERADHEBLEDDOERTEEEDORNEETHS. 1972 FIT Gerchberg 5AFEERL
o, BEBROBENY — 2 hSAENHERDBRET )L X4 (6] 1 DPEREHC
BRTHS. Z0H, HREHEZHEL K Adaptive-additive 7L TU X LR Adaptive-
multiplicative 7))V TV XLMHBRE N2 [7] . ThH50 7V TU X LRPUEREAGEHS
NTHY, KBENERNTRRREREZEONDZIENS, §2BDPEREFOERDS
RTHB. ZDIFH, 1993 4EIT Gale 51T D 2 BEREORBE(LIE 8] , 1996 ££iT Dresel
Iz & U Tterative finite-element mesh adaption [9] , 1997 ££iC Bengtsson IZ&X ¥ Optimal-
rotation-angle (ORA) ¥ [10], Chen %iZ& D Nonlinear least-squares ¥ [11] 72 £7%%
RINTWEE, SFEIXMRTIVFIEUT 4, ¥RETSHDPEDREREITLD,
FNITVZLDOMEREELT—E—E0nH 5. £z, DPEOHEEEEZICTT 50 DAM
EFLTNITUXLELTIE, RERHOFTHEOERTLETIBREETLE [12] ©,
—BELNEERNRMHEERRS D S BTLREERET IMMI T ME 1] 2 E
& 5. DPEWY, ¥A >y —axra> [13], REERHRE—LER [14], L—Y—
E—L0U L— [15], BRAZERT [16) REBELBAENTED, SEOHEIATL
EEFENERATND.

DPEIZ, LYy X®3IT7—IKRXINZEF - REABOXERT TRERVRHETH 2
Xoi, BHESEEEE—DETFELTCERLTER L LIEARDRENSHS. —F, ¥
EZBEHIIHOLDBNRETH VAT LOEEELICENTH M, Y ATLEL
TEWEEHEZBEEN DPROICHET B 720101, AERTFL NV TOLREAT]
R&7%. DPE DEBEENEELS, EROBEEZEUAZ—ELTHIETS ZLITXD,
SHASBEXISICHKRT B ZENTES. HilxiE, DPENBEFERETFEIIEOEEDHR
BiEERTCEERAL, LOXOBNERENSZENTVS [17]. £k, BESEN
KREWZENS, CDDVDE#2EREY IV 7y LU X (18] KBBEHINTNS. 5
WEDSENEE [19) ®, X1 70L X EQHEBEOEIRIDEDEIEE [20] BLDRE
B HD. RETINTUZLDETIE, 199412 Yang 575, BHSATTIREL TN
7= Yang-Gu 7 VIV XL ERESE, BROBETOMNMAELEE L/ DPE OREHFEE
LTRELE [21]. £/, 1998 £EiT Bengtsson i3, ORA EZHR LT 2WETHIMLL
2By "SF—2%ERT S5 DPE 2R5H9 5 Z LITRIIL, ZOHMEEZERKITRIL
7= [22]. UL, SBWEICH LU THMUAR/NY — 2 &ERT 2 DPE OREFFIAILELS
NTHST, HEEEZREITHET LA, BEEZERNIORLEFADADIZSRN.



L]

BONERESHEEENOYEPYREITERASEE I &IZLD, TOYHEPYEZH
MTBZELDHTES., REMELOBEERICKVELSZAEZRALEAY Ealb—
g VEMRIEOREBFTHS. Ashkin 53, 1971 EIZITBEL L ZFIA L 2X2EH (23]
%, 1986 BT ARAEZRBLEYA 270 FIHRFDIRITHK T v 7 [24] ZERK
ZRL, FSyTTRETOA—A NEORIRSEREZERL THS [25,26) . KEITK
DEUCZHDAZZIRE—FI—STFNEHTEIHELEEFELEIZ2— b RERETH
D, Molloy BIEIAL>HF [27], Kuo SI3FRI AT (28| ETIF T4 TALE
EOMEEAZFNTNHEIEL, IhoOEHRBOMIANEASNTNS. Borowicz
5id, BRE—LDHREICLBZRYT—DEAE 29 RDOWTHEL TWS. Tk, BH
T35 L —F— RO K> TREGHIVREEL, BRL—Y—E—FE-LZH
WK OEE [30] ®, ERFUEOBFIDAL Y 31], AN2DOKTFERELEY
EEFBLEAEIRAZ7OE—F— [32] REDHINDHZ. INS5EZERTBHDITH
ERNESEEENL, I S—2RAWEEEREE 33, Z=MNERE 34, HERTOS
5. [35] BEITEDITHNTVNSEA, BWENN—RY = TEBRICEKFET S, SMRTNA
ADBETH D AT LOM/MENRE, REOREDER> THD.

e A ARV EIC L YA EIEIZ BN TR, EFAFBOERIC X D#EES T
LFEVEUT AL, ERSATACBI2EAENEES. SHTIE, EANRS]
HEBEOEBICELSL S BEMEERTINA ANEHEREIN TS, FIRIE, EEHREK
LRI L —F— (VCSEL: Vertical-Cavity Surface-Emitting Laser) 7 L ZF|AT
i, WFIRRRBAEEICLD, ZHRICEBCAEIHEERTES. EFTNITALD
EEERDBETHD, NI PRI ATLEBRICET 3. XOBEEL D DHNREE
25D DPE X, ERBEET 4 VF 36) PRAE—LATU v F [37], KHED N/4
W [38] BERFIATES. £k, BEF—F—ONEEEAICEFI LT 2 b2y
HRIL, ZA—N—7UXLES 39 RETIUA—F 1 > TEEK [40] IR ERERIBHER
HERL, TNETRAVKHEZETELTOMENEELE > TS, INS5DTNA AR
EFHFHEEROBEBRILIZBNT, RERAERS.

AHEDOEENL, FIRMEDBNEISAEROERICERY 28 L WIEFDEREEN 2
BEREL, WFAHEICEDSEANBKSHEZELT, WIEHIBEEMORELZRL, €D
ERMEESMNICTEIETHSD. F0D, BESEHCEMEEHOUFIFIEICED
SHISFEMEREL, TOENEZETTS. EANIZIE, DPEIRKZLV—¥—E—LA
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UV TS T4 DESMERILEE, BELEXROWFIFEEZENE U MEXEETORSE
Er—VEEEZEN A Y —aR T a DA, VCSEL 7 L1 ZF|H L =2EM
RIRASAOLFIGECE DKol — 2 a U EROBRE 3 RITPEREDIS
A, WFEHEER S THEEMOMAIC L2 BRUETE, THTIHMELETD.

UTFICHERXDOEREANEERT.

EI1ETIE, FHEOMBEDITZHENCT 2420, MFAEHBEERICONWTIRRS.
AREDOMGRE LI MFNEEER 2 ERT 5. O ORI HEOHEEFA Ly
FHEFECDNWTHRR S, WFIAHEEMOEE L LD, TOBAFIERL, FHE
DAEDFZRLNTT S.

BoETIY, HERTOEHD, KEIATLAOEREOFEE L TEECHAINS
UV T 57 4 BROBAHMRREILIZDVWTRETY 5. DPE ZBWERXEARY FOEHRE
LI MBS ERIA L, HENY — BORELOEREZRY. DPE DR
BRI DWTRR, REMERZRT. EERFERAWEZARY MY —ERICKD,
FOWEEEHRT D, X, L—F—E—LHE~EAL, BXFHEOEYEEZRT.

EIETI, BROEEICH LU TRRZMIEEE TIHESEMMENERTF (WMDPE)
- OREHBELIHRIIOVWTRNT 2. ORABEZRRLARGHRIDVTRR, REHH

MWEZFDEYUMEERT. THEIINT S WMDPE 288t - ERIL, TOMREZEZET 5.
BEERICKD, SEIERNTA—FIZHNT S WMDPE OEREEFMEL, HELEY
AT LNDOERARESERT.

BE4ETIZ, WMDPE ZRWERHAO—BRELT, v —MHA 2y —axD 3
CERETS. 2EEORRDM Y- MY — 2 %REET 5 WMDPE % #&t - fE
B 5. AEERITED WMDPE QO#BHRNY — 2 288, REFEOEYEZRT.

EHETIE, BASMHOLFIHEEAATEER VCSEL 7 L1 2fA LAY Eal — 3
CEMEERL, TOWEEEM®IETS. VCSEL7 V1 2fEBLEXY=_EalL— a3
OFBERX, BIELEZATLOBREMREERY. VCSEL 7 L1 OFAIC X DEHR
END, ARZEal—a COREHNRERICDWTERNICHERT 5.

BOETIE, BROE—LERWE 3 RITHB/MIFRIERIC DN TRNT 5. B E—
LBHICXVFEINDHAERCIDNEREHEICKORD, TOREERT. THMS
DRHFIZEIS AT LEREL, VCSEL7 LIHXIYZEa L — a3 >0 3 RTHkE
YERE I R RELT 5.



LT

FETETIE, MWFEHBEENOBRUEBENDIBHICDODWTHRATS. VCSEL T L1t
RZEalb—2al2AT3ZEI0kD, MINFOBBHEENSBREARY hF—2
KXo TEMT BT EERT. MWHFEHIESEH S FRrERMEBME L2, ZRZENICE
DHDSFALEa—T 4 P TEEREL, TORBRAKDNVTRET S.

BREBICEHAEORREREL, SROMERFEIIONVNTAERD.
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At B S G ik
1.1 EE

WIS ATFLEHET 3 LT, PRUAKFNEFOBRIEETSHS. BITHHE

i3, RE, M, R EE, BEAY MIREEOEMEROIENS, FRSICH
THUF - ~EEHOERICL Y, REAEROF 2 RBENEEENS. AR T,
ZOESCEROABEEEET Sk, BRIUISESHESSE DB &1
BRI S EHT B,
REIEERICBNTI, TOREELTESNDEE - SENEEARKEDD. i
DB BEMCET DM - BENRABNBEE SNBEAIIE, TORIHOER
BETHD. £, REMOWEPHRICERSEZRIIBNTIE, HBLELERA
U, REMAEPOHREERHET S, FRNTIE, BT, JHEOLFEEICE DERE
NBPE - WEEEL, TOERABCETIHERTS. BENIE, VIITT4
MT BT BAMERBE S E, ARy BT L1 DER/NY — > BIHE, MNMIEONE
B S EICD N TREE 5. |

1.2 KRS HmOFEAGE

KA AEOHEGEL, AREOERERL, HERT 2R VBIHEN S DADEHENTR
BRICEDSARIZHETES.

1.2.1 }BFEOERZHAICKSHIE

WEOBEREREICED < HEEERE LTI, Ll ——I2 Bl RS ERETN
HIFons, REEL—TF 1T, LEVEERU EOBRHERTRELL, BREIKLT
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B1E WIRBEERME

RABENTLT D, EEERINNSIWED, BEL—F 2K G —Y - ELRER
0, FHNVYEBLDEELANTETHD I E2RHMETE. NITHD, HORT
EDHMABHOELBELETHS.

WFHEIE OB AN S, EREBEICHKIREEZBRTSIET, BEER 2T LA
E£HMEER L REILIBEBRBEAEN L —F— (VCSEL: Vertical-Cavity Surface-Emitting
Laser) MEETH S [41,42] . VOSEL I, ELEWEER EETIE, BRKETH
10uA) , BELHYE (BF 12.5GH2) , E—HEEREOBNZRBZDD. IN50
BN S, HBEDREMUE, KMoy —aRTa  REANRBRICGAINTY
% [43-48] .

VCSEL ORBHEIER T MEHCE D RS, InP £ TIE 1.3 - 1L.5um, GaAsRT
120.8 — 1.3um, GaN %R Ti30.3—0.6um2E, EWEEMRAICHELTWS. £k, H
—OMEERALEBETY, HEROESICE> TREREL S 2RENTELIES
ZEMTES. LENoT, VOSELT LA IZBNT, RBFIEICHIBEREZEHICHE
THIE, BHED2RITL—T—FLANEFHTES 49]. £k, 1707 &Rz
FEL, REEZ2EENICHMIBIEIzkD, HEWE VCSEL BER N TS [50,
51). BfE, %EFIZ VOSEL I, 50nm A EQHEEE, AANNYF—F—DOYO#RIE
ENZERINTNS.

1.2.2 REBEOREMZREICK S HIHE

HIEDRIENERCE D I AHEHFORRALLT, L XRICXDEHELT—Y
IERDHITENS. LXK DHEBI3, HEBFICBIIHEDOLME, TINOH
NEBIOBEFAFNETIAMERNTHE LELEND. £, VLIAROEEIZLDT
1%, REOERBELSMGO 77— TEBRNTRELRS.

LV EHHEOBWEREEZERT 2 AEE LT, BHFEFRT (DOE: Diffractive Optical
Element) [4, 5] DFIARHIT5N5. DOERKOEHFRFEZFIA L LARERTTHD,
ROV T 7 4w 7 H%%ETF (HOE: Holographic Optical Element) &AL#Yt%¥5%F (DPE:
Diffractive Phase Element) iC/HEENTW3. HOEWX, i ESREEZTHIETT
BREEERL, SREZBRREL TOWEXZBEETSFROS I LQOREEZ, AFATHTS
WELHHEZ b ONEHEF L L THRBRLZBOTHS. HOE BELWITLEORIE
TRICEDZEEZBTND.



1.3. REICL3MEHAAE

—7%, DPEIX, HI AR EEROMMIZE D, AKIOMMHEEERT 2HHHEFT
B0, UVTST4EREFIHLUTHERTES [52] . DPEIX, B2 DHAEI AT LDH
%, HDWIE, FOEEERLOHMLICERTSERARRTFELT RI0EROEEZ
HUOTWD. FEHEOEHENE VWD, MOXFERTTRERTELEDEELEE
L7220, BAIC K> TIIEHARERHIEMSEEZ E—DXERTFE L TARILTES.
Fi, KOFADRNEL, BENDBRETHIREOFREZEL TV, BETIE, 2
CEa—F OB T ENORERR E, DPE OREH-LESICKHERFIRENT
EL, VOXROMEERL (17, 18] R, E—LABROMT [14-16, 53-59] , BHHIEEIC
EBRAEC—LATVUYF (37, EHEBRD N4 [38] 8L, ZORBHEIIEL <HEKX
IhTWha,

BHNERICEDE, RICEMNRABESAORHEZERTIEDDOFELLT, —
EOE—LESZRIIHEITDHECEETIHENDHTO5NG. E—L00ENE, E—L
A7) w I RERZERICEABEDOETHIT A, BHEEEZZRTHIIDPE OFANE
LTWwa, ARy "7 LA PR —F EHTBHZOEO DPER, ZEMICHOHEES
NIRRT REREHRTFELT, KA F—a%s Y3 2KaLBa—T 4
SUTEERBREEREZLTWS [53-55] . —F, E—LEBEICEDSFETRH, HILN
J IS5 RTBEHAERTREDRABVFATES. KEANWTHASHOHREFET D
RiCBWTIR, TORBEEZ T+ LEZEEEENHGNE, KETHE U TEMRIC
EBONBENFEBDILENTESD.

1.3 REICKZPEHIEAE

MR ERE TS S, BRI a— oA —F—DHERITS [60] . T, A
EEREN, HEYEOHERRIZLVFEREEINS. ZOHZHETHILICLD, BHA
TR ERIET D ENTED. REZMA L MEREBREEYEal—2a e
W, ZLOHBTRAINTND [24-32,61] . 2B, WE%E 3IRTHRICHDERIZEAL
ZHTHEL, BETIHER, BT, XrSvT CGEEEY b)) EFATVS.

H b Ty S L BHEANTOBERERRL, YHEIEEIDDBRENEE, UTDLS
CEBMIEERNICHATES. L ATL—Y—E—L028KL, RFICRHETIREEX
5. RMTFORBITRIL, THERVEHEELDODRENETS. E—LZRNLELEE



£1E WG

BT

B 1.1 #EAOXROREHEE, 74 FDOSNTFRRITDHE.

iZ, BBVEDDOHRFICI VM FICHEESNDIHAEEZK 1.11TRTY.

BMTIEABEOEE SRR EHREH DD, ARKROGHRAEL, MTFRETO
REPBITIZEOELT S, Zhid, AFOESHENELTIILERBKRLTWS. 20
LE, AFELHFORICBIIZEHBRENN S, BFICRIATOEHEL(CEITEHET
EORANEZEND. RFERHATIN, HKFOEREELEZDTLNTESRD, K
FRZITBHIE, BATFLERITIBNIDENERS.

BEHFHOZIT BN, AHELICERT2HE N L, XOBRUEICER T 2HEIC
MFensd. HENIE-—LOERARMANKTFERLLTH, RNZE—LBEREIE
DHENBIZRADHERE. BRE—LBTHEATINTHIHEITE, HTOMEIC
L0, HAEAIVEE S E LRAEENEET D, JOkD, RELANSRFERFNTS
&, IFIZhNZENEDOENBICH TEHETES. —F, BRE—LOEXANTH
TRAERWEEE, FENIFEEAEETT, BENCKD, KFEHTAINELS. 20

10



1.4, AFIRBEIXHmOIHE

BEIX, SAETH B ERETNIE, NTFOEHEOEEBMNEBICKN TZ2EHETE
5. Fi, BFAKEEIIBERGAICEM LEHEIE, RMFEAMAMICELRESTH
MREL, HFRECE-LAQFLMBICALADSND. BTFEMHELCRETRER
2BETNIL, 3RTWICHTERMZET DI ENRETDHS.

1971 EEIC, BHENVESBEOL -V —HEMETHISEBETI I EiCKD, #
AAZRALEYEOBRENHERINT NS [23] . 1986 FiTid, JXOHEHZRA WM
INBEARITO 3RTHENBE SN [24) . TN, HERHTZE2L—Ta >
OISR, MREOERIE 25, 26) , BUNIEIE (28], A FRECHESOHIE (29, 61]
, RA7avT Y 32 BERRATNWS. L—H¥—E—LOFEREMATNIZ, BERS
YIERBIELS OBEEZ REHTE, THREA W TOES (62, KT ORERIE (30,
31,63], EEFTRYEDERIE [64] REOWMENHZ. £k, RENRAEHZIEA L
FlEL T, EBHE-LOBEEEICLD, ER umBEOR TE2EEDOHRICEFIL
B [33] B, REZERARRBBIIRTFLETI VRN =T L —FCKD /) X ANZH
IVIzMMEERIE [34], RIULSEHEKROS S LY — > OY DA K 5 LHEE 3 Rt
fRHR1E 35]) REDVDH B.

1.4 FUSHERNT OB
HEAERET ZERN 51, WIHFEEMILT OB ERED.
1. EE7RHIEASFIRE.

2. ¥MiFl - —FE/RBIE A EE.
3.:>Nﬁbt&lfb%%&f%é.

Ei, ROPEADEREFALLREENRE LT, ERONBHBEREFNSToNS.
ZDERPSIE, UTORRZETS.

1. FEEAlTHRIEAS AT BE.
2. um A —F — DR DHIE N ] HE.

3. J U AR ZHIVICHIEIRTRE.

11



F1E AIEBEEE

4. BEYEDOLT] - —EHIESTIEE.
INEORBEENTIEIZKD, FILWHEAIATLAORENHFINS.

1.5 KASG

WFIRHEEROISHF L LT, EEHFIZEBENH TSNS (65 . H100EITBE
REBIFEETF ¥ D RIVEBOLFzRIZELD, BRERDEFEENERINTNS.
TrAN—TV—F4 DT XBREBRT 4 NPT VA BRBEBEFE T A NI IRED
BRFEDED 5NTHED 66,67, 74+ bZw IRy NT—UHREDE LZHENED S
nTnha.

BOSERE LT, WHEAEMHA A I —a%ks T abldD [44,45]. VCSELT
LAIREHETIR, FNTNIA 2OV AT VA EERI VI IICEREAIRETSHS. Z
DEIRBREEEMENATNE, BFEREBOEEGREE, IR MRV ATLE
RTERTAIENTES. 2550umEVF 1x 27 b1IKD, 1F¥oRIdHkD
500Mb/sec DE HEERBENRT S NW|E 68 RENHD.

L, Zhonfilid, BMRZEET ¥ RIVOBEREDOEDPZEMF v > RV DA FIF]
FIREDWEBDTHY, KOZRTHEETMIFALEZBO TR, ALAKHOE
FEEAREL, VAT LEBEDNEN 5135 L DAEFEHEER OB &2 0RALHF
ans.

1.6 AHARICHITAHARKIER

ERETIE, HFREFEEEEROBEREEXFEFEICE I BAERORTZT
v, EBNICENSOENEEZRETS. EANBHEEERUTOEBDTHS. &
B, FRXOEREX 1.21TRT. ' :

1. DPEIC KB L—H—E—LUV T 5T 4 OBEDEELLEORRN QF).

L——E—LAUY T T T 403, MEFEHEHEICHWSNS DPE REZEET S/
DOBRABREFERENTHS. FIT, L—F—E—-LUVTS5T 1 DHREER
METB-0DDPEZBEL, TOHREL2ERMICKRIET 5.

2. WESBEXOWFHHEENE L DPEDEREL I v — L HMBEEZEXN 7 —

12



1.6. FRAEICHIIZIHEIER

AR a ADIEE (3, 4¥) .

DPERIEITERAZIATLIBOTEFRALELEZA OGNS, Rz, HELEIX
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V7T TR UTIE, SEERLENWSBMICHL, ARy MR- DOERICLDT
ENEZ NS, BBRIZATLCBTDRABSMERERHE T2 HECTRIIE—a
SEMRHD [710-72] . TA—HADTNIZLZBOIFTEMHTZ2D, JBOYA R
O—TDNT—%AA > O—TIZ8D 2 XD REERKROERNMTHONS. LMALKRE, A
A2 O—TBBIEN>TLED 20, HERIERIEANOERRXTERN.
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2.5 b=HY—=—E—A#BADIEH

#FHiTiE, DPEZL—Y—E—LUV TS T4 YAFTLICERL, NF—HEIND
BEEORIEZITS. ARHEEEAAR Y MIMH & bR L TN #7220, H
X RS — 22X % DPE ZH W 5.

[EEEX #7D DPE ZREHT 5720121, 2RTLT7—UIEBRORD DI 1 RTINS TV
FHERANDONENTHD. BHARY "N — 2 OERRIES T T,(p) 13 DPE D%
BB t(r) DN TINVEBRELTUTOLSIZEES. ~
[

Af Jo
ZTT, \IREE, FEIEXRLXOESER, r L pldThZNDPEEEARY b
& —CEIZBITDEE, JBRE—BBRANyEIVERTHS. ¥NT7IVEHRIIR (2.3)
LR—DOEAXTRETES. FHETIE, BB\ TIVEBROEEIZ, Quasifast Hankel
transform algorithm [76] Z V7.

Ts(p) ts(r)Jo (i—;pr) rdr, : (2.3)

2.5.1 &%t

R DD DRMEEREL T, DPERANTAE—LOBRERELE. L—Y—E—
LDEER Ln(r) B, NTA—F w, EAWTUTOHIASH/TET.

Iinc(r) ox exp <—§Z> . (2.4)

FERLZVVIT ST 4 AT LT, N5 A—F w, DEEMEIL 1.47mm TH>72DT, &R
EStFIEDE 3 AT v FiTBIF 2 AFIKIRE W, & (/exp (—r?/1.472) EREL 7=

BEWE TORAESLKHE L LT, Adaptive-additive 7LV X4 [77, 78] 2B L, R (2.5)
IORTHAIEERA L.

i} Io(p) (b < zp1/e2)
= ’ 2.5
+1(p) {afo(P) + (1 —a)i(p) (p= 3p1/e) (2.5)

ZIT, pie ZERDEHAZRTHELOSNDIARY D, BENFLOD 1/e? EIRDHEE
E2RY. BENT—2 o) EX 25) FDONITA—F o ldLTOXDITREL .

1 P < Lp1/e2
() ={ o< zpue) (26)
0.003  (p = 3p1/e2)
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HIDARY MBRE—HTBEIIESRW. HESBEDOR LEZERICTFEITS2DIC
W, BREREZTSEELZ LT, DPE ORE - (EHEZTOLENDD. £, Ty F
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2.6. =8

5243 O DPEZAWIRWES
. 7 oo | @ DPEZAWEEE
:Lzo__ oo uun
"\ o o o oo a oo o [ ]
g 16_‘ o o oo ° °
2‘6 L .............. e
X 1.2-

T 7+ —7 ABEHE (um)

K 2.13 XXy FMEOHIEREER.

X214 HEERNS-COEFEMNETEMESE. (a) DPE ZAWVWRWES, (b) DPE ZAWEHEAE.
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$28 L—¥-E-AREORSRECDLOOMEXERT

TR DEER, 2V VO DPEDBE, 0RIEOEMENSI B TREEBNEANTSSZ
EARFENTWS. ADPE T, 0RAEQEMIARY MEOBMICHHEL TS, #
REICEBRNICEETENTIA—FITHEIDT, TyFrJ/OBRERRERVEDDER
TRERRE &7 %,

CHUEDXSRHERIBRZDHOD, FELAZDPEIRKXVHELSFENRLTESZE
BHERTER-. FRLEL—Y—E—LVV TS T EBOENXL XD NAM046 &
%<mmt®,%%Tﬁ%hkﬁ@ﬁmetaEiofw%ﬁ,$$&m,;D%M
NADEHXL > XEHDIATLICHLEHTES. £, FHEBEOGEWTF FLPX b
HEERIATNE, Y1 RO—TAK0EOIRNF 2B T2 I LNTREER
D, BEREOH/NBIIRETES. 2FEOERE, L—T-E—-LUVIST4 R
57, BEEARUIATLRL—Y—E—-LTUFRE, EXEBEETIMORKE
ANOHERANFETH D, BEVIDAVHFTES.

2.7 ®E

FETIR, £XARY NBEMNTHEDDDPE Z2E L. ZDPEET7 4 LY
A MBI OERBRERZFETEIEICKD, EFEHL Y —E—LUY TS TLITBT
BOBRERNETES. ZRLUHAREHE GSAITHAAD Z L1202 O DPE %
WAL, L—Y—E—LUVYTST4 X 0EELE. E—DDPEICK D AFHEDFRE
NHERENZ. EZODPE2L—Y—E—LUVIT ST EBERICHEARADL I EITX
D, HERNMIEZ 1.2umD 5 1.0um RKRRTRIENTERE. £, ACAEIOE
HARY MERERT 388, DPEEAVNIAMREREL D BEVERRENESND
ZEaRL.

30



FIE

RRSBMUAXFERFORRE

3.1 WS

KEZEHRIIADOLDENEZRBRO—DOTHS. HENELE (WDM: Wavelength
Division Multiplexing) BEICREZINZLDI1Z, BREM2FE2HPLELTEFORED
BEYVRERFENMERINTNS. EELESATLTHE, EROBEETRHAIN-LE
BREWFIRCHIE - LET 2 EARDENDZ. WDMABHTIE, BEELREELER
BITHIGLIERAFETNARELT, Z7AN—TL—F 4 2T EDEERT 4 NIR
T LA BERBENWET 4 NI R EDBRBIED SNTNS [66, 67] .

DPERT7 L F T TNRBHAKHNFIETH 220, BERIEWELE-DOHZRTF L
LTERHEATES. EEE, TEHOETHENTSD, 470 >X7 VA1, ARy b
TAZxzxb—4, E—LEEERTF, E—RERBRFRESEIERBTHAHAINTKY
% [53,56,59,80] . L»L, DPEX, TOREEEDOMMIZL VO AFEDOMHEEERAT S
ZETHREZBDZENS, LOXREDBIFREDTNA A EERNTHEESHNIEEITK
EL, R EEUANOBEETRHLZGEIZE, HENELETTS. 20l Ehs,
BEZEIATLANOEAIIR, —RRETHZIDITEDLNSAY, FOBERIIEAN
THD, EREEOUFIHIEEEE DD DPE ORBIHFEINS.

DPE DEESBRHEZRALAEMELT, LOARNBEHLEZNERE [81] ©, 7
L—=F4 2 7ERM 0LV XT LA ODEAEDLRICEDEHEE 20) BERB TN 5.
T, AFBRRICE>TERBMNEBEIZE—D 1 RTELARY NEFRT 5 DPE [82] %,
VREHTHAO BB R EEIC L D HBET 2EHEBRT S S 4 (19 BREINTNS. L
MU, ZBEEIIHLUT2RITHICEHIINNY — 2 2ERT S DPE QR HEIIHELSN
THLT, FEERNRBRIEDARN.
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$3EF BREIEMEAFRTFONAR

AZ T, BELSEXROUFIFBHINARAELT, BEROBEITHLTRERDZARY
7 LANY— AT BEELEMMNFRT (WMDPE: Wavelength-Multiplexing
Diffractive Phase Element) ZBEFEL, RFFHEPREIIOVWTRETS. BELEHXD
W FIEIEE DPE 2R T 50 0EEREOVE DL, PRHNREFEORAETDH
%. Yang-Gu 7V TU XL [21, 83, 84] IIF DUV EDTH HA, BARDERIINT DR
DE—HED, HEIRA MREEEDLL. FMETIE, Bengtsson iZk D 2K WMDPE
D HE & L TERE XN/ Optimal Rotation Angle (ORA) ¥ZEX—R & L RERE
¥ [10,22] #, ZHEED WMDPE B#EHAICKEEMA D I EICE DREEITS. ZOFE
TiE, BREREZEZDZ LK, BEPHAEREREORRBIAEZRANWITRVE
5 LEFRRICL, ENSTRTOLBICHEET 5 DPERELIRTES. e, ARy
N7 LA RRET B2 &ick D, REOXMBEN. 328 T, WMDPE O#&
BIUOBBICOWTRND. 335 T, BEHFIEEBN, %R ORAEIZES WMDPE
DT %TT. 34EHTIX, 7THEEILN)VD WMDPE 2/ERIL, ZDOHBEZERT S.
35HTIE, TETFERFE/NTA—FITHT S WMDPE OHRER(LZHEFEICKD
FET S,

Ml

3.2 RERSEMBXAFRF

BELBMHENERT (WMDPE) 13, R31KRTEIIC, ARKOWEIC LD
TERBARY RT LANY— BERT BEFEOKEBETNA ZTHS. LER/NT—
S ONHE, ASHNTNA ZEBBT D LIk VR HAMEME, TN AER
5 HAEE TOXROERBMEOHREKELOFAICIVAEERS. Th52D0H8
SREBIIANDZEICED, BROBETNZIICH UTHIA/NSY — > BERT S
WMDPE %5+ TZ 5.

FEOEEE B OFNA ADVEDIHRADY T LB 5. KRKDY S LT3 KT
B EHRRICE D ROAERRELHERRECEN TS0, THGRDD S —BEN
AEETH B 1ED, KBEBAEUYTFNA ANOFANRIENTNWS [85] . UL, ®REt
DS ERIFICES SO A AR FIENSEE 2B, THICH L, WMDPE iZY
V57 4 FETHERTESLDT, BEETODPEERSEMEZOEEEATED. X
7, BEEICHLUTEROARY MF— 2RETE, HHENEL, BENOEET
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3.3. REtFiE

>
N

=
00
o
o
o
00

o ° o °©
0 0 o p
0000
o © e o
®
:".ooo
eo, © e
e ‘.:" 'Y
: e © 25
o0

Ad
A3

UN b WMDPE WAy —>

E 3.1 WMDPE &3 ARy h)NF— %K.

»HBi2E, BEEMDPE DBN-HEEZZTOEEHAL TS, ARIBETNIAELT
DR 51T, BRERICHTIUFINEENZELTED, RIEESZEI AT LD
BERAVHFTES.

3.3 REIFE
3.3.1 R Optimal Rotation Angle &

BEDEFINEN 3.212RF. WMDPE EZEHO Y JIViZHEId 5. WMDPE EHD
12D RIVINTIY, MAZHERCASGRERR—ETHDEL, FOER (2, y4,0)
BEDODEIENORERETS. ARy hm IZHAITEOEBDAE (um, vm, D1) IZRE
TE5. K3.2%0DkiZWMDPE BERDAEBEDOHEBNT MV (k| =k =2r/X NZE
&), Di(L =a,b,...)Id WMDPE @ 5 E X TOERE (LI, HIEERE) THS.
KT, HAER—EER>TWEY, EREEZRETHIEBTES. URRICRER
W2 WRD, “«Bre)y ERETHE, WMDPEEDQE I ZRTHDETS. Xk,
FE - HAOEEBOME D, D1} KHLTRELEZARY NOREGE My, TRY.

EZEN I N HETEHBEOARY b m 2B 2 ERRIE U, 1, WMDPE IZASH
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$3E BESEMAXFRFORE

y e v
A pixel / k X A
Ap 1 spot m
el (Xl » ¥ 0) (umv Vm’ DL)
147
#1 )
Ag L7 i
— "l u
1P i 7
A'C ’,’}:4 l"’ 3
> A
E s >
s Dy z
) ¢ P
WMDPEH HHE
X 3.2 %E ORAEICE2 WMDPE #EtoEFN.
THEHDERIEEE Unes(= Aincs €xp(§oincs)) ELTRATRENS.
Ulm = Uinc_l exp(jAgol)Alm eXP(jSOlm)- (31)

TIT, Ap iR RIVI DMARERE, Amexp(jom) EETRIVIDSARY bmA
BRTAREOERBEOTLERZRL, FHRLTIRIINEEMER EIES. EREK
13, Fresnel iEflicETEAkRICKDHET 3.

13

Ay exp(§om) = B\%Iexp {élﬁz [(um — 21)* + (Vm — w)?] } . (3.2)

BV ENVOMHEERBORE/LIZ, 23 E WMDPE OREHHEE L TRESNL
Optimal Rotation Angle (ORA) i [10,22] itE D&, Zh%E LI E WMDPE iR
BZEZ&DTS. UTFREDFIREZRT.

RERERETNTN AL A, Ao, ... &BL. BHEHEER 3.2) ZANWTHERIIHNL
TRDB. A ITHT 5 WMDPE OMAEEHRE AV 2HIERELTELS. O,
FNUSOEE Ay (X =B,C,---) T HMHERE AL WU TFOXTEES.

A
ap = Eag®. (3:3)
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3.3. REFE

MICHTB2BBARY b m TORDERIREU, 1, 2TOEZ VD SEMT DK
DEREDETEING.

Un = Amexp(jem)
= > Um=)_ AincsAimexp(joim) €xp|j(Pinc + Ap)]. (3.4)
z !

ZIZT, A % 6o EIBILESRIEED Uy, OBLRBICEBL, ZOKESZAIT
E£bT. EZRNEBTHETINZ, |Unl > |Um| EEZX5NB0DT,

Al = Ay c0s (¢um — 60{™) — At €08 Pim, (3.5)

EETB. REL,

Bim = Pm — (Pim + Pinc + DY), | (3.6)

TH3. ZOBRRTNTNOREERICHTEIIRTOARY hTEU 3.

FITEARY MINT 2 Al ORFEEZEZS. ZEL, ZORICROD2DDEH%2H
AT3, OEDR, BE -HAEOHIEIZHATINZ ARy MNEOEERE —R{ET 5
FODEH (w, TEY) THD, BIVEDEEBEE - HAETHAINEIARY +O
BEHNT—DLE—RILTEEDDED Wy TERY) THD. N5, REFIMIT
EXRTAREVWARY FOBREZRBADIE, NEWARY NOBEZEMIESERAZD
D. Al DEBMFEEE f(0M) 13, ROXSiTETS.

Ax

Sx, = sgn(S1x,.)(Six 1 + SZZX,L)%v
Six,L = EmeMx, L Wi Alm COS Pim,
S2X,L = D menty, WmAim SI Gim,
al(X ,L) Sox,L

= arctan (s—'—) .
1X,L

A
Fpl™) = Z Z Wx,1Sx, cos [—A&p;A) - al(X’L)} + const., (3.7)
L X

(3.8)

ZZT, sgu(z) 2z OBFEBEETHS. R (3.7) OENBRKERD 6N 2R, Ap?
2 AGH + 6o ITEHT B EicE D, ARy MEO—BEERLELDDEIRY RO
BENT—EHMERD I ENTE S,
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BIE BREBUBAAERTORRE

COBEERE 7 RIUCH L TIBRES. TRTOEZRIVCHLT, ZOBREMET
Litgic, BoNASE I LVOMHEERELR (34) KRAL, U, 2BHT2. B85
NERRICETE, w,, Wy ERRICE S TEFHTS.

Ia.ve ¥4
- old X ] L
w'm - wm I 9
m

Wa = 1,
Iave q
W&¢:=1Wﬁ(@2:ﬁ)- (3.9)

IS
ZZT, wid, Wl BEROREICBITENTNDES, [,3ARY bm TOBRE (|Unl?),
195 13 & - HAEOM {Ax, DL} KHTBTXTOARyY hOFEETHS. p, ¢
SCHR [22] IC72 50T, 02ICBE L. By dADEHEZERL B E, ¥R - HAEO
1 (A4, D,} BEEL LELZDOROM {\x, DL} KRHTBARY NOBBRZY— 23
BHTHY, Bxr= (MaD./AxDx)? &5, fxy PEAICKD, HFEE - HAEITH
FTHARY NADNKT—EEMICE L THILNTES. MHMECIE, UTFOEEA

wa.
AGY 1 FUF L,
W = 1, (3.10)
Wxp = 1.

FATNTVXLDOT7O—F v — NEM 331TRY. BMRIITIE, IRTOEE - A
EiIZH UTRELZARY b7 LAY — %7195 WMDPE OMEERAZ MRS
No. EMETITOIRBEEANT, RTOETIVE, ERTIARY MR, BREE
BaleZB LI RRNon ONDOREET o AER, REERS0EZEBASLT IV
TV XLBMEENRT B Z EDOR 02D T, FMETIREERZ OEELE. T,
ASHILTFEE ZRKE L.

3.3.2 (HEEETMERIEK

%t L7~ WMDPE DfEREIS, —RRMERZE, XFADE, 22 FSAMDIDDEER
AWTHET 2. UTIRENENOHERMEREEET 5.
—iRIERE
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3.3. BREFE

CIRBEEDEE

v
AR S B DRE

U, DEtHE |«

‘1'— ’ ETORZXHLT
AT A%

EY
<ETOEZRI
%_’* L7eM?  No

Yes

<EEEHOEE
LT 2

No
Yes

THNTYZXLDIET

:<

X 3.3 #Etvo—Fx¥—h.

FE - HAEOM {x, DL} ITHTHEARY FOBREDO—REZFMET DKL T,
—#EMEEEE2R 3.11) TEHRTS. ZOENNINIEFE, TORRICHTDARY A
EORXSDEIINE RS,

max ( Ispot) _ ,\m%l ( Ispot)

— ez - AxDr 3.11
max (I7F*) + min (IF* (3:11)
Ax,Dr Ax,Dyr

tﬁL,g%gﬁwxiﬁ%UWMM%n%ﬂ,ZﬁvkhmmeMxﬂwﬁgwﬁkﬁ,

BMEZERT.

XF AR

ROFIFABRZIMT 2K EL T, ARABREUTOXIICERT 3.
&Ry NRD/ST—D&E

TR OE KT — (3.12)

KRR =
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BIE BRRSENEXAFRTFORRE

W
. 13% .
~ N\ N~ >
« s » >

J—Xk I ARy b TI-ZFh

K34 ARy hbEI—-ZAMOESR.

=L, BARY hOE—2BED 13% (~ 1/e?) A EOHENDIREDHEMEZ AR Y
FANT—ET 3 (K 3.4 BHRED .

aAYbE3RX b

HH8F — > DEBRETHLERMET 2B ELT, A2 PSR MZRADE S ITER
T3,

min (IP°) — max (Ighost)

D N ) N £ Ax.Dr : (3.13)
min ( f,?"t) + max (I,g,imt)
Ax,Dt Ax,Dr

tﬁb,fﬁmmﬂ,P%($WQM%m%m,xﬁvb@mmengwe—ﬁﬁg
X L X &L

DE/ME, dT—ANBREOEKEER2ET. I—A ML, K34KFRTIICARY bOR
IMEZREBREL, TOMUIDEBICECBNI—2ELTERT S,

3.3.3 R

LBOBEELEMRREZRTZOIZ9HEE (400nm, 431nm, 467nm, 509nm, 560nm,
622nm, 700nm, 800nm, 933nm) ® WMDPE Z3REt L7, RFEER, XRAO0&H%
T EOICREL .

101 1 1 |
Y Vi vl v SR (3.14)

ZZT, g > g > . HAOHEERIIXRTOEEICHL T 10cm, EZ2IWE—T
10um DIEST, EZIVEIL 256 x 256, BAMHEERAERIZEE 933nm TN L T4nr T

38



3.4, WBIFER

HD. £iz, FEEITH LU TR “OSAKA UNIV FO—FE2E 0 YT, HH/Ny—
sELE. EXFIEIHAE L T0.4mmx0.6mm ODEHFHRNICBEEDLSITLE.

&t L7 WMDPE ONMAHEREASFELH AN - OHERKREZK 35I1IZRT. HA
NE =13, BEECHTIARY NORKBETRBLEL TN, FEAET-X MY
- N BHONRY— /s NnTk.

ZIT, HWHHEERED, B3—ETH2%®, Bx ZHIZ 8y TRT. BREIIHTIE
KBEDARyY MZHLT, E—7RELARY MNEED 8 KEEZR 3677, £
WHE I\ BIBRKEED9I33nm & L. £k, E—7REE ARy MNEEIZEE 400nm
& 933nm DETENTNHEBILLZ. TNSOBENS, E—VEE fx KRHLAIL,
2Ry NEREE Bx IKHAILTHY, XOEHRRKEZER L ZRICFHEINIBRE—K
T3, ZDIZEIE, REECHTEZARY NADNNT—NRK (3.7) FOEH Wy 12X D
—BLEh, TRTORIHEICH L TREOEENMESNEZEERLTNS.

et WMDPE O —#RMRZEL 1.22%, HFAIHZIERIT 15.6%, 2> b T X ML 0.784 T
Holk. EEL, TNE5DOEIR, EREOVEETHS. 08REOENICFFA+E
ARLTNEIZLEN5, &it WMDPE R OBERNUTHANS -2 20HT 58I1EH
LTWSZENDND. ABRFRIL20%UT THBA, 358 THRSKSIZ WMDPE D
BAMAAEAREZEMSELD, HORHEZEETZILICLVRRTES. —HRERE
BTAHBETERENELENTNS. ULEOERNS, HEEMTOREDIESDENDR
WEHED WMDPE #MRR 7 VT U XA L DREHTE B Z LR Ehiz.

3.4 {REIRER
3.41 TREIUANIERSEMEAERFORG

AHTIZ, WMDPE OSREREEER OB RERT. Ret-ER L 2D 7HED WMDPE
THD. REINTA—FIZLUTOEBOTHS. WMDPE D EZEIVE 700x 700, &
JVE—3 10um DIER, HEKIE7 (325nm, 442nm, 544nm, 633nm, 670nm, 780nm,
850nm) , RAMMAEAEBITEE 80nm /L T2r THS. THREICHT HHAI/NS—
R A ONZENN DT XFFOENENDNFENY -2 THY, TNTNE 12/
ARy NTHERT 5. HHEERET 10cm, MAELLEIZ ELE. MHEOEFRITIE,
2ETY TIRREEBEETFLEEZAWE. 72720, WMDPE TIREROEEEZZET
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F3E BRIEMEAAERTORE

A=431nm A=467nm

()

B 3.5 9¥k& WMDPE OREHHER. (a) MAHLRES T, (b) HANY -2 OBEE, (c) FEEIIHNTD
HANE — 2 DFERER.
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3.4. BRIAER

o ARy MEM
1.0- ol O ARy | o
[m]

o 087 g o

- 0.6 ~ o o

$< [m]

& 04 w0% o
0.2 - Kool o o
0.0

| 1 ! | | 1
00 02 04 06 08 1.0

Bx

K36 YP—rUBEEARY NERO gx KEME.

BZRENRD DD, ERERIINTOMHELRARO0 S 2r 2RDMEEL L THRILENDS.
Lo T, (22 RBVTA=2r/(N-1)EEET3. NIZLHALIETSHS.

WEMEREX 3.7 IR Y. BERENTERANTEN TN, RELLHANY—208
BoENTNZZEbM5. ZhkD, MHEEFLSN/ WMDPE iZxd 5%&t 7 )V I
U X LDEZEIR SN .

3.4.2 BEZEMUEXZEZRTFOER

#EtL~WMDPE 28 FE—L1U VT 57 4%E (JEOL Ltd. &, JBX-50008D) 2k
DE-LUZ. MHERREBRITSAER LOBTE—LT 4 bLP A (Tokyo Ohka Kogyo
Co., Ltd. 8, OEBR-1000) DEZICXVFWE L. 74 LA MDBEHFRITZ 149 TH
570, BHHE I/’\‘)Hi?ﬂ‘ﬁi‘??%ﬁﬁﬁ‘]?’&7z‘ FLVPAMDEEIE0nm, 217nm, 434nm,
651nm, 867nm, 1084nm, 1301nm, 1517nm, 1735nm &73%. B4 3.8 IZfER L /= WMDPE
DHFEMBEEEERY. WMDPE O2AKDKREZILT7 x Tmm? TH 5.

3.4.3 {HBEEDIER

WMDPE DigeZ HZERIZE DML 2. SRFBERITHBTE 7200 L —F K
B (325nm, 442nm: He-Cd L'—H'—, 544nm, 633nm: He-Ne L —H¥—, 670nm, 780nm:
YKL —H—, 850nm: BESLRBEEREAL —V—) KL0BENAEZIY A—FRE—
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$3E HBREIBEUAXFRFORRE

442nm

Zmm

633nm

670nm 780nm 850nm
(b)

3.7 7T¥EK WMDPE DREHER. (a) LHEEHEL T, (b) HANS—OFHERKR.
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3.5. BEEHIC L 2 EEEFE

X 3.8 {ER{ WMDPE DX ¥ FEMESHE.

LZERX WMDPE IZAK L, £RENZNF—%ZCCDICLVEBLE. okl
ARG =22 39ITRY. BREMTNY I T S5T FALEBROEHNG —HNED
TW3HDD, BFERENERICHLUTRELANY —2BERINTNE I LD 3.
N o750 RABEMT ZEROVEDELT, MEEHARRENEZISNDS. T3
FUPAPDORIREIHTIERERIEENENZIEBNDT, Ny 77502 RHI3E
BEAITES RS, —F, BOEBRNY —RETZ VYA XBTHITNE <BWEDIT
£C3. —RICEHFAIEENENWZENE LS. Lirl, WMDPE E& EDFEFR M,
SEWERICH L TIRE—H TR REZREL T ZENTERM 2. EZRIVTA X2/
STBHIEILKY, ZOBDNY—2RBOESEBIENTES.
SEOERTIIRRIEEDHEZBLITAR I BN, NS ZRFICAHFIELE
BT, MEFRFBENS, IXRNTOERICHT ZEFIHENTTEETHS. LA EOERM
5, HEREANOREIIESIDOD, HTHIDDAMHEL )V TELERE WMDPE O
ZROoND T ENERNICHRBTE 2.

3.5 BEFHEICKSHEETM

WMDPE DHREIL, LA DREI/NTA—FITKETS. Dz, TOHEEETHE
EBLIEETIATANWMDPE 2T 20ENHS. LrL, ZHFETHRELZZHE
£ WMDPE Z#® & LT, BEEROEEICH LU TEL <#E9 2 DPE iZBIY 5 RS
ERMIT LB R S 580, EZTHEITIE, EACATLEANDESHE2ED
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F3E BRERSBEUEXAFRFORERE

2mm -

325nm 442nm

544nm 633nm

670nm 780nm 850nm

3.9 7#HEWMDPEIZXDBOSNEANY—2.
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3.5. BBEHIC S BEAER

# 3.1 MEEEMEICRITBHRE/IS A—4.

M 5EH
g (a) (b) (c)
NIA=S 28y MK HESEY H BB
/T BERE (cm) 10 20 5-30
SR 256 x 256 256 x 256 256 x 256
¥ 7 A X (um) 10 10 10
400, 431, 467
500, 571 10D 500, 571
& (nm) ’ 509, 560, 622 ’
667, 800 200, 800 667, 800
27 A 27
’7“"‘11
BAMARZR & (800nm I L)  (800nmiZXfL)  (800nm 2% L)
M BN
e g (d) (e) (f)
NIA=T BAMAZHE  WEARE AT
H S EEERE (cm) 20 10 10
SADY 256 x 256 256 x 256 256 x 256
¥ YL X (um) 10 10 10
‘ 500, 571 500, 571
Bk (nm) 667, 800 600, 600 — A 667, 800
27 — 14m 4 2T

RANELEAE

(800nm IZX L)

(600nm % L)

(800nm IZxt L)

=%, BEHEICKXYD, WMDPE OMEEDNS A—SKEMHE2TMTS. 2B, HHHE
RBEFEEHE—EHICHRELE. M31005K3.1412BWT, EY—hT—IdE4x DEE
BB EEERMEREEZEL, FNSOEEEZFIETERLTVS.

3.5.1 ARy MRUKTEMN

REINTA—F 2K 3.1(a) ITRT. AFEETNTNITH L THAAR Y M 16, 25,
36, 49, 648 (& TIE, 64, 100, 144, 196, 256f&) DHFEAICDOWT WMDPE &t
L, TOWHEEEFML-. HAARY M3, EFBRICEFITS.
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