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Abstract

Abstract

Traditional optical system is generally composed of discrete block optical
elements. By combining different components, the traditional optical errors can be
overcome. Therefore, it is necessary to assemble these traditional optical elements
together in accordance with certain precision, which makes the traditional optical
system large in volume and heavy. Remote sensing satellite is a major national
demand, which has great economic value in social and economic development,
meteorological disaster monitoring, resource mapping applications, etc. In the
imaging process of remote sensing satellite, the optical system is the key to achieve
high quality remote sensing imaging. Its shortcoming causes great burden to the
remote sensing satellite, which is not favorable for miniaturization and lightweight
integration.

Metalens is a kind of micro-nano structure optical element, which is a functional
structure of the artificial design of micro-nano size structure arranged in a certain way,
which can realize the function of the traditional optical system. Metalens has the
characteristics of light weight, high design freedom and flexible structure. Its compact
structure can realize device integration well and overcome the shortcomings of
traditional optical system. Therefore, metalens is expected to break through the limit
of size and become the next generation of optical devices.

For large equipment such as remote sensing satellite, its optical system is the
traditional large optical system. In order to replace this large optical system, we need
to make large-area metalens. Due to the current technological limitations, the area of
the metalens cannot be enlarged. The maximum diameter of the current large-area
metalens is 2cm. At the same time, there are problems such as low production
efficiency and inability to mass produce, which cannot meet the needs of the optical
system of large equipment. In this paper, the current status of the process is analyzed
and studied, and the key technologies of large-area metalens are innovatively
proposed. The main schemes are as follows:

1.Under the operating wavelength of 4.35um, a silicon based large-area metalens
is designed, and a new layout compression algorithm is adopted, which is simpler than
the current compression algorithm. The method compacts the layout by 42 times and

successfully realizes mask-making.

m



The key technology of large area silicon based metalens

2.In the process scheme, a large area of metalens with a diameter of 4cm was
made by splicing lithography, which broke the current limit of the maximum diameter
of metalens with a diameter of 2cm. This process method can be extended to the
production of metalens with a larger area.

3. On silicon substrate, the process method of large-area special metalens is
successfully realized, and the error of alignment is limited to 0.5um, and the
large-area special metalens with alignment error of 1.304um is successfully
manufactured. The accurate measurement scheme of deviation error is proposed,

which solves the problem of large deviation error and immeasurability.

Key Words: Miniaturized, Lightweight, Large area, Metalens, Special metalens



B R
LT BBt 1
00 =1 =TT O OO TsOTTUO RSO O O TON 1
1.2 AR E E AT R e s s s 1
1.3 ERSKEFRBREIEFENFATIR e 2
14 B STBITBEERR oo sssssnsns s ss s e sn s snenenns 8
R 0 N S R e =3 | 8
28 ADABRAEBENEBRLEHEIZFE e, 11
p 33 S =SOSR 11
22 AEFBREERERIFILIZH oo 11
23 ARERBEREIEELZE L et 15
DA ZREBINGE oot esss e 22
EIE HEAAREREERNEHTESXRIZWR e 23
38 S| 1= OSSO 23
32 BERKAFEREZERNEFRITMBE .o, 23
321 HEAEFRBREEFIETEIR e 23
322 HEABRERABEREWRITHE .o 23
323 BEREAERBREIEEGE ..o, 27
33 AEBREREE B EIEZRTII oo 31
331 AERBREERREEZ ..o 31
332 KERBREEBEREESRTE. .o ssieessssnnn. 32
333 KEFBREBERBIERDIR oo 33
34 HEAXEAREBRAEREABIZHEMER e 33
341 BEAERBREEELZRE e 33
342 HEARFEBREERETRETE .o 37
343 HEAERBREERZIMSEE ..o 37
344 BEAERBREBEEAZFHELZ e, 39
35 FBEREAEFRBREIBEERIRIE ..ot 40
351 BHEAEABREMBEERBIE.. ..o 40
352 HHERBBIRZETTHE ..o sesneaeens 40



AARHESERAERXRI WA

353 HEAEREBRIMEBFEREMR . ..o 42
3.6 AREEINGE oot 43
F4E AAFVNEBREERNLZSNESENR .o 45
A1 B B ettt s e ea e e n e baren 45
42 KEFNEBREIBRRIIZE S E s 45

421 WEBREIEE L RIR oo 45

422 KEFREEFFIETT oot sssessss s essesssnenes 47

423 RKERNEBREBFERERIFIE. ..o 49
43 REFNEBREZERBBBE oo, 51

431 AERVNHEBRAERFEBREVETR. oo 52

432 AERNEBREIBERIE ..o sseesssseenessssnessssee e 53

433 KERWEMIBBIRETTE ..o 55
B4 ZREEINEG oot 55
HESE LEIBERBIEE oo ee s s e eree 57
T a2 21 OO 57
IR 75 I 2= OO 58
BEETTHER.....ooovvveevee e esssss st sess s sias st ssa s 59
BU st 65
{EE BR REGES AL ROERETEHRBRR o 67



HEZR

¥ H %
E11l EHf04mm BREEE (2) BKE (b) SMRE (o) ARBET
A (DB R TR e, 3
12 HE2em BREBEFEAZRELMRE. ... 4
Bl13 BIRERROEERRERE. ..o, 5
14 B IcmBEEEERESEMBE. oo, 5
15 REBFAMRMALETARRBREEEERR. ... 7
2 21 &R V AXENHEMENOBENIEERSERTE
B e ettt 11
22 RiRFEBROBRAERREE. ... 12
F23 RIRBEMBREBEEREE. ... 13
Bl24 WERBEREERTREE. ..o 14
E25 BHFREBATIZEFEREE. ..o 15
E26 BEAARKIERRBE. ..o 16
E27 MEEBREBREEFTMNEE. ... 17
2.8 NIKONII2 BHEFRZM....cooovveei e, 17
BEl2.9 MREERABREERLE. oo 18
E2.10 Nanoscribe WA FHMAEERS................. e, 19
E2.11 PASMEEFREMETIERRFEEBRASBE=EREE. ....20
BEl2.12 FRERBHERRIRERE. ..., 21
E2.13 RERBHERGEEMIRE. ..., 21
F31 BEREOEREWBTHEE. ..., 24
E32 SRGE(QBUSHEEXRO)BHESHEUXEE.. ....... 27
33 SRMERQBNSERXRZOGEHRESHEEXREE. ... 27
E34 BREBSFEWSHRNRERE. ..o 28
E35 EHR6oumBREEREME. ... 28
E36 HEFE6Oum BREIERGEBEE...........coo 29
E 37 HRR 60um BERMEFHRER (2) EHE (b) BERA ©
B e 30

F3.8 MRBIESEERERE. ... 32
B39 ER4m BREER (1) WHZ—EEE (b) FEHAE ()



AERREERAEREXRLIEMA

AR R RREISTIER N e, 33
310 ER4om KARBRABERLIZRE. ..., 34
301 SER AR ... e, 34
B3.12 NIKON-I2 HZHIEE ..., 35
313 SR AERHIIEE .o, 35
E3.14 EBBBFRE R e, 36
Bl3.15 REEZIMIEEICP380. ..o, 37
El3.16 ZERBEENEBE. ..., 38
BE3.17 ZMEREMARERE. ... 38
318 RABHET ZREBE. ..o, 39
3.19 NZMNBRAERPEEE. ..o, 39
320 HER4m KERBREAERUEE.............oii 40
321 FEEHHERMERER. ..o, 41
322 THRBHEREMEBE..................... Ot 42
323 EEBEME () &H (b) & .o 43
E41 NEARBRBRAERLIZRE. ... 45
42 TERIHERINIEE . ..o 46
E 43 ’"’Eﬁ‘iﬂ(a)IEE“ﬁ(b)ﬁE“E(c)""EEAH@Eﬂ%

44 FREMREFFICEATREBE. ... 48
45 FRARHIFERRTRERE ..o 49
Bla6 IIMBIRAIPORERE. ..o 50
B 47 AIMEBRAFUTEERRR () EFROG) IR IEFE........51
El48 AIMBEIMUTEZNRE () 3hE (b) RIEEFE........... 51
El49 EREMRCEEE Smm BREBRXAZAREE. ..o 52
E4.10 EfS5Smm XARWEBREBHREER (a) (b) () RE (d) (e
) MR L. e 53
E4.11 EEERE (2) L) T L (D GOKMES. ...
& 4.12 &EI%@J(a)J:L(b)'FL(c)ZEL(d)El.*&E‘JEE%............ 4



FREF

#B®
F 1.1 METAC BAEMBEIR R SCERNFER. ..o 4
F3.1 FREBEBRTREGBRBEISTHER oo 32
F32 HHEREMNERHESREER (B ., 42



F1E &ip

B1E e

IR H

AR-MEENERNR AMEEEBBLREEI/IOEESENZRHS,
BAFREA. BBERALMEERE, AX0%KE SRR, RiBidRES
B, HEN T ARNEEHRA SN . REREES, CEEABAERN
Bl TEXANFMEE, AENRARHAS, MR, TERRE, KBET
B BRIE, ¥ FELAE, BENANEN, FEL%REAEIEEEX
FIBksE .

— R, BAAFEREETE RSP ECH, WmERE. et B
FEEEMRR, ¥ uERln LRSS UE. WS, AT R~ELNE
FRE, WRE. AF, FERRESNHUA—-ENRKREREHED—E, X
FEAR T A HRFE RGN /N, BEL. BEEFH. FHENETFRE. BT RE
R R, WERANEELOME D REN T RIGEM N, AHFET
STHTR R R A MRE.

BHETHAMITZURERETZHRERRE, MTREHHE, Mg
MMFENRBARE LR ESITIF T HAE O BAEHRFCKEE SRR RN
BE—wINFThaess, aFEAR LM, Bk, 7R, BREE. &
MR F Tt B EEEUN. B TEMR. EENERA. P, MAEHNER
H, BT HRRRE RN ERER)), SR TERANRE.

Frig#ERME, LAY V.M. Shalaev HIFAH 7T XHBRER 2 X2, &
R R WK B E /MR ; WK% F.Capasso HUZ 4 i 73k LI
BRE R E XY, BRELEBFERTAEEKEN (BB St
SRS I B RS, BREENIIRERMBRAN A, AT0RE &G
SERILE ST b A% 23 () 43 A0 AH R M0 IR 1) 6 SR I AT . R E RIX 7 RIS A AL fe 4
t, ERFETRBIH B ERHLD,

12 AEREREEROARER



AEREERRAERRBTIHA

BRIEREZNEARTR. —HH, BRELEAERNHSLTRKBIK
EEREER; 5—AH, ERLEARRNEN ZE&0FIREEEAR,
TEMATESRE. REHE. KEHSMEENL.

ERILEHBOAFZRARL LS R BEBRBHRE. BEU. SR,
LN MER RN RS RERAERER AR, SRBAHBRATK,
REMZFAER E R B EEBZREAXRIETFREMEN 22, RREZ
HHEYIFR. BREUREALRGNGER, ERE, AN EEHRH A
Ay TTEMERIEETERT, REMSRT ARG SIGERE MBS, &
[5]ef X A 7 38 BRI NS5 Y

HINER PERZE RS EXRAPETR, HRET AR RN AT H
AEGEH . ~EKRRFAGHA, KAZEANPRBPEWRLL ¥R FEER, U
WRZGEMRE, EXTRRITIRME BT/ . i, FHERFEREW
RIEENGEERFEAE, LEHERERNBAERENTE, MELREHEN
FRGMFNERGR, CEEEWEERNERL. AR REFHR (K
FEFRO GAE, B&THMENERE, BN bR E N R TR, b X
T ROFAEEET AT RALB R E, RN#EELERENUS . BES
M, RRATZMEAMROERGEAA, BEGARK. EERHEZERS. L
B EBRFEES SANE R LE ¥ R AR R R TR EERE AN
e BRUNFEDLERSR, BONBREREECERGETIN, ERERKT
IFHETT R

HTEREEAZXRGMTEAERA, BN FRERMEFRNER, ik
HTHHESR. BRTEREERMI, ZHELEIHRS, SURRT /M ERE
6, RALETEHHMAM T TSR EPRREES, AN, WA, 25F%R
AtorEvt. MATSKHRR, RARAHHIER BN BREEFEE — MR 6T
R AXBRERLERGNER, AT ZERG L. BEA,
BRENAZRARAXEARTR, HREFEEEEONERTZHITHAR .

13 EASMKERERAEROFRIK
HREEFRAAELLER R TR — M, SR EE S HIBTF7 F b
ARARE, AV AEREEFET A PORAERL R, FRRMEBERE L4



1R &R

H WA KA EREEE T TR
a b

B 1.1 HEHZ04mmBEREBEE (a) BAE (b) AME (¢) AFBEETERER (D
s T EEY

Figure 1.1 Metalens with a diameter of 0.4mm (a) Enlarged view (b) Appearance view

(¢) Line width view of SEM (d) Column height view of SEM'!
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Figure 1.2 Photolithography of a 2cm diameter metalens and test diagramm'
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Table 1.1 Algorithm before and after compression design file size comparison table 2]

Device diameter Meta-element count Uncompressed file METAC file size
size(B=Byte)

10 pm 150 19.8 kB 9.1kB

50 pm 3,614 157.9kB 44.5kB

100 pm 14,068 501.4 kB 94.1 kB
500 pm 1.053,822 30.3 MB 972.1kB

1 mm 3,204,089 91.2 MB 1.9 MB

5 mm 73,194,422 22GB 11.0 MB

10 mm 291,697,949 8.8 GB 233 MB

50 mm 6,853,721,364 205.7 GB 131.1 MB
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Figure 3.4 Diagram of the structure division of the metalens
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B pEM T, PR ENBERIMERER, BrUCRR S ZHor it
47 mapping AR, X775 Rl S 7 5 —Fh 07 S, AR bR b B AU R 1,
fRIE T BB s Rk

B35 E& 60um BRMEERSEHE

Figure 3.5 Structure of 60pm diameter metalens

TEH 52 I 83K [ 1 8% mapping 77305 » T Z TH R 2 STk A B L )
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REBTHEMERE, BRIGEHEP BT ERERAAAR (23) F, 3t
H A BT R ENE R AR IR ZE 0 27 XA W, BXAMEAES #
TCPEHARRLREAT 1822 LA, AL (B /N BT B vh B TT TR L6 98 B A
A B bR R T M B TR R, B X AT K R — M B R R 2R
TEFHHREAEME L, K 3.5 ARAXMTRERKER 60um BREZE
% mapping JE4 A, XX ONBA XL, E&/N DEBERIESR TR
e

K 3.6 Ef6oumBRMERTEEEE

Figure 3.6 Simulation modeling of a 60pm diameter metalens

BE B 4om KERERIERNTEFTHNEER, HESTETHRER
4em KHEFEREBEGRIIGE, A0 B RAE G4/ 77 AT R E S
HE, dRiEMl. 3.2.1 WkitERFRE, ®it—/E& 4om, £ 16cm, F
o 4 FRKEREREES, A7 ERMAER 60um, £55E 240pm, FH N4 K
BREEFHTRE, HEMBROERERR LMER, ®ET FDTD fiEX
AN, WE36H (@) Fin. X TUFFMHRERE, ¥ FDTD K7 &4+ x
B/NA R E A Anti-Symmetric, y H/NAFEREAN Symmetric, x BAAF, y
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BRKIAS, z B/NAS, z RRUFBEEHA PML profile BEE N steep angle, 4K
712, WE 3.6 HE () () (D) Fim. EREGOREE LT — MK
Abi% B frequency domain power monitor, 437 F T+ 5% 51 % UL R IS R EEHF L,
wE 3.6 HE (b) fim. XEMNZEHPLR, EIXERBIANAETERER&H/N
WiEN 127.1om, HTEREEEMEITANEEZRK TEREETEMTE, B
Phix BN P AR a5 X 01T W B, T4 —4% FDTD {/j E X 45+ min mesh step
WEA 100nm, DMRIEGERENRT, MMIENE. REZTRE, EdAF
2 Initialization and mesh A 8.761GB, Running simulation A 4.406GB, Data
collection ¥ 5IMB, Monitor data saved to fsp file ¥ 25MB.
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y(microns)

43 a» 4a
lambda(microns)
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0 B e -0 ° i x ) @
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B 37 BEfZeumBREEHMELER () BHE (b) REBR (o FEE

Figure 3.7 Simulation results of a hypersurface lens with a diameter of 60pm (a)

transmittance (b) focusing condition (c)FWTH

PiRGER EEETRIEF I ANER, FHENER 60pm #RMIER
TR, B 3.7 M ERER, B () NBREBFREN R, HERKXT 60%,
EANERNTRITER 50%MBRIMEHER BN, HRE 10%MILERER
B, TZHERER—EMEHUTHE, BEENE. B (b) JEEE 240um 4
Reafgo, fEAEEL xoy FHE L, BE—MREMAR. B (o) AEE ®
Hy=0 A FMYILE, B (o) HrEHERNEEELANTum, 7T BAE
HAEmtE, XETFE THET BERERAD, ARG GO #FHARK(33),
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RAARTHERK, fREE, nAZSHNE, DABREEEER, BHHE
RAAR 33) BERELN 174um, ELREGERUHLERNMN, (HHA
TESEAFERITER, FEROBREEFRRHEBOHER, TUARERER
4em KHFHREEH

A

FWHM = —— .. 3D
2NA
NAzﬂ(f>>D) . (32
2f
FWHM zﬂ ... (33

n

33 AERBREERNEERHAR

BILUiAHE TARER 4om MXEREREEROETESY, BTX
T EEEREEGHANAE b, REML KRR T ELSURBRAEZMVEEL, U
WA BT BOLRIAE A B GDS #aURE, THE/M TR R T B4 s T i
AR RRITER MR .

33.1 AERBREE R EC)E

MREA R 7E 3.2.3 WrhiRBIMAR B4 BT i, BB SR T 2 B
B/ME, BANEAEMAEEREE, RERK, FEREE, XMHEERE
BERRABHNRBTHE, Z7EEN T PMOREREEE, X TERZ 4om
KERERAEFERGFTEH, BEERAZTEERER 4om KERBRE
ERSSBONENLETLE, RE SR EITEGET.

RRESCHRAD REXHXRDIRAARREERIEF AN REEHRE, R
3.1 ARARTESHERPKIORERMERRES AR, EPER lom
R FHE A 2500 54, REF SR/ 14.7GB, TIRHRRITHHESR 4om X
HRBRE BRI FREX 4 24, REZHKR/ANN 2352GB, HEHL. §
MR KRR F LR EEN XN KPR ERTRE . L. HifE, XRE|
T KEREREESR KHIE.
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#£31 AREZTFREGRMESAFRAN

Table 3.1 Uncompressed layout file sizes with different diameters

B BT AR IEFRRR K/
1cm 25,000,000 14.7GB
2cm 1,000,000,000 58.8GB
4cm 4,000,000,000 235.2GB

332 KEFNEBREBEREMEEGESE

R o R T AR P L O 1 R 7, 4Rt T T 3 B E B ARAL BRI

BEH REEH S REARES, REWKE X RERLMILE,
TR HIMZS AT I ROEE, REHAREERN— M REETA, &
BRI R 4R S E Bk B TR E . AT EA RV, HATEREA BT
FIxt BLEARARBEAT RS, AR BT RS R ARAR T R —28, 4E9—> mapping
Bi. RJERFMAR A BT WAERRE, B 3.8 M T ¥EN R KBTS
FRE, EIERIART 420 R TR BT IR E ), B 3.8 kiR
ST MR, AR N A AR AL B AT TR E R, AARALE B E N
FRN R MEBTTEMRER TRE, XRKEE T RESECRNEE, #m
TIRE SR N RN 45 8% % F mapping PERIEESL, Bt T8 —LLE, &
AN R B I v, X AR T R A S (] ]

Ooooooooooao
googooooooano

/’\EQ]DDDDDDDD
oooodooo

a

ST Ly RDDDD
DDDDI’J!R U.ﬁ'R‘R
oooooOoOO0O0oo
o-p-0-0-0-0-0-0-0-0
o O o O o e s Rl
O0Doooooooao

B 3.8 MEAEHEEREE

Figure 3.8 Schematic diagram of layout compression algorithm
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333 KERBREEFRREERESR

KA EFRBGE SRR EENER dom KEAERIEEN 52 —RE
BEATESE, B/ 3.9 AER 4om KERERIMERN S 2 —REESEERE, B
() HRETEZIE B HR 4om KEFEREZEH I 52—k ERAMUY 1.4GB,
FAELF 3.3.1 45 58.8GB ELA% 2em M RIZES, REES T 42 %, XMES
BT IRERERBRRE T2 EAR, TR T KERRE RN RS
BUMTHEANBR R TIEIT I . JCEE .

¢a) (b)

R=2cm

B39 HEZ4em BREZER () Wz —FHRE b) REEKE (o) E4EH%ERE
SCAFR AN

Figure 3.9 Metalens with diameter of 4cm (a) 1/4 circle map (b) local magnification map (c)

size of map file after compression algorithm

34 BEAARBREERXBIZHENR

MR X KA R EE SR IR AT, TR K on EZR A2 E
RIAE, MARREIRE LZ, QIEMEIRE TXIPHERN TZ05%, &k
BERETEAR F T AR BRI, ARE R KB H F &, SCREFAELA Y ZIHLAL
BRG], HECRAK 2x2 BHERER 4om MAERERMESRN TR, T
REFREREREERFE, TN TEEET AN A.

341 HEAXAEARNBREESELZREE
& 3.10 NER& 4cm KEFBREEE LERE, ZL2XH T RZIBEN
FRNZ, HERAEREMEAERHEE, RFTHREZ L, FHARENT:
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B 3.10 E# 4cm KERBERESEE T ZHE

Figure 3.10 Process flow of large area metalens with diameter of 4cm

RERTEYE ¥ 4 ST EEFBONEERHEE 5 2480, SR EREERAHALK
W IPA, A ZETFKPETIEL, HRSRERSHRRT, HBERMR T
2 518F.

BB ERIEFRIBR/NETEN 700nm, F/MERHTELR, XEEFT
LI E M AZ6112 JZIkL, AZ6112 LI A IER, BIRLL 5 fEi5i& 500nm,
RBZIER . %8 AZ6112 MR —NERE, £ AZ6112 XZIRBEHERHE, &
FETRE, HTAXFERARFNZPHELZRENER 4om KERERT
B, U TR GREB. SRR RE DN RENZIRARBIRATF
1.

311 ERABRBI®RE

Figure 3.11 Experimental photoresist coating machine equipment
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%3 8 EEAIREREERNRIT SRR I MR

WRIEHL % 52 55 —F2 3\ Speed 500rad/min Time 5s, 55 —F25 Speed 4000rad/min
Time 30s A TERETE 100°CHAR _EXEME 180s, M 3.11 AA LT EHRKHL.

HAHHE RZRELFULEHREEN—F, WERREBIIHE KX
B, K 3.0 PORZIBHEP IR, RER 14 FF SRR EREAT IR, P9kt
ZIEARFW, RARBE—ANEBOER. XZIEH NIKON-112 SR Z0,
W 3.12 R, HZIERE 350nm, BEZKERE 150nm. EXZIEREPEA LSBT
B, P REGPHE. XA, SRR, BRSRiEmiRE, WERETE)
HROHAER, R BN REATERARESNTHEZREE 1500m, XAMRE
R UEBK. NTHHERIZRERERS], 7TLUE Step Pitch BHATHE A
i

& 3.12 NIKON-I12 HZIHL 1% %

Figure 3.12 NIKON-I12 lithography machine equipment

B 3.13 SRR E

Figure 3.13  The photoresist removing machine is used in the experiment

B {1 3038 BREBIRIE 10s, SRIEIRRTEHHERs . R4 et 25s 7
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BREL, BEEREBALEEFKP, KT, ERECIRB RS TZ
R, MuE SRR SR, EEEIRECAEZRIETR, Hik
L& 3.13 Frow, B S5¥%E N Power 200W, Time 3min, Pressure 80, O, 200,
£B4) 250nm K ZE B .

e ZIMREEGCKEERES), TERRRENL. MEEERREZIM, RER
ZIBAE A% T R ER, XERASBEENZIMEERR, K 3.14 N
HTRARRE, 0.1A/s ZK 60nm &/EE, BRAHHE<5%.

B 3.14 SERFHETRERRS

Figure 3.14 Electron beam evaporation equipment for experiments

B AZ6112 BARELH lift-off LA, HRAHKIBEIVEALER SR, BT
RERFZRED LA RERETRE, B R 2 N, RIETEREE B,
WEINE 40%, K 45kHz, BERS) 1 440, FARMENERERETE &
HRAN S FARERE, HERRE R RERERS.

WREZIPh TRREZhi 4% A ICP380, WA 3.15 iz, KFdE Bosch TZ, i@
it %} SF6,C4F8,Press,APC,ICP,RF,DC,He, Temp & ¥t 1737, SIUEEM B RIR
b B L % . T RER SR 4 ST se B A, B Ak [R] BERE O 357s,
KSLIZIhE B 2.5um, FEEFE 90°+5 MIREG KA X .

E8 ZIER)E, HEXMERERE, XERALREERERERRE
54040, RIEREBTKBELETE, BIERR LT, BRABEIER 4om KR
HMREE GBS
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B 3.15 HFREZIThi % ICP380

Figure 3.15 Deep silicon etching equipment ICP380

342 HEAARBREEBERETXE

R FE ST A A R GORAE BLAR, RIE B SCRARAL R DI RE, TR
FIEZINLEAT 2R, B T S 4R g e — e 4 T B e IR OG, TR
HEFHLR TN AR, HMERTaRA —ERiRE, XRHEEdSHH
W, MR LRREEHIE-NMEERTEE, AR RALELRKTTE, HL
TIREFHITE 20%. KT LRLERERDRBERIESR, £ Nikon-112 Xt
AZ6112 FZIRBATIRE LS, LR ULZ AT LZAK AHR, ERE®E (K&
Blse, SRR « EEELT, MBERERET T 4x4 BOLSER, XZE
AABANEHEEPRTRENE, HE5RIMELE, FEHEIMERERT
FEHITE 20%, HEEUE PR SH WAL S BT 0A , BT — IR SER,
A ST SEORAT AL, R AR . X R ER W BT AR A E 0 E AP
BT 2RI BARETE, LA 2 5 B E RN T ks, W RA =A% BR Z R,
FEXER . BT B — BB,

343 BEEARRNBREIERZMEL

AR SRR E BB REGUORAERE 5 BRI, B DA A R 2 P BOR 20
B RFFIAL A — BB, 2T Bosch [IBRSCR N BE 2 G 3505 5T 3 1) AR,
B &R EEGORAE AR AL, MR RAERR . B, RELIRIRRELL.
HEEE . RESS. RENEBEMZIM TS EE. AR A, T2
T2 T BIRNR LR, B2 € & B AR, TEZIM T Z R,
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ST B/NR IR 5:1, EEFE 90°+5°, mEANHISE<3%, MEICH R
BURAEZ

B 316 ZInEEHRENEE
Figure 3.16 Scanning electron microscope measurement after etching

B 3.16 # (a) (b) AZIhski il R TEERNE) T, FfiE6 TN
KA, b 10 ML, PR 2.59um, FENSIEL 1.5%,
TEAE 90.2°, MEEXI, LI BT E B/ NR T 500nm, Fe/NRFEIR LG 5.18:1,
R R R, EEREHLER 4om KERBREEEN TXIME T
SER.

B 3.17 ZohjE g A

Figure 3.17 Top view of etched silicon nanocolumn

B 3.17 AR S8 AR, APRE R ATLAE H, ZIhBCR A5
HEER, ZZhSHMN R, TUEBZER 4om KEFERIEHZIME .
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344 BEAERBREBERAZHHETZ

B 3401 PREDEZIGHEN T Z 758, KREEAM— AN E. KBt
BRRRE FPHEBARTDCZIBAR ML &, B—FEEH ZXERBER, FRT
RERHHESRITRFERE . HERES, XA T RZIEMRMR A, KA
KER dom BRIER TERESRR 4 B, §—RE—ANWHZ—F, Bk
B 4 AN —BERRRE, FE5aamR. mE 3.18 fiR, BEERZIER, K 4
MU —BHEBBRZIR L, PR TENER dom BREES.

¢

318 MtZBHEILZRER

Figure 3.18 Diagram of lithography splicing process

Bl 3.19 StRINLEREX B se E

Figure 3.19 Lithography machine exposure block setting

BATHE T AR ZIPHETT SR, SB—FOATER i LI EZIbRE, EZtRid
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FREZF A 4N H 2 —HEAR, XL EPREE, TR FX
ATHEZMAR, &8 TARRERINE, BFEABAREFEA RS, X6
REFFER& TR R AR, B e 4 MU — AR, —IRTERE
AMEFEREZ] . B 3.19 AFERZIPL L E T IABEREXE, AKUOHAS R X SRt
TR, XEO/NRR T ERAB R, Bt RELERMBE DEERD.

XEFEEERA, B4, BTRARIUE, Frolel R asinRa, X
FEREESHRZRE, RZPBRZE 2R, MERZENmBE 3.4.1
FiHE 2 AT LB L Step Pitch BEATFEHE TR ; 35 — R, ZITIE L2 X2 HHE T Z 0B,
ESZPRA R A, ARBRIFHISEIL SX S PHETE, ERARRN KR
HZEFKI T K.

35 BEAERBREBSRORIE
WHAAS KAREROEEN TS E RABETER 4om KAFER

MBS, ATRAHZR M RPHESOREATRIE, I HDERIB R R R E.

351 BEAERBREERERIE
B 3.20 HEFR 4em KEFEREEFSINE, MIRE, ERIEHSH
e, WA AR TT LA Bk, 3 HAE B REAT I B, EARIEE B ERA 4em.

B 320 HA 4om KEFEEREZFHNER

Figure 3.20 Large area metasurface lens measurement with a diameter of 4cm

352 HHERBIREULE
NT BBt T ST, MettERERNRERE, FTEA—E
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HE PR Z N T, e TIERT, B REA LA B IRIRE] 4 Sk B
PHEMRIBR, A REEFHET T — P HNE.

PHEFBRI R E 3.21 4558 E, W T IR EIHHE A . A
AT AE B, BHEEREZ RIEA — b A @EER, RATVOEHHERR, &
gt R A L FAEA X R, BJ7 KPR — B B 5 S BB
(1. MsEERRE . OF L, BTECE B O KB /NE, EEE R XIER
RANKETY, T HXAXKIEH 24 NNETERERBETLA, 24 TSR0 HR
LB (4 , MEPERR, HAMXHEIVERL. XEERAKNE, 24 ME
BARME R, MRMASANEAER, WEREENERRERBE,
P AT EARME—,  RERSFEAL AN ETE i s S R BR B AT

B 3.21 EEHEERERER

Figure 3.21 The layout diagram after complete splicing

WEHE E 321 hXBHERRA AT EFAAXE, BT FRIHER
B R, I3 BRI P 0 DA X e IR B S R TR, S PE4EE A
T BRI T

B 3.22 T/ KSR BEMEES, B () B x A 241um, x,
PR EE S, WEPEES x, A 2.30um, FTBAAx=x —x, A 0.11pm, 2 Ui T
771X He ph 5 = B0 55 DU ek B BE T A, B0 TR PO BEEEIR 3509 0.1 1 pum. [ (b)
sl B B B A AR AR BT R, 5 SRR S AT O IR B BS A 2.43um,
WEFE A2 Rk BB p, 9 2.41um, FTBAAY =), —y, 9 0.31pm. R
JrEA B BRI R R IR, SRIIRAER 3.1 .
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K32 HIEKMBE TR, AP T ZHIEER 4om KEFBREE
EMRAPHERERN 0.38um, HHBAPERERN 031pm, X MEEXN T 52
PSRBT R, BRI R Y628t T2 58 BROK T AR M 22 TH 3 8 X A 2 v

B 3.22 T XEpHERRE &R

Figure 3.22 The bottom block splicing error measurement figure

T, HRZEETHARLIN.

Table 3.2 Record of stitching error measurement and calculation results (micron)

K32 PHERENERUTHEERERERE GO

A= X X3 Ax N V2 Ay
+EFH 2.48 23 0.18 2.48 2.48 0

il 241 2.3 0.11 2.43 2.41 0.31
VeVl 2.43 2.40 0.38 2.41 225 0.16
Yyl 2.39 2.38 0.21 2.38 231 0.07

REREEL, ERNER—REA AR RT N 2.5um, WER
) 2.4um, XBEPREFMGEHMERTIA, S2PHEPRmREIRE, THEXET
HIRRIRZE . X THHEEBREAE, 7TLOBEX 2N S BB EOHT .

353 BEXARBREERBEMNR

42

AT BB REMR, WA SLRMZI LR ER, X KHERE
RIEBEFEHATELGI A, HIET —NER 6.75mm. 4FE 27mm. F $08 4 1)
BREES, TAFEK 4.35um. (M RBARESRR PR LIMRIN RS, XKE
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PRI EFEATRIN. B 3.23 1 (a) AEEMBERM (b) AEERNR
B, Frct KmBEREES, EREAEREME, AE/EN 20um, B
EET 50%. BHEHMNRSHENEREAERELER, KR HTLRELLH
LRIIRZE RHITE 20%, LLEARIBRERINER /3 HHER S BN

(b)

B 323 £FEME () B (b) LEE

Figure 3.23 Focal length position (a) focal spot (b) FWTH

3.6 EKENGE

AEMKERERIBEH AR DK, @it T TAEBK 4.35um, B4 4om,
FHE 16cm M AKHAREREES, =BT —METNANREESREE, BER
dem KERAREIESE T 42 £, 0T IRES KEEHIR DS . RBRELTE,
R TOCRIPHER T Z 753, 3R BT HIE, %77 MR 2,
XA AT LA BRE AT, FEATRE B S R, LUEIEE KIREER
[1Tpviz:
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F4E AXEARVEBREERN I ZS5NRSZHR

41 3lF
BHBREEGRRI LEEEGAZE, REFRE, NTHRRILRE, KEH
TR TT R Fe B 7 AR EES . AR, ENEERERLT, XEER
HERREW IR I AR GBE. BERE, XHERREEN, SR8EF. H
HIARLEE, NHEREERNRE RZR 2um, X AR AETHEERE,
FAREFRE R R ZAERE. W T REREREER, W LA E
k), IA—ERAK. TENORERENRBTZRELDERN. KNI
WHRHE R WA, X REARNIERMERET T LEMA, &AL IFHILE,
FIHIE T B2 Smm B KHARNEEREES, WERENT 2um, FHLIT
HSEAT, AR REARXEERIME RN L ZRE T — BT,

42 AERVABREERNIZEE
KT AR T R T B 125, HLde i 2 BN 7 B AE A e 9 T 1 R R B

B%, BRERIEMBRERTRAD, Eifit DERIESERR/NEE —RE
BHK, T A E 2B A G ROKZ, XTCiE A E 2 — Ik
SR, WIMT TERRE. AN, BT —SBROERENOHEEERRR, 7
BETR ZH T AR E RO A, W) SEILmobE R B4 WU Y 2 e — Ao A
FERZITRE, WATEBMRIERBRE, MARMIHRE RZE, FEBELE
BAlle AT, RKEATRR, FHTROT.
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B 41 XUEAERERTEH L ZHE

Figure 4.1 Process flow of double-sided large area metalens

B 4.1 WK TSR IEE S T MR, X2 TERAE TR, B
AN TEFIRE R S b T HREE R, MRACEHOEZI TE X, WEgy
BREBSAZLZRITES RENT:

SUE ARG 3 AU LI, W 4.2 frm, WEDEZIR/NELRE 2um,
BHEEZIRERE 1pm. 7E4E M IE P H1F R TR EZ A K +rhsic, +
FHCHNEMEL, B 300nm, HIETERUG, EALINSAR D M SCEHE fnidE1T i
i, FEHRIERBRED, FFEZERMREMEET T — 20 B R EE.

B42 X% EH B %

Figure 4.2 Equipment used for double-sided lithography

FHBEGEY XEXZRABTREATZ, E—SRICLTERTHT
IR FEEMAMNEZFS, BT REAEZIEE 40nm, TEWHTHIETK,
HL T IR BR G A SR LT AR . BRERIBMRIEL, HIMAKDBUREE, Smm FER
T ES RHERT R AR . BT REEH PMMA4 XZIK, #i#E 4000rpm
HEAT AU, BRJE 200nm, 5 B ARR G R &0 H AR Smm XU R & 51 IR H
PR EBEAT AR, BRLHIE 810, WS, HERKBELMCHAE, EX
BEIETREFE B LSRG IER B8, JFERMR EBTERE 5 280,

PR RIE A RIE ZI b LA S SRR S AT R, THEE 30 TL, S [H) 10 A5,
B F PMMA4 R R4 200nm, FATCAXRTRK A TR K. EE 341 FWHET
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RERGEE. RETHS, £ NMP B# 80 RIREKAEM#A 3 6, HEMA
BERS 1 248, BEERERE.

ICP #oh ICP ZI TZ PR 3.4.1 P REZIMS TR, ZIth 2.5um &
BERIREGEAE, ZIhB/NREIRE LA 5:1, HEE 90°+5°, BMHE R IE3%.

RBRAPR FEEEERE TEXSEEERTHE, /e RENIE
HEXHEARRTRREY, RREEFREATZMRESHRRNRE, X8
EAEERT 3um i) AZ RIEZIE, ERERZRERANERRRES ER.

FERXEY TOARAEXFREARLEY.

TEEEYE FEEEIEREEOEENE, XBEERY, EEIETD
EERPRESEZR, XEREERT T8, EARKRPEESIEREN R
BRPR, BRERTRT,

W ICP Xk %7 ICP Z2Iph R IETH ICP %k,

HRET EREERNE 3 MR, HEE 341 HETEEEE SEFEM
RS OR AT YE, U B R AT REAAT R .

ZEWE FAEBEREPHERNEREERR, FiiTrxEk REAR
B EAZ Smm M AXERNEEREESR.

422 KERNEERLT

W ERFEITRAEZFH—NE A, RCHRTEEYRBEEEZNEE.
XENEERERRR IFER, B-LANEEZNEREERS TX%—
WIEBERD: FRANBFREBAEAEZIRE, TXE—HEEZIFL.

HFEMCRNERZNEARE, EEER F—MAEEEERL, $
“AKHREEERID, WA 43 Pfir. HPE () ATEEERD, BRAT
FE/NE KIS, REA Spm. FriBUFHR, XBEHST—ARF, ERE& LRE
Wi T EEEZ . REMNEFRHEENELNERE (BFid 1A) , D
BEENEEZHNSE, ENMBEERHE. B b AREEERD, REYTE
RCRA T —B KK &WHIF, BREN 4um, LLIEFEERFC/D 1lpm, 4152 1um
HIZ 85 BRAS TR S ERKRE. ERAEERCHTERITERXIRN, &
RRMARN. SNEXZNEEERS, WE 43 # () iR, BMRETE
B8, B BIFEZE—ROESED, #ARENT 0.5um,
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BERPRICBUE R B, ARAEGE A T R R A ERBATBE, [ERIEZIARCR
SR, AAhRfr Bt TR EARRE B, IHEFIEZIERATR T, E2liricst
BILFIRAES,

B43 HERK () EAHEE (b RATE (o) BEEAWICKEA

Figure 4.3 Back cover mark (a) front back cover mark (b) back cover mark (c) back cover

overlap effect schematic diagram
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Bl 44 EREMREFCESTZEE

Figure 4.4 Schematic diagram of overlap of front and back layout markers

B 4.4 NIEREBRERCESRRE, % RARNMEZRMARCA R, 45
AR, RN EIER S BIFiRS 1 NS NERHRE, T
TN BIAEM . 175 2 AHETRIBLEZMD, /75 3 AWEEZINEE
frid. YXNHEERHELT, /75 | 12 BIFcE2ES, 775 3 MiRLES,
HIUfhr AR E .

48



4% KEARNEBROERN LZ5NET R

423 AKERWNEBREIEHFEERGE

TR ERE SR KR B R IE R — N EE PR, sk B,
SR EZIFE— R SR IR R, B 4.5 AWARBORE, Ak B ffk i S
B, BhmBMRIER () M—BRK & (E6) ExE—&, BM
MNMERREEAE 2, WKETUENY, RERMNHIEZE &, MaXNmE%]

ﬂ%éﬂﬁﬁ}%*id\?% o XFHTEREE G A TR O, RER I R IRE

NFAEBERRE S . FRRBRER/D, BRbFLRERER/D, EH B THRE
HEZ WK B AT BT H BARE TN Spm, RIETE EFR L EE A 4pm,
e tH BORE RS R 22N T 0.5um, WEALRBIEREHERLE, BT REBEEMK
EZAMCZ A, RBRZEEHIFE 0.5um DI .. XRBEER, XMHEZNRRET
ATE—IRIE RN TR LIRS BEXTHE, XUEDE 2GR BB/ N BN 2um,
FERATIRE /R SERS, RAESEIL 2pm UUTFRIRTE. RAFRXIF R, He
LI, XTHERER, 1 2pm FOFRARAER R . XEBIKA 4pm
M Sum KEFEE, FRAFREZINTTR, RIEFRILE IR L TR,
FRT B EZIMEE, ST BRKRMBREZRES .

I,

B 45 BORHHER S
Figure 4.5 Enlarged diagram of the cursor

BT IAR T R B D2 MR+ E 2, A far i ? BAIRIIERE A
RAFERAR, @S NEDEZIHERHEIRCHRES, TR EmNE, EKX
WL, #BRAINENE R br 2 RINEZIR R, KR4 FH B+ R

49



KEREEEREERAR LZHA

R TH WA R E, T REERMS S ERIWE . AT, 7 RBREH R A
TEREYRZREN R F, ERALIMRE ST E. DHMREIIT,
7& MEMS N BB H IR, EEATREMEE i AMIEmERZ
BN B R R LM AT AR IR, 3R A REM BRI & R AR R 451
KEDE, ENERNER, ZMERRIMLARKERFRR . EAERTLINEK
BN, TEBMEHEERS, XMRGOETENF & RBRIALK. B 4.6
NSRBI E R, LAMRE T ACT BERSIRIE 2 L2 24 ST T HY
€’

B 4.6 IMRBOHTREE

Figure 4.6 Infrared camera analyzer equipment diagram

U ZIFRE 78 BRI fh IE T3 L, ZLAMRR T R a0 4.7 FiE 4.8,
B 4.7 RAMBE ST REE ERICE, HPE () b)) FRITHEER
RIETE AP BUMC IR, RIEDA—BORK&KiR, P UESEmKERERZ
=i, BHKERBARLY, EmFrAE —BRKFARBAR S, WHEEHN
FebrHEREZIE T IEm B R . B (o) NRRHBhR, RBEMFENE
i, I BRI AR AR R E ZIE T —i, SRMLIfiE A icmig iRz
T 0.5um KIFES. B 4.8 ALSMBE AT T EZIAFCE, B () HAriciReE
HERIXTSE, AUBAEAmSE, AT EMBR, FEEM T 8@ RS, R
VAL AMRE A et . 1 (b)) RIEMTNE L BN &R RN &R
FH—AHRKWE, XGRS MRER T, BRER.

50



45 KERNEBREERN LZ5WEBI LA

43 KERVNEABREERENNESE

E—/NTEENRT BT ARBECHTRR S 7518, /N T5Ke T 32 1 1 B 2%
e A, AN AR ER I ERAER B RZRMET R, Hx ek
AT RAL, VR B AT BRI S S B R R 2

B 4.7 DHBEMTCTEERD (@) £ (b) FHix (o) # 7

Figure 4.7 Infrared camera analyzer under the back set of mark (a) left mark (b) right

marKk (c) supplementary mark

B 4.8 SMREAVTXFEZIAFD (@) X (b) RxHEEbR

Figure 4.8 Infrared camera analyzer under the set of marking (A) alignment (B) not

alignment icon

51



KEREREBREEFR KR LZHR

431 KERVNHBREERREEREVESR

fE 422 WHRATRE], B 44558 1 Mhrid, XEWNHETHEHANA.
% AR MBS R ZE /N T 0.5pm MIFERL S, {3 FHAE tHAF A 4T B4R Smm 1K
AR R R EE B I, T J7 X i 7 R B 1 RS R 2 AT E B &,
XEEI TSN 1 WIEFEAMS, FEARANET RS, EbMc it R
EREERIERN BT RTET Y, B 49 NEFFARICSER Smm 8%
HERERKATEE NRBEFTTUENY, EAFERCHERPORESN,
HIETAMEHBR K. ¥ALGHOR, TR SIREES LG ERE—
AR, B IRE R AARE T k. WE R R E AR EER N 4pm,
AR REB ARG ER, € ELEARMCUKILERERX 8pm, BEE RN
oAz B B IEJT UK BE B 308 4pm, BAIETEARIEAE NS ERid, RIMEHR T
WEOLE, WHEZRMREIRE.

B 49 EHFEARICSER Smm BREBEFHLZAEE
Figure 4.9 Diagram of relation between square mark and metalens with Smm diameter

WRAEETEARL BT, XREH TR TRBRERZMWET R RRE
FEERE AR, XHAMEREE RZER, ERERFARCRTEESH. REE
ZIbRIE, FT LA BRI T R RO A E kR I IE R AR T, SRR T 52/
MR B B RIOZAEIETARCA - BB, EREFTARCBER 02

52



%45 KIRNEBRIERN LZ5MEIER I

BAM, MBEZWE, ERENEEHEEEZTOENAESN, XHER
T 0 7 A D B PR S Ak AT Ly, X R AR L . S
HE A I TSR B TE R A B AR, MR R L FAANAMLE L
EET, BIETHIGARIEER, @B o L3 th 2 2 B b 0 5 E T ARG
RO RRERE, T IEREE S AR H R O RA R, F7 R & A
K5 EHARCZ AR, BT TR E M RAR 2 . XA F 22
W RS R 25 FE T B R, B R B A 2 R B K TSR [ A 2 T
IR RE. |

BT, ERIRMIE TR, AR E R B AR A R
2, AT HREROEEET B, ik fR SR n s Re T
0.5um, T B TSR BRI ZIRE B 00 40nm, BEiR b R BRSHHRE S AR R <HEE
WY, HET BRI RZE N RE R, R T BB B 2R T BB it
X EEELL, FRFTE NIRRT EEERARIL, 7EH4T4 T A
REBEHIEN, EHRAFCSEMBIEIIR, EARARLUENERI R,
T T REEEZIRE NS %, LR RS kR LR EZRERM T M
HMGIEE, TS ES AT ER.

432 KXEHRNEBREIERRIEE
()

A

“(e)

Bl 410 HAZ Smm KERNEEREEHRER (a) (b) () KE (d) (e (O SMPIK
K

Figure 4.10 Large area double-sided metalens with a diameter of Smm front (a) (b) (¢)

and back (d) (e) ()

53



KEREEERIEG IR LN

ShOLTIE B4R S SATHIAR XU R T2 B 0 L 58 AU » 0 AT RAE MR,
CRAEAR IR H LR B ERTT. B 410 # () (D HHNERBER
BRIEGENSIE, R REBREMWE S IES Eirid, B (b (e) Wl
BIERAERMEHERN Smm, B () (O A (b) () XMHEAMER.,

B4 ERERE (2 B ) Fik (o) kil (d) HUKHERE

Figure 4.11 Front pattern to (a) length on top (b) length on bottom (c) length on left (d)
length on right

B 412 REERE () B4 (b) T (o) £ () HGAKKER

Figure 4.12 Back pattern to (a) length on top (b) length on bottom (c) length on left (d)
length on right

B REBLRBERE FARMBEXN EEBROEERZETNE, WE
St RMALE R ET R NARERS, RIENESTENE 4.11 R, WESRLET
A MIAK KBB4 %14 3.154um, 3.419um, 3.28um, 3.377um. fEFMHFE =R,

54



4% XEHENAEXRTEROLESHMBTEHA

X REABRRFTUERIMENRSENE 4.12 fir, WEH ETAANGKKEE
B4 508 3.489um, 3.308um, 3.74pm, 3.168um.

433 AKERWNEEBIRETR
NEEREOEROWERELEQSH MRS, F—8oAMEER, iR
EHRBRE; E_HRNERERIEFMARCIAKNERS, tEHETF
REBXMBRE, BMRZNBMEANAERAEENRBIRE. BEIFCH
WMBREN., EEAEROEARMLETAGNIKMERSFAND, 4,6, R

HEREMEARE ETEANAKKIERDRIND,,C,,d,,e,, WAERMBEIRA L4

m("’—;“—i;—e'-) : Jiﬁ;wc—hm(l’z;—%,‘*—;ﬁ), EREREES

2 2
gRE Ry LA b ) 2*(""‘*"’2”2) MR R %

R RBANRBERE. BEfFcmBRENGTRBARBRENE M, B3
NEBREEROWBREARX:

AP<a+‘/(b' -¢-b, "‘Cz)z +(d1 -¢—d, +e2)2
B 2

KA 2PWRIEGREALIRNA.D), KA b, ¢, d,, €57 H1593.154pm, 3.419pm,
3.28um, 3.377um; b,,c,,d,,e, A4 3.489um, 3.308um, 3.74pm, 3.168um;

PLRBIRE @ <0.5um, FrLMREIRE AP <1.304um.

XERERY, APANHAEROERENBARE RE, RENKHERE
REBVAMR T ENRKRE, BEXHEMREKE—S T, TUERAH
ERCUARBROEREARSPOMENXR, NTTXHRE IRER BT AN

ATLE W, RAENAEREN KR NERREEENREREPTS
F 1.304pm, ZH ARG T RBIRE 2um A, ANEBREEEN T EHE
WATHESR, MERER, EARKMEBETRTR. FREANFRBREUNRRTEY
%, EBHARRUBREEHERFATHRRNELRBER, EEATEHR
BiRE.

... (4D

44 EWNG

55



AEHREREOEARRIEHA

FERBEREHERMERNTII, fE T KERNEBREERN TZHIE,
B B b7 RACZIFA 75, BES TR/ K AR XU R B SR 1
BRfETZMEE, BERE, 5HTAMBE. 43X BiNHERIEHREIRE
THENRAE, B TZ58EE, SIEERRRE T RERNEBREEREN
MBI, RIHEUE T ERE smm KEFRNEBREER, B RHOMET R,
HEHRERENTET 1.304um, FERHTIFNEHEREERT KHHE,
ARERREBERE R T —FT ERH TR

56



FS5E GRERE

B5HE HitERE

51 BXFEAR

HROEENERRG TERRREMOEATER, Hif, BRI KEHRE
REBENTIR, RAEBEEE 2em. ASTEX SRTETIRE THLHHEN T
EHR, BRT KEFREHRAE, 320 7 ERZ 4om KX EREREMHIE,
FHEBHERERFIEEARUAN, HRENRERB LT UZEAT. £
RERERAEELZZI, $3 L4iTKARNEBROEHEIHERZTENE
B, RETUITHBRAR. ZLRBIE, ZLZHRUER. BEGF, Hik
WA B NHHREEEN WS RE, BR T i EmEREERETHRE
REN .

FWXHFETHENT:

LARRKERRESHRFEE K, 7RG ERE SRR LA HE 5
B, MNREFERRER, RE T —FES0REEREE, ZEEAREER
BHMA, #RT 2cm REM 58.8GB E4EE|T 1.4GB, E457 42 1%, K4
JEIREK /N SE A BR i 2 B T AR BR L BB 2RI ESK, IR ARFENATA
FERE K A S R B AL

29T LT KB AR B E B2 2om TEMI, 1R T 2B EHNTS
FR, BRUHHETHE 4om MXERBREER, FHlEEREOERMPER
ENTET 038um. EPFHEAZTZ 2, BT TRRELR, BLEREREN
T 20%UN; FRETTZIMER, FEZIMSEASTRB/ME RIS L
5:1, BEK 90°+5°, MERHAEI%NER~ZIM, HRARHEENATER
TE. RXEZEERUREFRBEELNERE.

3ABRLAFNEERMEENEREE. B RELENRAE, #HT
RKERNEERAEEN L ZE5MESE, LRBIE T ZAENATITHE, R
BT B Smm MAERNEERTER, IHEEEDTFET 1.304um, WA
RAEEN AT MEMS M T2, XSS S8,

HERAMRERERAEHI A, AR TR EENT:

LA T XS KRR RAL T E, ARTAEREREEEREEHZRR

57



KERREEROEEXETEMA

REW, EREESTEY, AXERUNEREREMNREFEEELR, WEE
e, EHEMREHEMAEMEN; RET AR AKARERAERRT, X
HBRKERBERAERERA 2om, MESAXRENLEFE, SIETER
dem FIKERVEREES, WAV AT FUH 4 £, 2070 UG R 2 E KR
BREERHE.

2RBT ATHEFNKERNEERAERLETR. JANHEREOEHR
TZHR, TEHRMNMRBIRE, SELREALIANTR, TERRMEEH
AR, MASCHR IR TR, AR T AR REEENERE, HEX
ML TR

3R T KERNEEREER MY RENET R, JiTNEEREEH R
BREXEEENE, REMHRBRE, MAXRAOUETR, RBHFHT
T XN ER AR IR E

52 WMRIERE

BEf, X FAHREREEEN TSR AMARL T — MG R, KK
TREGEZERGMERRAEHBK, T REREROER, REFEMUTIL
AN AT 28 -

LA REFAZHEN T Z AR, KW 2X2 BERHHERTIE5K,
FEFMTLRREE L ER S, EREERBRENEM, TZERERE,
TAPRENEEA KSR, 200G EEM. Hit, RAGENHETE, kL
PEREEERHAPE, RARTURAAANLTE L.

2ANFREMATIRNEARRAERO LETR, BIALZRE TR
FHETERE, MELSBRITZMERRM, BRESEAZNAER, oLR
BN AERNEERDERN LZHR. Eit, SBENEZIPEERRN
KE, —EESBRANEH.

3ASCHHRH M REAR. T8, MR, BREMNGES, EHAERRNE
b, BEBMAERZEREARRNIDE, £ VRERBANESE.

58



BEIR

8530

[1] SR 2PN ERBHEBIRU]. K%, 2007, 0000011):82-83.

[2] Aieta F, Genevet P, Kats M A, et al. Aberration-Free Ultrathin Flat Lenses and Axicons at
Telecom Wavelengths Based on Plasmonic Metasurfaces{J]. Nano Letters, 2012, 12(9):
4932-4936.

[3] Arbabi A, Arbabi E, Kamali S M, et al. Miniature optical planar camera based on a
wide-angle metasurface doublet corrected for monochromatic aberrations[J]. Nature
Communications, 2016, 7.

[4] Arbabi A, Horie Y, Ball A J, et al. Subwavelength-thick lenses with high numerical apertures
and large efficiency based on high-contrast transmitarrays[J]. Nature Communications, 2015,
6.

[S]1 ArbabiE, Arbabi A, Kamali S M, et al. MEMS-tunable dielectric metasurface lens[J]. Nature
Communications, 2018, 9.

[6] Chen W T, Zhu A Y, Khorasaninejad M, et al. [mmersion Meta-Lenses at Visible Wavelengths
for Nanoscale Imaging[J]. Nano Letters, 2017, 17(5): 3188-3194.

{71 Chen W T, Zhu A Y, Sanjeev V, et al. A broadband achromatic metalens for focusing and
imaging in the visible[J]. Nature Nanotechnology, 2018, 13(3): 220-+.

[8] Chen X, Huang L, Muehlenbernd H, et al. Dual-polarity plasmonic metalens for visible
light[J]. Nature Communications, 2012, 3.

[9] Groever B, Chen W T, Capasso F. Meta-Lens Doublet in the Visible Region[J]. Nano Letters,
2017, 17(8): 4902-4907.

(10] Kang M, Feng T, Wang H-T, et al. Wave front engineering from an array of thin aperture
antennas{J]. Optics Express, 2012, 20(14): 15882-15890.

[11] Khorasaninejad M, Capasso F. Metalenses: Versatile multifunctional photonic components[J].
Science, 2017, 358(6367).

[12] Khorasaninejad M, Chen W T, Devlin R C, et al. Metalenses at visible wavelengths:
Diffraction-limited focusing and subwavelength resolution imaging[J]. Science, 2016,
352(6290): 1190-1194.

[13] Khorasaninejad M, Chen W T, Zhu A Y, et al. Multispectral Chiral Imaging with a
Metalens[J]. Nano Letters, 2016, 16(7): 4595-4600.

[14] Khorasaninejad M, Shi Z, Zhu AY, et al. Achromatic Metalens over 60 nm Bandwidth in the
Visible and Metalens with Reverse Chromatic Dispersion[J]. Nano Letters, 2017, 17(3):
1819-1824.

[15] Khorasaninejad M, Zhuit A Y, Roques-Carmes C, et al. Polarization-Insensitive Metalenses at
Visible Wavelengths[J]. Nano Letters, 2016, 16(11): 7229-7234.

[16] Kildishev A V, Boltasseva A, Shalaev V M. Planar Photonics with Metasurfaces[J]. Science,

59



KEREEEROARSRIEMA

2013, 339(6125).

[17] Ma X, Huang C, Pu M, et al. Multi-band circular polarizer using planar spiral metamaterial
structure[J]. Optics Express, 2012, 20(14): 16050-16058.

[18] Ni X, Emani N K, Kildishev A V, et al. Broadband Light Bending with Plasmonic
Nanoantennas[J]. Science, 2012, 335(6067): 427-427.

[19] Ni X, Ishii S, Kildishev A V, et al. Ultra-thin, planar, Babinet-inverted plasmonic
metalenses[J]. Light-Science & Applications, 2013, 2.

[20] Pors A, Nielsen M G, Eriksen R L, et al. Broadband Focusing Flat Mirrors Based on
Plasmonic Gradient Metasurfaces[J]. Nano Letters, 2013, 13(2): 829-834.

[21] Saenz E, Ederra I, Gonzalo R, et al. Coupling Reduction Between Dipole Antenna Elements
by Using a Planar Meta-Surface[J]. leee Transactions on Antennas and Propagation, 2009,
57(2): 383-394.

[22] Shi H F, Wang C T, Du C L, et al. Beam manipulating by metallic nano-slits with variant
widths[J]. Optics Express, 2005, 13(18): 6815-6820.

[23] Verslegers L, Catrysse P B, Yu Z, et al. Planar Lenses Based on Nanoscale Slit Arrays in a
Metallic Film[J]. Nano Letters, 2009, 9(1): 235-238.

[24] Wang S, Wu P C, Su V-C, et al. A broadband achromatic metalens in the visible[J]. Nature
Nanotechnology, 2018, 13(3): 227-232.

[25] Wang W, Guo Z, Li R, et al. Plasmonics metalens independent from the incident
polarizations[J]. Optics Express, 2015, 23(13): 16782-16791.

[26] Wang W, Guo Z, Li R, et al. Ultra-thin, planar, broadband, dual-polarity plasmonic
metalens[J]. Photonics Research, 2015, 3(3): 68-71.

[27] Yu N, Capasso F. Flat optics with designer metasurfaces[J]. Nature Materials, 2014, 13(2):
139-150.

[28] Yu N, Genevet P, Kats M A, et al. Light Propagation with Phase Discontinuities: Generalized
Laws of Reflection and Refraction[J]. Science, 2011, 334(6054): 333-337.

[30] Kenney M, Grant J, Hao D, et al. Large area metasurface lenses in the NIR region
[M]}//BODERMANN B., FRENNER K. Modeling Aspects in Optical Metrology Vii. 2019.

[3110u K, Yu F, Li G, et al. Mid-infrared polarization-controlled broadband achromatic
metadevice[J]. Science Advances, 2020, 6(37).

[32) She A, Zhang S, Shian S, et al. Large area metalenses: design, characterization, and mass
manufacturing[J]. Optics Express, 2018, 26(2): 1573-1585.

[33] Chen W, Tymchenko M, Gopalan P, et al. Large-Area Nanoimprinted Colloidal Au
Nanocrystal-Based Nanoantennas for Ultrathin Polarizing Plasmonic Metasurfaces[J]. Nano
Letters, 2015, 15(8): 5254-5260.

[34] Kordonski W, Shorey A. Magnetorheological (MR) jet finishing technology[J]. Journal of
Intelligent Material Systems and Structures, 2007, 18(12): 1127-1130.

[35] Moitra P, Slovick B A, Li W, et al. Large-Scale All-Dielectric Metamaterial Perfect

60



ZEXR

Reflectors[J]. Acs Photonics, 2015, 2(6): 692-698.

[36] Zhang C, Li Q, Jin L, et al. Printed Large-area Flat Optical Component: Metasurfaces for
Cylindrical Vector Beam Generation [M]. 2017 Conference on Lasers and Electro-Optics.
2017.

[37] Briere G, Ni P, Heron S, et al. An Etching-Free Approach Toward Large-Scale Light-Emitting
Metasurfaces[J]. Advanced Optical Materials, 2019, 7(14).

[38] Adesida I, Mahajan A, Andideh E, et al. REACTIVE ION ETCHING OF GALLIUM
NITRIDE IN SILICON TETRACHLORIDE PLASMASIJ]. Applied Physics Letters, 1993,
63(20): 2777-2779.

[39] Aieta F, Kats M A, Genevet P, et al. Multiwavelength achromatic metasurfaces by dispersive
phase compensation[J]. Science, 2015, 347(6228): 1342-1345.

[40] Arbabi E, Arbabi A, Kamali S M, et al. Multiwavelength polarization-insensitive lenses based
on dielectric metasurfaces with meta-molecules{J]. Optica, 2016, 3(6): 628-633.

[41] Bomzon Z, Biener G, Kleiner V, et al. Space-variant Pancharatnam-Berry phase optical
elements with computer-generated subwavelength gratings[J]. Optics Letters, 2002, 27(13):
1141-1143.

[42] Buchnev O, Podoliak N, Kaczmarek M, et al. Electrically Controlled Nanostructured
Metasurface Loaded with Liquid Crystal: Toward Multifunctional Photonic Switch[J].
Advanced Optical Materials, 2015, 3(5): 674-679.

{43] Chen B H, Wu P C, Su V-C, et al. GaN Metalens for Pixel-Level Full-Color Routing at
Visible Light{J]. Nano Letters, 2017, 17(10): 6345-6352.

[44]} Chen W T, Zhu A Y, Khorasaninejad M, et al. Immersion Meta-Lenses at Visible Wavelengths
for Nanoscale Imaging([J]. Nano Letters, 2017, 17(5): 3188-3194.

[45] Cho H K, Khan F A, Adesida I, et al. Deep level characteristics in n-GaN with inductively
coupled plasma damage[J]. Journal of Physics D-Applied Physics, 2008, 41(15).

[46] Choi B, Iwanaga M, Miyazaki H T, et al. Photoluminescence-enhanced plasmonic substrates
fabricated by nanoimprint lithography[J]. Journal of Micro-Nanolithography Mems and
Moems, 2014, 13(2).

[47] Damilano B, Vezian S, Brault J, et al. Selective Area Sublimation: A Simple Top-down Route
for GaN-Based Nanowire Fabrication[J]. Nano Letters, 2016, 16(3): 1863-1868.

[48] Decker M, Kremers C, Minovich A, et al. Electro-optical switching by liquid-crystal
controlled metasurfaces[J]. Optics Express, 2013, 21(7): 8879-8885.

[49] Guo Z, Xu H, Guo K, et al. High-Efficiency Visible Transmitting Polarizations Devices
Based on the GaN Metasurface[J]. Nanomaterials, 2018, 8(5).

[50] Kock W E. METALLIC DELAY LENSES[J]. Bell System Technical Journal, 1948, 27(1):
58-82.

[51)Lin M E, Fan Z F, Ma Z, et al. REACTIVE ION ETCHING OF GAN USING BCL3[J].
Applied Physics Letters, 1994, 64(7): 887-888.

61



KERREHERAERXRTINA

[52] Mouffak Z, Bensaoula A, Trombetta L. A photoluminescence study of plasma reactive ion
etching-induced damage in GaN[J]. Journal of Semiconductors, 2014, 35(11).

[53] Allen L, Beijersbergen M W, Spreeuw R J C, et al. ORBITAL ANGULAR-MOMENTUM
OF LIGHT AND THE TRANSFORMATION OF LAGUERRE-GAUSSIAN LASER
MODES([J]. Physical Review A, 1992, 45(11): 8185-8189.

[54] Biagioni P, Huang J S, Duo L, et al. Cross Resonant Optical Antenna[J]. Physical Review
Letters, 2009, 102(25).

[55] Brorson S D, Haus H A. DIFFRACTION GRATINGS AND GEOMETRICAL-OPTICS[J].
Journal of the Optical Society of America B-Optical Physics, 1988, 5(2): 247-248.

[56] Encinar J A. Design of two-layer printed reflectarrays using patches of variable size[J]. leee
Transactions on Antennas and Propagation, 2001, 49(10): 1403-1410.

[57] Fan J A, Wu C, Bao K, et al. Self-Assembled Plasmonic Nanoparticle Clusters[J]. Science,
2010, 328(5982): 1135-1138.

[58] Fattal D, Li J, Peng Z, et al. Flat dielectric grating reflectors with focusing abilities[J]. Nature
Photonics, 2010, 4(7): 466-470.

[59] Gibson G, Courtial J, Padgett M J, et al. Free-space information transfer using light beams
carrying orbital angular momentum([J). Optics Express, 2004, 12(22): 5448-5456.

[60] Ginn J, Shelton D, Krenz P, et al. Polarized infrared emission using frequency selective
surfaces[J]. Optics Express, 2010, 18(5): 4557-4563.

[61] Grober R D, Schoelkopf R J, Prober D E. Optical antenna: Towards a unity efficiency
near-field optical probe[J]. Applied Physics Letters, 1997, 70(11): 1354-1356.

[62] Liu S, Chuang C-J, See C W, et al. Double-grating-structured light microscopy using
plasmonic nanoparticle arrays[J]. Optics Letters, 2009, 34(8): 1255-1257.

[63] Miyazaki H T, Kurokawa Y. Controlled plasmon resonance in closed metal/insulator/metal
nanocavities[J]. Applied Physics Letters, 2006, 89(21).

[64] Padgett M, Courtial J, Allen L. Light's orbital angular momentum[J]. Physics Today, 2004,
57(5): 35-40.

[65] Padilla P, Munoz-Acevedo A, Sierra-Castaner M, et al. Electronically Reconfigurable
Transmitarray at Ku Band for Microwave Applications[J]. Ieee Transactions on Antennas and
Propagation, 2010, 58(8): 2571-2579.

[66] Sukharev M, Sung J, Spears K G, et al. Optical properties of metal nanoparticles with no
center of inversion symmetry: Observation of volume plasmons[J]. Physical Review B, 2007,
76(18).

[67] Xu Q, Bao J, Rioux R M, et al. Fabrication of large-area patterned nanostructures for optical
applications by nanoskiving[J]. Nano Letters, 2007, 7(9): 2800-2805.

[68] Fan Q, Liu M, Yang C, et al. A high numerical aperture, polarization-insensitive metalens for
long-wavelength infrared imaging[J). Applied Physics Letters, 2018, 113(20).

[69] Decker M, Chen W T, Nobis T, et al. Imaging Performance of Polarization-Insensitive

62



BEIR

Metalenses[J]. Acs Photonics, 2019, 6(6): 1493-1499.

[70] Jiang X, Chen H, Li Z, et al. All-dielectric metalens for terahertz wave imaging[J]. Optics
Express, 2018, 26(11): 14132-14142,

[71] Kanwal S, Wen J, Yu B, et al. Polarization Insensitive, Broadband, Near Diffraction-Limited
Metalens in Ultraviolet Region(J]. Nanomaterials, 2020, 10(8).

[72] Khorasaninejad M, Chen W T, Zhu A Y, et al. Multispectral Chiral Imaging with a
Metalens[J]. Nano Letters, 2016, 16(7): 4595-4600.

[73]1Kim C, Kim S-J, Lee B. Doublet metalens design for high numerical aperture and
simultaneous correction of chromatic and monochromatic aberrations[J]. Optics Express,
2020, 28(12): 18059-18076.

[74] Tang D, Chen L, Liu J, et al. Achromatic metasurface doublet with a wide incident angle for
light focusing[J]. Optics Express, 2020, 28(8): 12209-12218.

[75] Wei Y, Wang Y, Feng X, et al. Compact Optical Polarization-Insensitive Zoom Metalens
Doublet[J]. Advanced Optical Materials, 2020, 8(13).

[76] He C, Sun T, Guo J, et al. Chiral Metalens of Circular Polarization Dichroism with Helical
Surface Arrays in Mid-Infrared Region[J]. Advanced Optical Materials, 2019, 7(24).

[77] Franklin D, Chen Y, Vazquez-Guardado A, et al. Polarization-independent actively tunable
colour generation on imprinted plasmonic surfaces[J]. Nature Communications, 2015, 6.

[78] Yang G, Qi X, Yu H, et al. Development of mosaic technology for large-size reflective
gratings[J]. Optics and Precision Engineering, 2019, 27(3): 542-551.

63



KEREEERTERRRIEMA




H M

ROLER, ¥ AR, RFNEDLEREEN. ZFENMREEIEFERNS
gR, WEWREECHFELAERRE LT AS, BYRFELIER, BEEERE
ARAOE. BERXRZEMRE, HFLESHNERS, FERIREN, FRM
BEHEE, ERTERIZE, AECORERIE, BRZEMARKE, X=
FERBANEPRAEEN=F, ZZFEREMBS T PERERKE ST
ERER LB ARG SE S EARB R

i, REBBXZFEREIINE -MEW, BHEMNELY ERTRE
REFEIE R BRX=FEREBFINAE, BREMNERY ESTRERAR
HIREAE | BOBIRIEANR, —BERNRASHFNEG ! & ERELRER
SRV 4% k- Tinkyw o

ERXE, AARERMERNSIMN, PEMER LEMALRSE BBRBAR
IR RZFEHEIT, FEZMILERERSER. ERF RN TEALRRHEE
—HERREIIMER . ZEIMER &/ RBHR AR W aesf R &4, X4
—ALE A AR RR, AR TES, &7 AR EdMEE £
AR REFNRIFEZNE. HORRERZZIME LFE, WRFKER
BAEFZIMREA TR E] AR, BRI FITEHA R R, RFHERT .

FOBBHEBENARRE S, HEREWRACEM. ASEMERER, TE
WH, ¥38h%, EREMTAETES TRIRKNZRE, SREBZLES,
AEGHE; HIGRZTERER, AANE, BEIREE, %I MEFETH
LT RIRROFBAR L. WLEMBERAR, HREA MK BRERSEILESD
BRI, ik, SUERAZIMABSTIRT, 7£4B8ERT.

RO A BB, AR, L. B, RBREEMN, BER
X 2AERAEFRX QMR BUHSRERT. HER. RF. WEK, #
WEZIM, BRI ZATENMY; BAREEIMK. BEMS, BRI
ERBAAR SR BEOAZDIERE, BIN—REELKBERRNORTE
o

EOBRBROFARLET . B BE%. ER. X188, By, #F

65



AEREEERAERXRIIMA

FE kb, RITRBARZZITEBRFRAE, REATROUE; B#ROK
K, FEERGIEFNHHBRR.

BEREBWRNENRIEE, BHROEE T RIFORKHE., FE
PLRTCEAFISCHRE, SBERES S ARR, BEROREEEKL L, UE
IR fE, —BERBMEKLLERBRNER. SRMATE. REZAHEK, K
RN RV R -

2021 £ 6 A

66



1EE R RBUEFAPRRRHERRIEHARR

{EE WA RBUERFME L ROFR R EMRBER

YeE R
2011 5£ 09 A——20154F 06 A, AH HREWHE M (R) RE¥LEA.
2015 /£ 07 A—2017 £ 10 A, £E AT () FRARBAETLREM.
2018 4E 09 B——2021 4F 06 B, EPEM%¥EK LEMALERERERHFR
BRBOEAR 1241 .

REHER: L.

THEH:
2015 4207 A——2017 £ 10 A, EHX BT GEM) AR A SHETIEF,
FENIOLBE RIS ERR TR TE.

ERR (RERBER) HERRI:
[1] Zhou Y, Wang L, Li J, et al. CMOS compatible multichannel mid-infrared photonic crystal

sensor[J]. Journal of Infrared and Millimeter Waves, 2020, 39(3): 279-283.

BHFRCRBR LA

1 Zfh, &, 8BS, %, WEBRES IR % B X R 454 0
WETE, RAEF, 2020113141624,

21 &, B, R, T8, REERTERERR RHAKERE, RAE
F, 2020100694164,

31 =, A5, H&RE, T&, REFIWBEELCEER REHHESE, K
LF, 2020100694427,

4 A5, =5, HIgRE, T&, %, LN LAEEHEILERREEN RS
RBESUWETE, KAEF, 202011350398.3.

51 A%, =5, &R, T& % —#HEEILRIEIINFERA¥F

67



AERBEREESEXRIEHA

GREBIWERE, RWEF, 202011350345.1.

ST B KRR

(1] BEMAEREERLEMEEER KBTI,

[2] BREEEFRBREH KRBT EH A,

3] HARELERRRN A REEHERTERT A

68



	封面
	声明
	摘要
	英文摘要
	目录
	第1章绪论
	1．1引言
	1．2大面积超表面透镜的研究背景
	1．3国内外大面积超表面透镜的研究现状
	1．4论文的研究目标
	1．5论文的研究内容及章节安排

	第2章大面积超表面透镜的理论设计与工艺方法
	2．1引言
	2．2大面积超表面透镜基本理论设计
	2．3大面积超表面透镜工艺方法
	2．4本章小结

	第3章硅基大面积超表面透镜的设计与关键工艺研究
	3．1引言
	3．2硅基大面积超表面透镜的光学设计和仿真
	3．2．1硅基大面积超表面透镜设计目标
	3．2．2硅基大面积超表面透镜结构单元仿真
	3．2．3硅基大面积超表面透镜仿真

	3．3大面积超表面透镜版图压缩研究
	3．3．1大面积超表面透镜版图问题
	3．3．2大面积超表面透镜版图压缩方法
	3．3．3大面积超表面透镜版图压缩效果

	3．4硅基大面积超表面透镜关键工艺方法研究
	3．4．1硅基大面积超表面透镜工艺流程
	3．4．2硅基大面积超表面透镜线宽实验
	3．4．3硅基大面积超表面透镜刻蚀实验
	3．4．4硅基大面积超表面透镜光刻拼接工艺

	3．5硅基大面积超表面透镜的表征
	3．5．1硅基大面积超表面透镜直径测量
	3．5．2拼接偏移误差计算
	3．5．3硅基大面积超表面透镜聚焦测试

	3．6本章小结

	第4章大面积双面超表面透镜的工艺与测量方法研究
	4．1引言
	4．2大面积双面超表面透镜的工艺方法
	4．2．1双面超表面透镜工艺流程
	4．2．2大面积双面定标设计
	4．2．3大面积双面超表面透镜样品筛选

	4．3大面积双面超表面透镜的测量方法
	4．3．1大面积双面超表面透镜偏移误差测量方案
	4．3．2大面积双面超表面透镜表征
	4．3．3大面积双面偏移误差计算

	4．4本章小结

	第5章结论与展望
	5．1论文主要内容
	5．2研究工作展望

	参考文献
	致谢
	作者简历及攻读学位期间发表的学术论文与研究成果

