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Abstract When traditional diffraction lenses work in a wide band, the results have severe dispersion and poor image
quality. Thus, an optimized design method for a partition diffractive achromat based on RGB three-band is
proposed. We use scalar diffraction theory to simulate and analyze the image of equal width diffractive achromats
and equal area diffractive achromats which compare with traditional diffraction lenses in point spread function and
diffraction efficiency. The analysis results show that the proposed partition diffractive achromat can reduce the
standard deviation of the three-wavelength diffraction efficiency from 0. 6607 of the traditional diffractive lens to
0.1519 and 0. 0592 when working in the RGB three-band while maintaining imaging effects well. Finally,
considering the actual processing conditions, the optical performance parameters corresponding to the microstructure
quantization into eight steps under different partitioning methods were simulated. The results show that the
proposed design method can make the diffraction lens achieve a good achromatic effect in the RGB three-band.
Moreover, the proposed method has practicability and universal applicability.
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Fig. 2 Dispersion of two kinds of lens. (a) Traditional refraction lens; (b) diffraction lens

L (D ST L Y, 78 1 5 72 5 52 B, 25 4
kg — {1 DU 5 378 55 60 A 45 M0 07 4 7 5 4
PP e L B I AT DL S L I s
AR 4301 1 2 97 S5 2 1 €, B
3 Wit

PRI R 25 T B R . W

FLAR BT AR 5 53 X 7 U2 [ 1 6 2R, LASE 5 B
5 ST AR PR [R] 43 DX 7 20 P T S 43 0 4l 43 3
AL B R X 35, an Kl 3 fras . SR A RGB fi&%‘c,u
[ 14) 5 B 43 30 5 T AF X 7 B A B R 5 44 L AR 5 T
TR R A X AR AR A A B g o A .

BT SROTRT AR S

(X X}
@ + @+ o — EWDA

Pl 3 A G 43 DN 45 T AR 23 IXTH (B 22 AT B

(a) 55 56 & 5 (b) & 1 R
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1105001-3



%41 % %11 8/2021 £ 6 B/FER

W 25 P L3 5 th P9 80 L A4 X 4 5% B B
GVR =B 2 BV B A T 7645 3948 19 G
R.R. 5% A X 00 3 Al I s xf p o B 1RBOR AL 4 P

(b) 370

R;%E*ﬂﬁ@ﬁfﬁT,%%%#éﬁéﬁ%ﬂﬁg‘ﬁ

400 500 600 700
A/mm

K4 HeaEGEBRERAER. O XKRER;(ODEFSERPXER
Fig. 4 Diagram of diffractive achromats. (a) Partition diagram; (b) relationship between focal length and wavelength
‘ W 5§
My 2 gt E_ 4
b SRR RS A B 5Ca) 7T DL DOE SUF T4 76 % 1
HHESE PDA MTH A2 MERE, X P Fh o0 X a0 Bt 532 nm B ELAT JR 8109 1% 06 , B UL I 8 2 481 O /D
T AT S 35 A S A% e AT I 3% B 43 2R AT R B R R 5 AR TE At P A I B A5 T ) ol e T R R

FESHWmE 1 iR, REAG L I HL & e A% 1o oAt A A P A 4R £ B W s, T
%1 PDABIFSH R RN, B S ME 5 LI L B

Table 1  Designed parameters of PDA PDA TE =AM i B TAE I ¥ 0] L P2 AR 85 2R B
_Parameter Content (R T U, =AU BE O A AR T 1Y) e R B BT R 3 —
et sy HCEDRR DA MR O EER ). &
F/ % 10 5, DOE T fE 78 ¥ 3 I B A4 iy 2 i 4 5

Material Si0, (FWHM) 7.7 pm, 1 7EIE & 1% B AT 24~ 1%

4.1 HBEBEMHERAEHUEGESHW {H . {H W A BE & 3 B/, T vk SR X FWHM,

AT 5 385 5 T A7 9 I B st A €8 2 ]l HAAE 454 EWDA TAETE RGB =A™t Bt i) X 7 () EWHM 43-Jj1]
P LR Y R R A R 25 b AT RAEDY MGl R 16,4 pm 7.3 pm.6. 3 pm, EADA X} i i) FWHM
{5 DOE F i Ff PDA TAEAES U BERTAY PSF 20510 9.7 pm. 6.2 pum 6.5 pm, & 6 Jg =Fh & X}
RIS UE AT BN G R, Bt R N B AL AOEEE, T LA L EWDA Rl EADA T
DOE Fil PDA £ X3 AL 43 A, SR 5 38 o SR B VRAE & Dl B B TR R LA A B AR R 3 PR T
RATIH o 2T 45 D BEAE 45 S Y PSF, {5 BL 45 T €6 22 37 G 3 5 7 9 D BE 1 1o

1.0 | ~473nm L0 - e 473 " 473 nm
2 09/(@ DOE —532nm £ 0.9/(b) EWDA L 2091 (©) EADA — 532 nm
20.8 | 632.8 nm 2 0.8/ 632.8 nm 208 f 632.8 nm
% 0.7 ‘ *E 0.7+ % 0.7 t
206 ‘ s 0.6 Z 06 |
2 0.5 » 7.7 pm g 0.5¢ « 16.4 ym 205 <« 9.7pm
=504 =04 =04 [

E 0.3 é 0.3} é 0.3
2 0.2 S 0.2 2 0.2
0.1 Ji A | “oi1f 0.1 A
00 10 20 30 40 50 0() 10 20 30 40 50 00 10 20 30 40 50
x /pixel x /pixel x /pixel

5 PSF 4 . ()30 A7 5T 5 58 s (b) 25 55 BE 4% DX 1 62 22 07 50 i 0 5 (o) S5 T AR A0 DX £ 22 107 0 i
Fig. 5 Distribution of PSF. (a) Ordinary diffractive lens; (b) EWDA; (¢) EADA
XF DOE 19 43 X 5 X ) PDA 43 5 TAE7E 93.44% , T 7E R(632. 8 nm) Ml B(473 nm) J% B M|
RGB =AU B S5 RIEE TAEAE RGB = BEBH 9T TR AR, 5l k%, EWDA T/E7# RGB =
SRR AT O B L S5 RN 7 B, Hoh DOE - AN U B i AT 4 AL 43 i O 10, 6850 29. 78% .
G P BEED 532 nm 3 B AL 15 2R AT SRR R 40.68% » EADA T4 #£ RGB =/~ Il Bt 09 A1 5 %0 %

1105001-4



A,=473 nm

A;=473 nm

DOE

A,=532 nm

F 415 F11H8/2021 F£6 B/ ¥R

A,=632.8 nm

EWDA
B 6 R Ul K T = s kI 01 A i S B
Fig. 6 Spot at the focal point of the three lenses at different wavelengths
3ol 31.25% .24, 03%6.19.52% ., M Fh PDA % 1.0 —
(R T fE 76 RGB = W B A 09 7 51 208 43 51 4 2ol | =T FADA
23.06% M 27.18% . A LLF i, #%F F DOE, PDA 5 07
1 =1 B b 10 SR AR B 2% (SD) K K A By
I HARH 2 F . EADA LA 0 34 4 69 177 51 3% % 4 5 04
T, AR X 3 B FWEM i 06 5 os
O R DD R o / \
%;100 [ st:io'i?ﬁm S —— -1.0 -0.6 —O.Zx /umO.Z 0.6 1.0
gi& ' S T T A U — A
“g 1ol : : Dyy=0.1519 D, 00692 Fig. 8 Normalized point spread function at the
-é 2l | | E B = focal plane of three lenses
g 0 ;&!i éggz DL b5 ELA5 BB, PDA 78 52 38 4% I BEAE 4%

=
-

ZREST B TAEAE RGB = AN B 5 JL [/ T4
TE = B I 9 477 S 0%

Fig. 7 Diffraction efficiency of the three kinds of lenses

working at RGB triband respectively and working

at triband together

SRS TAEAE RGB =A™ i Be i 76 £ F i Ab
Ay R JE R AN 8 BT
4.0
3.5
3.0
> 25
2.0
15
1.0
0.5
0

(@

101

Intensit;

DOE EWDA EADA

AL PSF 25— 4k i [R] i, 38 BE 08 {4 31E — & A4 AT 5 2%
R, HREPR bR EEE T R — BN
PSF WEAESREE, A 9 Arax ., MW 9Ca) M 9(b) Al
PIE W . FB T /EAE RGB =k Bt Bt, EWDA 1
EADA # Ikt DOE & BE & Y ms A #1%; B BT,
EWDA F1 EADA 7¢ B4 1fi 4b i) B& i 5 DOE T4k
R BRI RE A FE A 22 5 22 . i LR IR 2
4.0
3.5
3.0
3 25
Z 20
£ 15

1.0 i
0.5

DOE
® Doz

101

Int

0 : :
-1.0 -0.6 -0.2 0.2 0.6 1.0
X /um

B9 FERMF A REE XS L. () JL[A TAETE = Beif 19 PSF: (b) TAELE G I BEi i PSF
Fig. 9 Energy contrast at the imaging plane. (a) PSF working in RGB band; (b) PSF working in G band

1105001-5



HRiIEX

%41 % %11 8/2021 £ 6 B/FER

B — AU BOBTE A S BB X 55 A A I BE TR AY
TS Fa BF 23 77 R 4 e B P AE

LA A3 o] LUE H L PDA 3 2022 R P 2 4G
P — 5 BN B 4 PSE 5 B L SR I AE A AN I
BEdR AT P4 BC A SRRl S BRAY . BT AAE SE PR BT A
I b 75 22 A [) 19 43 DX 07 2Ok R H 3 IE /Y 5
[ HEATI T, 15 PDA BB 8 5 K PR B Hb 52 91K (4
22 ERE .
4.2 WMIMHESH

BTN T 2 A A 3 S T AU AT S 3 B AT
A BRI R Bk & Bk i Rl 2 m A,
REUE PDA 76 54k 5 B J5 9 22 808 0% 1 &R

1.0 ?

DOE
0.9 (a) o« EWDA
EADA
:E’ 0.8 DOE with 8 levels
< 0.7 == EWDA with 8 levelg
g 0.6 EADA with 8 levels
E0
T 05
£ 04
E 0.3
(=}
% o1
.O _,,.//

-1.0 -06 -02 0.2 0.6 1.0
X /pm

36 mm By = FE B A AR O 0 N & Bk
FT 05 EANRAR A BT Ferp 5 e 25 #4745 S
K10 ffs, 455 WK . DOE TAETE G P B AL A
SRR K 90. 60% s EWDA 4> %] TAETE RGB =4~
BB B AT B AR N 9. 69% . 27, 10% . 36. 17%;
EADA 43 TAE7E RGB = A % Bt 14 17 5 50 %
29.53%.19. 36%.9. 97% ; "i # PDA [A] B T 4E 7
RGB = % Bt B (9 47 3 2 2 43 5 24 20. 59% Fi
22.53% . AILVE A\ G B Z 5/ PDA B4
SRR R — o TR BE LG L (HR UG AOR 5 %
SRESF AR R T, A A TR PDA &1k
NG B IG e /NR TE N 1.6 e T R SEPRIN T 2514

(b)
i 100 Dg,=0.6406 =B oG »R ©RGB
Q
5 oo [
£ 60f |01
%J 40 : : DSD:O'Bfi D,,=0.0978

o |

= ¥Fi L. .
g 200 LM | m
g 0 O | &1 | S
[=) DOE EWDA EADA

10 ANBBEEMmaESN . (OELEHSEMN\E B4 I PSF; (b /AH K DOE Fl PDA BT 2058
Fig. 10 Simulation and analysis of eight-level structure. (a) PSF of continuous structure and eight-level structure;

(b) diffractive efficiency of eight-level DOE and PDA

DL b A A A L T RGB = I BEAY Y (6 22
T 53 B BT 7 VR AR S AE — R B b 34 4 4% D BL Y
PSF, I HEA M Tl 47 M, (HRM B0 — 20 2
T % B 0 €0 25 1 1E 8 1 RN R R BLRE 1, 16 7 )
T 5 45 4 43 A3 R0 65 B v B AT 1 — P i Ak .

5 4% 7

P — B R 343 XU 22 A7 5 B Y 1
J5d, IE HAE RGB =AW B il AT 0 B E . 4551
FWT, TR 7 1 6 0% 3 o A 4% O 1 3R L AT 5
55 K6 11 43 A O DR UE 45 U B #E AR T Y PSF ¥ —
PR, TN 6 25 . 55 b, 3l 3 X L 5 R 8] 9 AT
SRR 43 X 07 2, R 9T 9 U B P 4% U B O A 4R
ST AR 1 AR 5 1% U B T X I AR 4 R T T T
BT AR KN R . BeJa S SEBR i T
A U5 B BT 625 5E B AR R AL B B R I g
RO 5 5LIE I M H T YRR O 625 ik,
BT J5 1k iR 05 AE (AT AL T B 25 R A5 Y )
B AR IE BAF Y BB AR OF BB — 2 1 ] AT M
1S FH A

s £ X #

[1] Hyde R A. Very large aperture diffractive telescopes
[J]. Applied Optics, 1999, 38(19): 4198-4212.

[2] He C W, Wang L H, Huang P, et al. Design of
diffractive imaging optical system based on off-axis
four-mirror[J]. Opto-Electronic Engineering, 2019,
46(11): 190099.
fffe £, VA4, MG, S5 Bih Dy S BT A BUR
ez A g it [J]. b m TR, 2019, 46 (11):
190099.

[3] Wang R Q, Zhang Z Y, Guo C L, et al. Design/
fabrication and performance test of a diffractive
telescope system with high diffraction efficiency[]J].
Acta Photonica Sinica, 2017, 46(3): 0322001.
FEARK, RET, ENOL, 5F. ST AR 4 BT
BRI/ N T XSGR ], St 75k,
2017, 46(3): 0322001.

[4] LiY, Zhang B, Hong Y F, et al. Optical design of
harmonic diffractive infrared dual-band and dual-field
system [J]. Acta Optica Sinica, 2013, 33 (11):
1122001.

e, akfE, HACE, S AT AT LA XUk B S 3
et R G It (1], B M, 2013, 33 (11):

1105001-6



(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

FRILX
1122001.
Yang L L, Liu C L, Zhao Y B, et al. Effect of
microstructure height error on diffraction efficiency at
oblique incidence in a certain temperature range[]J].
Acta Optica Sinica, 2020, 40(4): 0405001.
Brsest, XUopk, BELe, S5 RS — iR
il A (300485 g 3 R 22 WA S Ak ik sz i (] D2 2%
ik, 2020, 40(4): 0405001.
Hu Y, Cui Q F, Sun L, et al. Optical-digital joint
design of a
diffractive system[J]. Acta Optica Sinica, 2020, 40
(14): 1422002.
BAVE, R, IMbR, 5. Z0AN LR BT AT IR A O -
Bk A Rt 1], Jese# 4, 2020, 40(14):
1422002.
Mao S, Xie N, Zhao J L, et al. Optimal design and

analysis of dual-band double-layer diffractive optical

dual-waveband infrared refractive-

element under oblique incidence [J]. Acta Optica
Sinica, 2020, 40(16): 1605001.

T, MUK, AR, S REASTT B BORUE AT I
Jer e AR BT 5 A [T S aE %4l 2020, 40
(16): 1605001.

Li F, Wang K Y. Design of optical imaging system
for RGB three-channel diffraction telescope [J].
Journal of Applied Optics, 2019, 40(3): 369-372.
K, Erik. RGB =3 i fif 47 B it Bt 7 iR &
SR I]. MG, 2019, 40(3): 369-372.

Dun X, Ikoma H, Wetzstein G,

rotationally symmetric diffractive achromat for full-

et al. Learned
spectrum computational imaging[J]. Optica, 2020, 7
(8): 913-922.

Heide F, Fu Q, Peng Y, et al. Encoded diffractive
optics for full-spectrum computational imaging [J].
Scientific Reports, 2016, 6: 33543.

Wang P, Mohammad N, Menon R, et al. Ultra-
broadband focusing with diffractive flat lenses [J].
Optics and Photonics News, 2016, 27(12): 56.
Wang P, Mohammad N, Menon R, et al.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1105001-7

F 415 F11H8/2021 F£6 B/ ¥R
Chromatic-aberration-corrected diffractive lenses for
ultra-broadband focusing [J].
2016, 6: 21545.

Scientific Reports,

Yan S H. Research on design theory and parallel
manufacturing technology of binary optical elements
[D]. Changsha:
Technology, 2004.
B . oot g R 3 e KR AT VR B R
FEID]. Kb EBRA R R, 2004.

Meem M, Banerji S, Majumder A, et al. Broadband

National University of Defense

lightweight flat lenses for long-wave infrared imaging
[1].
Sciences, 2019, 116(43): 21375-21378.

Ruffieux P, Scharf T, Herzig H P, et al. On the
chromatic aberration of microlenses [ J].
Express, 2006, 14(11): 4687-4694.

Li F, Cheng ] G, Wang M Y, et al. An amplitude

hybrid modulation Fresnel

Proceedings of the National Academy of

Optics

and phase diffractive
optical element [J]. Optics Communications, 2018,
413: 44-47.

Ren Z B, Hu J S, Tang H L,

chromatic aberration correction of 10 meter large

et al. Study on
aperture membrane diffractive primary lens[J]. Acta
Photonica Sinica, 2017, 46(4): 0422004.

R, SRR, FEULR, 4. 10 m X H AR WA S
FHEMEERERARNR ] 6T %M, 2017, 46
(4): 0422004.

Chung H H, Bradman N, Davidson M R, et al. Dual
wavelength photon sieves [J]. Optical Engineering,
2008, 47(11): 118001.

Mohammad N, Meem M, Shen B, et al. Broadband
imaging with one planar diffractive lens[J]. Scientific
Reports, 2018, 8(1): 1-6.
Liu X, Gong C C, Fan B,

fabrication method of Fresnel diffractive lenses on

et al. High precision

ultrathin membrane for imaging application[J]. IEEE
Photonics Journal, 2020, 12(4): 1-10.



