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Abstract

Optical holography is of great significance for applications in microscopy, optical information
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storage, laser processing, optical anti-counterfeiting, and other fields. The traditional method of
calculating the phase of optical holography is mainly based on the (Gerchberg-Saxton) algorithm,
using which a wide variety of optimized optical holography can be realized to achieve free manip-
ulation of the light field. However, this method utilizes the optical fast Fourier transform, which
inevitably results in zero-level diffraction, which greatly reduces the optical intensity of the ho-
lography and also affects the quality of the holographic imaging. In this paper, we propose and im-
plement a method to achieve optical holography based on the inverse design of Riley-Sommerfeld
diffraction. For the holographic computation objective, this paper defines a special loss function
and theoretically realizes the holographic computation of discrete and non-discrete optical fields
with high diffraction efficiency. The research results of this paper have important research value
for the application of inverse design in optical holography, such as optical information storage, la-
ser processing, and other fields.
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1. 518

KRR, MFNMADEFEARNEZ S, HESREH 2 EAMUERHE SRR~ 786K
4B E S, BIEIRIEAMAEAL, IEIRME T —M i g o7 N [1]. RS d, EaBTRA R
BRI T fEAEY R, W AR B, TR SR AR IR AR B = g b, R AR
PRI FEAR AL T AR KIMEERI[2] [3]. seAh, St 4 BEORAE SERR N FH i B A BRI /7. EBRT A, 4
EHARTHT =42 EUR I SRBURAR BE, 58 S 2 W i 1t (4] AEIB(E 0, 4 BT sLlR
B SRR SRR RG] O, S BEARAP ARSI TF R
[6]. fE4LIT1 5 4 B (computer generated hologram)(i) /5% 3 B T (Gerchberg-Saxton) #& th (1 5%, 2T
PRTH R BL AR 6 B[ 7] [8], 3R AG AR AL e B AR e 2 B F 2 A A, 0 and e B e T A 4 ] 3]
WA EEAEAL, 1SR ARG B TR & AT 5 T R BAR R . JRTM, fERMEET GS &
ER A B R B H AT R ILBAL, ReERZENIE 0 HATH, SHEELEmSMtER, AF
T BEORAE AN O G I TR S 24 4 BB R BOR )5BS A [9] [10]. R A T ¥ 24k GS
4 Bt E &R AR FE[10]-[12] .

ARk, MBIt 590K T NE G, AEEAOEI T — KRR, b7 gniat 541
WS SR 1RGP B AT REE[13]-[16]. WAt Rt B bRgE R R o AR O,
OHSTE TR T S It R e bs, FIFTH R SENEAIRAL T B, Il SR A7 H i S5/ 2 48[ 17] [18]

DRI, AR SCH IR ER T 5 T 5 T 2 R FEAT S (0308 ) B S e 22 4 B ER . AE TGt
AR GS Hik, ASCHEM IS 15T 50 W0 2 R FEAT I A [a) ot F SE DG 2 A B T k. B0t 4 Eat
FEHPR, ASCE ST RPR IR R B (R S B A 2R pR AR, NERIR B SEB 7 HoA ST i ReR S Bot s
RO A BT . ARSTHIHE TR I m BT A BN, WA E B . WOk LA
QU EEHFANE . BEEAAHCHAR AR K RS, AHEEAE, PRt Ee BREARK
REEFIMELENER, HEEERARRME SRR,
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2. IRRANA
2.1. BETFHEmMERRIETHEE I SEIAF L SRR

] 1 AT BRI AR JEAT S A0 0 T SCBE 2 4 L O E 181 . SPTTT  (plane wavee input) B2 SR 75 4
BRI b, 285 0 BT 2 A T 50 B 500 14 M BT T B RS0 i O At R, 0 7 4 S
R AR (B AR IR B FER) o ATSTA LS I T AR 1 Frr, NSRS — BT MRS,
SHFEALE FARRL RS R, RS B2 B, DS ARTRLE, RN R LARTS 77 AT
4, TS IUAT S M B T T B e 7 16 5 R AR T 3 I o SR TP AT e s B 4 L iR
PR, FERRGIIKIR T, VAR, WOHRN T ATST AR, R8T 4 B LT R

gt iE sz

H b5 X 35k
H AR X 35
AT A
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Figure 1. Conceptual diagram of optical holography realized by inverse design based on Riley-Sommerfeld diffraction
1 EFEmmARIETEHNFEEL TSI F 2 RS E

2.2. THARERARIELTHIERIL

TEARSCBR S, SPAT N B — KT L, B AL o] USSR AL, fEAE 3R
FErh, ETEGINRARIE A, T eI A8 TUE 10 A%k P08 I F A T b Xy 9 58 o it I 2R R AR AT S — el

R A
| z-z( 1 1 j2mr
A Y, = —| — —_— 1
Y (X y Z) r? (27:!‘ " j/ljexp( A j @)

Horp, VAR | BT E, AR RO LR | MISHEEREIT, HAR N (X, y,.), ARE
NSRRI G 244 B TAE IR L,
r= (%) +(y-y) +(z-2) @
AR M ATATS BTG B HARATI X IRE [ i ) BB IR S, | = V-1 RO RAE R, 7T
PUST A% S TR AT & — N ST IR B, B3R DEIRE R
2.3. sk RESE T AERER
HETHWERKIFEAAHOSE R TP — D RBAR, 2 EMNE —AE1ER AL 5 o8 5 (Loss
function) [19] [20]. #R B EE —NAENLES F IR m) Bt 2 A S8, 322 A T S A TINAE
SHESEEZEINERRGREE, MERRER MR soE RS .. EEmuith, @i m/ Mg mEBEk
PEARAY, SRR TR B I AERR . RO R BGER D, B R A ) TR 5 s s E, AL FR
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JE PEAE REBRLT -
MRIETH 4 B AR B AR, AT 7 — M A& AL 451 2% e £ (hybrid loss function). 1% —451 2% B %5
BEWAE Y, — B R R BT HAR XIS, — 7 1 iR T 0 HAR XA« W EA T X Rk

A LASE A
Loss(outside) =" w(x,y,z) 3)
Loss(inside)zl—ziow(x, y,2) (4)
Loss(total) = Loss(outside) + Loss(inside) )

Fealfath, SRAX A & R R s B RS R AR H IR . K2R, ARS8 A it LA e
B R M —MRALER Sy, FEOT R, ASCRIUMAE A — MUt B, BARRERS Lk B AR XA (58
SRR, AR TEZAE AR XA S iR /N o 1A X P B AT A R 3, REOE MR AR FE 1Y
BRI IR .

A5 1 52 5 T SRR 45 % R 50 RE 06 i A2 308 1) e v 3 B R PO 453 2K B 08 SR B e/ ) AR (FE 3 T oK
HIBE T VRN A1) . ASSORAT T python 34T 2 T3 IH 2 AR SEATA A8 ) et R s Al 25, e A N
x N IFEREACER 2 AT A ALAT 52 IO BTS00, R B I A T 5 2 BT 52 6 N S OB IR 18 ) 4
I PR I 2 AR HE A R EME RO H LTI R L4k, DLHRBH 4 B R R RE . HR4E 72 RE5 R,
B A S o R R A SRR [P B R4, IBEORE M %%, AT EETA R, IRAEREEE A N5
%, 2RI - REILE, T RARS ] i B A R S U O -

24. BERITEEATEE

BT BRI, AT E SRR ZR IS TR R 3 I R R SEAT S A [ Yt SR ES O I A R . BEHK
MUA RS R AE T, B US4 B0 nT AR F R SE L2 R U g il [21], X T4 B 2 AR RO
Jin T-(holographic multi-focus laser fabrication). Y15 217 fi (optical data storage) =5 4iisk &8 5 A B E B 7Lt
{E[22] [23]. P9 NHRX T BUER AR AN 75 2 UG R AT AR SR K R, RIE i sl B 1 7 A B R 3 H 1
BITEAR . A F0 B e R R LR A [ e e i A S O 4 . Wil 2 fros, R T 18 AN S i)
FREA, XFEERERR IR TR A, 389k 7 P800 X R AR, A B T4 i B8R

T AN TR B EO I BT E AR WNE 2 s, vTUESR], Sakifia i it i EE R loss A
WIZRIREL epoch HIREINTIZRHETFEAR, 7EUIGRREET 250 A AT, R REIEERE T 0. 1RSI
250 IR J5, TR RBUIME L IRFEAAS, ARIL 1 ¥ m) Bt i) s R R E RE T . B 1(c) s Tk
P33 14 EABBIAR AR L 23 o 100 18] BELTHFE P 2 7E— & A7 128G (NVIDIA QUADRO P4000 GPU)f TAE
vl FIgAT. USRI T2 5 408t UIZREF 010 m) Y v e vt 4 S BT E SR A LN [R] DK 20 22 5.2 ms.

[T, HRHE 5 A0 2= R AT B AR 2 T PAT e &t & BARGR 4 BB 45 8, ER AR R
PHERTT, ARSI TR A BB AR X LA X EOGRIER 5], HAREE L H bR XIRLASM) X $ 8 1R
%o BRIGE LT N4 BATI SRR T B 4 B R AR E . A BT AR E SO B AR XS A ks S
H bR X IR LA G LA o 8 T A5 B4 BAT 0% 91.8%, KR T ARAK I 4% B e 15 75

MRPEX TR, ARG &t i85y, Wit 7 2R B, EE 3 R, 45
R, IR R BB S AR LA B bR, 100 ) 50T AR R PR 4 SRR A o X 8 4 S ARUAR A7 28 3o B
FORFEATHBUEBALL,, AR 315 T 90% 4 BATH AR & B R, 1XEes FUIEM] 1 19 M) 5T SR A m]
SEVEANSER ) [ BT A RE T TR E X, Bt XKt 5 B AR XIS G ELfE .
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Figure 2. Discrete light field holography by inverse design using Riley-Sommerfeld diffraction
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Figure 3. Training simulation imaging and corresponding phase plates for dot matrix with different letters in the detection
area. (a)~(f) corresponds to the letters B, C, K, S, X, Z and the calculated holographic phase plates, respectively. The holo-
graphic diffraction efficiencies correspond to 91.26%, 95.30%, 89.60%, 96.30%, 95.34% and 90.46%, respectively. The

scale bar is 20 pm
3. X A AR E F B S B BT ZRAE AR 5 R 3t R AR IR « (a)~(F) HRIMRFE B, C, K, S, X, Z UIRITEE
ML EHEMIR. HEEMTHMERS R A: 91.26%, 95.30%, 89.60%, 96.30%, 95.34%, 90.46%. FRRK/\H

20 K

25 HEEIHT SRR EEER

fEesE A B N A, — /AN EE R U7 )& 42 B 27 (holographic display). 458 8 /n R 4 5 g &
— AN EEBIE . JEEHOES A B SEIE0R 4 B A R E 4 BATH R [24]. Tk, R SCYIBIRER
TR A B SR B EOES 4 BRI .

T S AR SO AR BT Y A2 T i N 2R OR JEAT S B3 ) B 1 U7 E, B EIOE S BB (TSR A)
BT BRI, AR 4R EESTERORH) B AR B X I, BRI A B TR R T AT
(AR 453 2% R B B R 2 AR R BB Y L, AEUR R P B T 2 R JEAT 49 1 4 B R I S I s o, AR
5T 3% R 78.25%, X —SHUmin ik T S B 4 Bk B4 R i H, fEWSE %57 A mEG .,
A DUBH 2 B OGR4 AT HEANII 5T .
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Figure 4. Inverse design for non-discrete light field holographic display. (a) Inverse design holographic computation and
image recovery for a larger target function region (holographic diffraction efficiency of 78.25%). (b) Inverse design holo-
graphic computation and image recovery for smaller target function regions (holographic diffraction efficiency of 89.65%)
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N T IR RATHRCR, ARIRR T4/ B XIE NS AT BRI . WE LIS, H4
SERIALAR B R H AR/ —E I, HCREAT S A5 A BB B T 4 B H SR H AR XS K/ e BT8R
N EARDRCEU N 7 BE A EIR), 38 B SR RS TE 0 R T A SRR R R AT RE T, 1R
S AT AR 4(b) s

2 H AR DXIOR NN BB IR /4 B, 380 e 25 20 A 4 SR ARCGE 1 B I 2R SERT AR PR A 11
BRI RGP RR N, HH AR 2004 BATH RN 92.58%. AHFBOKH) HARKIER, X—Hihiz
20 10%. X RN AT B SR S bR BB AR TR I e T 1A

X T BEA B SR AR EEAN I R, ARSI, 0 THRAT 4 BAESS HOATS T, @R A RUR
MIATH A SeEl a2, DRIk, bR 4 SRR B AT ST S0 e BT Bm AR AL B IR I BE 77 A B — Ik
PRS2 DASCEERT AT S B T AR A 1 BE D 2RI 7oK, i B B R AR R bR Ot e e b AT ). AER
REWETE R BE— 20 BT IR FEAR R AN S8 E A sE L

3. RESiTi

AT R A T AT TR ORIERT A I A B SR BDE 2 B BOR, SR IT 1A B s
BG4 BRT7 % 0 5 ANR G IR B (H AR XSO AR IX IR, i KRR LS i T3 AR 1 77
o SRR R RN, ASCHTT TR — A Sl e B R os AR B e B BRI TR AR
TFSEEE R EoR, T 5 A R R EAT A A3 A B ih SEBDE 2 2 B R R B RATH, SCHLRA BRI
ERMATHAENEE . NTEIOUNEE, BEBSEHL T T 90%M A BATH R X TAEH
R R, A B ATHRCR R i H AR KRR RN GRGE R, HAR X RN, 2 EATH R Bt
M . ASCH BRI, AR ERR T MR B RE ik, A B TS A st
FEGAKOE T 2R A R RTHOE A TP IR o A ST BT FUCRORE A B TSt ) B vh-2 B BORFE AN oL 2
BRI Jefd BAERE . s e 4 B SR HoR U N -

E&WE

A FAFE] 7 E K E & K (2021YFB2802000, 2022YFB2804301) . b T RF S AR s i 4
(21DZ1100500) Fig MR FHARE R LI, E# AT Rl 01t R1(2021~2025 4F28 20 5). EZKHA
B2 £ 42(61975123, 62305219, 62205208). LTy H AREL k4 (23ZR1443200) .+ [ 1 £ J5 B2k
(2022M712138, 2021M702192). k- i iEE 4% 4 L Je Ul v il (5B22904002, 5B22904006)
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