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Fig. 1. Schematic diagram of optical waveguide AR display

system principle.
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Fig. 2. Schematic diagram of free-space optical combiner

AR display system.

F H 25 8] 27 4 G A A B 2 — A Bl 1) 1
BERG, WA W T Ot iR 1208 k4 5
He2t4: (holographic optical element, HOE)!M 4%,
Hrp | 2 B2t/ (holographic optical element,
HOE) ¥ BN | HE i R RS B IR IC S Y
Do, WA 7 i — A B gk 1), 3@ ik
T, B E R T LI I K S G AR A EHE X
ESRAEEECR YD, BRI AR U X A S
PRI TR S, DU R 2 R BT, BMER A
VIR AN M mT DL = A AR R, T SEBEE SRy '
BRI E5 1. A, B G 2E o U R A
A R (E, PR AP AR 1) B SR A8 AN
HALG RS R R AETEAUE OC R . T HOE &4
TRTS RIS CAE IO, BB A B PR PE I
UE T FLSE 5t 1 18355 0 28 DA R AU 7S 24 %) R 400 &
1R AT SRR G S, RIS AR EO W BB A A
AR, FEARAR R EEUGORT L BE Ay ] B (R TR A v 1Y) 2L
et % 10

H i scakrh &4 i 5l HOE & 5ok iR
WoR A R DA AT ShEE /R KRFER Jang
018 R4 85 (holographic optical element

lens, HOE lens) 7£ AR G AE W = 4EE%. Z
JE R4 Lee 25 W A04L T2 T2 BB R A th 2
IR RS, IR T RERAME Tk, (B L
W LR A BB R RS, X Tafse
BBEGEBIERG, 1T 2H0F RGP FEE 2
PRk 202U B 46 HOE MR £ 22 T4
BOCH A, P E R B R 5T 4l 2224 i it
TR R D BRI R A EOCHI AT S i B AT TR
Gtk Ry IS ST, JFHIE T4 BOR S m R
AU e AL R4 Piao 48 2527 sl Jy 51 BE G 1Y
D5 IE OGS4 i 4 64 SRS G O
P THTHRCE. PR T R ROGM REEMR 426 HOE
4 BOGHE, BB RARG HDRE, At
BOMROCRERE, T E RSB F AT R, T4 (0
A BIEG] DU RO, JE— PR RS b
P s |]. Ry, 2R 58 RE S DR UE KB U IR R 25 &)
JE BRI AFIIR GG SR1M, HX 44 HOE
ICR R BT L2 BOR H w, JF R i
WS R AR, IR B AR B A 5T TAE
ARSCE N T A4 BE R 5 B0 R
AL G AR B REE. L 2 b HER T =
Y4 QB EITRE, 13] T & RE R4S
4y, i i a8 i 77 2B, T 4 BB B A S
AR AR 3, S T A2 BB S EIC
SR, I PR T AU TR R
RISeR 22 BB H, FHEE 70 AR R4
S5 BY X  7s ROR FUAR B B 3R AT o M. RS
47 B RGP AR 2E, SR T AL T
EREN T, PRUEFF IS T G AR B — BTN
BRIGEL; St 1Tt A BT sy X ELH
PRERZAZ. AR, $2th 17 sl R rh e AME R JT 1%,
AR 3 AN (0,38 18 =2 7] AN H 5 1Y [

2 2REFRGLE

S I AR T AR R e e B R ) L
i, FHE kR DL AR 7 T 5
SRR, XSRS R T AT

2.1 ZEEENREGHE
2B EE R —FE s 2 Bk e T 2
19 HOE, X Afic s 2 AT LLSE B B A% i T e

114201-2



¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 11 (2023) 114201

WA DB VE R — A e R N ES, 28
75 50 AU A SRR T 1) 1, s SR T B A R
PR T 5.

BIHC SR 2 BB AR 2 Ok, BIAR )
FERIATE— S5 HZR I, I sl sl R 515 4t
() [l oA ).

% & —A~LL HOE Hrt A J5 S 0 2 3l i 1% &
G, BRI A7 BT DL i A Aok e . BRI
SRR N G ER=y BEN A Y O S S R 111
R SFEAEAR N TETF A REER I . MR e SR A
SR O 2 A b il 2 TR 9 e f A iR 6,
0,,0.. ZE—A " 4Epyid g, WE 3
R, R ER M 2 A EOEE IR S, S
SS9 T AR ¢ F s Bi5E, Hir, 6., 816, 4351
TG T HET a2 IS O 16 53001 K

ZENKT o F 2 IR A, |

t(z,y)=exp {jk1 {x(cos@sx — ¢08b;;) + (cosby, — cosbyy,) + (

AR —
PRI

00 : -2
) _ J sin“fs,
h(f,n,u,v) - /_oop(xay)exp{Q |:k1 ( Rsz

HOE Signal wavefront

Reference wavefront

3 R EBEFIC R PR EE
Fig. 3. Schematic diagram of the recording wavefront of an
HOE lens.

IR AT B HE T, 2 REBRIC R
FEUE BB ZE AL (2, y). 2 D RO
7 i AR B IR AN T

sinf, B sin29m> 24 (sinQHSy
Ry, R, Rsy

122
1y

(1)

YRS R, AR R B R R S — X, PR 2T 4 B B A R

sin%6,, iy sin%0,,
Ry >\ R

2 2,
)

o {1 (B0 (s )]
x exp {j [k1(coslsy — cosbry) + k2(cosbo, — cosbiy)] z}
x exp {j [k1(cosby, — cosbh,) + ka(cosby, — cosbi,)] y}
X exp [—jkz (Sllr?fzxf - Sl;if u) x} exp [—jkz (S‘];f:y B Sl;?) y} dzdy, (2)
|
FCrb o 0 o 205010 DA 3 s R AP B R o 4 38 " <sin29m; B sin29m) Tk (sinQGOz B sinQGim) 0
B RoR RIS R T AR SO RS % By Ry Ry Riz (4)’
T ARAR s RoFL Ry 43500 R W i SR i il
;0,10 3B MAE it B IO 5 S I B %6 1 (costly — cosfly,) + Ky (cosfloy — costly) =0, (5)
AR 005 000 0 2 W) i 5 B R I AR A " (mﬁasy B sin29ry)+k2 <sin200y B sm?aqy> o
p (2, y) A ISR R G (R ICHEE R 30 Al g 207 AR 3 Ry, Ry Roy Ri, o

REUREOC, Wk v 137 R ESCR 6 pRR, PRI AT DA 3
2 QB G ST R R, AT LUE 2 05 1 oy JF
[i] AT 20— S0

k1 (cosOsy — cosBsy ) + ko (cosOy; — cosbi) =0, (3)

Bl TR (3) TR YR 3R f R
FT7 1), FREEE TR (4) FRIPE A R ILPEC R
AT LMY B £ K 5 0 2 b S el 4 S
BB IIRIIRIC SR A, N5 T4 BB Bk

114201-3



#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 11 (2023) 114201

TR,

PR 4 BB B AR, RAE—A T (22)
WAFTEMRL, S FEFT (22) WHINK (yz) F-1H
YA AR, 2 A BRI R BEA [T A AR

M (2) 20k a] LLAS 3 4 A o< T i) 24
i} N 110 = RN W 1| )

_ cosbog iy

= 7

T cosbiy Ry, (™)
costyy Riy

= oy 8

Y cos@iyRoy (8)

SIS FRSEoT AR 2, 4 BiE5R
TR R A BERRURR Y, ORGP R 5 Y £
JEA G I AMBRATEOL T, 27 AR BOR i ey
A7, SIREBRIR A

22 Z2BEEERRGREHAEFSHY

AR 4 B B i) R TR, R R SRR
ZIENIE 4 frs. b 55607 B T2 A
R0, 27500 53R Z B 77 75— 7€ IR

K 4 srpine— MR g, eIt
it I SO D IV DEE T Te SRR 5 i M W L7 BB U (V2
TR, ARG RIJCT5 AL i RE AR ARG 4
il R ge, KM (FOV) v (7) 5

h
F =2
OV = 2arctan <2fc059> ) (9)

Feih AP RN, fORE S E R R, 004
JCAE TR, O T ERTFEMR L A, TR E Y
T R/NAERIATEE T, 7] USRS 0R A ek
H8/N HOE HARRT, ko 2e e 5 2078 TR CE U
R X KA A G R . LA 14 AR 6 P R
SN 0 R G AR RE A4 LA B ) Al e A R e

(a)

T RUE R R IR S YE H, 75 2 1Y
e R, O LB R A I RO RSO SRS
B T 20K,

Image plane

O Object plane
h/2

4 PB4 RUEBN BRI BRIE, 41 GRRE L AN
R sk (K v FOV Al M ; HOEL h 4 BB )
Fig. 4. Principle diagram of the imaging process of a sing-
let HOE lens and the red, green and blue rays are the ob-
ject rays with different fields of view. (FOV represents the
field of view and HOEL represents the holographic optical

element lens).
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Fig. 5. k-vector diagram of an HOE: (a) Recording process; (b) reconstruction process.
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Table 1.  Optical parameters of HOE lens imaging sys-
tem.
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Fig. 7. Schematic diagram of full-color AR system based on an HOE lens (SLM, a spatial light modulator; HOEL, holographic op-

tical element lens).
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Fig. 13. Astigmatic of the HOE lens, focusing on (a) meridi-

an image and (b) sagittal image.
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Abstract

Holographic optical element (HOE) lens is an imaging element fabricated through recording wavefront by
interference. Because of its advantages of small form factor and wavelength, angle selectivity and arbitrary
wavefront formation, it has a good application prospect in augmented reality display. To make the system more
compact, the HOE lens is adopted as an off-axis optical element. At the same time, according to diffraction
principle, its wavelength response is more sensitive than those of traditional refractive and reflective optical
elements. Thus the fabrication and design of a full-color HOE lens is a challenge to optimizing the free-space
head-up display system. To systematically analyze the HOE imaging system, the conjugate relation between the
object and image is derived by scalar diffraction theory. Then the Gaussian conjugate imaging equation is
obtained and the off-axis aberration of distortion and astigmatism in the HOE imaging system are analyzed. In
addition, A head-up display with field of view (FOV) of 18° and eyebox of 10 mm is simulated and its imaging
process is visualized through the geometric optics method of k-vector diagram and ray-tracing. A full-color HOE
lens with high diffraction efficiency is fabricated by interference. Its average peak diffraction efficiency is 56.7%,
reaching a high level in the world. A prototype of augmented reality system is established by integrating laser
pico-projectior with HOE lens. The experimental results of distortion effect and astigmatism effect of the system
are obtained, which are consistent with the simulation results. The modulation transfer function (MTF)
parameter of the system is measured, and its definition basically meets the requirements of the human eyes for
resolution. The aberration of the system is analyzed and the optimization method is proposed. To optimize the
monochromatic image quality, an extra cylindrical lens is added to ensure the same optical power of meridian
and sagittal plane to eliminate the astigmatism. Besides, a freeform wavefront is designed by the geometric
construction method and forms a freeform HOE to deal with the distortion problem. The local recording
freeform wavefront can be calculated by the imaging equation. When full-color HOE is applied to the display
system, the images of three channels may separate in the space because of their different reconstruction
wavelengths and angles. We propose a pre-compensation method of recording process to solve this problem. If
these above-mentioned problems can be solved, due to its good image uniformity, sufficient field angle and
eyebox area, the head-up display based on HOE lens with extra optical power will have a better application in

augmented reality technology.
Keywords: holographic optical element, laser display, near-eye display, augmented reality
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