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Fig. 1

Schematic diagrams of propagation in double volume holographic grating waveguide. (a) Two-dimension optical path of exit

pupil expansion; (b) structure of double volume holographic grating waveguide
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Fig. 2 Schematic diagrams of optical path propagation in path A. (a) Schematic diagram of light propagation path in positive field of

view; (b) diagram of diffraction light propagation under grating vector
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Fig. 3 Schematic diagrams of optical path propagation in path B. (a) Schematic diagram of light propagation path in negative field of

view; (b) diagram of diffraction light propagation under grating vector
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Fig. 4 Planar diagrams of conical diffraction light propagation path in path A. (a) Light propagation in center field of view; (b) light

propagation in positive field of view
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Fig. 6

Exit pupil diameters of double volume holographic grating waveguide. (a) Exit pupil diameter in x direction; (b) exit pupil

diameter in y direction

2.3 By RACREBRSWT
TERRT AL BR R T, A S 3 06 % i kW] DA R
NN
/eZ(/e_l,/ey,/e:)z/eon(sinﬁcosgo,sin&singp,Cosﬁ)o (9)
W SO RERE AT UL kR B T 0. L—
A 3E 1Y) AR R G R, A SR A AT B S
B AR A AT B B 0 T N SR AT A SRS
kO m BN B 7 frow , Hod R X 3R oR 25 S0, 3 4
R n, BTGB ko SRR R Z 1]
BB X 3k % 7R i 5 4 RO (TIR) X8, 9% S 7 i %
Ko, TERKRTEW 2y FHE N, 2807 0 KA &/ k
T,y W KN ky/ Ry R s 0 B2 42 0T DL SRR
R 25 ST, 0 R, AR Y AR R LR OR R
SR R, 2 AFRA JCM AT ST S A ST
o MAR BRI SR S B A/A WAL &, Ferh A ARG
S Y S 0
W [R 2A2 T LA RN A
R = Jkl+ kR = kon, o (10)
NG IR Ny
R, =kon, o (11)
AT S A O B S 6 T A B X P Ah il B

Aky/ko

B 7 LB AR T b O A
Fig. 7k vector diagram of general single channel waveguide
[ENE A S AN /IR 78 = 7 NS S B A X VAL D IR P S
Z ] LU 1 i 59 B O 3 % B Y A ARG
I 40
2A

na +n,

A ESCIVA S i SN R ) I NS
R

A= (12)

. 7,1W 7 n?lll’
6’=2£lrcsm< 5 )o (13)

0222001-4



B R A SN, TEY KRES 2R
WA R XA S TR R S ST R WE
T kR AT e aC(13) AT LA W A3 1 #R98  FR
U T SR E o B R T O R DL S 4 B MR
Prof RIUCHL . 4 B C B A B w0 M R R,
A U A7 SRR R BRI . X TR AR U R RSk
Ui, 4 BOGMHE KA BE S G AT S sOoR A AR
2 FEHOR [R5 87 52 B AN 34 5 5 2 K37 i RS A
DL 7 ) R

ARSCHRE W EY BT R TRY R TS
BRI, F 8 BIR T HAWSF WL kK
K, B A AR BYGE I 5 b P o 15 4%, 7E et
%A F R IE B0 56 4 9037 40 ) oL B4R A RN 4R B
B4 PG R & IME RSN, LT
ML . IELS H LA & & T S0, el A7 58 19
F3Z5 v O RS R 37 v 0 22 T A8 B — N 45 i = AT
WO Z BRI B A S B A/ A =A/A=2/A,=1/
Ap=2/Ay, I A=A, =A,=A,,=A, . SCHEE ]
i (12) TS, ek, X R i 2 Soh e R A S L
O S [ 7 PP B AR AL B W A3, 1T R

My = My
o
2

A BT 1B 7 v o A S A 0 Ok, B
WL I 0 e vk T LB s oK
£, R R F R AK 4 B OE R A& W M T 3 I 3T 3 %
B3R,

AWk G R A WA R I T R 4 Bk
Wb, PTG R R 1. 52, 3 U 5 5L A R R ik #R ot BH
H-KOL 8% 5 , X4 A% K 1 Bl 2 500~560 nm B, % 5
BT 5 AR Y BBl ol 1. 5180~1. 5214, A&t Sy h
DY K A 530 nm B, 3% S AT B R O 1,52, 3
B EY N A=A,=A,—A,—A, =422 nm.,

O e = 4arcsin( (14)

a4k E289/2024 £ 1 B/EER
Ak K,

diffracted by |
HOE,

diffracted by

diffracted by
HOE,

diffracted by

P8 P4 BOEHHE S 2 kK #]
Fig. 8 % vector diagram of double holographic grating

waveguide in full field of view

X T BT A PR R A B S A5 TR I A R
Fn4 EOCMER RN B R 30 1. 52 1, oF 58 % S 0 X6
A Bk 607, FEABT I, B E G I A
422 nm , % 1% & R 55°, 0 T/ HOE, 78 & J7 6] Fl
Y IR SE43500 R 25 mm A1 29 mm, AR E] 2 H7 1A
FUy 7 ) () L0 B AR 430 O 16 mm Al 13 mm. ARKAE T
=N E LA 2 G S I IR N g SN oY s B i IO 0
2 BHOGERL T,

3 SEER N T

AP H  HOE, # HOE, B9 5 K 2% 9 & 4 B
BESGiC SR L ZE I ToH HOE, #1 HOE, 43 51l 75 B AE
— 24 BB ESEAT PR T O 1R R Y B e %
VIR 45 B W 1A 4 OB

PLHOE, B m T8 6], 78 HOE, i T3 #2 w5
i 3d B0 5245 8 HOE,,, 1578 B % 19 HOE,, J& 4 |-
AT —HE A2 B BEOL, 15 38 HOE,,. HOE, 194 5
e T an 5 9 B s o 3l A FLAR O B AT T EDOb
W LLAT F oy o, 5 F Bl Prism-1 & A S o

PBS

HWP1

HWP1, HWP2: half wave plate;
PBS: polarization beam splitter;
SF1, SF2: spatial filter;

PH1, PH2: pinhole;

CL1, CL2: collimating lens;

Al, A2: aperture;

M1, M2, M3, M4, M5: mirror

I M2

B9 HOE,, i 4 BBt hn TG
Fig. 9 Holographic exposure processing optical path of HOE,,

0222001-5



R

a4k E289/2024 £ 1 B/HFER

B 55 — B4 S 3 B8 M4 SIS B R L24 AL T aeyz 25
] P, A X oy P 18T 7™ 26 i 5 FBE SR B M5 RS,
T F R Prism-2 BRI A ST . B2, i ad P HEOE 1Y
T B 4 1 HOE,, . Prism-2 B9 {7 & 40 J7 HE 75
W 3 A2 o Prism-2 (9 24K 15 2§l A9 2 /1 0 60°
HOE,, ¥ 7 HOE,, & fili I #1758 — 5 W6 6 Oy 4 o
e B T G BN 41 7 1) e B, A HE 5 e Bl £ T 1) 1 e AR
120°, 7€ MRl b gF 4T — MR, B Al 75 2] 9 & R 4
BJEM HOE, .

HOE, #1 HOE, iy 4 B B % i T B% FH 21 1 6 2%
i F 5 HOE, 26l . H o HOE, 43 %1 #2 it HOE,, fl
HOE,, 77 55 5% , B FLAT 5 I L N 3 5 1 5 )5 ifF A
NHIR . 2% HOE,, fl HOE., 19 A 556 F i 556 75 1]
Al LA 2 HOE., Al HOE,, i X% o B Y60 5% 1], #K

@ ()

W HOE,, Al HOE.,, ¥ 17 4> B W', B v] 45 2] ) & 4
4B HOE, . 54, i T3 58] 5 HOE, AT §F 3% % n]
K 90 %0 , 5 — F M 45 4 1 A7 S R Rk 40 %6

I 4 5L B O T ik o A Y T R A 4 B A
PR R B 10(a) BE s, ARE A 6l HOE, () R
4 mm X4 mm, B E K4 BOLH HOE, 1 HOE, i) R
SEH R 29 mm X 25 mm P RO HESE S A R T
SCHAR MR BEIE A vE A . & 10(b) H 2 | BT
532 nm [ 6 F H A 5 2 HOE,, HOE, (% 17 5 ¢ 16
BT AT 4 S L 438 HOE, M HOE, (1) 4t [F]
Vi R JE D 5t 5, W5 25 o 0y 5 1] 45 35 14 T 516 i
SLIE T0Ch) A7 B T s, 568 6 1 s T DL I % P
R4 B OGS B8 08 A K S AR BB 1) S B
YR

P10 il 6 1ty 0 o A4 4 OB S 11 Ca) T B A A OGN S R 5 (b) B S G 238 38 e — 2k 7™ IR DI i 5,

Fig. 10 Processed double volume holographic grating waveguide sample. (a) Double volume holographic grating waveguide sample;

(b) real ray tracing and optical pupil spots in two-dimension expansion pupil
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Abstract
Objective Augmented reality (AR) head-mounted near-eye display technology combines virtual image information with

real environment, and it is the next generation of interactive display technology with potential applications in education,

military, medical, consumption, and other fields.

thinness, compactness, and eyeglass shape, which can realize true wearability and all-day utilization.

The optical waveguide scheme is a promising technology due to its

A volume

holographic grating (VHG) has a good wavefront reconstruction function and can be fabricated by the laser exposure
method. The process is controllable at a low cost, which is a potential AR solution. Although holographic waveguide
display technology develops rapidly, its exit pupil size and field of view (FOV) are still important factors affecting the
optical performance of volume holographic waveguide. VHG waveguides are difficult to achieve large FOV due to the
restrictions of refractive index and angular bandwidth of holographic materials. How to ensure a large FOV display of
VHG waveguide under the premise of a large exit pupil is a difficult research point, which requires a breakthrough from the
design method of exit pupil expansion (EPE). Thus, we propose a design method of double VHG waveguide with two-
dimensional (2D) EPE and FOV expansion.

Methods
VHG waveguide with 2D-EPE and FOV expansion. The out-coupling grating of the waveguide structure is composed of

To enlarge the exit pupil diameter and FOV of the VHG waveguide, we put forward a design method of double
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double VHGs. By changing the light transmission direction in the waveguide through the structure of double VHGs, the

beam is converted from one-dimensional propagation to 2D propagation for realizing the 2D-EPE of the system. We divide
the incident FOV into two propagating paths, each path is responsible for half of the FOV, and the two parts of the FOV
are finally spliced together to form a complete FOV. The optical principle and design method of 2D-EPE and FOV
expansion are introduced in detail. Two non-coherent double grating structures are exposed on two layers of holographic
material by double holographic exposure method, which is adopted to realize 2D-EPE in holographic waveguides. The
proposed method not only expands the exit pupil diameter but also improves the FOV of the holographic waveguide

system.

Results and Discussions The VHG waveguide sample is fabricated by double holographic exposure method. The
structure of the two grating positions is compact, which is conducive to glass shape modeling. A 532 nm laser is employed
to illuminate HOE, vertically, and the diffracted light of HOE, is propagated in the waveguide by total reflection and then
exits through the influence of HOE, and HOE, together. The exit pupil point propagates along the x and y directions, and
the optical pupil point can prove the ability of the VHG waveguide to achieve 2D-EPE (Fig. 10). Digital light processing
(DLP) is selected as the projection optical system to verify the display FOV of the waveguide sample. The experimental
results show that the horizontal FOV of the waveguide is 48°, the vertical FOV is 27°, and the display diagonal FOV is 55°
(Fig. 11). The experimental tests prove that the proposed method can realize 2D-EPE and FOV expansion.

Conclusions A design method of double VHG waveguide with 2D-EPE and FOV expansion is proposed. The exit pupil
diameter and display FOV of the holographic waveguide are enlarged by the combination of double VHGs. The optical
propagation principle and design method of each path are introduced in detail. The volume holographic waveguide sample
is fabricated by the double holographic exposure method, and the experimental test of the double VHG waveguide sample
is carried out. The 2D optical pupil point propagates in the 2 and y directions of the exit pupil position, and the size of the
exit pupil is 16 mm X 13 mm. The displayed full FOV image has a horizontal FOV of 48°, a vertical FOV of 27°, and a
diagonal FOV of 55°. The experimental results verify that the proposed method is beneficial to achieve 2D-EPE and FOV

expansion, with a broad application prospect in AR head-mounted near-eye display.

Key words holography; double volume holographic grating waveguide; two-dimensional exit pupil expansion; field of

view expansion
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