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Preparation of Reflective Volume Holographic Grating for
Plate Waveguide Display

Yang Liu, Jiang Shilei’, Ji Xuesong, Zhang Jin, Wang Yujin, Sun Guobin

School of Optoelectronic Engineering, Xi’an Technological University, Xi’an, Shaanxi 710021, China

Abstract By studying the core holographic optical elements in the holographic plate waveguide display system, we
prepare a reflective volume holographic grating with refractive index modulation on a holographic plate with quartz
glass as substrate and dichromate gelatin as recording medium. The effects of different exposure intensity, refractive
index modulation and water washing time on diffraction efficiency of grating are researched. Experimental results
show that the diffraction efficiency of reflective volume holographic gratings can be improved by using 441. 6 nm He-
Cd laser light source and complex post-treatment process. The diffraction efficiency of reflective volume gratings can
reach 61.8%. Under the condition of visible light incident, a remarkable light splitting effect is produced. The
prepared holographic experimental sample can be transmitted by waveguide under the condition of total reflection,
which provides a method to improve the diffraction efficiency of display devices such as head mounted display device
and augmented reality during transmission.

Key words gratings; micro-nano optics; reflective volume holographic grating; plate waveguide; diffraction

efficiency; interference
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3.4 FHRESIWIE

¥l 11(a) >l He-Ne #o't s (K 4 632 nm) 1Y F
Bt FE LTS B VHG 1 51— A0 51 A 8 R 51°,
KT A B 4 R 5 f 430, Tt 7= AR 9 S I 4
K 11(b) )= 4 7 VHG 76 3 35 JL % BB Wi 19 I 5
M4, 24 He-Ne WO & K ASHOGIE B AN 24
Y P BGFENE I, VHG 1 72— O 3 5 64T
Tia) & A i A, E R VTG AR 4 ST AR R I HEAT RS

BT BB WHG B A 3% 5 278 B4 (a) 1T 55 4
(D) FH G

Fig. 11 Display phenomenon of the reflective WHG plate

waveguide. (a) Diffraction angle; (b) waveguide

phenomenon

I I, 33 3 AT 2 S 88 A VHG, WA S B 4 DU
0=>51" NG HRI, Ok 25 3 B A, 4 RIS R H
G XA B G 2 R VHG Ho B 365 R
JERM AL SR . EEIZS R, BB -
T AHFEAE VHG S5 R, 25 L4 i 36 05 L4706 46
% i, B2 DA B B RS S, AT L S AR
UL B, IS DG iR B R, HUOA AR A — 4 e Bk
e B R 25, AR A AR T LA Ak £k 1 A%

R T AT E L R S I E O B TS
MGy A I, B R AN 1] 12 B 7R o R Y 33 g 2
JREERI S HAR ¢ 730 mm JEEE A 1 mm, FEE £
117 AR ) R VHG RS 2y = 12.5 mm, a0, 8 3% 5
BHAR AR . AR R A A B
et ok b, O 2 1% B BE B T=2dtan 0, &
2.5 mm e E— NI TR VHG RAFE
BN, 2SI TR . L4EE AS 2400
e 248 R R 5 I 11 (b) AH ), 31X 3% B kg
I (A0 56 005 A A BE A AR AR S BN A
BIHEK

0305001-7



$£59% F38/2022F 2 A/HERBFEHE

< x =
d :; reflective VHG
N 3 241
L I 6 quartz glass substrate
\ 4 5
4 A
< x, >
—<—_ —= He-Nelaser
K12 A0 B
Fig. 12 Principle of the waveguide phenomenon
Changchun: Changchun Institute of Optics, Fine
4 4 e

J T Kogelnik Al A I BEIE SF B 9% S 10 1% i i
P95 0 S AT S B JECEL ) R SRR X B
T T kA T R AT VHG ., FIDCG Rid 5%
A2 5, 38 S 6 B O IR )RS AR B T AR R,
B8 TR S 2 B R R R T
LB A 50 s K PR 1] A 5 min 4 YK
K] 435124 50 .50 5,60 5,90 s, £I7 5 2503 d5e i vl
KE61.8% . SEE 4 A VHG BE ™ A4 B W1 % 5
PG T A2 S bR N FH T 5K, L Bl Bl B 7 i e d
IR AN ) R o AT A = A S I N (R |

V3

Hi 5 o
2 £ X @

[1] Wang L. H, Wang G, Huang L. Q, et al. Study on

monochromatic holographic planar waveguide display
system[J]. Journal of Applied Optics, 2019, 40(2):
241-245.
TR, TR, B3,
WoR R g m e
241-245.

[2] ShiZ Y. Study on the diffraction characteristics of novel

L SR T
1B Ot 2, 2019, 40(2):

coupled grating applied on holographic waveguides
[D]. Nanjing: Southeast University, 2018.

ATERE . N HT T A B U BT B S L AT A e
WFFE[D]. M At MK, 2018.

[3] Weng Y S. Research on optical coupling technologys
applied for full-color waveguide displays[D]. Nanjing:
Southeast University, 2019.

L BOBSEROLERAHRBIFED]. # A
RERE, 2019,

[4] He T B. Research on analysis for diffraction

characteristics of varied-refractive-index volume

holographic gratings and fabricating technologies[D].

0305001-8

(9]

Mechanicsand Physics, Chinese Academy of Sciences,
2014.

ff A . A2 I 55 ek 4 BOC M AT SRR S BT T 5 S
A L LW D] K E: H E B B L b %
PS5 W) BRWFE T, 2014.

Tao S Q, Jiang Z Q, Wan Y H. Optical volume
holography technology and application[M]. Beijing:
Science Press, 2013.

B it 45 YEAT S, R e ik A B R Ko H
[M]. dbst: B2z s, 2013,

Yu C. Research on diffractive optical elements
applied in novel display technologies[D]. Hangzhou:
Zhejiang University, 2018.

TR T AL R R 0 A7 5O Y
[D]. HTM : 7V, 2018,

Lu T T, Feng Q B, Wang Z, et al. Design and
fabrication of volume holographic gratings with large
angular bandwidth and high diffraction efficiency[J].
Acta Optica Sinica, 2021, 41(2): 0205001.

G lgte, WA, AT, AR AT IE R AT AT RCR R
4 BOME R TR A D). e s, 2021, 41(2):
0205001.

Wang J C, Liu P, Guo H Q. Methods for controlling
reconstruction wavelength and bandwidth of DCG
narrow bandwidth reflection filter[J]. Laser Journal,
2000, 21(4): 18-20.

EA R, XS, FEAKE . DCG %45 I 4t I8 ' A 75 30
P A w8 5 5 IR D). WOt 2k, 2000, 21(4):
18-20.

Ren Y F. Diffraction mechanism of dichromate
gelatin  and silver halide holographic recording
materials|D]. Changsha: Central South University,
2005.

AR5 . T B R B R R i A R 4 2T S b R B
RHLHBFFL[D]. Kb g R, 2005.



	1　引言
	2　基本原理
	2.1　平板波导传输原理
	2.2　Kogelnik耦合波理论
	2.3　记录与再现原理

	3　分析与讨论
	3.1　涂胶厚度与曝光时间对衍射效率的影响
	3.2　折射率调制度对光栅衍射效率的影响
	3.3　后处理工艺对光栅衍射效率的影响
	3.4　平板波导验证

	4　结论

