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Abstract Holographic optical waveguide is the most practical waveguide coupling technology for head-mounted augment-
ed reality displays (HMD-AR) due to its advantages of small size, lightweight, clear imaging, flexible design, and a large
eye-movement range for users. To enhance the imaging capability of the HMD-AR system and expand its field of view, the
volume holographic gratings (VHG) used as the coupling-in and coupling-out elements must have a high refractive index
modulation (An). Photopolymer is one of the most promising recording media for manufacturing high-performance transpar-
ent VHG. The working principle of holographic optical waveguide in HMD-AR and the preparation principle of photopoly-
mer VHG are introduced, the recent research progress of photopolymers in this field is reviewed, the influence of different
components in photopolymer formulations and the post-treatment methods of the recording media on their holographic opti-
cal properties are summarized, mainly including: (1) the composition of the photoinitiator systems; (2) the crosslink density,
molecular weight and refractive index of the film-forming resins; (3) the refractive index, addition and size of the writing
monomers; (4) the additive of nanoparticles, chain transfer agents, free radical scavengers and plasticisers; (5) post-treatment
methods such as heating and/or light. It is expected to provide guidance for designing new components, developing recording
media with higher An, and fabricating HMD-AR with better performance.
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Figure 9  Structural formulae of the components in the photosensitive systems developed by Tomita et al.[**! and Rélle et al.**!

398  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2023, 81, 393—405



Thiol-ene content:43 wt%

0.4} %
02} ®

0.0

0 10 20 30 40 50
Allyl content (mol%)

B 10 CHA TS LS RUER S TR 2 S B SR R Fe R AL

T2 3CHk[15], 2020 WUABLFTAT, ACS Appl. Mater. Interfaces

Figure 10 Relationship between recording medium haze and allyl con-

tent in film-forming resins!'*. Reprinted with permission from Ref. [15],
Copyright 2020, ACS Appl. Mater. Interfaces

N TR TG R AT B I I F) 37 555 25 RSOM AT 72 14 2 2077 1),
H T 90—k R 1) B E P o, S EUE R S TR
MEAERMRS, BEITRIINOCEER SR FR P, AL
T LAFR AR s AR A 4T 5 23, 3K I i 55 i o B A
Z IRV A ZEAE, T HL AT AR B A4 7 55 A i
LRSI TR AR IR, A T4 e PR
. BAh, SR AR B B R W
AR T A A BT S 5, PT LA 890 5% o R B
P37 5, A LA T 5 K 2R B8 P AR AR fR 5 L TR P e
2022 4, ARBAPIRIGR T — RIHAAFRKE

(@
a\? 20 T + ......................................................................
< : | TMPTMP+EDTDAE 1.0 um |
g 10 R
IR — W i LI L .
g 0003 #pssusensvamsansmisvesassissmsinsssss s asssmsn s s o e Sms e s
E 0002 ke ! ........ .§§ ...........
: ¢
B 0.0 oo S
g

o 0 T
% 1 1 L
= 5x103 104 2x104 5x104

M

11

FEE B R AW i (Prop-FTGE « Buta-FTGE
Penta-FTGE il Octa-FTGE, W1 12 FiR), HAriZ%N
1.440~1.457. ¢ PUFh & 56 AW IR 55 = 20 DY i A2 B,
AT DL % 15 B LG RT3 2 1 AR IR . W R A,
5N E G il A AR B, @ 23% (w) Prop-
FTGE KL EA RAENG A EERE, REEN
0.012 em?mlJ, Yo7 2ZL 91.1%.

4.3 gREE

P B T B SR SR MRS R An 1A
—AEZT W, BRI G T B 13 Fis )
— RY AT A R AR, GBI BUER AW IR R T R
ERR AT A B RE.

e T S R B A B v B AR AT S R B IR A4
R RS A, FEUE 13 Bros i S35 R [ 14,
1A AR 5 A S5 26 R AR IR 7E 25 0 EAEAEIR K AN
), AT 2 7% B 5 M) B AR RS RSEARS i H F f FE 31, 3
T BN HEBE T LU I A TE SO i o A AR B, I8
AT DARRIR BRAR R, A T4 B I SR HORT
TR, (H e BB 1 A7 70 X 22 3 B 3 S A3 59 236 1 B
ik, ~HFHE—EMNT#. 2014~2021 4, Bowman
SRS 1 1 T — R YIRS = 4T 5 6 AR (45 )
SILE 14), FEYIDRIT T IR BRI BUR A 4
BACTA AR R REYE. S5 SRR, TR0 s L fk
JEIERANA R A SRR E R

®

9 20 |- + | TMPTMP+EDTDAE 0.4 pm |

Py I et

5 10 F

= L

_ 0 L . ..................... .. .......

= 0'03 B S A S S S M R e R R T R S S s e R R

? 0.02: s smis iy . ..................... . é .......

g

e T ) ——— @

g

H 0k ol ............... gt P i

E 5x10° 104 2x10¢ 5x10¢
M

AN 5T B R A C A A BB AR, ZESEAAIEE Y 1 um (a)F1 0.4 pm (b)Y, 8 FHAS 1A 47 2 1 SR B A et i s 1y 4= B0k

WA An F1 55 FECS], $E38 32 RUIR T2 SCHR[66], 2022 FALATA, ACS Appl. Mater. Interfaces
Figure 11 The effect of different molecular weight polyurethanes on the holographic performance of the recording medium. An and haze of holographic
gratings recorded with different molecular weight polyurethane film-forming resins at a grating pitch of 1 um (a) and 0.4 um (b)!®!. Reprinted with permis-

sion from Ref. [66], Copyright 2022, ACS Appl. Mater. Interfaces

Do
(o]
g o

Prop-FTGE

Bl 12 FTGEs giiy =)
Figure 12 Structural formulae of FTGEs??!

s

Buta-FTGE

Acta Chim. Sinica 2023, 81, 393—405

OH OH

Oﬁﬁ } e

F
F
F F F
o o}
(o] P F F E
F FLF F F
F o) F
o/>\/o L o/>\/ F

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

5

Penta-FTGE

Octa-FTGE

399

http://sioc-journal.cn



T il il o
°“° “77“ @@ @@ ool OOt gy~
%i\bﬁ( ©

ﬂ“% :

B 13 AT OGECR G1 f 28 00 v 3 S 3 o e i Ay 5177

Figure 13  Structural formulae of high refractive index monomers that can be used in photopolymer systems!®”7!)

SH SH
S
HS/\/S\)\/S\/\SH HS >

S\/\S/Y\S/\/SH

Hs >SS sp L =z S/\/s\/\s/\
[ rs~o” K{ﬁ @SWSQ @SWS\Q

< Lo Lo o [
s |

B 14 Bowman 5152 IR W2 i TR A6 SRR 45 14 20

Figure 14  Structural formula of the liquid high refractive index monomer developed by Bowman et al.[!*13:63.7273]
B 7l AR E ST R RN, RERBUR G R T AP AE, FIRES e iR, AR T 5

e 77 Hh i o LA A IR B 2 B2 M A i R 4 RS e P RE BN H.
240 R SR BN I o BRI JEE AR, m?fﬁﬁk AR RS RN 2L O R, k)

R BCA 2B I RE S S RN, S An 232F2PE 7 ROPBOCHY o R AR BRI, Ry ok R i
PR S INEAIREZ, WA R RO AnBY, X R SR SO AR T BR AR R AR KT, fE 4 Rl

SR R HE o B B AR 2 B TS X, A5 et

DU EAN TS X BRI i ey, SRS R, 54
T X IR L ZE e AR, AR TR BB (R B 1
T, DA AR 1 DX A% 28 5 XA 3 L 2 n R,
EEHIHT An FEAN 2B 10 S5 B A 15 58 FA 18 o ofc BR
BER, B RARIE 2 o L A RO, e AT Rk
R R PR, HAMER G TR 0 T EEKKR

EIBERT RE S R IR AT 22 B, e REUY DG
B BERAT AN R BRARESL Jf Hp Ak Id 2, Uisms fig 6
ARG 2 K AR, 2 EOCRA B CUR AR A T AR [E

400  http://sioc-journal.cn

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

AT RCRAE L SRR JU/N At 2 B 35 F R, ok
Ab, TR ERIEG R MR, BERIIRFER S X A R A,
{HAC SR B (3 O R KA, 52X A ) BRI AN 21 R
kb 7e, JEa A 2 S AEAH T2 XATAR THE X 152
TR R A, g < R SN Rk, AR O
AN BT R 7 A UL, XA A e R el B R
LIRS E L.

P T (PP 8 ) P s PR T 28 B (1 R 2 Il SR 45 B L

Acta Chim. Sinica 2023, 81, 393—405



F F R

),

S T AT A RN, H R 2[R () Y5 B AR R S T R A I
AR AN EROSTATO RAE R A Gl A 2 I — e AR
FERRRIRAE. AT MR — 8, R TR R &
WITE J7 F I RGN AL U770 IR BAAAISOL 5 F EAR
FAARTFF IR TG BRI BRI iz 20 T G 503 T2 36 52
4.4 FRINFY

FECR G R MA AR L, W SR
i, AHEN RIS A AT Bk PR . goRRL & — e H
IR, HAG BRI R, 5INEBidskN
TR BT POdE R A, mT AR K b B2 & id s oG )
An, [RIEHHIHISE G SR IWAE, MTHE s o i R R
FR ~F R EU6-79820 - 78 42 BAC A i A 51 A9 KkL 1
— 7 THT 5 B AP KR T R RS o A s5 531, Bl kg
KWL T RAERE, X HREYORN T 57k R A2 5
HA RUFMARZ M, 55— TR 51l A i 3L
M o Ao R AR ONE. A T S s o, T
YKL T2 T AT AL FEUS), {5 FLAE AR g o e T AT
] FoAth Ak 27 s 87 B AT 355 5] R b oy AR UL 3R B 2%
LUSTIDFTEIREN . BRIV G, T e BN R AN
7S bk = W R F T FesOsn ALOs YRR T-HEAT
P, A CAE I A 0T AR S T ANV A R B R AR
MR PR T T 4 Bl PERE. 2019 4, Smalyukh 2%
4 U B RN 4-T50 -4 (8- B 25k 3 S B IR A M 1) ZnS 44
KR 7 In#] HPDLC R &R, 318 T & Bk
BUFIRE A

B0 oK b AT RIS, 51 NA HL- TS
A g K oRL 7B AT DLAE BRIE 90 KR 7 v 20 M (4 [RD I 42
THEE B4 BAc MRS, 2007 4F, Kawakami 258451+ &
BT A AL B 22 THAARAR 28 4% 2F 1 %8 52 (POSSS). POSS
(51N AT DS I s FEAR A P9 30 1 B el A R O 3 4 2
FIIAE A R Tl AR MY JOmIE . sk, BA
POSS W LA At B RS AR M, A B TRk
PRFRUAE. 2012 4F, Park ZEESIF0F 58 38 B 5] N POSS ik 1]
DLAA K 0RE SR 45 5| S G ). 2019 4F, fifZ2
REESOIGE— A 78 T AN[FIZR AL POSS A4k RE 52
M. J\XUEEE POSS 2= 2 248 Itk R 26 B AR TR A il
fn 7 T B RS, Sl BT 80k B BRI, Rtk
TEM BT FE R E R POSS KA AL FE s,
JEIR PR POSS. 2022 4, 15/ AR MMA #.
exF )\ 8 POSS HEAT el M il % 13 2 T B
POSS-PMMA K43+, BRSOl & B 1 R B 42 v
T POSS {E/R R A MIZ . 51N POSS-PMMA J&, ¥
AR5 T JERR(PQ)/PMMA 14 2t i 1 RAFUE .

AT TG KR A2 HLAR R R Bk, A
WLANKL - 1E BB i BAT A A 4 0 BB 51 1)k
FERFA. 2016 4F, Tomita SEE7HRGE T —Fhv & =W F1 75
W EIT I RS AR A YIHBP, /R ILE 15), &
FESZ AR EBEM1S HBP fEREE F 2B RS Al

Acta Chim. Sinica 2023, 81, 393—405

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

KKLF, EFENGORR T EA 1.82 B & 308,
H ELAE BB G P A R AT B RV fR . TR AR
AT A B R REE HBP ¥ b0 18 b i 38 K
FH T 9 KORL - 1) v AT S 2R 3G T R I 2 A4 S gk
RERMREEGMZ m R R 257, & 25% (p) HBP
FIE A FAE 532 nm EOERE G W] BA3RAS 0.022 1) An. 2
Tk, 2020 4, A AT 104N 5] Ak 2 H Trgacure 784 %% #
N RB f NPG, 7E 532 nm BOLHIHUE T, 24577 RB
IR R ES RBY, 258 MK —H4 RB". RB”
LA NPG Hi%% &, #78% RBHI NPG™". RB* £ 4
il F 2, 7EYR IR A T AR A AT DARE SR B AL, AT £
FREMR IR KRB, AT 3R RYeRR 7 LR, [
1M HBP LA 5175 4 B G v] LA R Al B3,
B AAEIC IR E N 5 mW/em? ) 532 nm KOG 4 LR
HFHAZT An 1L 0.045 FOEME. 2021 4F, A1+
TCT. N3B #l DiSCs 1F A =50 6 #85] ki R 5 N F
MAKZR T, MU0 25% (¢) HBP HHLYKRL T, id5¢
A TRAEGEEE A 10 mW/em? [f] 640 nm KB FIRE T
0.03 1] An, SEIL T 20563 B4 B 3.

ng:%ﬁ
%ﬁ;ﬂwiiywz

H n

Bl 15 HBP Z0KHKL 1[4 #y 314557

Figure 15  Structural formula of HBP nanoparticle!!#43-87]

LER SN LD/ S AR B =he ol s W W R G e S 5
HITEEUR R, X2 T 9Kk B KR R AR AR N
HARRE T I R G 2 WA AE S A E ZL M, T
TR EC B A BAEUR S 90K R B 2
AH IR, BN KR LA BT A AT 20 A A B R RS 1 R
AL TR AR /NIRRT BRI R R R, A
T $ il s A I R . S IR, ANRSF A
W R Re, AR IR 5 A5, DRI i 4% 4
b S AR )N S RS RS 22 TS Ty e

I EREN . 1-S0EE-2- TN, 4,4'-fRE R (4-F 2K
BR). I RN S FE RS FI(CTA) ] A B K IR A
B, pibREWEEE K. BREEL T SEEEYS K
SRS IEAH 23 5, 5 M e S A 0 119 016 2 1 B RO AT 49 00
Sheridan 55K L CTA IE AT DAMEAARRR EPEIRE) B B
(BRI K A B RAE B B RN, PR AR
AN TETER E IR R ARG, PR T
REMRFEEER, FEmmE 7 il s AR R &6
N, AR T 1E I EMHE & A2 3R A5 58 = An. itk
Ak, 4 16(a)fT7~, Naydenova ZEOUAE 5 & BT 4% K
Y FEAR AR R T i s AT B = AT S A 1X 2

http://sioc-journal.cn 401



oF ¥ R

RS K TR R SR & R e, e E
FHIHLEE ST Kogelnik J5 2, JeMT 4 2R B3 41
{5, AT LASRAS B i 1) A () o A 02,

R, BB R A YEE 2 ) WA TS X R A B
AT X3, X 2 REOCM AT RN R
P21 R N H I AR B H 2 TS BRI (FRS) A] BAfE M5
XA TR X D& W0 R A0S, REIRE
Bl ZE AR B A -5 X 1. Mihaylova ZEP4 BILAER R Hon
NAZHRF (NN V. FF 358 00 P 0 B i ) vl AAE ST R it 2
o R EWEEBUESE R, PRy L ZBFIMA G
T IAT 3 B A KA R, &R T VHG
KifasEPE. 2021 47, Bianco ZEBUHF 573 BAE A 2C B
IFEFH, VHG BIATH R A AR B B R BRI, TR
IZEBEHIE, VHG ) An 3500 T —fi. S8BT
EERS VHG M#ae tEI: BT hd il 5 b 32 =
VHG 1 RE.

B 7N B BHESE RSN, He v DU 33 2857
PIThRE, SR AV o T ER O, BmEEEW]
PRI ). Mihaylova 2% BLH 1 v Y8576
it Ik R b A 15 R BBV ) FRL AR R A% B PR A BB AH T
SXZH5REE RPN, FHEM 7 H M Es& A ae ke
N — An. BEAM Naydenova 2575t — 070 T H
TS SR IS R 5], SIZB6 435 SR By 1 i A e 5%
A AR R G R R T 60%, IXSEENAE
T E I AT DA iy oA S B [ BEAA AT DA K H R BRI
HEe 71, ARTRAEWEEN G sh A LA BEM A K, T
PR AR R A NI, 2021 4F, EBEHZE00hE It 52
BOAE R 7 H oo AR B B sz, i 16(b) AR,
Bt H TR B2 A 0.035 mol/L 3 %] 0.21 mol/L, HA
REZEPELS B =, N-L )G R e BN VP) 13 R
H 8.25X 10710 cm?/s BEKZE 10.38 X 1070 cm?/s.

R R 755K, EBCR AN AR RIF

IR E e BRI B L f Bk 2 8 M
FRA R, HAE =R AT ZEA A BRIk o7 ge e A
H EH LA S0 ML R AR A SRS A S
B, ICFA TR, Park S50 i 7R BC 7
TN BLAAR RS e 0 72 2 2K H ik (MEHQ), 401 iil] B Ak G J2
N TEARE = AN A G, BE R H LR IR 9 FE A E N BT ()
13.5% MR E A G 1) 5.6%, Wt MEHQ N5 1
FER A7t R e k.

45 FAE

VHG 13845 W 5 BT id s P B 28 I BE bR 2
SEAHT R X RS R Y BRI TR X, [FH
RFAF 1% XA S R PR B . BRI ekl &N+
SYHEBMTRX, XSGR VHG A, ATises
A3 PRI i 5% 5 75 AT 6 A/ s #4 55 f
AR FESRAN E 42 B 6. 2019 4E, Pascual ZE01001% Hil it
LED % [El fb A #E AT LI R s B2 3 14 4 4 T A 52, Al
5 VHG & e MR 5. 2021 48, Bianco &5 151k B i #4
ARFR AT DA EAR R BNTE, S X A il LSl &
HE, (Rt 7 REWE SR TR AE > 8, AR 1E S i
TERFEIEA VHG AERIFM FiE—0i 5 An. [F4F,
AR ARSI IR @& S AR EE AT UV FEL eSS
AR E VHG 4 B ERE, HEAMEE 45 RS 3 min K
SN T DL ERAR 7 40 T A RN BI, B VHG ) An ]
PLIZ ] 0.06.

5 SHESY7AE HMD-AR iy iR

Bayfol*HX & H i Zr G PERE R AR &Y, ©
FRHE AR HES) T A B R EOR ARG E. 2014
., Lee SEDOVR A 2 (0] B A A K B H0 R A1E
Bayfol "HX Jif i il 4 1 HA @R MBS 51 Dh e i) 4
BotsTefE. BT, ATl TR EEM AR RS

(a)%
30

251

20

n (%)
15

10

54

0-
CTAO0_FRS0 CTAO_FRS1 CTA1_FRS1 CTA2_FRS1 CTA3_FRS1 CTA2_FRS0

(b) 12.5

—
n P S
=} n =

Dy/(*10"%cm?/s)

N
n

e
=)

0 0.035  0.070 0.140 0210  0.280
Concentration/(mol/L)

B16 () FDEECRGMIRLTT IR A M RIAT IR, FeaR AR T 24 3CHR91], 2016 FBLETA, ACS Appl. Mater. Interfaces. (b) & A [Fi#
FEH LA AL BOEAIERH Bt NVP B R B0, el A T 275 3CHR[96], 2021 MUSUITH, Polymers

Figure 16 (a) Diffraction efficiency of recorded reflection gratings for each of the photopolymer formulations®'!. Reprinted with permission from Ref.
[91], Copyright 2016, ACS Appl. Mater. Interfaces. (b) Diffusion coefficient of NVP at the initial stage of exposure for recording medium containing
different concentrations of glycerol®. Reprinted with permission from Ref. [96], Copyright 2021, Polymers
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