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Abstract In the design of full-color waveguide holographic head-up display, the color is always uneven or the
structure is over-complex. A novel double coupling grating structure is designed and optimized with embedded layers
of different refractive indexes and thicknesses. Based on rigorous coupled-wave analysis (RCWA), the calculations
show that the structure can achieve a more uniform color imaging in the primary field of view. It's simplified and
reliable for mass production. The double-grating is designed with central wavelength of 470 nm and 632 nm,
respectively, to compensate the diffraction energy. After optimization, when the incident angle changes during the

range from —11° to 11°, the diffraction efficiency (DE) of the RGB wavelengths is greater than 85% in the primary
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field of view and the maximum efficiency differs by less than 5% .
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Fig. 1 Double-layer coupling gratings

R PR M-S T b, 450 T OB T SR
AR ER . G TR IR T, et 1T HIE
RTINS, ZIRE R BE O oo FEDGHE TR )
T 5 SUZ B B b RS R AT . 2R
JEMLEBARIR N a0 o B2 B RE G 18 B 2% 18
L) T2 R0 E R R 5 S AR R (BT SR R
2. ) AR (I3 1.52) . Seil T B2 3T
SPRMNABLWR N 2.5 F 1,52,

BT PR i S 10 v, 45 T DG T B0 4
TEHUREE . et I IR oR A T, . Jeilt 1T
ZIRETRIE Ny o AE M 1T (0 A B8 = 2 5 R m F
TR BN B AR A a5 v T %
MWEBLHRIK N 2.5.1.52.2. 5, FEICHME T 54 0l
L2 1 T oy » 7 55 4 TR AR, LUK BT X B

BTG B BRI S AR AE — o B A
& T LAAS [R5 A 1) G oA S48 5 Gl fe o AT o3
IR B0 T Y A R SRR A RE AR S L
W1 R ET Sk A B TR . O TR Kok
F A G 25 A - 5 BEU /N 4 SOST  IfG A B3 R i
S TR S T oRHIT 5 6. 25 080 UL i) s 3 5 32
BIIARE S TR T 3T S 38 1. 65,

4 RGBS

HMD {037 f il 5 5 R 30° X 207, A4
SRR ] A o T 7 V18 S5 B L s ghm fa b 19 I
T ED H YN b 70 L 307 20° 1 £ BE AR ALY
TR R B a X DE #9532 W I B &8, i
IR o R, I RE HAE £ 107N AE k. [A]
B AR T3 B WL @ OLED S48, 6 = k@

1005001-2



P/ /S

TR 5 0 0 BUZ R 5 el it

WK% E N 470,532,632 nm,

F 02 M S = I K S B A AT B R
B BT DABOE G 1A X B A A I 470 nm #E4TIX
TG I A X B K K 632 nm #E171T
XF T 532 nm A OGME T 23 x5 HER 20 A f JEE
AT AT SE o 1T G TT 2 %8 HEAx 19 A S A B2 R AT A2 ATT
SR DT A5 79 )23 A G AT S AS T Y i e L S B
MBS G .

EOEM TRy R T, e AF KN
470 nm, G AR AE £ 10° N B, T, M HUE T
SAE M 1A S B GRS N R A B AR A
T TSR 1. 65,15 3 4 5z 51 A4 I A A 24
Jg37°, ZeatitE g Ty =350 nm, I — 407 5t
(R B5c /N F BE Ry 40°, R T Il B A1 AT LA 2 4 ST 2%
o FIEHEAA M AS K 532 nm AUTEFR 0 A
JEAE—BATH, 632 nm JLP&A —RATH ML
A XAESEH T A] RAYE £ 107/ A2 4k Y Y L 58 B AT
55470 nm P FRATATH 532 nm K L 5E
(35 5 632 nm K.

SRIGIFSDEM TLp A T.. i T 632 nm 1y
BRI 15, LA LA, e 7E
5 5T E G ASGME TL, pr DL 1T 75 2241 %) 632 nm
AT, AR ROE T, =460 nm, 7£ 1071 42

1.0

N (= S
-~ =) ®

o
o

Diffraction efficiency /(a.u.)

0 I L L
-10 -5 0 5 10
Incident angle /(°)

FEFE N JEH T f) S /N 56 A1 o 39. 3%, 1 A2 3
(8 4 S5 254 o DTN D' T 19 35 55 B 1t T2 ORI .
4.1 i1

S T A5 H AP R ) L ZIREIRBE d
A, XSRS T AR R
RS REB — AT s ) B B AT S R (R
7 508 1) 8 B2 2 7R 3 S B G #E AOGME 1T,

FEPRARAS FE Y A B by | OB T A R R A
Xt 470 nm P BT B LA FIZ K, — 9 DE
— ATk 709 L b AR R . X F 632 nm (1
KBTI L — R AT B LLRER 4 1 RE 2
TYGBEIR . M 532 nm P AL LB A4,
FHEES 470 nm PR BOE R ERK SAEL—87,107]1
FREYE B Y & R — AT . B DE BE 2 80 A2 {1k
IRTA

R 2, =100 nm, 7EE 2 BIR T2 o AFE,
— AT NG SRR L B T Sk T R
TR R 2 B R 2 = 50,40,30,20,10 nm,
Ak s ity 2 1 5 FOrT LA, 23k 2 = 30 nm
BF s — AT 5 5 s SRR i it AR A R T
X 5] A A R

Diffraction efficiency /(a.u.)

Incident angle /(°)

Kl 2 DE M. (a)—%ATht; (b)FEYE G

Fig. 2 DE curves. (a) lst-order diffraction; (b) Oth-order transmission

BE 1 =30 nm J5BUE =, BYJEREAH . TR
JZ I YT 5 B X TR 1R DE [/ 52w 3 AN B 2, 40
Kl 3Ca) s s Hor T(O) RRFHGEN  R(— 1D KR
TGS AT . B Sk 5 1 R OR L 2E B
£ 2, =50,60,70.80,90 nm. M %5 ik £
x, =70 nm,

X FiAHE &)L 3(h) B T HAEUE A 160~
200 nm B}, DE 28 fb i 2. W] LLE %S 500 5
Ml 55 /)N, WS I £ ) =180 nm,

b BRSEUE TR T A R A ST
B £R B AR AL — S DE R 905 BT R0R A 4
iR . X PP 470 nm, — %% DE 3k 6020, i )
RFE I 40% . X F kK 532 nm, Y AP M 1E
[—5°, 117 el A5 fb it . — 4 DE $z3r 46 %6, B S 8%
P 50% . Xt F K 632 nm, {4 A A KT
8HF o AT ey 3 B — AT IR s HE A A AT 33 I Ak
R 97X,

1005001-3



g3

M

Diffraction efficiency (a.u.)

0 1 I 1
-10 -5 0 5 10
Incident angle /(°)

Diffraction efficiency (a.u.)

R(-1)

O L L !
-10 -5 0 5 10
Incident angle /(°)

3 DE k. (Wi = 4k (W 4, 4k
Fig. 3 DE curves. (a) Changing with x,; (b) changing with d;

1.0
- ——470 nm
0.8 ——-532nm
| ——632nm

(

Diffraction efficiency (a.u.)
'a
/
!
1
I
\

Diffraction efficiency (a.u.)
1=}
e ¢
\

/
1
!
0.2+ [ -
L 1
@ s )
-10 -5 0 5 10

Incident angle /(°)

1.0

(=]
2]
-
-

o .
=
-

i

——470 nm

0.2 ---532 nm
- —632

Jo o

-10 -5 0 5 10

Incident angle /(°)

B 4 DE Mgk, (a)—ZAT4t; (b) FYi5 5t

Fig. 4 DE curves. (a) lst-order diffraction; (b) Oth-order transmission

4.2 Se#f 1

JEA 1T 55 248w (1 DE, LA & X5 Bt 145 5
JER MR AME . LA B T It R AT
JES AR 1 O 2K IR AR A S T R =2 T A R
JE BRI 2 LU = — 2 DE,

JEAM TT B JE IR 632 nm 9 8 K1 A2 - AT LA
JE R AT B R . {H & 470 nm JE K Y DE H
BAK . T HAFAEL 40 %0 1135 51 RE & BT LAOB I 1T
(AL T S ZE T X 470 nm K RAR R B Y
—%% DE,

150

R KB, SO6ME T 2R R v BRI
SPRBAL ZSEERIEA ., Z2RER)E. K
E 2, =50 nm, [l B4 25 B s BOEUIH . WA TR
HE T, 470 nm P K 7] DL AR 15 19 & & DE.
B 5 Ca) s . b i 46 A0 466 1 IX 080 B Y
x5 =40 nm.x; =25 nm B} ,470 nm JF K 1 — R HR
Ak 70%.,

B S 25 Y TR d) X453 DE By 52,
TEAE 632 nm AT /55 205 09 [8] B, 3 2 PR H A
BRI G EE. mIEAT A B, Y 4. =240 nm

~ 1.0 ~1
0.7 5 106 - 10,
06 < & DD T ey e e e =
> 08 =08
100 0.5 g g
£ 06 & 0.6
g 0.4 S 2
~ % L %
& 0.3 = 04 % 04
” 0.2 £ —470 nm 2 ——470 nm
’ g 02 ~-532nm| 302 o
ol & —632nm| & ——632nm
g & = % 50 100 10 200 20 300 O 10 5 0 5 10
1 1 - _
: i x /anO K s Incident angle /(°)

K5 DE . (B x5 Fl x5 24k; (DB do B (o —RATH
Fig.5 DE figures. (a) Changing with x; and x5; (b) changing with d»; (¢) 1lst-order diffraction

1005001-4



P/ /S

TR 5 0 0 BUZ R 5 el it

B, 632 nm [ fi7 5 (R 88%0,532 nm [ I {H K
85% 470 nm [IEAE Ay 72 % . AT LA AL ST 2R

Bl 5 (o o TG T BE A S £ 42 1k 1 45 % K
DE gk, iy &k Bk Atk F e, HAFAE W
(M 21 B 42 (632 nm RCF A = - 29 90 20) » XA iy He
52 11 JE 309 45 B 3 syt Bk DE
470 nm, %) 70%,

4.3 BEBERE

XUJZ A S A R 5 A% 2 E DG TR G Al
TG A ROGHE T Y 3% 55 803 3 LOGHE TT
() DE, Frf3:45 5m _E 6 1 i DE, g2 1284 24
TR A ) B & B00%

WK 6 firas, Y A ATEL =5 117 J N2 i,
SRR AR A SR KT 85 %0 . HAH HL AR 1Y) 22
SAKRTF 5%, ZMAENAAEE AR T hom
Y.t T T5h e . XA M TE
[—11°, —5° NS LIt . 532 nm RS G ACE BT
R o 423 75 00 FE X0 3 X3 2 1 B0 25 1 AR
TR AR 22 S AAE 1020 A,

1.0

~ B e —

5 08 /

~—~ -— - -

>

=

2 0.6

S

L=

()

= 04r

=

g —470 nm

& 021 ---532 nm

E H ——632 nm

0 1 1 1 1 1

-10 -5 0 5 10

Incident angle /(°)

6 RGB =i K iy DE il 2k [
Fig. 6 DE curves of RGB wavelengths
NG L W2 MG R A O R S TE
SIS b2 REHER. CRELRFTE T,
O3 A3 6 o 0 3 0 R S A X AT
17 538 UG
XF B 6 58 5 Ce) . 1] L A& BI% XUZ #8456
ML, B 5 (o) & BT (1 3 20 el 78 2 0 KA
SR BE A AR B RCR R . AR A A B
J— P A0 3 2 H [ A B 5 A BT S 3
(. TR A B B0t 2 o1 B v 00 I Ak 4 BT 1
W TRUZ RS A E el LU A N il = R R
(1) DE 22 5/ F 5% BARECRE K F 8520  AUFE /N
S 0% RS, X5E 5o R
200 MR 2 AR EL A TR I . M T iA

WS\ R Bl DR T
T AR T SR AR B % U S
R 1] 0 AR o B T/ R A Y Sk SR
BARE.

5 4 ©

O AL BT T — i 0 AUZ B4 6, ZEE A
T T R R A 2 B R L T A
1 9 S BB S 10 % (A% . RGB = B K 1y DE
AR T 85 % . 46 Wk 1l 5 K IR 9% RN T 5% .
T2 S e M 2% 0 3 5 T 4k 5 ) i T S 55
ETLBAMTOR DR,

Z & X #t

1 O. Cakmakci. Head-worn displays: a review[J]. J. Dis. Tech. ,
2006, 2(3): 199~210

2 Y. Amitai, S. Reinhom, A. A. Friesem. Visor-display design
based on planar holographic optics [J 1. Appl. Opt. ., 1995,
34(8): 1352~1355

3 L. Eisen, M. Meyklyar, M. Golub et al.. Planar configuration
for image projection [ J ]. Appl. Opt.. 2006, 45 (17):
4005~4008

4Y. Amitai, I. Shariv, M. Kroch et al.. White-light holographic
display based on planar optics[ J]. Opt. Let., 1993, 18(15);
1265~1268

5 H. Mukawa, K. Akutsu, I. Matsumura e al.. A full-color
eyewear display using planar waveguides with reflection volume
holograms[J]. J. Soc. Inf. Display., 2009, 17(3): 185~193

6 M. Simmons, R. Howard. A projection display with a rod-like,
rectangular cross-section waveguide and a plate-like waveguide,
each of them having a diffraction grating[ P]. W. O. Patent, 2007

7 L. Noui. Improvements in or relating to waveguides[PJ]. W. O.
Patent, 2010

8 M. G.
implementation of the rigorous coupled-wave analysis of binary
gratings[J]. J. Opt. Soc. Am. A.. 1995, 12(5); 1068~1072

9 M. G. Moharam. Stable implementation of the rigorous coupled

Moharam. Formulation for stable and efficient

wave analysis for surface-relief gratings enhanced transmittance
matrix approach [ J]. J. Opt. Soc. Am. A, 1995, 12 (5);
1077~1081

10 Zhang Dawei, Wang Qi, Zhu Yiming et al.. Design of guided
mode resonant filters tuned by azimuthal angle [J]. Chinese J.
Lasers, 2010, 37(4) . 950~953
SRR, BB, RINMG S T LA R 0 B AR A S R R
R BAHT]. B, 2010, 37(4): 950~953

11 Pei Xuedan, Cui Qingfeng, Leng Jiakai. Effect of incident angle
on diffraction efficiency of a two-layer diffractive optical element
[J]. Acta Optica Sinica, 2008, 29(1): 120~125
FTPE, B WRIF. A A BUZ AT S 6 5 00 AT S AR

GESMALT]. kAR, 2008, 29(1): 120~125

12 Q. Huang, H. J. Caulfield. Waveguide holography and its
applications [C]. SPIE, 1991, 1461 303

13 E. P. Palik. Handbook of Optical Constants of Solids (1st Ed. )
[M]. San Diego: Academic Press,

14 Kong Weijin, Zheng Bingbin, Yun Maojin et al.. Guided-mode
resonance filter with narrow waveband for three pimary colors
[J]. Acta Optica Sinica, 2011, 31(10): 1005006
g, Aok, 2K4e % ET FEOIIRYOY = a1 ok

1005001-5



Jt

g

g3

i

HRIBEgE)]. k5 54R, 2011, 31(10): 1005006

15 Zhou Yun, Ye Yan, Shen Su. Research on the characteristics of
sub-wavelength grating color filter[J]. Acta Optica Sinica, 2011,
31(1): 0123003
D I S : O B N R S | R SRR RS W S AR
K F 4R, 2011, 31(1): 0123003

16 Wang Ning. Experimentation of deposition rate control of SiO, by
e-beam auto-sweeping [ J]. Chinese J. Lasers, 2010, 31(10):

2615~2619
£ T T HRAS M SO MBI E R LR AT ],
b E gk, 2010, 37(10): 2615~2619

17 Xu Zongwei, Fang Fengzhou. Fabrication of complicated
micronano structures using focused ion beam milling method [J].
J. Tianjin University, 2009, 42(1) . 91~94
ath, B BT R R T ORBEEI M A A Al A ).
R EKFFR, 2009, 42(1): 91~94

EEHRE: FL8

1005001-6



