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Fig. 1. Schematic diagram of waveguide coupling using different diffraction orders.
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Fig. 2. The left and right micro-projector output light to the human eye by waveguide, where the overlapping field of view is exactly 0.
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refractive index when 6,,, = FOV /2.
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Fig. 5. Light transmission of diffraction waveguide and FOV marker of TIR.
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P FOCEAT S o e R By B B, 2 @IS

Br, MNP AN FOCLR | B XN PAT L.

R A — RN RS, W7 S o AL pRiE

=il

{ACL‘L =t tan(ﬁL),
(16)
Arg =t- tan(BR)7
5 kRGN R 224 Wi o A bRl
{x’f =) +t-tan(fy),
(17)
zp = 2 +t - tan(BR),

DR kA RO« 07 ) e
LF =af —af = (2§ — af) + kt [tan(Br) — tan(BL)] .
(18)
HTRA NS A B < Or, 8 Az, < Azg, BIIERE
FEIER, v o AR B T e v o AA PR
Hhr, FEC L, AWK, B 5 R 1 B AR
A by LY, TR 2 HIE+BAR A b 0
i (st —E g n o), IR R
A S HGH RE E R T A v, TOVR A [ L R AN
Hha e XIERH TR FOV., B aSLmaTEk s

BEVIMERE T PR JC I e it r A3 AN [R) A B3 £ /2365
164k, S BO A S b g I RS (% FOV
FEHEASI ST FRMT (AN 5]) [a)

AR REFLN ST R 1 BARY LF > IR,
VIR 750 B A L, ANl Ak i £L A7 RE
PO R BT oy AT, SR BT TR Y, ke
AR i B S, A5 AR 25 Hh B ik
Sl g 5 I (16) 2RI H, Ay it g rE
T 2 b A AR IR 4 RS Y e e fR) B
20z, A FHBOCHI A —E L TE w, WIILEIPERE
TEAE— i, W A BB A A AR A R LR T
IR/ NFIZIE A B B A A SRR, 7 Wk
BRI CER TC TR A LAY ), B

2t x tan(fr) — w < 1. (19)
DR, BRI R IR B ¢ S0 N K AT A B
FI, Br SR A et SO KA, £
I BT Br B KA A, AR R £
d )R PTRE RN By B BE I & /N, A E T A S
Br — AT 75°.

3.2 iR KM AL i it

AT DAL AR it DI 7 B AN TERE ,
K5 FroR kGea N IR o 7 1 A AR A 58 L
JEIT 9 nlEl 6 s BOCLIATE = F &l SEZR I i
AT AR LA N f KA ST A, BEEOI AR AT
1, RS AR 2 BRI A R L, TR
LR LR RN R ¢, R AR B DA 5
BRIV 2. AR il ) THT K kR AT AL, AR ALY
oA v i) o AR AR R EI O 200, F 2A0,. H I 6
KF, WA e PRE I AEHE X, T
Zedm g AEHHX., 2 X
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kelast — kefirst
2

kSiast — KSfirst
2

Horp AR last R i i —IRIEGHEIX, first /R
HIRVECHX | ks, ke 535l Fm IR ok A i J5 —
WETF AR, Bt CIERRDEMHX « 77 iR
BSR4 N RS AL Y i 1 e (16) X6 R TR
fast Times J& 5 KT A s #8 G 4 3 B, slow-
Times A28/ IMITHT A ARG Ha 18R

fastTimes = + 1,

slowTimes = +1, (20)

M w2

K6 &MY LGa LRI IF
Fig. 6. Expanded ray-tracing of FOV.

6 LUfs kAT 8 fa g fastTimes = 3 A,
L Dy et kBB G LA, R G X ) b
LB Dy, Ml Dy, 2 08) (BRI PR R X ), St
XHIIRGERE N len = 4dAxg. % C NEIT 5L 5%
LML, O M L BE 2 /A 31K
(KR P RIELS FOV IIRED), M4 ke + 2
WA Ao A B4y (6 R B N R AR 2 ¢ B
Dy Z IR Mt ) HBERE & ik 2k, Bt
WX Y BE A BE A A A (N EATNAL Dyers),
B2ARLBIE T By, A REMAR 0 T A O
HE/DRER A 3 K. HIER] A KETE, St
HoAh/ TS AR A R R BON 2, BURSGEEA
ek 2 oG B 8 BEARAE 1R B #6548, S it
T A FERE R 2A g, FIRTELR 40 LG R 3T BLoK
f# leng A

ks

L2
lenB = LIQCE X QA.I‘R, (21)

AL IX B N

Lks
len_opt = len+leng = (fastTimes—1+ L2 ) X 2AxR.

ke
2
(22)

H, SO XA B 20k o AR bR NS ke JeA
Yk, YEMHX o J7 R S8R len_opt B (22) B4,

3.3 HEeXBAHHSHARERNMLL

7SR AN O BB AE 220 e R 8 AR Ak A A
A 184S R B AR A AN R T & i LAEAS [R5 )
FEARSERE M ICIAE A —or B 5 A LRSS [R] £
FESCLR MM, OB A A0 5 T R LD
WA AL I N BLSE, 3845 7E SR A S U5 RSO 1 e
b, ABERAFAEELE R, ARTEH RO AFA
B R A, 808 0,,, = 18.5°, FOV =
37°, WK A =620nm, n =175, s = 2 mm, t =
0.95 mm, d = 618 nm, w = 0.5 mm, [ fL [ =
4 mm, 75 AW R F R (19) X, Bl e
BN EAR R T A 2. 2 2RO X
f oAb (BDEIRFEE) AT 16 mm, FRATH
LA A i B fast Times = 5, B (16) 2X .
(20) A (22) K EGBDEM XL 2 R4 R
38.7 mm Fil len_opt #J 19.7 mm, YetIX z Aabr R
[19.0, 38.7) mm. ZkZEh (20) XA CMHX E 35 A
Ui P8 IR slowTimes = 15 UK, W0 B M & K AT
S Sy MITST AR G B o 22 3 £%. Bl 7(a)
R T O N Bir A A LA G X Y 42 S S
UB, WARAFAR B R ARG 2 7 A
SHAROERE MG G 7(b), MAEM I A
PICZEAE T X B &) 1 4 S S Re B o, AR
BIEAFEE I IR 0°Fih 2% 3ToMEIRE 2 3 A%,

TRABIFSE A IR, — 7 D X Bk 4 P S
A HOLRE R AR S SRR AR S — T
fit AL A SO X /N 43, B R R T T
XTREFLAZOE RIS SR 2. BARAE fast Times
1 slowTimes 2= 2 BB TR, Aid—H
d M FOV [ f5, fir Ry tgte T ok, ol
AT TR ¢ Jo I BRI 2=, R RS R 22038
IR 22 AT AR i b 22 1 180, G SEas i, S BRli
FLXE L B 4 mm 247, AR E
JGRE, XN B KA AR — R 1 IR
AN AR A — R 2 Ik, HoAth FOV B A i
TE 1—2 W [A], ok L3 o 3 i B s 22 1R
WEJE 24, XTCEERA M. i, 26
XX AR i A RRCR ) = 20%, A~
JEMHX 2 J5 1a14% 3.2 I PLALII AR oy, ag), KT T
S DK A i i R UG, B LA B BEAILIY, 5 R
PPl BT YRR A, WK BEFLAE (2, 25] PN

234209-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 23 (2020)

234209

15

00000 (a)

=
(e}
T

Number of TIR

28
T

0 5 10 15 20 25 30 35
Incident angle/(°)

Required project intensity/arb. units

0 :5 1.0 1.5 2.0 2.5 3.0 3.5
Incident angle/(°)

7 (a) £ BDGER A GHE X A A N SR B (b) Bk

1 & J7 18 3 — G RE A 355 il ¢

Fig. 7. (a) Number of TIR at various incident angles in the

grating area; (b) required projection curve of micro-pro-

jecter normalized light energy along the z direction.

FeE IR d, SRS 1 DI A A R
ginm . —I3E3h nBlocks IX:
len _opt — 1

ds = nBlocks — 1° (23)

MR GETHH A T DR OERE TR AL, #EXSIX nB-
locks NEE A1, RIS AL AT X A B2 42k
& A A RDERE MG IC N avgE:
enEye(6in)m = I(0n) — I(0in, prev) — I(0;, after),
avgE(0;,) = average [enEye(6,)], (24)
A, 160;,) = AT REA BT A G RE 23 A1 eR
B, B BN T TN, 1(6,,, prev) 2w EfL
ZEME 2R A T OB EE, 100, after) F2 i fL
AHFIAICRE, WAsLiS W S 7ERE L DR & i
(RIERE S A PR enEye(6,,),,, Fhr m FR i fLTE
JEMF X B S m N7, BEJS X nBlocks 4~3K -1
RIS aveE pREL. DAY o 77 10 8 L0 BT 5 B
h avgE HEIEL, S0 AR I B M FLAE UM X AT R o

FRREHEA RS EE S . n = 20%, nBlocks =
8 S5MF T oR1R avgE, R HAIHOC R B ML o 7
) A S O ERE A A 8] 8(a) Bz, ki £k
WA/ ME 1.1, R fH 1.58, Bl 2 1.4 4%, 78
T 12 A5 5 L, PR th 2R 3fe AR IR 16,,)
VERB IR, R avgE, WE 8(b) PR,
TR AL SERE M 4 5 A ) 25 B 1, 45 A R
A OB RE I 2 T B AR SRk, BB Y5
PE pv #5845 0.272 #2555 0.152, IdEbRE Ll

PV = (Umax — Imin)/ (Zmax + Imin)s (25)
K, FAR max/min F7R 45 B K /NG,
AR pv B NRIA S PGS

1.8
(a) QJ

—
K}
T

Required project energy/arb. units

0.15

Output energy/arb. units

0.05

0 é 1.0 1.5 2.0 2.5 3.0 3.5
Incident angle/(°)

K8 (a) WOHRAE o7 0 — AL R BG4k 5 (b) %

(ONEPIES S IE TR SIS S N A E S

Fig. 8. (a) Required projected angular light energy distribu-

tion function along the z direction; (b) recalculated results

after optimizing the projection by (a).

34 E8XBEhHERASENMRK
HOLMAH TR @S (R = 620 nm, G =
520 nm, B = 475 nm), 2.4 77&MH 6,,, > 0 BFAEFE
TESCHF FOV o A 26.4°, WNRTATIAERATIS A RLA
i 75°, WESHEy: TPt 0, = 11.5°, FOV =
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23°, n=1.75,5=2 mm, d =473 nm, w= 0.5 mm,
A LL B = AR R AR (19) 2, wE
W PR A ¢ = 0.54 mm. FH AR IEEHEHX A
21k o AR AT lenopt AUAHSCA R (DALt R AT
$H£f1 fastTimes = 5 5 HAR), BAF M X A7 B 24
[18.9, 39.1] mm, EPR 1%y 20.2 mm. Z5{) 3.3 717
OIMT, B AR 0 HRE 20%, TR AL
(TE 8 M E MG i 1 BME aveE J5, FBIEOCR
BB AR MR o 05 ) A S AR GO RE QA 9(a)
Fi7R, e B FLAEAN [R) 7 B AT B e B S e 1
SRR G R AN 9(b). AT EESOL LT LA
e IV TNk s O TTEAR A3 8 I S K (YR Y
MZkE, R 1.76 £, /b2y 1.15 4%, L4k
—EAEREAL NS, AARALTET pvy = 0.404,
pve = 0.144, pvy = 0.162, 2K : pvy = 0.283,
pvg = 0.142, pvy = 0.160, 7] L1345 P15 51
KIS H g 0,, = [0°, 11°] B Z, W XHR 27
4 FOV 2 [35°, 46°], AEWE & — e FHFT K.

2.6

(a)

24+ —— R
—-— G
| —— B |
2.2 — R{UH I
— GiE |
20 — BiU& |
1.8 !
1.6

1.4}

Input energy/arb. units

1.2}

0.24
0.22
0.20

0.18 T

Output energy/arb. units

Incident angle/(°)

B9 (a) IXTE 277 [ RGB = {656k FOV 13— 1kt RE
AU IR (b) 3% (a) BB s A A0 5 B EE B3R 45 21
Fig. 9. (a) Required projected angular light energy distribu-
tion function of RGB along the z direction; (b) recalculated

results after optimizing the projection by (a).

b ST DL SO T RCRAB R, BT
DA T ST I R A BT, SR P HO G
FAMCE S AL FOV BTk 4, H—4xf sk,
A — B ARG 3.3 WA, HE 4(b) g =
1.1 L3\ K FOV = 40.5°, S2HE /h— i, #)
BN PO 0, = 18.5°, FOV = 37°, n =
1.75, s = 2 mm, d = 473 nm, w = 0.5 mm. Af#
R SRR R R A (19) X, WE L=
0.54 mm, LA EHEIX AL E 2 [19.5, 39.6] mm
RERSE 2 20.1 mm. 2RI E] FIRE 10(a) Frnti
avgE {506 R U5 B 1045 A A JGHE SAH R L5 il
2R, Bl AR I BT 5 B A A R, SRR
HHE L AOGRE, QR 10(b) BT, 4% fA RO
A ERE M ZeAE Ak —2 T L, EOCARX AR
JUFTCTARAE ST 15070 bREL, ARG A B TR 4
SPEZ AT, BIUERETE pvg = 0.301, pvg =
0.125, Bkl pvg = 0.178, pvy = 0.116, F 4t

1.7

(@)

1.6

1.5¢

1.4F

1.3¢

1.2}f

Input energy/arb. units

cloth, o
1.1 PR

1.0

0 5 10 15 20 25 30 35

0.25

0.24 (b) =G
0.23
0.22
0.21
0.20
0.19
0.18

0.17 } th

Output energy/arb. units

0.16

0.15 : . . ' ' : :

5 10 15 20 25 30 35
Incident angle/(°)

K10 (a) WUERAE o 77 ) GB WGBS M BE A — 1ot

RERYBU LR ; (b) 72 (a) BB sn bl A0S 09 B R T as R

Fig. 10. (a) Required projected angular light energy distri-

bution function of GB along the z direction; (b) recalcu-

lated results after optimizing the projection by (a).
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PSS SRR S . H LN 6, = [0°, 18°] 1
T, WXURZES R [56°, 74°).

4 7

AR 2 IR 55 A SR R Y
WS, G4 i 3 R I S d B L5
KA B HAIIAG (5) 2, B 40X o
WAV M HET T PRAT ST AT, ML A,
PSRRI B 1 ST, B Pk
FIRTASAE, th (6) K. (7) . (8) RAKMHS
I R I 820 G0 1< 5 B ML 4T 5
n = 175 BORHE SRR MR LA £9 20 48°, B Bad
% n = 2 AESEFFEIIE RS 00°. SN, %

TEIRBE AR ¢ (HAZIH, IFghH (11) 3K, (12) 3,

(14) ZkR T A LR, 76 n = 1.75, ¢ = 1.3 4%
T, PAIRIIG AZ 26.4°, AL THA@ . SR
B R KA — AR T 75°, A FOV 2
Fb B8 e B AR /N — a5, DRIk o R A LR
FOV = 50°HYHOGHE 2 AT ik 5, HEetEmiJr
] %% 7 — R AP R R A E P R S
Y, tnon 3 2 (GEEBET A EE R ST
FAEMESN); 2S5 0F A miu [, Ot Z 6
q TEFEAR, QR E] 1.2, 503 3 o R BUZ e
T, HHEAFEIXUR FOV 29 70°09 5. 1LAh, ik
I g MEJLFHE 1, B 2k S0 oL IR
WA A AR

55 3 ARG A fal Al 15 B AR A i i IXORD
NS5 A R, A FL 7R AT AR R IR 3 R
WA ASHERE. BE B T I ) 3
AR (19) X, — B AR R A, st
MR Z L o3 2 56 3 0, HA 4 2 AL
1) UG 2t BT A3 i ) ) . VO %4 P I
SRR PG KA AN, 2 R AL 4
[6 18] 4 PN IS S 400 4 A s R 5 B e A Y 2B ik —
MR, S (20) 3L (21) ORI EMHX A7
BRRCHE A S, AR R ARk =D
Aed i, 40 3—5 WK AP SRR ¢ SRR
TS Br, B0 I FH RS e 2 (A5 4517 5 A1 50 J2
RAAW U, ARREEE SRR A Ak, RS 5
IR I L2 A 45 # B S RB 43 1 pR AL aveE, F
FHFAEEOR 2 SR M o3, 32 s LIS
A BE R 200k, e, XHRJZ IS4 A T

= RGBS, TR AL BT, Wi
ARAT Y A R 1(0,,), AAURT T BN OE IR A 2
AR, SEPR B REHT T OCHIRE A /48 A 2R
ML, EENA S FE TR A AR AT RE.

5 %4 %

ARG T BRI T R AR A
Y r e IR, (T e A0S AT S S S 4
DL A [R5 2K, JUHAE B T S R X0 n =
[1.50, 1.75] Ftl it n = 2, LLRE BOLFREL
q (HE 7 AT TIRASE SR, LAMEARF K /N FOV
I I S G 8 1Y n AL g {BL, B0 S R B g
n Hl g B RN I SR8 S RF K FOV f1. Bifi 5 JF
JEE A 8 DX 30 T DA R i e i FL B AL 45 £
LISIHERIFTT, R A5 I B T dner Rk 40
Sk ()8, B2 R FH A 1) 20 A R R AR S
Ao S S M SRR S A
A2 A0°F IR B AT A 29 70 A~ 53 5491
(CWHR), AT T T &M e 1 71,
AR HE O CE R BT i SR B T 24
FAAE, XA A E B T R FIE 7 1)
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Physical problems of diffraction waveguide
used in large field of view

Wu Rong’  Sun Ming-Ying  Zhou Shen-Lei  Qiao Zhan-Feng  Hua Neng

(National Laboratory on High Power Laser and Physics, Shanghai Institute of Optics and Fine Mechanics,

Chinese Academy of Sciences, Shanghai 201800, China)

( Received 2 June 2020; revised manuscript received 29 July 2020 )
Abstract

Diffraction gratings have been widely used in waveguides. They can transmit light beams or images from
the in-coupling end to the out-coupling end at predetermined positions. However, when they are applied to
augmented reality and virtual reality with large field of view and color light sources, there will arise some
problems such as mismatch and missing field of view, non-uniform emission, and others. Therefore, starting
from these physical problems, the upper limit of the field of view for diffractive waveguide and the complete
theoretical boundary formula of the field of view are derived, and on this basis, in-depth research is conducted
on monochromatic waves and multicolor waves, respectively. It is concluded that the single-layer diffractive
waveguide supports the theoretical upper limit of the monochromatic wave field angle of about 48° under
normal high refractive index of n = 1.75, and supports the theoretical upper limit of the multicolor wave field
angle of 26.4° for coefficient ¢ = 1.3. Clearly, a larger field of view requires a higher refractive index n and a
smaller ¢ value. The boundary conditions of field integrity indicate that reducing the maximum diffraction angle
of the long wave and thinning the thickness of the waveguide layer can solve the problem of missing field of
view. The practical maximum diffraction angle generally does not exceed 75°, and the thickness of the
waveguide layer is about 0.5 to 1.0 mm generally based on the incident field of view. Finally, a method of
expanding each total internal reflection field of view into a ray tracing diagram and a distribution function of
pupils to receive light energy at various angles are obtained. In this way, the optimal position of the out-
coupling grating region can be achieved, and the inverse of the distribution function is used to constrain the
angular distribution of the projected light or the grating efficiency, and then receiving uniform exit image at
any position becomes possible. The uniformity of the monochromatic waveguide increases from 0.27 to 0.15, and
the uniformity of the long wave in the single grating multicolor waveguide rises from 0.4 to 0.28. The results of
these studies will undoubtedly help to solve the problem in the diffractive waveguides used in large field of view
and multicolor light.

Keywords: diffraction grating, planar waveguide, field of view, total internal reflection
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