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Fig. 1. Diffraction theoretical model under the broadband
light source illumination. The broadband light source is a
white LED, and the microstructure array is the RPG.
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(a)— (e) AGTIGHUHEf 0 FOGCHE W d 5353143 1A (7.5°, 4 pm), (7.5%, 8 pm),

(7.5% 40 pm), (14.5°, 4 pm), (102.5°, 4 pm); EIHLLMEA | G0 ORI ME = RANLE . 806 8% TR +1 %, -1 &5
FHHLBRLR | "k | AR R
Fig. 2. Relative light intensity distributions of zero, positive and negative one order of diffraction beams of three primary colors,
where the RPG period d and the cone angle of incident beam 6 of (a)—(e) are (7.5°, 4 pm), (7.5°, 8 pm), (7.5°, 40 pm), (14.5°,
4 pm) and (102.5°, 4 pm) respectively. The red, green, blue line represents the red, green, blue light of three primary colors respect-

ively. The zero, positive and negative one order beam is represented by the thick horizontal, vertical short and thin horizontal line

respectively.

224203-3


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

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224203

1 (4) SRR, —ZEREIE AL ADEHER AR
2 |nl4+-1 SHOGH Y, ATRURHE S 20T R
2% AT HOC (AL S 2, A HUOEIR AT =
29 Az, WEFIH EF (n = 0) JORAIRER T
AR W 0 BEZUEHR A RE R T3 22k 5003 il
wn (5)—(8) PR:

Zn = (nAz/d) 4+ z - cos o, (5)

Ax = 0.886\z/W, (6)
Buzo = (a/d)” + (1 - a/d)* +2(a/d) (1 — a/d)
X cos (¢ — qﬁl)}AZWL, (7)

E, =21 —cos (¢2 — ¢1)] (a/d)* sinc? (an/d) A>W L.
(8)

5, 4G Bk LED SGIR P 5 T 1) 5 46 3

HRSr EEF AT S RIS ZARIE A 25K (4)

B RATEDCHIE AL E o, TR (5) . HFHRUOLE
R 458 Ax it (6) . SRR AERTT
B (7) A (8), BV AT ZRG SR 1S LED Saiitiis
FEOE AT AH S EA AT 3 e T T i) = R o i %
B+ 1 BRI

1B, OB AEHY 25 1 r = a/d = 0.5,
FEVR Ah = 1 pm, MEHOITHR A 1.5, WA E
2 HIALEE B 250 mm. 4 LED ASSCHEHES 0 F
FEOE AL A CMEIH d 430028 (7.5°, 4 pm), (7.5°,
8 um), (7.5°, 40 pm), (14.5°, 4 pm), (102.5°,
4 pm) B, TFRCRAFEGL £ 1 R ATt
JGiR 140 AT, AnE 2 fs.

M E 2 AT, 24 LED ASPCHREER 0. HEAr
FHICHE A d #R /N, =R AT A B
TE, AT G 65 i A . Hrp 21 R v e I
] 2(a)— () AT, Bl HOE A EAE B d 1)
K, iSRS o, —REOEH + 1 AT
SR BB T2 IR IR & & ILT
SEAAEE I 2(a), K 2(d). I 2(e) W50, BEE
LED ASFCHHESM 0 3K, AT HGis iy (o 55 ,
“IRESEH + 1 BATHHEHR H w1 58 4 TR AR
W3S LI R E.

2.3 BHE CEX

S T AEFHIS T B 5 SR SRR, A SR
HEHEE C X —S TR @B TS,
R O nyE LN (9) s, Hrp, Az, 3R £1

RINLL AR O U F OGP IR, TN
MR GEFE Agy Rk | &% LD F GO SEE Y
ERE, S m R B A 3 . i IE 3
AL, Az, /Agy I I/MESET 0.5, 9 74T 5
T TC B X Y BB C WA EE o 0, PRI,
s O M X2 T — A 0.5.

C = (Ax,/Axg) — 0.5. 9)

. Axg .

Ax, < Ax,
K3 it CRMXRE SRR ER, Hpag By
IR LL (AL FROEH
Fig. 3. Relevant parameters of the dispersion parameter C.
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zero order light beam.

H (9) AT, EECE C RN, ¢ = 0.
CHEUEMR, FRUIAT G A RO 5 BUE
/N, TUFBAAT G HR A EoB /N, | 2% 20—
M + 1 HATHDOCR RS, 2B AEFR
I, LR B BARLIRE, BRI C i
5 (0). 24 C = 0.5 0}, 2156 4+ 1 BATHHOERIT 4G
L CBUN, £ 1HATHIEREMREE; Y C <
0.3 B, RMATIHEIS QBT /. Hik, kit
D 0 Wi ot L G NP U AN v S T U N AL 9
B R iR CR T REHL/N; w12k
EAEE C = 0.3 HEEBIRHR .

AR FIS AR K s C e X, B et
LED ASHCHHES 0 = 7.5°, 14.5°, 102.5°0F, 41
TEALAHGHEE I d X EHGR C Rysem; SR 5 R
DR d = 4, 8, 40 pm i, LED ASDEHHES
O X C R, TR T OC R th 4 anE 4
B,

& 4 7TRLE 1, A% LED SER &ML
Se AT S G B scE O Rt ASC R 0 At
W] a3 R e sk B R . FR B 4(a) Y
ZLR WAL, 24 LED ASSEHHESM 0 50518 7.5°
14.5°, 102.5°, YeME ) d %Rk 20, 10, 2 pm B,
R CHEZ/NT 0.3, ATSHEIEEEE A B,
BRI AR B S (0, d): (7.5°, 20 um), (14.5°,
10 pm), (102.5°%, 2 um). HE 4(b) Hr L1 B & ]
AL M E I d 55k 4, 8, 40 pm, LED A%
G HEff 0 RN S 33.1°, 17.9°, 5.2°0F, {4 Hl &

224203-4


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

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019)

224203

(a)

Chromatic dispersion value C

Grating period d/pm

Chromatic dispersion value C

0 40 80 120
Incident light cone angle 6/(°)

4 @ CHERAAMDEMIEY ¢ LED ABOUHREM 0 R (a) HIBAARCHIE Y ¢ (b) LED ASHEHAHES 6; Hrh

ARG B S PR o

Fig. 4. Influences of grating period d and incident light cone angle 6 on the dispersion parameter C. (a), (b) is the calculated rela-

tionship curve between C and d, or 6 respectively, where the red circles represent the zero-dispersion boundary points.
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Fig. 5. Structural testing diagrams of the RPG sample: (a) After being developed; (b) the structural testing diagrams of the final

sample after UV stamping.
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Table 1. Luminance and chromaticity coordinate of the center diffraction spectrum with different 6.

0 102.68°

64.01° 45.24° 34.71°

Luminance L (cd/m?) 6105.6

Chromaticity Coordinate r = 0.2978y = 0.2828

z = 0.3024y = 0.2798

5161.2 4018.2 3262.1

z=0.3074y = 0.2779  z = 0.3025y = 0.2770

Bl 6 SeEOEHMINE  (a) FEEGHA N (0 = 34.71°, d = 4 pm); (b) 6 = 3.58°, d = 4 um
Fig. 6. Observation diagram of the diffraction beam: (a) At zero-dispersion boundary point (0 = 34.71°, d = 4 pm); (b) 6 = 3.58°,

d=4 pm.
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Abstract

With the development of the microstructure fabrication process and the integration of micro-optical
elements, diffractive micro-optical elements are widely used in broadband light sources, such as the integrated
light guide plate (ILGP). And with the structural feature size of the ILGP decreasing from tens of microns to
microns and even sub-microns, the diffraction dispersion phenomenon will inevitably become a prominent
problem in research and design of non-dispersion elements. Nevertheless, under the broadband light source
illumination, the analysis of the dispersion characteristic of diffraction spectrum of the microstructure array has
not been reported in detail. Therefore a theoretical model of micro-optical element with a typical one-
dimensional rectangular phase grating (RPG) and a widely used white LED source is established in this paper.
The dispersion characteristic of the diffraction spectrum is studied, that is, with the increase of period of the
RGP or the cone angle of incident beam, the dispersion of diffraction spectrum weakens. Dispersion parameter
C and its formula are proposed, which can precisely measure the chromatic dispersion degree of the diffraction
spectrum. Furthermore, the boundary criterion point of non-dispersion C'= 0.3 is given explicitly. It is explored
that no matter whether the cone angle of incident beam or the RPG period increases, the non-dispersion output
light can be obtained only by matching the two parameters to make the dispersion parameter C'less than 0.3.
Then an RPG sample, of which the structural parameters are consistent with the designed ones, is fabricated by
using micro-nano processing technology. By changing the cone angle of incident beam, the luminance and the
chromaticity coordinates of the diffraction beam are tested. The analyses of the test results of the fabricated
RPG sample show that the spectrum dispersion regularity is in accord with the theoretical analysis. The
consistency verifies the correctness of dispersion parameter C| its formula and the non-dispersion boundary
criterion point. The dispersion parameter C and non-dispersion boundary criterion point presented in this paper
provide a guidance for analyzing the dispersion characteristics when the structural parameters of the integrated

light guide plate and other broadband micro-optical element are designed.
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