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optical waveguide lenses for augmented reality optical modules, this study proposes a method utilizing hol-
low glass microspheres. Theoretical calculations and optical simulations are first conducted to determine
the permissible interval error for achieving optimal imaging quality, establishing a foundation for practical
implementation. Hollow glass microspheres with specific particle size distributions are obtained through an
advanced sorting process, employing custom-designed sieving equipment to ensure high precision. These
microspheres function as an ultra-precision standard material for interval control during assembly, critically
maintaining the required spacing between lenses. A self-developed high-precision stacking system is em-
ployed to conduct assembly experiments. The results indicate that the sorted microspheres exhibit uniform
morphology and a narrow particle size distribution, with an average diameter of 38. 36 um and a standard
deviation of 1. 60 pm. Interval error verification of 50 stacked samples reveals that 62% meet the criteria
for high-quality imaging, while 98% satisfy basic imaging requirements. The proposed precision interval
control method effectively ensures the stacking assembly of multilayer diffractive optical waveguide lenses
adheres to the specified error range, thereby achieving the desired imaging quality and demonstrating signif-
icant potential for practical applications.

Key words: diffractive optical waveguide lens; hollow glass microspheres; stacking assembly; particle

size accuracy; interval error
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Performance parameter Value
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Tab.3 Parameters of UV adhesive

Serial number  Density/(gecm ) Viscosity/cP

1 1.05 10 000
2 1.07 20 000
3 1. 06 30 000

Mixing experiment results of hollow glass microspheres and UV adhesive
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Fig. 12 High-precision stacking and interval measurement of multilayer diffractive optical waveguide lenses

iz ) fih

S0 B B AR5 R A0 i 7K 04k B AE T
ORISR N A



1430

e K TR

33 %

FE , U8 FH 2 e X 07 A5 B | 52 1l A7 25 4 2 COFf
W) s EJa M HZE S TR ES RS
AT B A EAL, UV K B4 R <<1% , [ 1k
o AR AT R 10 s o8 52 8, DT S 30 22 2 i ok
W5 2Z R) RS E S S T

AT A 8 LA 0 A 1 A 0 B B B R aE AT
[F1) B s ) ) Sk b L SE A ) R A R 0 R A S
KW FHEAFERRE, BT 50485 L5, 14
AT LT B R I 12(c) B . S8R
BEWC I, o T O B TR AN A7 S 0k R R Y
A E) B, RS BE S 0. 01 pm, WA 12(d) BF
AN o MR ZE AT SO0 B S R R D P 9
A TR 2 0 XM B 12 A [ T

3 930 A 2 ) B O 2 A ) B RS R, D00 A
s 12(e) s o
DA rp— ] B 5 2 56 B9, JHG 8] s ) 4 25 Y

G A 1200 I, 4 00 s A DX P DL B R
HH X A B ] B AR, A0 13 B o BB IX N A
W f2 5 e R B AR KB A 38. 60 pwm, M /NE A
38.90 pm ;4= T8 A G 5 b TR B AR KM
38.95 pum, Bz /NMAE H 38,15 um. A7 56 I S8
F 11 18] B 158 25 2 6 A7 5 0 S48 A TR0 B3 T 1
FATEE R 2. HI EZAE A LR R X
DAL 1) B 358 2% A 0. 30 pm, 4> - T P 1) 1) Bl a0 2%

12+ [ 1Qualified precision
11 11 [ JFailure of precision
10r
g
£ g
z
§ 6k 6 6
= 5}
= 4
&) L
4 3 3
2t
2 @ © N % o oo g ‘;‘
= =] =) — — — — — al al
¥ 3 € 2 & Z ¢ % 9@ &
= == B N

Interval error/pum

() X P A R

(a) Stacking accuracy statistics within the output coupling region

K14 st s &4

Frequency/time

8.32 38.95

r—— 1
860 3887 38.9p
| |
318.63

3889 3886
8870 |

3893 —38-82 —38-88
38.60

38.55

P13 A5k s Y ] o 0 &

Fig. 13 Interval measurement values of each interval point

0.8 pm,

i3 50 AT SO B R 1B A RS
Geit TGS A R X K AT A S S
KGR, W 14 BRI X85 k45 7 b, ink 4
iR o 24 ) B BORE 5078 55 5 e 4S50 24
W R B AR B IR 2 AE 1 pm Y L
h A6 Y%, H] BE A% 25 7E 2 wm N 0 )y 820, 52
B A E AR A DX ) B i 25 BRI, 6F A
DB E AT Bk A A TR B R 22 AE 1 pm N Y
Eb 1 mT LGk B 629, 1] B 15 25 76 2 pm Y 1Y L 1)
AILLIKE) 9890 . UL AT, 62 %6 B BEAR HE 15 3 2

R B AR R, 98 060 B FEAS BE A% 1 A2 B AR AR
12 [ 1Qualified precision
12r = Failure of precision
10
ol 8
6
6 S5 5
4 4
H 3 3 .3
1
oL NN BN N [ B
Y e ®x S o ¥ ¢ ® o @0 o
S S S 4 = = < ~ «a o o
VI %% 3 oa 3% % 2o
S S S o~ —~ = a

Interval error/ um
(b) & FENE AL

(b) Stacking accuracy statistics within the whole plane

T I B 45

Fig. 14 Experimental results of stacked assembly of diffractive optical waveguide lenses



9 3]

IR, 55 T 250 BB TR 09 2 J2 A0 5 0l 5 5 B8 v g 2 26 T [l s 4% ol 1431

R4 THARSERBEREXBERNEITSN
Tab.4 Statistical analysis of experimental results on
stacked assembly of diffractive optical waveguide

lenses
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Detection region Whole plane

pling region

Total quantity 50 groups 50 groups
Interval error<<1 pm 23 groups 31 groups
The proportion of interval
46% 62%
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The proportion of interval
prop 82% 98%
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