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About North Ocean Photonics

Based in Shanghai, China, North Ocean Photonics (NOP) is
a leading high-tech company specializing in wafer-level
optics (WLO) and optical integration.

Leveraging extensive technical expertise and advanced
manufacturing capabilities, NOP is committed to exploring
cutting-edge applications in the fields of photonics and
optoelectronics.

(@ \vww.nophotonics.com



— A R E W

f North Ocean Photonics

Core Team

NOP’ steam brings together professors and PhDs from
world-class universities, senior executives from globally and
nationally renowned companies, as well as recipients of the
prestigious National Science and Technology Progress Award.

WLO Closed-loop R&D + Mass Production Platform

Since its establishment in 2017, NOP has built state-of-the-art
facilities, including nearly 10,000 square meters of ultra-cleanrooms
and cutting-edge hardware platforms. The NOP Shanghai R&D and
Manufacturing Center features fully equipped office spaces, research
labs, and in-house Class 100 and 1000 clean rooms.

NOP has also developed advanced quality control and software
systems, along with comprehensive team training programs. This
has enabled the realization of a fully integrated IDM system, covering
the entire process from R&D, design, process development, mass
production to quality testing.

Having undergone rigorous factory inspections and quality control
certifications from top-tier multinational clients, the company has
become one of the few globally to achieve shipments exceeding
10KK levels in the wafer-level optics field.
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North Ocean Photonics

NOP has formed a competitive and holistic IP system, with hundreds

of patents in portfolio.

Qualifications

Patent Applications:
X 370+
d N
China Patents: 300+
\_ V.
US Patents: 11
a N
PCT Patent: 16
\_
a ™\
GB/T29490 -2013

electronics and automotive industries:

. Auditing  address: No. 2699, Ji

IPMS CERTIFICATE

Registration No: 18126IP018SRIS

‘This is to certify that the u system of

Shanghai North Ocean Technologies Co., Ltd.
Unified Social Credit Code : 91310115MATHAJOUIL
Registered address:No. 2699, Jiangshan Road, Building 4, West Zone, Lingang New
Area, China (Shanghai) Pilot Free Trade Zone.
Road, Building 4, West Zone, Lingang New
Area, China (Shanghai) Pilot Free Trade Zone: No. 2699, Jiangshan Road, 3F Building
1, Lingang New Area, China (Shanghai) Pilot Free Trade Zone.

of GBIT 29490-2023

Scope of approval:
“The management of intellectual property associated with the R&D, production, sales of
level optics, optical fiber and related

activities.
(Note: The don. does idn't get effective regulations of the state,
licensing or of products/ services. )
rnmgn 26,2023 Tssuing date: Mzﬁ m}s qu-dn Jal 25,2029
should be only valid and

Zhong Gui (Beijing) Certification Co., LTD.
ADD:Room 1105 Patent Plaza, No.11 Gaolianggiaoxiefie Street,
Haidian District Beijing.China, 100044
‘Tel:010-82102168; Web: www.zgrzbj.com
be found on

NOP holds the qualifications for mass production in the consumer

( SO 9001 ) ( SO 14001 ) C SO 45001 )

Certificate of Registration

‘This is 1o certify that the Quality Management System of
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Thisis 1o certify that the Environmental Managerment Syster of

Shangw Nonh Dcesn Technulagms Co., Ltd
United -

m.-.n_m._ o m.mm.v et et B 4 Ko 26 g R,
Lingag New Avc,Puong New Ares, Shnghsi

Chin (Shnghai Pl Fro Trade Zoe
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VabdUnl. 06 June 2027
EACICode:
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Shanghai North Ocean Technologies Co., Ltd
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Three Key Product Lines

NOP has built three key product lines: sensing and machine vision,
AR diffractive waveguide, and automotive LIDAR, all successfully

adopted by leading clients around the globe.

% Sensing and Machine Vision

Application: 3D Depth Sensing & Automatic Driving r

« Thecore DOE of 3D depth imaging module must be

designed using wafer-level processing and manufactured '\ .

accordingly;

3
J

+ LiDAR for autonomous driving and depth cameras.

% AR Diffractive Waveguide % Automotive and LIDAR

Application: AR Diffractive Waveguide Application: Fiber Optics and LIDAR
+ TheARindustry has tremendous potential, with « Mainly used for high-speed (>100G) optical

the waveguide being the key display element in
AR hardware with a high technical threshold.

communication transceiver modules and high-

precision coupling connections for silicon

+ NOP can provide comprehensive solutions for AR photonic chips;

waveguides that integrate multiple innovative Optical transceiver module products for

approaches and enable cost-effective mass vehicle-mounted LiDAR, officially began to be

delivery. integrated into mass production models of a
well-known international brand at the

beginning of 2022.
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Different Grating Structures « 1D/2D Pupil Expansion + Angle/Depth Modulation
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North Ocean Photonics

" AR Waveguide Product Portfolio

To address diverse application scenarios and market demands, NOP is

committed to delivering customized AR solutions by focusing on three key

dimensions: form factor, optical performance and cost. Guided by these

principles, NOP has developed six distinct AR product series - Qiushui, Xiaoyao,

, Mengdie, Yingning and Yuzhang - creating a comprehensive AR optical

waveguide product portfolio.

g;(r’.de‘;d Qiushui Il Xiaoyao Xiaoyao Mengdie Yingning Yuzhang
! QS-C30 XY-C25 XY-7Z25 MD-C25 YN-C25 YZ-C20

Substrate Polymer Glass Glass Glass Glass Polymer

Material

Manufacture NIL NIL NIL NIL NIL+Etching NIL

Process

Field of view 30° 25° 25° 25° 25° 20°

Color Mono Green Mono Green Mono Green Full color Full color Full color

Efficiency 750nits/Im 900nits/Im 800nits/Im 1300nits/lm 1500nits/Im 1600nits/lm

Brightness 30% 30% 50% 30% 45% 55%

Uniformity

Color NA NA NA 0.05 0.03 0.05

Uniformity

Thickness*  1.0mm 0.4mm 0.5mm 0.6mm 0.7mm 0.9mm

Weight* 22g 258 5.9g 43g 47g 2.2g

*  Efficiency and brightness uniformity are designed and measured with non-polarized light engines.
** Thickness, surface density and weight values do not include cover glass.

6
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Parameters Typical Value Comment
Field of View 30°
Aspect ratio 4:3
Center wavelength G: 528
Angle a 2.40° ﬁggrlsatl)f)tfvﬁaeye;i?égi(r?fhzor?/zca)anl plane
Angle B 9.30° ﬁgrgrlw?atl)itfvxfae\?e;i?ézri2vae?t\i/ciTgla ne
In-coupler grating diameter 4.30mm
Image focus distance infinity
Eye relief 20mm
Eye box 12mm(H) x 10mm(V)
Eyebox center position 33.30mm(X) 9.40mm(Y) from input pupil
Efficiency 750 nits/lm
MTF 60%@6.60lp/deg
Contrast 60:1 ANSI 4 x 4 Checkerboard
Uniformity 35%
Dimensions 58.98mm x 38.39mm
Material Polymer
Number of Plates Single waveguide — | S
Thickness 1.90mm waveguide: 1.00mm
Weight 3.87¢g waveguide: 2.25g
y ‘.‘ 9.30° 0°
29 Ouﬁ—coupler a=2.40 ‘K‘ |
) - Optical engine 1 ‘,‘
omal 4
| J 38.39 __nay Popticalentine
\ Agfmal =9.30°
A . <o
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Parameters Typical Value Comment

Field of View e

Aspect ratio 3:1

Center wavelength G: 527

Angle d .20° g\ggrfatl)itfwweae\?e;?éirigfhzor?égESal plane

Angle B 14° Angle between cer_wter-of FOv and
normal of waveguide in vertical plane

In-coupler grating diameter 3.85mm

Image focus distance infinity

Eye relief 20mm

Eye box 15mm(H) x 10mm(V)

Eyebox center position 34.50mm(X) 7.48mm(Y) from input pupil

Efficiency 900 nits/lm

MTF 50%@6.60lp/deg

Contrast 60:1 ANSI 4 x 4 Checkerboard

Uniformity 30%

Dimensions 58.77Tmm x 38.88mm

Material Glass

Number of Plates Single waveguide — , cover

Thickness 0.83mm waveguide: 0.40mm

Weight 4.00g waveguide: 2.52¢g

——

5877 ————
Out-cqupler 0=3.20° \ .
o S— 7 1
' B e Optical engine ! :l
‘ normal ' !
- | 3888 . —Optieal engine
’ ‘ normal B:l4°

8 www.nophotonics.com



Parameters Typical Value Comment
Field of View 25°
Aspect ratio 1:1
Center wavelength G:530
A o Angle between center of FOV and
ngle a 0 A .
normal of waveguide in horizontal plane
Angle B 9.60° Angle between cer.wter'of Fov and
normal of waveguide in vertical plane
In-coupler grating diameter 3.80mm
Image focus distance Infinity
Eye relief 18mm
Eye box 14mm(H) x 10mm(V)
Eyebox center position 32mm(X) 7.37Tmm(Y)  from input pupil
Efficiency 800 nits/lm
MTF 50% @6.60lp/deg
Contrast 60:1 ANSI 4 x 4 Checkerboard
Uniformity 50%
Dimensions 119mmX39mm
Material Glass , . Cover
) WG [ |
Number of Plates Single ' Cover
Thickness 1.36 waveguide: 0.50mm
Weight 11.60g waveguide: 5.95¢g
a=0° ,
119.00
Optical engine l

In-coupler

39.00

&

Out-coupler

normal

-
—_——

9.60°



Parameters
Field of View
Aspect ratio

Center wavelength

Typical Value Comment
25°

4:3

R:625 G:525 B: 460

Angle between center of FOV and

Angle a 241 normal of waveguide in horizontal plane
Angle B 9° Angle between cer'lter'o1c FOv and
normal of waveguide in vertical plane
In-coupler grating diameter 4mm
Image focus distance infinity
Eye relief 20mm
Eye box 12mm(H) x 10mm(V)
Eyebox center position 32.30mm(X)12.30mm(Y) from input pupil
Efficiency 1300 nits/Im
MTF 60%@6.60lp/deg
Contrast 60:1 ANSI 4 x 4 Checkerboard
Color Uniformity 0.05 rms du'v'
Dimensions 58.98mm x 38.39mm
Material Glass
Number of Plates Single waveguide — — cover
Thickness 1.03mm waveguide: 0.60mm
Weight 584¢g waveguide: 4.32g
':l : 9 0°
N a=2.47°";=T
/%Jt-coupler Optical engine r\‘ l'.

normal
A/_‘_',Optieal engine

—

normal B:9°

38.39
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Parameters
Field of View
Aspect ratio

Center wavelength

Typical Value
sk

4:3

R: 636 G: 528 B: 462

Comment

Angle between center of FOV and

Angle a 5 normal of waveguide in horizontal plane
Angle B 8.5° Angle between cer)ter.of FOV and
normal of waveguide in vertical plane
In-coupler grating diameter 4mm
Image focus distance Infinity
Eye relief 16mm
Eye box 12mm(H) x 10mm(V)
Fyebox center position 33mm(X) 9mm(Y) from input pupil
Efficiency 1500nits/Im
MTF 63%@6.60lp/deg
Contrast 95:1 ANSI 4 x 4 Checkerboard
Color Uniformity 0.03 rms du'v'
Dimensions 58.77mm x 38.88mm
Material Glass waveguide ! L over
Number of Plates Single
Thickness 1.13mm waveguide: 0.70mm
Weight 6.27g waveguide: 4.75g
'.| =50 'nl
In—couplerh‘— 58.77 ﬂ
\
38.88 T e
Out-coupler Lo —____

0° !

(KB Www.nophotonics.com




Parameters Typical Value Comment
Field of View 20°
Aspect ratio 4:3
Center wavelength R:635 G:527 B:460
Angle a 0° Angle between cer'lter'of FOV and
normal of waveguide in horizontal plane
Angle 930" ommal of wavbguide m vertcalplane
In-coupler grating diameter 4.30mm
Image focus distance infinity
Eye relief 20mm
Eye box 12mm(H) x 10mm(V)
Eyebox center position 34.20mm(X) 9.36mm(Y) from input pupil
Efficiency 1600 nits/Im
MTF 55%@6.60lp/deg
Contrast 60:1 ANSI 4 x 4 Checkerboard
Color Uniformity 0.05 rms du'v'
Dimensions 58.98mm x 38.39mm
Material Polymer
Number of Plates Single waveguide — ! I—cover
Thickness 1.78 mm waveguide: 0.88mm
Weight 379¢g waveguide: 2.19g
! \| 9.30° 0°
2898 Out-coupler a=0° "‘Tf;—;f
Optical engine !
( N i ®

38.39

1
normal 1 !
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Tel: 021-50599669
E-mail: info@nophotonics.com
Website: www.nophotonics.com
Address: B4/3F B1, 2699 Jiangshan Road,
Shanghai 201306, China



