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Presentation Notes

» Please use this document as a reference only

» Designs shown in this document are preliminary

* No tolerance analysis or thermal analysis were performed
» Designs intended to be used as a starting point
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DLP2021-Q1 Non-telecentric Design

Design Specification:

* DLP2021-Q1 (0.2” 588x330)

e LED: WICOP UHL 1X1 <> sousemconouctor

* F/2.4 Non-telecentric projection lens

* Image Diagonal: 54cm

* Projection distance: 1000mm

* Projection lens offset : 69%

* lllumination aoi on DMD: 32.7deg

* MTF>20% @2 pixel resolution (all fields)

* Optics only engine volume: 18mm x 30 mm x 9mm
4.86¢cC

e Total Lumen Output: 87Im@1A

* Similarluxas.2” and .3” EVM
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Light Source
) SEOUL SEMICONDUCTOR

WICOP UHL
High reliability and High quality of light
. . N
High-Power LED for Automotive // ™~
WICOP UHL 1x1 N

LED Die Size: 0.6mm x 0.9mm

Max coupling efficiency ~96% @F/2.4 for .2”
Assuming 70 Deg LED collection angle, 10% overfill

Performance Characteristics

Table 1. Electro Optical Characteristics, I = 1.0A, T, = 25°C

Parameter Symbol | Min |
Forward Voltage Ve 3.20 3.50 vV
Luminous Flux Py 275 Im
CIE x 0.33
Color Coordinates
CIEy 0.35
Viewing Angle 28 120 deg.["]
Electrical Thermal resistance Rth JS el 2.8 K/wW
Real Thermal resistance Rth JS real 3.8 K/wW
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Optical Efficiency
DMD Plane, 66% DMD Overfill, 14% Image Plane, 59%

1.16E-05
0.2142 0.0953
1.04E-05
0.1928 0.0858
i 0.0762 9.25E-06
0.1499 0.0667 8-09E-06
0.1285 0.0572 6.94E-06
0.1071 0.0476 5.78E-06
0.0857 0.0381 4.62E-06
0.0643 0.0286 3.47E-06
0.0428 0.0191 2.31E-06
0.0214 0.0095 1.16E-06
0.0000 0.0000 0.00E+00
Inage Diagram Tmage Diagram Inage Diagram
TR peiss Relay Deston Zemax TIR Peiss Relay Desion T Zomax TIR Prisn Relay Desion Zemax
B e ons 000 e S b0 oy * 301 pixels Zemax Opticstudio 19.4 sP1 Tnage Width - 7.0000 MIllineters, 301 x 301 pixels Zemax OpticStudio 19.4 SP1 Taage widzh - 500.0000 i Tliserers, 301 x 301 pixels Zemax OpticStudio 19.4 SP1
Percent efficiency: 65.477%, 6.648E-01 watts e Field position: 0.0000 un Field position: 0.0 0000
full system_6x9_fold.zos Percent efficiency: u 1551. 1.417€-01 watts [ FaTl systeneford.zos | Percent efficiency: 58. sssss 5 S99E-01 Watts FuT1 systen_6xo_fold.zos
fi 3 e Nl s Configuration 1 of 1 L - o )_1 -
Surface: 24, bnits are maes per Milliacters squared & Surface: 23. Units are watts per Millimeters squared. Configuration 1 of 1 Surface: 36. Units are watts per Millimeters squared. Configuration 1 of 1

Pupil @ illumination 97% Pupil at Projection, 66%

0.1788 0.1584
0.1608 0.1426
0.1431 0.1267
0.1252 0.1109
0.1073 0.0951
0.0894 0.0792
0.0715 0.0634
0.0536 0.0475
0.0358 0.0317
0.017% 0.0158
0.0000 0.0000
TInage Diagram TInage Diagran
TIR Prisn Relay Design TIE Prisy Relay Design
20/p030 o e Zemax Iloaz o e Zemax
e Width 0000 Millimeters 200 x 200 pixels Zemax OpticStudio 19.4 SP1 lmaqe md(h 5.1 0000 Millimeters, 200 x 200 pixels Zemax OpricStudio 19.4 SP1
Field positis 0.0000, 00000 m d position 0000, 00000 mm
Percent ermciency: 5. 782, 3678601 natts Fenk eFH Chency: 66 0714, 6 BO7ETDL varts 5
Full system_6x9.z0s Fall syates with slex sresection lers.zos
Surface: 7. Units are watts per Millimeters squared. Configuration 1 of 1 Surface: 20. Units are watts per Millineters squared. Configuration 1 of 1
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Image Plane Uniformity
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Lumen Budget Estimation

llumination

WICOP UHL 1X1

DMD

DLP2021-Q1 (0.2” 588x330)

Tl assumption

Efficiency factor Lumens Comments
Lumens out of color balanced LED 275 Estimated White lumens at 1A, 3.2V
Transmission
Collimator lenses 0.96 264 Transmission — AR coating losses
Fly's Eye 0.93 246 Fly’s eye estimated transmission
Illumination relay lens 0.98 240 AR coating loss
Illumination Fold 0.97 233
Avg DMD efficiency 0.67 156 DMD efficiency (Mirror reflectivity + diffraction + fill + Transmission)
Projection lens (3 lenses) 0.94 147 Transmission of projection lens from coatings, field lens loss already calculated above
transmission overall efficiency (avg) 0.53 147
l|geometric overall efficiency 0.59 87
overall efficiency (avg) 0.32
Total Lumens 87 Max brightness achievable (estimated)
System efficiency achieved (Im/Welec) 27 Im/W Efficiency may be higher at lower lumen levels
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Projection Lens_3pc

Spherical, glass

PLASTIC PROJECTION LENS Zemax

2/10/2022

Field: 4 55 w 2.56 h Millimeters Zemax OpticStudio 19.4 5P1
€: 4.24 w 2.38 h Millimeters B

Maximum distortion: 0.2047% SMIA TV distortion: 0.2407%

Scale: 1.000X, Wavelength: 0.58/0 um plens_3_pupil4.4.zos

Configuration 1 of 1

2 pixel

resolution

1.0

Aspheric, Plastic .
- F/24 j N
» Image offset: 69% E
* Throw ratio: 2.1 2 20%

+ Projected image size: 468mm x 276mm g gw ma e hn B
* Projection distance: 1000mm

« MTF>20% @33Ip/mm (all fields, 2 pixel resolution)

* Distortion<0.2% Sioyaons TN LS T Zemax OpticSrudio 19.4 51

Data for 0.4860 to 0.6560 um.
Surface: Image

o=
=}

g8
a

ARIRE
EIRRIE|

plens_3_pupil4.4.zos
Legend items refer to Field positions Configuration 1 of 1
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Optical Engine Volume

34mm x 29mm X 9mm
8.87cc

Side view

Reduce volume
by adding a fold
mirror to the
illumination

v

18mm x 30 mm x 9mm
4.86¢ccC
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Non-Telecentric V.S Field Lens Design

Designs Field Lens Non-telecentric
Layout
Dimension 31mmx24.5mmx9mm 18mmx 30mmx 9mm
Total Volume 6.8cc 4.9cc
9 8 or 7(2pc plens)
Element Count 2 collimating lenses, 1 flyeye, 1 relay lens, 1 2 collimating lenses, 1 flyeye, 1 relay lens, 1
folding mirror, 1 field lens, 3 projection lenses folding mirror, 3 or 2 projection lenses
Geometric Efficiency 0.69 0.59 or 0.55(2pc plens)
Estimated Output 49Im@1.5W 87 or 83Im@3.2W

Field Lens design is telecentric @DMD, better uniformity, slightly higher geometric efficiency,
but will have a ghost image effect (not very noticeable when projected on ground);
Non-telecentric design will have slightly lower geometric efficiency, worse uniformity at the
bottom edge of the image, but is more compact with 1 or 2 less optical elements.

Pros and Cons
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Further Simplification on Projection Lens

* Projection lens count reduced from 3 to 2 elements
« Simulated projected images are compared between 3pc and 2pc design

2 element non-
telecentric
projection lens
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Projection Lens_2pc

F/2.4 Aspheric, Plastic

69% Offset

TR 2.1

Projected Image size: 484mm x 273mm

(557mm diagonal)@1000mm projection distance
MTF>40% @AIl field (4x4 pixel resolution)
Distortion<0.3%

Zemax

Zemax OpticStudio 19.4 SP1

rfecrion era Ao HF it T S g o
Configuration 1 of 1

Modulus of the OTF

2 pixel

resolution

3.3 6.6 9.9 13.2 16.5 19.8 23.1 26.4 29.7 33.0
Spatial Frequency in cycles per mm
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Image Simulation Comparison
Source

2pc

Image Simulation: Source Bitmap Image Simulation: Geometric Aberrations Image Simulation: Geometric Aberrations
§1taap 1s high 1s wid Zemax 3oz . n Zemax s " Zemax
Bitmap 22 330 pixels high. s88 pixels wide. Zemax OpticStudio 10.4 SPL [ Object height is 2.4500 Willimeters. Zemax OpticStudio 19.4 SP1 | Object height is 2.4800 Millimeters. Zemax OpticStudio 19.4 SP1
Bitmap file is dog pic v Field pos 0.0000, 0.0000 5m P Field posi 0.0000 sm P
Center’ chie § Center’ chief fay - Celatove, 1 lomination €anoot be conputed
[S———— . #Vped smentns $1e¥.2ms Image size x5 485.7544 W x 272.6173 H (Millimeters) ton Senasimplifred tperae) e flipeecon [ IMage Size 15 516.5753 W x 289.9147 H (Millimeters, projection lens_fliped.zos
Configuration 1 of 1 Configuration 1 of 1 Configuration 1 of

I

IR

Geometric Aberra

ions

2022
gitmap 15

330 pixels high, 588 pixels wide.
Bitmap file 1s Spoke_588x33

0.3pg.

projection lens_updated f1eld_flipped.zos

Field pos
Center: et T

Image size 1s 43{_7;44 W x 272.6173 H (Millimeters)

Configuration 1 of 1

 Contigurativa 1-af 1
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Image size s 516.5753 W x 289.9147 H (Mi1

W

Image Simulation: Source Bitmap Image Simulation: Geometric Aberrations Inage Simulation:
5/12/ Zemax $/16/2022 Zemax 5/16/2022 Zemax
Zemax OpticStudio 19.4 SP1 object hugnl s 2.4800 Millimeters. Zemax OpticStudio 19.4 Sp1 | Object !-nwght 1S 2.4800 Millimeters. Zemax OpticStudio 19.4 SP1
0.0000, 0.0000 mm Field posit 0.0000, 0.0000 mm
Center’ cef ray - rélative illusination cannot be conputed
ters) projection lens_fliped.zos

Configuration 1 o
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Optical Efficiency
DMD Plane, 66% DMD Overfill,14% Image Plane, 55%

s 0.0953 1.16E-05
— 0.0858 1.08E-05
0.1714 0.0762 | 9.266-05
0.1499 0.0667 | 8.10E-06
0.1285 0.0572 | 6.94E-06
0.1071 0.0476 | 5.796-06
0.0857 0.0381 4.63E-06
0.0643 0.0286 3.47E-06
0.0428 0.0191 2.316-06
il 0-0095 1.16E-06
9000 90000 0.00E+00

TIR Prise Relay Design 1nage Diagran 2 Inage Diagram TImage Diagram

ﬁ:;f»ﬁdm = 5.0000 Millineters, 301 x 301 pixels Zemax op(msem):o 19.4 SP1 Thosash "e1ay pestn [ Zema TR snasn Relay Design Zemax

S v e Tnage Width - 7.0000 MiTT1nesers 301 x 301 pixels Zemax OpticStudio 19.4 SP1 $4a547Wi%ch - 500.0000 MiTlineters, 301 x 301 pixels Zemax Opticstudio 19.4 SP1
Percant efficiency: 66.477%, 6. odeE-01 wates Tull system_6x9_fold.zos o s Lok i aoE o1 Waxes e Eﬁignﬁ}ﬂ?m 0.0000, 00000 mm e
Sarface: 34, Ge1ey'sfe’vavis por wiTTisenars sulaied. Configuration 1 of 1 P R e ot 35 Dorts ave satte oo 1T mors squared e

Pupil @ illumination 97% Pupil at Projection, 66%

0.1788 0.1584
0.1608 0.1426
0.1431 0.1267
0.1252 0.1109
0.1073 0.0951
0.0894 0.0792
0.0715 0.0634
0.0536 0.0475
0.0358 0.0317
0.017% 0.0158
0.0000 0.0000
TInage Diagram TInage Diagran
TIR Prisn Relay Design TIE Prisy Relay Design
20/p030 o e Zemax Iloaz o e Zemax
e Width 0000 Millimeters, 200 x 200 pixels Zemax OpticStudio 19.4 SP1 lmaqe md(h 5.1 0000 Millimeters, 200 x 200 pixels Zemax OpricStudio 19.4 SP1
;;E H sy gsug?;gﬂs unngggg 01 War g pusﬂtﬁm 55 gu?uﬂs Us“sggg 01 wat 16
reent efficiency: s Full system_6x3.z05 reent efficiency: s Fall syates with slex sresection lers.zos
Surface: 7. Units are watts per Millimeters squared. Configuration 1 of 1 Surface: 20. Units are watts per Millineters squared. Configuration 1 of 1
— —
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Image Plane Uniformity

1.24E-03
51808
1.12E-05
E.3E-06
p = 9.95E-06
@ @‘ 53246
B8.70E-0%
sarE-s
+.3E08 7.46E-06
36108
©6.22E-06
27188
1EE 4.97E-06
51807
b BED 3.73E-06
Tnmze Dizaram 1 2. 49E-06
588208
! E.B3E-0% 1.24E-06
781508
0.00E+00
681208
5.53E-08 Image Diagram
434806 5/16/2022 Zemax
Image Width = 800 0000 Millimeters, 301 x 301 pixels Zemax OpticStudio 19.4 SP1
3.936-06 Field position: - 5 O mm
st Percent efficiency: 54.724%, 5.472E-01 wWatts U1 =y 5x3_fold_2pcPLens zos
Surface: 33. Units are watts per Millimeters squared. Configuration 1 of 1
188208

- 9 Points

. 80% | 87% | 81%
87% |100%| 86%
= 74% | 87% | 76%
] . . '“‘“' Based on equal distance 40mm
Smcmmers  nonr radius spot at 9 points
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Lumen Budget Estimation

llumination WICOP UHL 1X1
DMD DLP2021-Q1 (0.2” 588x330)
Tl assumption
Efficiency factor Lumens Comments
Lumens out of color balanced LED 275 Estimated White lumens at 1A, 3.2V
Transmission
Collimator lenses 0.96 264 Transmission — AR coating losses
Fly's Eye 0.93 246 Fly’s eye estimated transmission
Illumination relay lens 0.98 240 AR coating loss
lllumination Fold 0.97 233
Avg DMD efficiency 0.67 156 DMD efficiency (Mirror reflectivity + diffraction + fill + Transmission)
Projection lens (3 lenses) 0.96 147 Transmission of projection lens from coatings, field lens loss already calculated above
transmission overall efficiency (avg) 0.55 147
l|geometric overall efficiency 0.55 87
overall efficiency (avg) 0.30
Total Lumens 83 Max brightness achievable (estimated)
System efficiency achieved (Im/Welec) 26 Im/W Efficiency may be higher at lower lumen levels
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Projection Lens Comparison

Lens Layout

Material

3pc,
2pc plastic/aspherical
1pc glass/spherical

2pc,
2pc plastic/aspherical

System Spec

F/2.1

Overall system
efficiency: 32%
69% Offset

TR 2.1

Projected Image size:

468mm x 276mm
Distortion<0.2%

F/2.1

Overall system
efficiency: 30%
69% Offset

TR 2.1

Projected Image size:

484mm x 273mm
Distortion<0.3%

Modulus of the OTF

33lp/mm

MTF Plot

Modulus of the OTF

66 99 1.2 165 19.8 23,
Spatial Frequency in cycles per mm
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Summary

» Created a non-telecentric optical design for DGP

» Compared performance to previous field lens DGP design
— Field lens design has higher efficiency, better uniformity, but ghost reflection in image
— Non-telecentric design is more compact with lower element count

« Simplified non-telecentric projection lens by removing one optical element
— MTF is reduced, but image simulation shows acceptable performance
— 2 element design is smaller and expected to be lower cost
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Backup
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Field Lens Uniformity

1.456-05
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0.00E.00 00000 00000
I Toags Tiagrmm . Tags Biagran Taage Giagrim 2.89E-06
Zomax Zamax Zemax
o | s pricatots .4 51 . Zenax OpeicEuudie 19,4 51 e s ax tpricseadia 194 561 1.456-06
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©soros R L saras Lrage Wideh - 600.0000 WiTinerers. 200 x 201 pixels Zemax OpticStudio 19.4 SPL
s Dot Percent efficiency: 74.867K, 7.480E-01 Watts T ——————
o Surface: 61. Units are watts per Millimeters squared. Configuration 2 of 3
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.
3 41606 5 5106 290606
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0.00E.00 v.00¢00 0.0e0
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i
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zamax
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ax GpeicStai 10.4 SH

Zamax
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Further Simplified Design Concept (Removing FEA)

Fly-eye removed

1.41E-05
I 1.27E-05
1.13E-05
9.89E-06
8.48E-06

7.07E-06

5.65E-06

4.24E-06
2.83E-06
1.41E-06
0.00E+00

Image Diagram

Uniformity with fly-eye (9points)

watts per Mi

1limeters, 301 x 301 pixels
0000 m
cy: 60.308%, 6.040E-01 Wattis

1limeters squared.

Zemax
Zemax OpticStudio 19.4 SP1

full system 6x9_fold.zos
Configuration 1 of 1

81% 90% 80%
88% | 100% | 86%
74% 83% 74%

74% 86% 73%
82% 100% | 86%
69% 77% 73%

Geometric efficiency:
60%
(Same as with fly-eye)

Uniformity without fly-eye (9points)

Based on equal distance 40mm
radius spot at 9 points
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Further Simplified Design Concept (Removing FEA)

Fly-eye

removed

10 mm

2.19E-05

1.97E-03

1.75E-05

1.53E-05

1.31E-05

1.09E-05

8.75E-06

6.56E-06

4.37E-06

2.19E-06

0.00E+00

Image Diagram

3/21/2022
In

& 700000, 00000 mm
Percent efficiency: 75.525%, 7.552E-01 Watts

age Width = 400.0000 Williserers, 201 x 201 pixels
d position:

Surface: 62. Units are watts per Millimeters square

d.

Zemax

Zemax OpticStudio 19.4 SP1

system_40mm diagonal image.zmx
Configuration: ATl 3

Uniformity with fly-eye(9points)

82% 87% 79%
98% 100% 96%
83% 83% 82%

Geometric efficiency:
75%
(67% with fly-eye)

Uniformity without fly-eye (9points)

71% | 78% | 70%
87% | 100% | 85%
65% | 79% | 64%

Based on equal distance 14mm
radius spot at 9 points
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Other Concept-Direct Tunnel

Tunnel tilt at 45 deg to the DMD,
tunnel exit at 25 deg angle to
provide enough clearance for
projection path.

110 mm

No projection lens design, yet. Might be
challenging, more time needed to evaluate.

0.0%82

0.0334

0.0785

0.0638

0.0582

0.0451

0.0393

0.0295%

0. 0195

0.005E

0.0000

Inage Hagras

Zemax

/31,2023
:Iiui':'ﬂdth = :.mﬂmﬂg&antus L x 3 pixels Zesax OpticStedio 19.4 5P

1tion:

Fie . o. 1]
Mmﬁfﬂchﬂ:r: '.‘9.1Ei-. 2.546E-1H Wakts
Surface: 12, Usits are #atis per Millimeters squared.

T v T v T g

Configuration 1 of 1

Uniformity (9points)
63% 80% 63%
76% 100% 70%
88% 113% 84%

Based on equal distance 0.2mm radius spot
at 9 points at DMD plane

Geometric
efficiency at DMD:
29%
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Alternate Concept-Collimating lens with a focusing lens

?..z

llumination tilted at
40deg to the DMD

110 mm

0.2435

0.2191

0.1948

0.1704

0.1461

0.1217

0.0974

0.0730

0.0487

0.0243

0.0000

Image Diagram

TIR Prism Relay Design
3/21/2022

]
Field po: on: ) A
Percent efficiency: 69.853%, 6.

mage Width = 5.0000 Millimeter:
sition: 0.0000, 0.0000

s, 301 x 301 pixels
mm
985E-01 Watts

Surface: 16. Units are watts per Millimeters squared.

Zemax

Zemax OpticStudio 19.4 SP1

ron-telecentric_Tiens_t1hurination 40deg 111t

Configuration 1 of 1

No projection lens design, yet. Might be

challenging, more time needed to evaluate.

Uniformity (9points)

74% 78% 71%
98% 100% 95%
117% 126% 113%

Based on equal distance 0.2mm
radius spot at 9 points at DMD plane

Geometric efficiency
at DMD: 70%
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Design

Comparison Table

Layout

Element Count

Geometric efficiency

Pros/Cons

Non-telecentric design

7
(2 collimating lens, 1
folding mirror, 1 relay
lens, 3 projection lens)
Folding mirror can be
removed if larger size is

60%@Image plane

Low element count for
high efficiency, non-
telecentric

Field Lens Design

8
(2 collimating lens, 1
relay lens, 1 folding
mirror, 1 field lens, 3
projection lens)

75%@Image plane

Telecentric design, will
be ghost image from
field lens double
reflection

Lowest Element count,

Direct Tunnel 1 tunnel+ projection lens 29%@DMD trade-off efficiency
and uniformity
More compact
2 collimating lens + 1 illumination compares
Kohler lllumination focusing lens+ projection 70%@DMD to design 1, projection

lens

lens will probably be
larger. Still exploring.
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