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Presentation Notes
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• 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



DLP2021-Q1 Non-telecentric Design
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Design Specification:
• DLP2021-Q1 (0.2” 588x330 )
• LED: WICOP UHL 1X1
• F/2.4 Non-telecentric projection lens
• Image Diagonal: 54cm
• Projection distance: 1000mm
• Projection lens offset : 69%
• Illumination aoi on DMD: 32.7deg
• MTF>20% @2 pixel resolution (all fields)
• Optics only engine volume: 18mm x 30 mm x 9mm 

4.86cc
• Total Lumen Output: 87lm@1A
• Similar lux as .2’’ and .3’’ EVM



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

LED Die Size: 0.6mm x 0.9mm



Optical Efficiency
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Image Plane, 59%DMD Plane, 66% DMD Overfill,14%

Pupil @ illumination 97% Pupil at Projection, 66%



Image Plane Uniformity
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9 Points

Based on equal distance 40mm 

radius spot at 9 points

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



Lumen Budget Estimation
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Illumination WICOP UHL 1X1

DMD DLP2021-Q1 (0.2” 588x330 )

TI 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

geometric overall efficiency 0.59 87

overall efficiency (avg) 0.32

Total Lumens 87 Max brightness achievable (estimated)

System efficiency achieved (lm/Welec) 27 lm/W Efficiency may be higher at lower lumen levels



Projection Lens_3pc
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• F/2.4

• Image offset: 69%

• Throw ratio: 2.1

• Projected image size: 468mm x 276mm 

• Projection distance: 1000mm

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

• Distortion<0.2%

Aspheric, Plastic

Spherical, glass

20%

2 pixel resolution



Optical Engine Volume
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Reduce volume 

by adding a fold 

mirror to the 

illumination

34mm x 29mm x 9mm

8.87cc
18mm x 30 mm x 9mm

4.86cc

Side view



Non-Telecentric V.S Field Lens Design

10

Designs Field Lens Non-telecentric

Layout

Dimension 31mmx24.5mmx9mm 18mmx 30mmx 9mm

Total Volume 6.8cc 4.9cc

Element Count

9 8 or 7(2pc plens)

2 collimating lenses, 1 flyeye, 1 relay lens, 1 

folding mirror, 1 field lens, 3 projection lenses

2 collimating lenses, 1 flyeye, 1 relay lens, 1 

folding mirror, 3 or 2 projection lenses

Geometric Efficiency 0.69 0.59 or 0.55(2pc plens)

Estimated Output 49lm@1.5W 87 or 83lm@3.2W

Pros and Cons

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.



Further Simplification on Projection Lens
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• 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



Projection Lens_2pc
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F/2.4

69% Offset

TR 2.1

Projected Image size: 484mm x 273mm 

(557mm diagonal)@1000mm projection distance

MTF>40% @All field (4x4 pixel resolution)

Distortion<0.3%

Aspheric, Plastic
2 pixel resolution



Image Simulation Comparison
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2pcSource 3pc



Optical Efficiency
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Image Plane, 55%DMD Plane, 66% DMD Overfill,14%

Pupil @ illumination 97% Pupil at Projection, 66%



Image Plane Uniformity
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9 Points

Based on equal distance 40mm 

radius spot at 9 points

80% 87% 81%

87% 100% 86%

74% 87% 76%



Lumen Budget Estimation

18

Illumination WICOP UHL 1X1

DMD DLP2021-Q1 (0.2” 588x330 )

TI 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) 0.96 147 Transmission of projection lens from coatings, field lens loss already calculated above

transmission overall efficiency (avg) 0.55 147

geometric overall efficiency 0.55 87

overall efficiency (avg) 0.30

Total Lumens 83 Max brightness achievable (estimated)

System efficiency achieved (lm/Welec) 26 lm/W Efficiency may be higher at lower lumen levels



Projection Lens Comparison
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MTF PlotLens 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%

33lp/mm



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
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82% 87% 79%

98% 100% 96%

83% 83% 82%

9 Points

Based on equal distance 14mm radius 

spot at 9 points



Further Simplified Design Concept (Removing FEA)
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74% 86% 73%
82% 100% 86%
69% 77% 73%

Uniformity without fly-eye (9points)Uniformity with fly-eye (9points)

Based on equal distance 40mm 

radius spot at 9 points

Fly-eye removed

Geometric efficiency: 

60%

(Same as with fly-eye)

81% 90% 80%

88% 100% 86%

74% 83% 74%



Further Simplified Design Concept (Removing FEA)
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71% 78% 70%
87% 100% 85%
65% 79% 64%

Based on equal distance 14mm 

radius spot at 9 points

Uniformity without fly-eye (9points)

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

Uniformity with fly-eye(9points)

Geometric efficiency: 

75%

(67% with fly-eye)

Fly-eye 

removed



Other Concept-Direct Tunnel
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63% 80% 63%
76% 100% 70%
88% 113% 84%

No projection lens design, yet. Might be 

challenging, more time needed to evaluate.

Tunnel tilt at 45 deg to the DMD, 

tunnel exit at 25 deg angle to 

provide enough clearance for 

projection path.

Based on equal distance 0.2mm radius spot 

at 9 points at DMD plane

Uniformity (9points)

Geometric 

efficiency at DMD: 

29%
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Alternate Concept-Collimating lens with a focusing lens

Geometric efficiency 

at DMD: 70%

Illumination tilted at 

40deg to the DMD

Based on equal distance 0.2mm 

radius spot at 9 points at DMD plane

74% 78% 71%

98% 100% 95%

117% 126% 113%

Uniformity (9points)

No projection lens design, yet. Might be 

challenging, more time needed to evaluate.



Comparison Table
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Design 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

Direct Tunnel 1 tunnel+ projection lens 29%@DMD

Lowest Element count, 

trade-off efficiency 

and uniformity

Kohler Illumination

2 collimating lens + 1 

focusing lens+ projection 

lens

70%@DMD

More compact 

illumination compares 

to design 1,  projection 

lens will probably be 

larger. Still exploring.


