IMPORTANT NOTICE FOR TI REFERENCE DESIGNS
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its products (and of all Tl products used in or for such Designer's products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect fo its applications, it has all the necessary expertise to create and implement
safequards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
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that include TI products, Designer will thoroughly test such systems and the functionality of such Tl products as used in such systems.
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serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual Tl reference design only in connection with the development of end
products that include the Tl product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER Tl INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask waork right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from Tl under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS 1S" AND WITH ALL FAULTS. Tl DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
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TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL, DIRECT,
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Example 0.45”" WXGA Optical
Reference Design

Note: This design is not representative of the optics found in the DLP® LightCrafter™ 4500
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Objective

e Design the illumination system for a 0.45” WXGA
DMD using a Luminus PT54 LED Die

— Design using a light tunnel
— Anamorphic F/#

e Goal: Achieve >400Ilm on the screen w/ LED
overlap

Note: Only illumination system will be designed
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LED to Tunnel

e LED
— Luminus PT54 (2.7mm x 2mm = 5.4mm?)
— Lambertian Emitter: £90°
— Wavelengths: 464nm, 526nm, 623nm
e Optical Design
— Designed for £80°
— Pre-Collimator: S-LAH53 glass (n=1.806)

— Collimator & Condenser: Polycarbonate
» Curved surfaces are aspheric

e Collection Angle = 60°
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Tunnel Design

e |Input: ~F/1.1

— Corresponds to a collection angle
of ~60° from LED

— Dimensions: 4mm X 4mm

— ~24% overfill due to etendue
mismatch b/w LED and DMD

« May require physical aperture to block
unnecessary light

 Output: ~F,/1.8 xF, /1.2
— Dimensions: 6.165mm x 4.11mm

e Length: 35mm
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Tunnel to DMD

Tunnel Output
— 6.165mm (F,/1.8) x 4.11mm (F, /1.2)

— X-dimension slightly decreased due to
anamorphism

3 Lens Relay
— Magnification: ~1.6x
— All PMMA plastic lenses

 Curved surfaces have only conics (no
aspheric coefficients)

RTIR w/ wedge

— N-SK5 glass

— Airgap: 0.1mm

— Prism to DMD Coverglass: 0.83mm
* Can be increased if necessary

Pupil Offset: 3°
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Performance- LED to DMD

 lllumination on plane of DMD
- Red=71.5% ; = 75.1%; Blue=77.8%

 lllumination on active array of DMD
- Red=61.8% ; = 65.0%; Blue=67.5%
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on-Sequential Analysis

Total Power: 0.620watts

Total Flux: 146lumens

True
Color

Detector Image: I cradisnc

Dezector Image: Irradiance

-~ e

Total Power: 0.647watts

Total Flux: 357lumens

Detector Parameters:

— Size: 9.855mm x 6.1614mm
(.45” WXGA Array)

— Analyzed using 127 x 127
pixels
Lambertian Source:
— Size: 2.7mm x 2mm

— Wavelengths: 464nm,
526nm, 623nm

— Rays traced: 2,500,000
(Trace Time: 8 minutes)

— Power Output: 1IW

Dezector Image: Irradiance

Total Power: 0.667watts

Total Flux: 30lumens

True
Color

Total Flux: 525lumens

Detector Image: Irradiance

Detector Image: rradisnce

Detector Image: Irradiance
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Color Uniformity

* Plots were generated using the “illumination XY scan” function in Zemax
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LED to DMD

Length: ~200mm = ~7.88in.
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Efficiency Estimate

Optical Element Estimated Transmission Notes:
Collimator Lens Pair 0.960 99% T/surface due to coating
Dichroic 0.950 Typical Estimate
Condenser Lens 0.990 99% T/surface due to coating
Light Tunnel 0.950 99% R/Bounce
Relay Lenses (Qty. 3) 0.940 99% T/surface due to coating
RTIR Prism Assembly 0.920 Estimate
DMD 0.700 Standard Value
Projection Lens 0.900 Typical Estimate
To_tal_ Opt|c§ 0.467
Transmission Estimate
Geometric EfflClenc_y 0.650
(from Zemax analysis)
Geometric - 0.304
Transmission
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Lumen Estimate

No Overlap
Luminous PT54
G

[Luminous Flux ?5!! 1550 325
Current 13.5| 13.5 13.5
[Duty Cycle 40% 44% 16%
[Duty Cycle Elux Available 300 682 52
Total Flux 1034

Optical Engine Efficeincy 30%

Total RGB White Lumens 310.2

30%Y Overlap

[Duty Cycle 49% 58% 23%
|DU1I‘5.-’ Cycle Flux Available 367.5| 899 74.75
Total Flux 1341.25

Optical Engine Efficeincy 30%

Total RGB White Lumens 402.375

MOTE: Lumen values in this analysis is estimated by using the lum number from PT54 datasheet. Please
measure actual LED lumen under normal operating condition for accurate lumen estimate.
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Conclusions

* Color uniformity has been analyzed and shows to
be promising

« Efficiency is maxed at the DMD plane
— Etendue states 76%, efficiency achieved=75%

 Lumen estimate shows ~400Im with lumen
numbers as per PT54 datasheet and 30% LED
overlap.
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