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Read This First

About This Guide
The DLP® LightCrafter4500™ is a third party implementation of the next generation DLP reference design
to enable faster development cycles for applications requiring small form factor and intelligent pattern
display.

This guide is an introductory document for the DLP LightCrafter4500 that provides an overview of the
system and its software. Other documents provide more in-depth information of the hardware and
software features of DLP LightCrafter4500’s components.
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DLP LightCrafter4500 Evaluation Module

Related Documentation From Texas Instruments
DLPC350 Data Sheet: DLP Digital Controller for the DLP4500 DMD, TI literature number DLPS029

DLP4500 Data Sheet: DLP 0.45 WXGA DMD, TI literature number DLPS028

DLPC350 and DLP45000 Chip Set Manual: DLP 0.45 WXGA Chip Set Data Manual. TI literature number
DLPU009

User's Guide: DLPC350 Programmer’s Guide, TI literature number DLPU010

Application Note:Using DLP® LightCrafter4500™ Triggers to Synchronize Camera, TI literature number
DLPA036

6 Read This First DLPU011–July 2013
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

http://www.ti.com
http://www.ti.com/lit/pdf/dlps029
http://www.ti.com/lit/pdf/DLPS028
http://www.ti.com/lit/pdf/dlpu009
http://www.ti.com/lit/pdf/dlpu010
http://www.ti.com/lit/pdf/DLPA036
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=DLPU011


www.ti.com If You Need Assistance

If You Need Assistance
Refer to the DLP and MEMS TI E2E Community support forums: DLP LightCrafter and LightCrafter4500
Development Platform Forum

DLP is a registered trademark of Texas Instruments.
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DLP LightCrafter4500 Module Overview

This chapter introduces the DLP LightCrafter4500 module.

1.1 Welcome
Your new DLP LightCrafter4500 module will allow you to evaluate TI’s DLP 4500 platform.

This technology brings together a set of components providing an efficient and compelling system solution
for:

• Structured light applications: 3D modeling/design, fingerprint identification, face recognition, machine
vision and inspection

• Medical and life sciences: vascular imaging, dental impression scanner, intraoral dental scanners,
orthopaedics, prosthesis, CT/MRI/X-ray marking, and retail cosmetics

• Small display projectors: embedded display, interactive display, and information overlay

1.2 What is in this Module?
The DLP LightCrafter4500 module is a flexible, ready-to-use evaluation module (EVM). However, DLP
LightCrafter4500 EVM does not ship with any cables, power supply, or additional hardware components.
To use the EVM, you need:
• Power supply:

– Nominal Voltage: 12 V DC
– Typical Current: 5 A
– Maximum Current: 7 A
– DC Connector size:

• Inner diameter: 2.5 mm
• Outer diameter: 5.5 mm
• Shaft: 9.5 mm female, center positive

– Effiiciency Level: V
– A recommended power supply is Digi-Key part number 271-2718-ND or equivalent

• Mini USB cable

The DLP LightCrafter4500 module consists of two subsystems:
• Light engine – includes the optics, red, green, and blue LEDs, and the 912 x 1140 diamond pixel 0.45”

WXGA DMD, heat sinks, and fan. The light engine produces approximately 150 lumens at 15-W LED
power consumption.

• Driver board – includes the LED driver circuits, DLPC350 DMD Controller, power management circuits,
DVI-to-RGB conversion with TFP401, and 32MB flash storage

Figure 1-1 shows the major hardware components.
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Figure 1-1. DLP LightCrafter4500 Block Diagram

1.2.1 Light Engine
iView Limited developed the DLP LightCrafter4500 Light Engine. As shown in Figure 1-2, the Light Engine
includes:
• DLP4500FQE DMD
• DMD Heat Sink
• Red, Green, and Blue LEDs
• Focus control
• Projection lens
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The iView Light Engine is mounted on top of a large thermal plate to cool the module. The DLP4500 DMD
is mounted vertically between the DMD heat sink and the light engine. On the opposite side to the DMD,
the Red and Green LEDs are mounted between a thermal plate and the light engine. The Blue LED is
mounted between a thermal plate and the light engine, next to the projection lens. An LED heat sink is
mounted behind the Red and Green LED thermal plate and thermally connected to the Blue LED thermal
plate. A fan forces air across the LED heat sink to cool the LEDs.

The light engine, not including the LED heat sinks, has a length of 90.5 mm, width of 73.7 mm, and height
of 23.6 mm.

Figure 1-2. iView Light Engine

Table 1-1 lists the specifications of the light engine:
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Table 1-1. DLP LightCrafterLight Engine Specifications

Parameter MIN TYP MAX UNIT
Brightness 150 lm
LED Power Consumption 15 W
Full-on full-off contrast 1000:1
Uniformity 80 90 %
F-number 2.1
Throw ratio 1.4
Offset 100 %
Focus range 0.5 1m 2 m
Image diagonal size 16.7 32.8 65 inch

The light engine includes the DLP4500 0.45” DMD with 1,039,680 mirrors, each 7.6 µm, arranged in a 912
columns by 1140 rows with the diamond pixel configuration shown in Figure 1-3. Due to the diamond pixel
configuration, the array produces smooth diagonal lines, with jagged vertical and horizontal lines, as
shown in Figure 1-4. Two options exist to produce the vertical and horizontal lines: using every row or
column, or skipping every other row or column. When every row or column is used, a thicker line is
projected. When every other row or column is used, a fainter line is projected.

Figure 1-3. 0.45” DMD Diamond Pixel Array configuration

Figure 1-4. Diamond Pixel for Vertical, Horizontal, and Diagonal Lines

1.2.1.1 Light Engine Thermal Limits
The DLP LightCrafter4500 is an actively cooled system with a thermal limit requiring that the total LED
currents are under 4.3 A.
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CAUTION
Care must be exercised by the user not to overheat the system by driving all
LEDs at maximum power.

1.2.2 Driver Board
The DLP LightCrafter4500 Driver board contains the electronics to drive the DLP4500 DMD, LEDs of the
light engine, and LED cooling fan. It offers several interface options for USB, I2C, trigger inputs and
outputs, video input through mini-HDMI and FPD-link connector, and a system board interface. Figure 1-5
shows the DLP LightCrafter4500’s driver board block diagram.

Figure 1-5. DLP LightCrafter4500 Driver Board Block Diagram

The DLP LightCrafter4500 driver board major components are:
• DLP4500 – 0.45”WXGA DMD
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• DLPC350: DLP4500 controller
• 32MB parallel FLASH contains DLPC350 firmware and 24-bit compressed images
• TPS54620: Synchronous Step Down Converter serving as LED Driver capable of driving up to 5 A per

LED
• Power management:

– TPS65251: Triple Output Buck Switcher for DLPC350 1.2-V and 1.9-V supplies and 5-V board
supply.

– TPS65145: Triple Output Boost Converter for DLP4500 8.5V, -10V, and 16V supplies
– TPS73025: Step Down Converter for DLP4500 2.5-V supply
– TLV62130: Step Down Converter for 3.3-V supply
– TLV62130: Step Down Converter for 5-V system board supply
– TPS79718: LDO for lorDLPC350 1.8-V analog supply
– TL7712: Programmable time delay for power supply sequencing

• TFP401: Digital Receiver for DVI to 24-bit Parallel RGB interface
• TS3USB2221A: ESD protected High-speed USB Multiplexer
• SN74AVC32T245: 32-bit Dual Supply Bus transceiver for system board interface

1.2.3 System Board
The DLP LightCrafter4500 driver board allows the connection of a system board for future expansion.
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1.3 DLP LightCrafter4500 Connections
Figure 1-6 and Figure 1-7 depict the switches and connectors with their respective locations. Note that no
cables nor power supply are included with the unit.
1. Reset button
2. Power connector: Use a power supply with 12 V DC output with 5-A to 7-A current rating and a plug of

2.5 mm inner diameter x 5.5 mm outer diameter and 9.5-mm female center positive shaft. The current
output of the power supply will determine how much current the LED driver can supply.

3. External Trigger Output connector: Supports two trigger output signals, each with configurable voltage
of 5 V, 3.3 V, and 1.8 V through jumper J13 and J15.

4. Mini-USB connector: use a USB to mini-USB cable to connect to a PC.
5. UART/RS232 Mini-plug connector output: DLPC350 3.3 V UART output for error messages. Mini-plug

tip is DLPC350 transmit (TX) and ring is DLPC350 receive (RX) signals. UART has the following serial
configuration:
• Bits per second: 115200
• Data bits: 8
• Parity: None
• Stop Bits: 1
• Flow Control: None

6. External Trigger Input connector: Supports two trigger input signals, each with configurable voltage of 5
V, 3.3 V, and 1.8 V through jumper J10 and J12.

7. Stand-by switch: Places the DLP LightCrafter4500 in standby mode, powering down the LED Driver
and the DLPC350.

8. Flat Panel Display-Link connector
9. Fan connector
10. Red LED Supply connector (bottom of the board)
11. DLPC350 I2C1 bus
12. DLPC350 I2C0 bus
13. Green LED Supply connector
14. Blue LED Supply connector
15. External LED Driver connector: Insert a jumper in J30 to disable the DLP LightCrafter4500 LED drivers

and set jumper J28 for 3.3 V or 1.8 V supply. Then use this connector to control an external LED driver
board to power the LEDs of the DLP LightCrafter4500 light engine or external light engine.

16. System board connector: This interface routes USB, I2C, GPIO, and triggers from DLPC350 to a
system board to control the DLP LightCrafter4500.

17. Focus control (bottom of the board): Adjust focus from 0.5 m to infinity.
18. JTAG connector for DLPC350
19. JTAG Boundary Scan for DLPC350 (bottom of the board)
20. DVI input through mini-HDMI connector (bottom of the board). This input supports resolutions of 1280

x 800, 1024 x 768, 1024 x 640, 912 x 1140, 800 x 600, 800 x 500, 640 x 480 at 60 Hz. In video mode,
the DLPC350 will scale the input reoslution to the native resolution of the DLP4500 DMD. In pattern
sequence mode, this input supports 912 x 1140 resolution.
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Figure 1-6. DLP LightCrafter4500 Connectors (view from top of the board)
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Figure 1-7. DLP LightCrafter4500 Connectors (view from back of the board)

1.4 DLP LightCrafter4500 Jumpers
The DLP LightCrafter4500 has jumper options to disable the on-board LED driver, control voltages of the
LED signals to an external board, and control the trigger input and output voltages. This section lists all
the jumpers on the DLP LightCrafter4500 driver board. Figure 1-8 depicts the locations of these jumpers.
These jumpers require a 2 mm jumper, like Sullins Connector Solutions SPN02SYBN-RC, Digi-Key part
number S3404-ND.
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Figure 1-8. DLP LightCrafter4500 Jumper Locations

• J8: EDID write protect disable jumper. Place this jumper to reprogram the EDID EEPROM (U2) using
I2C commands through the mini-HDMI connector. Remove jumper when finished programming the
EDID. The EDID is programmed at the factory with resolutions of 1280 x 800, 1024 x 768, 1024 x 640,
912 x 1140, 800 x 600, 800 x 500, 640 x 480.

• J10: DLPC350 TRIG1_IN voltage selection. Refer to Figure 1-9.
– Jump across pins 1-2 for 5 V.
– Jump across pins 3-4 for 3.3 V.
– Jump across pins 5-6 for 1.8 V.

• J12: DLPC350 TRIG2_IN voltage selection. Refer to Figure 1-9.
– Jump across pins 1-2 for 5 V.
– Jump across pins 3-4 for 3.3 V.
– Jump across pins 5-6 for 1.8 V.
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Figure 1-9. DLP LightCrafter4500 J10 and J12 Voltage Jumpers

• J13: DLPC350 TRIG1_OUT voltage selection. Refer to Figure 1-10.
– Jump across pins 1-2 for 5 V.
– Jump across pins 3-4 for 3.3 V.
– Jump across pins 5-6 for 1.8 V.

• J15: DLPC350 TRIG2_OUT voltage selection. Refer to Figure 1-10.
– Jump across pins 1-2 for 5 V.
– Jump across pins 3-4 for 3.3 V.
– Jump across pins 5-6 for 1.8 V.
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Figure 1-10. DLP LightCrafter4500 J13 and J15 Voltage Jumpers

• J18: DLPC350 HOLD_IN_BOOT. Jump across this header to hold the DLPC350 in bootloader mode.
This is only needed if the DLP LightCrafter4500 firmware gets corrupted and needs to be
reprogrammed through JTAG boundary scan or USB. The GUI firmware upgrade process will place the
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DLPC350 in bootloader mode through software commands and does not need the jumper.
• J19: device address select.

– Jump across header to set I2C address to 0x3A and USB device serial number to LCR3.
– Do not populate jumper to set I2C address to 0x34 and USB device serial number to LCR2.

• J23: Hold in reset. Jump across header to drive and hold reset line low. Jumping across this header is
equivalent to pressing and holding the reset switch.

• J28: DLPC350 LED signals voltage selection. This jumper needs to be populated when bypassing the
on-board LED driver and using an external LED driver.
– Jump across pins 1-2 to set the DLPC350 LED enables and PWM signals to 3.3 V.
– Jump across pins 3-4 to set the DLPC350 LED enables and PWM signals to 1.8 V.

• J30: DLPC350 LED driver disable. This jumper needs to be populated when bypassing the on-board
LED driver and using an external LED driver.
– Jump across header to disable the on-board LED driver and turn off all LEDs, no matter the DLP

LightCrafter4500 video mode.
– Do not populate this header for normal operation using the on-board LED driver.
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Quick Start

This chapter details the steps to power-up the DLP LightCrafter4500 and connect to a PC.

2.1 Power-up the DLP LightCrafter4500
The DLP LightCrafter4500 is ready to use out of the box. The following steps show how to power, display
an image, and connect it to a PC.
1. Connect a 12V DC power supply to the power supply connector (Connector #2 in Figure 1-7).
2. An LED on the bottom of the LightCrafter4500 board, next to the flex cable will light up green. The fan

will start, stop, and then restart while the DLPC350 is booting. After 5-10 seconds, the DLPC350
bootloads and displays a screen with the DLP and LightCrafter4500 logo. D4 LED on top of the
LightCrafter4500 board will flash on and off green. If the board shuts down after briefly turning on the
display, the power supply current rating might be too low.

3. To display video, connect a DVI source to the mini-HDMI connector (Connector #20 in Figure 1-7).
4. To use the Graphical User Interface (GUI) software to control the DLP LightCrafter4500 download the

free software from http://www.ti.com/dlplightcrafter4500.
5. After installing the software on the computer, connect the PC to the DLP LightCrafter4500 using a USB

to mini-USB cable (Connector #4 in Figure 1-7).The first time the cable is connected on a PC, the DLP
LightCrafter4500 enumerates as a USB Composite device with Human Interface Device class. No
drivers are required since these are natively handled by all operating systems.
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Software Overview

This chapter introduces the PC software provided with the DLP LightCrafter4500.

3.1 DLP LightCrafter4500 Software
DLP LightCrafter4500 includes a QT-based Graphical User Interface (GUI) application to control the
module through USB. QT is a Nokia cross-platform application and user interface framework with open
source and commercial licenses. To install the QT GUI, just expand the LightCrafter4500_GUI.zip file into
a directory and double click on the executable file.

The DLP LightCrafter4500 supports two main modes of operation:
• Video mode displays images from:

– DVI input through the mini-HDMI connector
– 24-bit RGB bitmaps stored in Flash memory
– 24-bit, 20-bit, 16-bit, 10-bit, 8-bit RGB input through the System board connectors (J1, J3, J4, and

J6).
– Internal test patterns
– 30-bit RGB through Flat Panel Display (FPD) link

• Pattern Sequence mode displays images from:
– 1-, 2-, 3-, 4-, 5-, 6- ,7- ,and 8-bit bitmap images stored in Flash memory
– 1-, 2-, 3-, 4-, 5-, 6- , 7-, 8-bit bitmap images streamed through the DLPC350 24-bit RGB interface

(mini-HMDI, FPD-link, or System board connectors).

3.2 PC Software
Upon execution of the LightCrafter4500.exe, the window shown in Figure 3-1 is displayed. The GUI
window contains the following two sections:
• The top portion of the GUI window displays the System Status and controls the Operating Mode,

Image Orientation, LED Driver current settings, and LED Selection.
• The bottom portion of the GUI window offers a set of tabs to further control the selected Operating

Mode.
In any of the GUI sections, clicking on a “Get” button will read the current settings of that particular
subsection. Clicking on “Set” button will program the settings in the respective subsection. Please note
that some commands may require additional steps before the GUI display is updated.
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Figure 3-1. DLP LightCrafter4500 GUI - Video Mode

The DLP LightCrafter4500 GUI communicates with the DLPC350 using USB 1.1. The DLPC350
enumerates as a USB device with HID Support. The PC polls all the HID peripherals and once the PC
detects the DLPC350, the "Connected" button will change to green. If the USB cable is disconnected, the
"Connected" button will change to red and the "Connected" text will be grayed-out. Once the System
Status shows Connected, the Firmware Version and the Hardware and System Status indicators will be
displayed. There is no need to press the connection button, since the HID peripheral will be detected by
the operating system after USB enumeration.

3.2.1 System Status
At the top left portion of the GUI window, the Hardware and System Status indicators report the following:
• Init Done: When highlighted green, it indicates the successful completion of the DLPC350 initialization.

When highlighted grey, it indicates the DLPC350 had an error during its initialization procedure.
• DMD Parked: When highlighted yellow, the DMD Micromirros are parked in the position normal to the
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DMD plane. When highlighted grey, the DMD micromirrors are not parked.
• DRC error: DMD Reset Controller Error indicator. When highlighted grey, the DMD Reset Controller

has not detected an error. When highlighted red, the DMD Reset Controller has found multiple
overlapping bias/reset operations accessing the same DMD block of micromirrors.

• Forced Swap Error Occurred: When highlighted red, the DLPC350 sequencer detected a forced buffer
swap error indicating that image data is displayed from the wrong internal display buffer. When
highlighted grey, no buffer swap error has occurred. This error can occur if the DLP LightCrafter4500 is
set to video mode and the vertical backporch timing is to small. It can also occur if the DLP
LightCrafter4500 is set to pattern sequence mode with patterns from video port and the pattern
sequence timings do not match the video port VSYNC.

• Frame Buffer Frozen: When highlighted yellow, the Frame Buffer is frozen. When highlighted gray, the
Frame Buffer is not frozen. This is cleared on the next buffer swap.

• Sequencer Error: When highlighted red, the DLPC350 sequencer has detected an error. When
highlighted gray, the DLPC350 sequencer detected that no error has occurred.

• Sequencer Running: When highlighted red, the DLPC350 sequencer has detected an error condition
that caused an abort. When highlighted gray, the DLPC350 sequencer detected that no error has
occurred.

• Gamma Enabled: When highlighted yellow, the DLPC350 video processing functions have gamma
correction enabled. When highlighted gray, the DLPC350 is not performing any gamma correction.

• Sequence Running: When highlighted green, the DLPC350 sequencer is running normally. When
highlighted gray, the DLPC350 sequencer is stopped.

These indicators are updated every two seconds or when a command is issued to the DLPC350.

3.2.2 Operating Mode
To the right of the system status, the Operating mode sets how the DLP LightCrafter4500 operates:
• Video mode: The DLPC350 takes 24-bit, 20-bit, 16-bit, 10-bit, 8-bit data from one of the following

interfaces:
– 24-bit RGB interface,
– FPD-link interface,
– Internal test pattern generator,
– Flash memory,

and applies video processing functions, such as scaling, gamma correction, and color coordinate
adjustments, and sends the processed image to the DMD.

• Pattern Sequence mode: The DLPC350 takes 1-, 2-, 3-, 4-, 5-, 6-, 7-, and 8-bit data from one of the
following interfaces:
– 24-bit RGB interface,
– FPD-link interface,
– Flash memory.

The DLPC350 does not apply any video processing functions and provides a pixel accurate mode
where every pixel maps to the native DMD resolution of 912 x 1140.

• Power Standby: Places the DLPC350 in low power state and powers down the DMD interface.

3.2.3 Image Orientation
Beneath the Operating mode, the Image Orientation controls the long and short axis flips to support front,
rear, table, and ceiling mounted projection. The image orientation takes place on the next image or frame
load in video mode, and on the next download to the DLP LightCrafter4500 on pattern sequence mode.
• East/West Flip: If checked, the image is flipped along the east/west axis of the projected image.

Normal table front projection has this setting unchecked. Otherwise, the image is flipped horizontally.
• North/South Flip: If checked, the image is flipped along the north/south axis of the projected image.

Normal table front projection has this setting unchecked. Otherwise, the image is flipped vertically.
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3.2.4 LED Current Settings
On the top right of the GUI window, the LED Driver Controls the individual currents of the Red, Green, and
Blue LEDs. A setting of 255 corresponds to the maximum LED current. A setting of 0 corresponds to
minimum LED current. The LED current is computed as follows:
Red LED Current (A) = 0.0175 * (LED Current Value) + 0.4495 (1)
Green LED Current (A) = 0.0181 * (LED Current Value) + 0.3587 (2)
Blue LED Current (A) = 0.0160 * (LED Current Value) + 0.1529 (3)

The performance of the Red, Green, and Blue LEDs are shown in Figure 3-2, Figure 3-3, and Figure 3-4,
respectively.

Figure 3-2. Typical Red LED Current and Illuminance based on PWM values
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Figure 3-3. Typical Green LED Current and Illuminance based on PWM values

Figure 3-4. Typical Blue LED Current and Illuminance based on PWM values
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CAUTION
The DLP LightCrafter4500 is an actively cooled system that has a thermal limit
resulting in total Red, Green, and Blue LED currents under 4.3A for continuous
and simultaneous LED operation. Care must exercised by the user not to
overheat the system by turning all LEDs at maximum power during prolonged
simultaneous LED use. Exceeding more than 4.3A for continuous or
simultaneous LED operation can damage the LightCrafter4500 LEDs.

Typical variations in LED manufacturing can lead to changes in the brightness and current consumption.
Thus for typical white balance point, the following percentages of colors is recommended:

• Red/Green ~ 87.5%
• Blue/Green ~ 97.6%

at the default LED Current values of:
• Red = 104
• Green = 135
• Blue = 130

The LED selection box determines the control of the LED enables signals. Two options are allowed:
• Automatic: LED enables are controlled by the DLPC350 sequencer. In Video Mode, the LED enables

are color sequentially set. In Pattern Sequence, the LED enables are controlled by the downloaded
pattern sequence settings.

• Manual: LED enables are controlled by the check boxes. Checking a color, continuously enables the
LED of that color at the given LED current setting.

3.2.5 Video Mode
When the DLP LightCrafter4500 is configured in video mode, the Source Select in the top right section of
the video mode tab selects input source to be displayed by the DLPC350. The DLPC350 treats these as
video inputs and applies image processing functions to them, like scaling, gamma correction, and color
coordinate adjustments, etc. The following lists the allowable input sources:
• Parallel RGB interface: Supports 24-, 20-, 16, 10-, and 8-bits data inputs. This interface is connected to

the TFP401 for DVI input from the mini-HDMI connector or to the System Board connectors. The Pixel
Data Format section to the right of the Source Select interface selects the allowable pixel data formats
for the Parallel RGB interface:
– RGB 4:4:4
– YCrCb 4:4:4
– YCrCb 4:2:2

• Internal Test Pattern: 24-bit internal pattern generator with RGB 4:4:4 pixel data format. The internal
test patterns offer color control of the foreground and background color of the pattern through the
Internal Test Pattern Color section. The available internal test patterns are:
– Solid Field: Foreground color control only
– Horizontal Ramp: Foreground color control only
– Vertical Ramp: Foreground color control only
– Horizontal Lines: Foreground and Background color control
– Diagonal Lines: Foreground and Background color control
– Vertical Lines: Foreground and Background color control
– Grid: Foreground and Background color control
– Checkerboard: Foreground and Background color control
– Red, Green, and Blue Ramps: Foreground color control only
– Color Bar: Foreground color control only
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– Step Bar: Foreground color control only
• Flash images: single-frame, 24-bit still images stored in external Flash memory. The Flash memory

supports up to 32MB of storage with up to 64 images. The images stored in flash memory support
RGB 4:4:4 and YCrCb 4:2:2 pixel data formats.

• FPD-link: Flat Panel Display Link connector. The FPD-link interface supports 30-, 24-, 20-, 16, 10-, and
8-bits data inputs with RGB 4:4:4 pixel data format. The FPD Mode and Field Select configures the
mapping of the pixel mode, polarity, and CONT1 and CONT2 field signals.

For the Parallel RGB and FPD-link video input modes, the DLPC350 interprets Channel A as Green,
Channel B as Red, and Channel C as Blue. However, the Parallel RGB or FPD-link source can have
different mapping of channels to colors. The Input Port Data Swap section sets the mapping of channels
to colors. Port1 refers to Parallel RGB interface while Port2 refers to the FPD-link interface. The mapping
options are:
• ABC -> ABC, No swapping of data sub-channels
• ABC -> CAB, Data sub-channels are right shifted and circularly rotated
• ABC -> BCA, Data sub-channels are left shifted and circularly rotated
• ABC -> ACB, Data sub-channels B and C are swapped
• ABC -> BAC, Data sub-channels A and B are swapped
• ABC -> CBA, Data sub-channels A and C are swapped

For all video input modes, the Display Dimensions section defines the active displayed resolution. The
maximum supported input and output resolutions for the DLP4500 0.45 WXGA DMD is 1280 pixels
(columns) by 800 lines (rows). The display area settings set the first pixel column (Start Pixel) and the first
line (Start Line), as well as, the numbers of pixels per line (total columns) and the number of lines per
frame (total rows). This setting also provides the option to define a subset of active input frame data using
pixel (column) and line (row) counts. In other words, this feature allows the source image to be cropped as
the first step in the processing chain.

3.3 Pattern Sequence Mode
When the DLP LightCrafter4500 is configured in pattern sequence mode, the DLPC350 supports 1-, 2-, 3-,
4-, 5-, 6-, 7-, and 8-bit images with a 912 columns by 1140 rows resolution. These images are pixel
accurate, meaning that each pixel corresponds to a micromirror on the DMD and is not processed by any
of the video processing functions. Three sub-tabs controls the Pattern Sequence settings: Sequence
Settings, Trigger controls, and LED delay controls.

3.3.1 Sequence Settings
A pattern sequence is composed of several patterns loaded from flash memory or streamend through the
24-bit RGB video port. Each individual pattern can have a specific set of LEDs illuminating it, a particular
bit-depth, and an internal or external trigger. The Sequence Settings sub-tab allows the user to define and
set all the individual pattern settings. The Trigger Control sub-tab and the LED Delay Control sub-tab set
the trigger and LED enable edge timings. Figure 3-5 depicts the DLP LightCrafter4500 GUI with the
Pattern Sequence tab selected.

28 Software Overview DLPU011–July 2013
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=DLPU011


www.ti.com Pattern Sequence Mode

Figure 3-5. DLP LightCrafter4500 GUI - Pattern Sequence Mode

The Pattern Sequence displays images from one of the following two input sources:
• Flash: images stored in Flash memory. The Flash memory can store up to 64 24-bit compressed

images.
• Video port: streamed through the Parallel RGB or FPD-link interface. Only one of these interfaces can

be connected to the DLP LightCrafter4500 during Pattern Sequence mode.

To synchronize a camera or external system with the displayed patterns, the DLP LightCrafter4500
supports a set of trigger inputs and outputs. These are configured through the Pattern Trigger Mode
section and Trigger Controls sub-tab. The Pattern Trigger mode selects the trigger input:
• Internal/External: Uses an internal trigger period to start the pattern sequence or uses the DLP

LightCrafter4500 TRIG_IN2 signal to start and pause the pattern sequence. Each pattern in the pattern
sequence can be configured with either an internal or external trigger. With internal trigger setting, the
Internal Trigger Period displays the next pattern. With external trigger period, the DLP LighCtrafter4500
TRIG_IN_1 signal displays the next pattern.
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• VSYNC: Utilizes the VSYNC signal from the Parallel RGB or FPD-link interface to trigger the start of
the pattern sequence. After VSYNC, the patterns are displayed in the sequence shown on the Pattern
Sequence section. Each pattern is determined by the Pattern Exposure time. Thus, the total number of
patterns multiplied by the pattern exposure needs to be less than or equal to the VSYNC period.

Pattern sequence timing is controlled by the Internal Trigger Period and Pattern Exposure period.
Depending on the setting of the "Display Pattern From" section, the bottom field will toggle from Image
Load Time and Vsync Period if the Display Pattern From is set to Splash Images or Video port,
respectively.
• Internal Trigger Period: defines the amount between patterns (in microseconds) in a pattern sequence.
• Pattern Exposure Period: defines the amount of time a single pattern is displayed in microseconds.
• Vsync Period: Only applicable when Display Patterns from Video port is selected. This field defines the

amount of time between VSYNC pulse in microseconds. This field is used to validate the data
programmed to the DLP LightCrafter4500 and must match the VSYNC period of the Video interface
(Parallel RGB or FPD-link).

• Image Load Time: The time it takes to load 24-bit fields of a image from external Flash memory.
Typical time is 200 ms. Once an image is loaded from Splash, 24 bit-fields reside in the frame buffer
and can be sequenced at higher speeds. Two 24 bit-field display buffers are available in the DLPC350.
If the pattern sequence uses more than two images (48 bit-fields), then 200 ms is required to load the
new into the DLPC350 internal display buffer.

A pattern sequence can be any combination of bit depth patterns with any combination of LED sources.
The pattern sequence can be played once or continuously repeated. The allowed LED sources are:
• White: Red, Green, and Blue LEDs on
• Cyan: Green and Blue LEDs on
• Magenta: Red and Blue LEDs on
• Yellow: Red and Green LEDs on
• Red: Only Red LED on
• Green: Only Green LED on
• Blue: Only Blue LED on

To create a pattern sequence, follow these steps:
1. Choose pattern input source (Splash Image or Video port) from the Display Patterns From section.
2. Choose internal/external or VSYNC trigger mode from the Pattern Trigger Mode section.
3. Set the appropriate Trigger Controls
4. Set the Internal Trigger Period, Pattern Exposure Period, and Splash Load Time or Vsync Time.
5. If the patterns sequence must be played once, set Play Once. This setting will play the number of

patterns set in Trigger Controls tab under "Trigger 2 Patterns per pulse" So if set to 1, it plays the first
pattern in the sequence and stops. If set to 10, it plays the first 10 patterns in the sequence. If the
pattern sequence has fewer than 10 patterns, it will repeat until it plays 10 patterns. If the pattern
sequence is continuously repeats, set Repeat. Make sure to click "Send" button after clicking on "Play
Once" to download the new settings.

6. Create the pattern sequence:
(a) Choose the Flash Image Index (if input from Splash Image) or Frame index (if input is from Video

port) and set the Bit depth on the Individual Pattern Settings. Then select the desired bit-plane to be
displayed. The bit-planes are labeled G0-G7, R0-R7, and B0-B7. Clicking on these squares will
select this bit-plane.

(b) Choose the LEDs to illuminate this bit-plane
(c) Select the trigger for the pattern: no trigger, external positive, external negative, or internal trigger.

Note that creating an internally triggered pattern sequence with an external trigger input may cause
unexpected behavior.

(d) If a black image is desired between patterns, check the Clear DMD after exposure.
(e) Click on Add Pattern to Sequence.
(f) Repeat steps 6a- 6e for each pattern in the sequence
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7. Click Send to LightCrafter. This will execute a data validation and provide results in the Data Validation
status section and inform the user if any of the trigger period or exposure are invalid. After successful
data validation, the pattern sequence is downloaded to the DLP LightCrafter4500 and started.

If there is a data validation problem, the appropriate status indicators are highlighted in the Data Validation
section:
• Exposure/Period OOR: When highlighted red, the Pattern Exposure Period or Frame Period is out of

range. The pattern exposure period must be greater than the fastest period supported, as shown in
Table 4-1.

• Pattern Number OOR: When highlighted red, the Pattern Number is out of range. The maximum
allowed patterns depend on the bit width and are listed in Table 4-1.

• Cont trig out overlaps black: When highlighted red, the continuous pattern exposure has a trigger Out1
request or overlapping black sectors.

• Black vector missing: When highlighted red, the black vector is missing
• Period, Exposure diff < 230: When highlighted red, the difference between the frame period or internal

trigger period and the exposure period of a pattern is less than 230 us. The DMD needs 230 us for
loading a pattern, so the trigger or frame period must be 230 us greater than the pattern exposure
time.

The user can pause or restart the pattern sequence through the Play and Pause buttons, respectively. If a
pattern sequence was previously loaded, the user can click on Read From LightCrafter to load it into the
GUI window.

The Pattern Sequence section illustrates the pattern sequence as a set of colored rectangles. The color
corresponds to the LEDs used. The entries on the rectangles represent the image source, the bit-plane,
and the bit-depth as follows: S0::G0 (1) indicates Splash location 0, bit-plane = G0, bit-depth = 1. F2::G5
(3) indicates Frame #2, bit-plane = G5, bit-depth = 3. For example, in Figure 3-5, a pattern sequence of
three patterns is displayed. Each pattern is triggered every 100 ms and exposed for 100 ms. The first
pattern is a 1-bit green pattern using bit plane G0 from Splash location 0. The second pattern is a 1-bit
blue pattern using bit plane G1 from Splash location 0. The third pattern is a 1-bit red pattern using bit
plane G2 from Splash location 0.

A pulse icon in between the patterns indicates that a trigger is needed between the patterns. Right-clicking
on this icon allows the removal of the trigger, so two or more patterns can share the same trigger and are
exposed in sequence for the total exposure time. Right-clicking on a pattern allows the option of inverting
the pattern, removing the pattern, or inserting a black image by clearing the DMD after exposure time.

3.3.1.1 Pattern Sequence Example
To illustrate the Pattern Sequence mode, this section describes the steps to create a Gray Code
sequence with Green LED. The DLPC350 Firmware has several sets of images stored in the Flash
memory. Flash Image #8 corresponds to twenty-four 1-bit gray code images that have been packed into a
single 24-bit RGB bitmap. To load the pattern sequence, perform the following steps:
• Select Display Patterns from: Flash
• Select Pattern Trigger Mode: Internal/External
• Set Timing of Internal Trigger: 100000 us
• Set Pattern Exposure: 100000 us
• Set Image Load Time: 200000 us
• From the Individual Pattern Settings: Select Green and Internal Trigger
• Flash Image: Select #8
• For each of the twenty-four bit planes of the packed 24-bit RGB image, select one bit plane (a

monochrome image) and add it to the pattern sequence by:
– Clicking on G0, then clicking on "Add Pattern to Sequence" button.
– Clicking on G1, then clicking on "Add Pattern to Sequence" button.
– Clicking on G2, then clicking on "Add Pattern to Sequence" button.
– Clicking on G3, then clicking on "Add Pattern to Sequence" button.
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– Clicking on G4, then clicking on "Add Pattern to Sequence" button.
– Clicking on G5, then clicking on "Add Pattern to Sequence" button.
– Clicking on G6, then clicking on "Add Pattern to Sequence" button.
– Clicking on G7, then clicking on "Add Pattern to Sequence" button.
– Clicking on R0, then clicking on "Add Pattern to Sequence" button.
– Clicking on R1, then clicking on "Add Pattern to Sequence" button.
– Clicking on R2, then clicking on "Add Pattern to Sequence" button.
– Clicking on R3, then clicking on "Add Pattern to Sequence" button.
– Clicking on R4, then clicking on "Add Pattern to Sequence" button.
– Clicking on R5, then clicking on "Add Pattern to Sequence" button.
– Clicking on R6, then clicking on "Add Pattern to Sequence" button.
– Clicking on R6, then clicking on "Add Pattern to Sequence" button.
– Clicking on R7, then clicking on "Add Pattern to Sequence" button.
– Clicking on B0, then clicking on "Add Pattern to Sequence" button.
– Clicking on B1, then clicking on "Add Pattern to Sequence" button.
– Clicking on B2, then clicking on "Add Pattern to Sequence" button.
– Clicking on B3, then clicking on "Add Pattern to Sequence" button.
– Clicking on B4, then clicking on "Add Pattern to Sequence" button.
– Clicking on B5, then clicking on "Add Pattern to Sequence" button.
– Clicking on B6, then clicking on "Add Pattern to Sequence" button.
– Clicking on B7, then clicking on "Add Pattern to Sequence" button.

• This forms twenty-four 1-bit images that are displayed back to back at 100ms exposure. Click on Send
button to download the pattern sequence to the LightCrafter4500.

3.3.2 Trigger Controls
The Trigger Control sub-tab sets the polarity and adjusts the rising and falling edge delay of the trigger
inputs and outputs. The following trigger controls are available:
• TRIG_IN_1:

– Trigger 1 In Delay: sets the rising edge delay of the DLPC350 TRIG_IN_1 signal compared to when
the pattern is displayed on the DMD. Each number adds 107.136 ns. Range is -20.05 us (before
pattern exposure) to +7.29 us (after pattern exposure) delay.

• TRIG_OUT_1:
– Trigger 1 Out Rising Edge Delay: sets the rising edge delay of the DLPC350 TRIG_OUT_1 signal

compared to when the pattern is displayed on the DMD. Each number adds 107.136 ns. Range is -
20.05 us (before pattern exposure) to +2.79 us (after pattern exposure) delay.

– Trigger 1 Out Falling Edge Delay: sets the falling edge delay of the DLPC350 TRIG_IN_1 signal
compared to when the pattern is displayed on the DMD. Each number adds 107.136 ns. Range is -
20.05 us (before pattern exposure) to +2.79 us (after pattern exposure) delay.

– Invert Trigger 1 Out: sets the polarity of the TRIG_OUT_1 signal. When unchecked, the polarity of
TRIG_OUT_1 is active high. When checked, the polarity of TRIG_OUT_1 is active low.

• TRIG_OUT_2:
– Trigger 2 Out Rising Edge Delay: sets the rising edge delay of the DLPC350 TRIG_OUT_2 signal

compared to when the pattern is displayed on the DMD. Each number adds 107.136 ns. Range is -
20.05 us (before pattern exposure) to +7.29 us (after pattern exposure) delay.

– Invert Trigger 2 Out: sets the polarity of the TRIG_OUT_2 signal. When unchecked, the polarity of
TRIG_OUT_2 is active high. When checked, the polarity of TRIG_OUT_2 is active low.

– Patterns per Trigger Out 2: indicates the number of patterns per TRIG_OUT_2 pulse.
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Figure 3-6. Trigger Control Sub-tab

The trigger output signals are:
• TRIG_OUT_1 frames the exposure time of the pattern
• TRIG_OUT_2 indicates the start of the pattern sequence or internal buffer boundary of a 24-bit plane.

Examples of signals are depicted in Figure 3-7 and Figure 3-8
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Figure 3-7. VSYNC Pattern Trigger Mode

Figure 3-8. External Pattern Trigger Mode

3.3.3 LED Delay Control
In Pattern Sequence mode, the LED Delay Control sub-tab sets the rising and falling edge offsets of the
LED enable signals compared to when the pattern is displayed on the DMD. The rising and falling edge of
the Red, Green, and Blue LED enable signals can be independently changed between -20.05 us (before
pattern exposure) to +7.29 us (after pattern exposure) delay.

When the DLP LightCrafter4500 is operating in video mode, set these delays to 0 (-20.05 us).
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Figure 3-9. LED Delay Controls Sub-tab

3.4 Firmware Upgrade
The DLP LightCrafter4500 GUI allows field updates of the DLPC350 firmware. To update the DLPC350
firmware, perform the following steps:
1. Select the "Image / Firmware Upgrade" Tab shown in Figure 3-10.
2. Click on browse button to select the file to install.
3. Click on Download button.
4. Wait for download process to complete. The Flash memory will be erased first, then re-written with the

new firmware image selected.
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Figure 3-10. Firmware Upgrade Tab

3.5 Storing Images in Flash Memory
LightCrafter4500 allows images to be compressed and stored into the 32MB Flash memory. For most
efficient storage and compression of images, stored images are packed into groups of 24-bit RGB bitmap
images and decompressed on the fly while loaded from Flash memory. To ease the packing of any bit
width images, the LightCrafter4500 GUI offers the Create Images tab. To create a 24-bit image from
different multiple bit depth images, perform the following steps:
1. Select Input bitmap file with 912 columns by 1140 rows by clicking the "..." button next to "Input bmp

file".
2. Select Output bitmap file by clicking the "..." button next to the "Output bmp file."
3. For an input file, add the individual bit planes by repeating the following process:

(a) Set the Bit Depth and the bit field position with the "Bit depth" and the "At bit position" pull down
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selectors.
(b) Click on the "Add to Output File" button. The current image is bit weighted and saved into the 24-bit

image of the output file.

Figure 3-11. Create Images Tab

Underneath these selections, the left hand window shows a preview of the Input file. The right hand
window shows a preview of the 24-bit output file that has taken all the input files and bit weighted the
added images according to the bit plane position requested. Note that images added at bit position 0-7 will
show blue, bit position 8-15 will show green, and bit position 16-23 will show red. For blue color, bit
position 0 is the least significant bit, while bit position 7 is the most significant bit. For green color, bit
position 8 is the least significant bit, while bit position 15 is the most significant bit. For red color, bit
position 17 is the least significant bit, while bit position 23 is the most significant bit.

To download the images into Flash, a series of 24-bit images must be added to the firmware file using the
"Firmware Upload" tab with the following steps:
1. Select a firmware file by clicking the browse button next to "Firmware File."
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2. Add several 24-bit images by:
(a) Selecting the location of the image using the pull down, and clicking on the "Add" button. Browse

the 24-bit image file created in the Create Tab, and select it. The image will be displayed next to
these buttons.

3. After adding all the images to the firmware, click on "Save Updates" button.
4. Download the firmware to the LightCrafter4500 by clicking on "Download" button.

After clicking on "Build firmware," all the 24-bit images will be compressed and packed together. The
number of the image might differ from the one in the pull down due to the packing of the 24-bit images.

The right section of this tab has the Image Load Timing. This section does an instant calculation on the
time the DLPC350 takes to load the specified images. This measurement is instantaneous and is not the
average nor worst case timing. To get an instantaneous measurement, perform the following steps:
• Set the starting image in flash under "Start Index."
• Set the # of images to measure unde "# of Images."

The DLPC350 will start loading the 24-bit RGB bitmap stored at Image location marked by the "Start
Index", decompress and load it to the internal buffer, then repeats this process for the next 24-bit RGB
bitmap images denoted by the "# of Images."

3.6 GPIO Control
DLPC350 offers several configurable pins. The Peripheral Control tab of the GUI controls how these pins
are configured. The following options are available:
• PWM Output: Two DLPC350 pins, GPIO_00 (pin 18 in J6) and GPIO_02 (pin 22 in J6), can be

individually set as PWM outputs.
• PWM Capture: Two DLPC350 pins, GPIO_05 (pin 14 in J6) and GPIO_06 (pin 17 in J6), can be

individually set as PWM inputs. These pins will sample at the frequency speficified in "PWM Sample
Rate" and report the duty cycle in

• GPIO: Several DLPC350 pins can be individually configured as GPIO. Once configured as GPIO, the
pin direction (input or output), if set to output the pin state (high or low) and output type (open drain
output or drive high/low) can be configured. Some GPIO pins are already configured by the formware
for specific functions and these are listed with their current configuration.

• General Purpose Clock: Two DLPC350 pins can be individually configured as clocks.
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Figure 3-12. Peripheral Control Tab
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Chapter 4
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Pattern Sequences

This chapter describes the pattern sequences supported by the DLP LightCrafter4500 Module

4.1 Pattern Sequence Background
The DLPC350 takes as input 24-, 27-, or 30-bit RGB data at up to 120-Hz frame rate. This frame rate is
composed of three colors (red, green, and blue) with each color equally divided in the 120-Hz frame rate.
Thus, each color has a 2.78 ms time slot allocated. Because each color has 8-, 9-, or 10-bit depth, each
color time slot is further divided into bit-planes. A bit-plane is just one-bit representation of all the pixels in
the image. For example, a 24-bit image is decomposed into its bit planes in Figure 4-1.

Figure 4-1. The Relationship between Bit Planes and 24-bit RGB Images

The length of each bit-plane in the time slot is weighted by the corresponding power of 2 of its binary
representation. This provides a binary pulse-width modulation of the image. For example, a 24-bit RGB
input has three colors with 8-bit depth each. Each color time slot is divided into eight bit-planes, with the
sum of all bit planes in the time slot equal to 256. Figure 4-2 illustrates this partition of bits in a frame.

Figure 4-2. Bit Partition
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Therefore, a single video frame is composed of a series of bit planes. Because the DMD mirrors can be
either on or off, an image is created by turning on the mirrors corresponding to the bit set in a bit plane.
With the binary pulse-width modulation, the intensity level of the color is reproduced by controlling the
amount of time the mirror is on. For a 24-bit RGB frame image loaded to the DLPC350, the DLPC350
creates 24 bit planes, stores them in its internal display buffer, and sends the bit planes to the DLP4500
DMD, one bit plane at a time. Depending on the bit weight of the bit plane, the DLPC350 controls the time
this bit plane is exposed to light, controlling the intensity of the bit plane. To improve image quality in video
frames, the bit planes, time slots, and color frames are intertwined and interleaved with spatial-temporal
algorithms by the DLPC350.

For other applications where this image enhancement is not desired, the video processing algorithms can
be bypassed and replaced with a specific set of bit planes. The bit depth of the pattern is then allocated
into the corresponding time slots. Furthermore, an output trigger signal is also synchronized with these
time slots to indicate when the image is displayed. For structured light applications this mechanism
provides the capability to display a set of patterns and signals for camera to capture these patterns
overlaid on an object.

As shown in Figure 4-3, the DLPC350 stores two 24-bit frames in its internal memory buffer. This 48 bit-
plane display buffer allows the DLPC350 to send one 24-bit buffer to the DMD array while the second
buffer is filled from Flash or streamed in through the 24-bit Parallel RGB or FPD-link interface. In
streaming mode, the DMD array displays the previous 24-bit frame while the current frame fills the second
24-bit frame of the display buffer. Once a 24-bit frame is displayed, the buffer rotates providing the next
24-bit frame to the DMD. Thus, the displayed image is a 24-bit frame behind the data streamed through
the 24-bit RGB Parallel or FPD-link interface.

Figure 4-3. DLPC350 Internal Memory Buffer

When the DLP LightCrafter4500 is set to video mode, the displayed image is a frame delayed in relation
to the data streamed through the RGB parallel interface or FPD-link, as shown in Figure 4-4.
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Figure 4-4. Frame Delay Between Parallel Interface Input and Projection Output

When the DLP LightCrafter4500 is set to pattern sequence mode with patterns from , the pattern
sequence must be loaded from Flash memory. The DLPC350 will take 200 ms to load two buffers (48 bit-
planes). Thus, the pattern sequence must be larger than the full buffer load time. Once the patterns are
loaded, the pattern sequence repeats from the internal display memory. Since the current and next
memory is loaded into the DLPC350 internal display memory, the pattern sequence can switch between
the two buffers with no delay. See Figure 4-5 for a diagram of Splash load time, pattern exposure trigger
period, and internal trigger period.

Figure 4-5. Image Load Time and Pattern Sequence Timing

In structured light mode, the 48 bit-planes can be pre-loaded from Flash memory and then sequenced with
a combination of patterns with different bit depths. To synchronize a camera to the displayed patterns, the
DLPC350 supports two trigger inputs and two trigger outputs. TRIG_IN_1 pulse indicates to the DLPC350
to advance to the next pattern, while TRIG_IN_2 starts and stops the pattern sequence. TRIG_OUT_1
frames the exposure time of the pattern, while TRIG_OUT_2 indicates the start of the pattern sequence or
internal buffer boundary of 24-bit planes. For example, in Figure 3-7, the VSYNC starts the pattern
sequence display. The pattern sequence consists of a series of three consecutive patterns. The first
pattern sequence consists of P1, P2, and P3. Since P3 is an RGB pattern, it is shown with its time
sequential representation of P3.1, P3.2, and P3.3. The second pattern sequence consists of three
patterns: P4, P5, and P6. The third sequence consists of P7, P8, and P9. TRIG_OUT_1 frames each
pattern exposed, while TRIG_OUT_2 indicates the start of each of the three pattern sequences. In
Figure 3-8, a pattern sequence of a group of four patterns are displayed. TRIG_OUT_1 frames each
pattern exposed, while TRIG_OUT_2 indicates the start of each four-pattern sequence. TRIG_IN_1 pulses
advance the pattern.

Table 4-1 shows the allowed pattern combinations in relation to the bit depth of the external pattern.

Table 4-1. Allowable Pattern Combinations

Maximum
External RGB Minimum Pattern Number ofPre-loadedBit Depth Input Pattern Exposure Period Patterns usingPattern Rate (Hz)Rate (Hz) (usec) two buffers (Pre-

loaded)
1-bit 2880 4225 235 48
2-bits 1428 1428 700 24
3-bits 636 636 1570 16
4-bits 588 588 1700 12
5-bits 480 500 2000 8
6-bits 400 400 2500 8
7-bits 222 222 4500 6
8-bits 120 120 8333 6
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Connectors

This chapter describes the connector pins of the DLP LightCrafter4500 Module.

5.1 Input Trigger Connectors
The input trigger connector (J11) pins are listed in Table 5-1. The trigger inputs have hysteresis. Two
matching six pin, 1.25 mm connector part numbers are:

• Molex part number: 51021-0600
• Digi-Key part number: WM1724-ND

The corresponding connector terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-1. Input Trigger Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Trigger In 1 Supply 1 external or internal 1.8 V, 3.3 V, 5

V selectable at J10Trigger In 1 2
Ground 3 Ground

Trigger In 2 Supply 4 external or internal 1.8 V, 3.3 V, 5
V selectable at J12Trigger In 2 5

Ground 6 Ground

5.2 Output Trigger Connectors
The output trigger connector (J14) pins are listed in Table 5-2. Two matching six pin, 1.25 mm connector
part numbers are:

• Molex part number: 51021-0600
• Digi-Key part number: WM1724-ND

The corresponding connector terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-2. Output Trigger Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Trigger Out 1 Supply 1 1.8 V, 3.3 V, 5 V selectable at J13

Trigger In 1 2
Ground 3 Ground

Trigger Out 2 Supply 4 1.8 V, 3.3 V, 5 V selectable at J15
Trigger In 2 5

Ground 6 Ground
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5.3 DLPC350 UART
The DLPC350 UART compatible cable:
• Leopard Imageing: LI-SER-01
• Mouser part number: 931-LI-SER-01

The UART connector (J20) pins are shown in Table 5-3.

Table 5-3. UART Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Ground 1 0 V

RX 2 3.3 V
TX 3 3.3 V

5.4 DLPC350 I2C0
The I2C0 connector (J16) pins are shown in Table 5-5. Two matching four pin, 1.25 mm connector part
numbers are:

• Molex part number: 51021-0400
• Digi-Key part number: WM1722-ND

The corresponding terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-4. I2C0 Connector Pins

DESCRIPTION PIN SUPPLY RANGE
I2C SCL 1 3.3 V
I2C SDA 2 3.3 V

3.3 V Supply 3 3.3 V
Ground 4 0

5.5 DLPC350 I2C1
The I2C1 connector (J17) pins are shown in Table 5-4. Two matching four pin, 1.25 mm connector part
numbers are:

• Molex part number: 51021-0400
• Digi-Key part number: WM1722-ND

The corresponding terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-5. I2C1 Connector Pins

DESCRIPTION PIN SUPPLY RANGE
I2C SCL 1 3.3 V
I2C SDA 2 3.3 V

3.3 V Supply 3 3.3 V
Ground 4 0
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5.6 Fan
The fan connector (J22) pins are shown in Table 5-6. Two matching three pin, 1.25 mm connector part
numbers are:

• Molex part number: 51021-0300
• Digi-Key part number: WM1722-ND

The corresponding terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-6. Fan Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Power 1 12 V

FAN_LOCKED 2 3.3 V
Ground 3 0 V

5.7 Red LED
The Red LED connector (J31) pins are shown in Table 5-7. Two matching nine pin, 1.5 mm connector part
numbers are:

• Molex part number: 87439-0900
• Digi-Key part number: WM2093-ND
The corresponding terminal (crimp) part numbers are:
• Molex part number: 87421-0000
• Digi-Key part number: WM1112-ND

Table 5-7. Red LED Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Ground 1 0 V

Temperature Sensor 2 3.3 V
3.3V Supply 3 3.3 V
Red Anode 4 3 V
Red Anode 5 3 V
Red Anode 6 0 V

Red Cathode 7 0 V
Red Cathode 8 0 V
Red Cathode 9 0 V

5.8 Green LED
The Green LED connector (J32) pins are shown in Table 5-8. Two matching six pin, 1.5 mm connector
part numbers are:

• Molex part number: 87439-0600
• Digi-Key part number: WM2093-ND
The corresponding terminal (crimp) part numbers are:
• Molex part number: 87421-0000
• Digi-Key part number: WM1112-ND
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Table 5-8. Green LED Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Green Anode 1 4.3 V
Green Anode 2 4.3 V
Green Anode 3 4.3 V

Green Cathode 4 0 V
Green Cathode 5 0 V
Green Cathode 6 0 V

5.9 Blue LED
The Blue LED connector (J33) pins are shown in Table 5-9. Two matching six pin, 1.5 mm connector part
numbers are:

• Molex part number: 87439-0600
• Digi-Key part number: WM2093-ND
The corresponding terminal (crimp) part numbers are:
• Molex part number: 87421-0000
• Digi-Key part number: WM1112-ND

Table 5-9. Blue LED Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Blue Anode 1 4.3 V
Blue Anode 2 4.3 V
Blue Anode 3 4.3 V

Blue Cathode 4 0 V
Blue Cathode 5 0 V
Blue Cathode 6 0 V

5.10 FPD-Link
The FPD-Link connector (J9) pins are shown in Table 5-10. The 20 pin, 0.5 SMT header is:

• Panasonic part number: AXK6S20647YG

Table 5-10. FPD-Link Connector Pins

DESCRIPTION PIN SUPPLY RANGE
RCK_IN_P 1 1.2 V
RXE_AP 2 1.2 V
Ground 3 0 V
Ground 4 0 V

RCK_IN_N 5 1.2 V
RXE_AN 6 1.2 V
RXE_BP 7 1.2 V
RXE_CP 8 1.2 V
Ground 9 0 V
Ground 10 0 V

RXE_BN 11 1.2 V
RXE_CN 12 1.2 V
RXE_DP 13 1.2 V
RXE_EP 14 1.2 V
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Table 5-10. FPD-Link Connector Pins (continued)
DESCRIPTION PIN SUPPLY RANGE

Ground 15 0 V
Ground 16 0 V

RXE_DN 17 1.2 V
RXE_EN 18 1.2 V

NC 19
NC 20

5.11 JTAG Boundary Scan
The JTAG Boundary connector (J25) pins are listed in Table 5-11. Two matching six pin, 1.25 mm
connector part numbers are:

• Molex part number: 51021-0600
• Digi-Key part number: WM1724-ND

The corresponding connector terminal (crimp) part numbers are:
• Molex part number: 50079-8100
• Digi-Key part number: WM2023-ND

Table 5-11. JTAG Boundary Scan Connector Pins

DESCRIPTION PIN SUPPLY RANGE
TRST 1 3.3 V
TDI 2 3.3 V

TMS1 3 3.3 V
TDO1 4 3.3 V
TCK 5 3.3 V

Ground 6 Ground

5.12 Power
The power socket (J26) pins are shown in Table 5-12. Two matching connector part numbers are:

• Switchcraft part number: 760
• Digi-Key part number: SC1051-ND

Table 5-12. Power Connector Pins

DESCRIPTION PIN SUPPLY RANGE
Input Supply 1 12 V

Ground 2 0 V
Ground 3 0 V
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Safety

CAUTION

Possible hazardous optical radiation emitted from this product. Do not stare at
operating LEDs. May be harmful to eyes.

CAUTION

To minimize the risk of fire or equipment damage, make sure that air is allowed
to circulate freely around the DLP LightCrafter4500 board when operating.
Avoid touching components during operation.

CAUTION

The kit contains ESD sensitive components. Handle with care to prevent
permanent damage.
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Power Supply Requirements

B.1 External Power Supply Requirements
The DLP LightCrafter4500 does not include a power supply. The external power supply requirements are:
• Nominal Voltage: 12 V DC
• Minimum Current: 0 A
• Maximum Current: 7 A
• DC Connector size:

– Inner diameter: 2.5 mm
– Outer diameter: 5.5 mm
– Shaft: 9.5 mm female, center positive

• Effiiciency Level: V

NOTE: External Power Supply Regulatory Compliance Certifications: Recommend selection and use
of an external power supply which meets TI’s required minimum electrical ratings in addition
to complying with applicable regional product regulatory/safety certification requirements
such as (by example) UL, CSA, VDE, CCC, PSE, etc.
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EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods.

Should this evaluation board/kit not meet the specifications indicated in the User’s Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING LIMITED WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO
BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH
ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of TI covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. TI currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. TI assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION OR EVALUATION PURPOSES ONLY and is not considered by TI to be a finished end product fit for general consumer
use. It generates, uses, and can radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to part 15 of FCC or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment may cause interference with radio communications, in which case the user at his own expense will
be required to take whatever measures may be required to correct this interference.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

For EVMs annotated as FCC – FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant

Caution

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate the
equipment.

FCC Interference Statement for Class A EVM devices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to
cause harmful interference in which case the user will be required to correct the interference at his own expense.

http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml


FCC Interference Statement for Class B EVM devices

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures:

• Reorient or relocate the receiving antenna.
• Increase the separation between the equipment and receiver.
• Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
• Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC – INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

Changes or modifications not expressly approved by the party responsible for compliance could void the user’s authority to operate the
equipment.

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme à la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider l’autorité de
l'utilisateur pour actionner l'équipement.

Concernant les EVMs avec appareils radio

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation est
autorisée aux deux conditions suivantes : (1) l'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de l'appareil doit accepter tout
brouillage radioélectrique subi, même si le brouillage est susceptible d'en compromettre le fonctionnement.

Concernant les EVMs avec antennes détachables

Conformément à la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour l'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique à
l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire à l'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’usage et ayant un gain admissible maximal et l'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour l'exploitation de l'émetteur.
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【【Important Notice for Users of EVMs for RF Products in Japan】】
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal Affairs and
Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for Enforcement of Radio Law of
Japan,

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan

http://www.tij.co.jp

【無線電波を送信する製品の開発キットをお使いになる際の注意事項】

本開発キットは技術基準適合証明を受けておりません。

本製品のご使用に際しては、電波法遵守のため、以下のいずれかの措置を取っていただく必要がありますのでご注意ください。
1. 電波法施行規則第6条第1項第1号に基づく平成18年3月28日総務省告示第173号で定められた電波暗室等の試験設備でご使用いただく。
2. 実験局の免許を取得後ご使用いただく。
3. 技術基準適合証明を取得後ご使用いただく。

なお、本製品は、上記の「ご使用にあたっての注意」を譲渡先、移転先に通知しない限り、譲渡、移転できないものとします。

　　　上記を遵守頂けない場合は、電波法の罰則が適用される可能性があることをご留意ください。

日本テキサス・インスツルメンツ株式会社
東京都新宿区西新宿６丁目２４番１号
西新宿三井ビル
http://www.tij.co.jp
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. Since the EVM is not a completed product, it may not meet all applicable regulatory and safety compliance standards (such as UL,
CSA, VDE, CE, RoHS and WEEE) which may normally be associated with similar items. You assume full responsibility to determine
and/or assure compliance with any such standards and related certifications as may be applicable. You will employ reasonable
safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even if the EVM should fail to
perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI’s recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a TI field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the
load specification, please contact a TI field representative. During normal operation, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold TI, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the TI product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class III or similar classification, then you must specifically notify TI of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI 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 such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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