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PCB Design Requirements for TI DLP® Standard TRP
Digital Micromirror Devices

ABSTRACT

This application report summarizes the printed-circuit board (PCB) layout and PCB design requirements
for systems that use a TRP digital micromirror device (DMD) in combination with any DLPC4422 display
controller, the DLPA100 power management device, and the TPS65145 power regulator.
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1 Introduction
NOTE: The information in this document is not a substitute for the specifications listed in the
corresponding device data sheets. In the event of a discrepancy, the data sheet supersedes
this application report.
CAUTION
Adhere to the design guidelines or the published device specifications to help
avoid permanent damage to the devices.
2 Related Documentation

For related documentation, see the following:

DLPC4422 DLP® Display Controller (DLPS074), including DLPC4422

DLPA100 Power Management and Motor Driver (DLPS082)

TPS6514x Triple Output LCD Supply With Linear Regulator and Power Good (SLVS497)
DLP660TE 0.66 4K UHD DMD (DLPS072)

DLP470NE 0.47 1080P DMD (DLPS091)

DLP480RE 0.48 WUXGA DMD (DLPS092)
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3 Connectivity Guidelines

3.1 Dual ASIC DMD Electrical Connections

Figure 1 shows the DLP660TE 0.66 4K UHD DMD (DLPS072) and how it is driven in a DLP® projection
system.
* The DLPC4422 device provides the data and control.

* The DLPA10O supplies the power for the DLPC4422 and the TPS65145 supplies power for the DMD.
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Figure 1. DLP660TE 4K UHD DMD Projection System
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3.2 Single ASIC DMD Electrical Connections
Figure 2 shows the DLP470NE 1080p DMD and how it is driven in a DLP projection system. The
DLP480RE WUXGA DMD is also driven in the same manner.
e The DLPC4422 device provides the data and control.
» The DLPA100 supplies the power for the DLPC4422 and the TPS65145 supplies power for the DMD.
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Figure 2. DLP470NE 1080p DMD DLP Projection System
The guidelines shown in Figure 1 and Figure 2 are summaries taken from DLPC4422 DLP® Display
Controller (DLPC4422), DLPA100 Power Management and Motor Driver (DLPS082), and TPS6514x Triple
Output LCD Supply With Linear Regulator and Power Good (SLVS497F).
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3.3 Power Connections

VOFFSET, VBIAS, VRESET, VCC, and VCCI power rails must be kept within the specified operating
range; this includes effects from ripple and DC error.

— To accommodate power supply transient current requirements, adequate decoupling capacitance
must be placed near the DMD VOFFSET, VBIAS, VRESET, VCC, and VCCI pins.

Do not swap DMDs while the DMD s still powered on (this is called hot swapping). All DMD power
supply rails and signals must be 0 volts (not driven) before connecting or disconnecting the DMD
physical interface.

Do not allow power to be applied to the DMD when one or more signal pins are not being driven.

Decoupling capacitor consideration: some layout consideration for the decoupling capacitors is to
ensure the device is as close as possible to the DMD. The pads of the capacitors should be connected
to at least two or three vias to get a low impedance to ground, shown in Figure 3. Furthermore, the
capacitor should be in the flow of the power trace as it goes to the input of the DMD.

Adhere to the power-up and power-down procedures specified in the DMD data sheet and in this
document, and do not allow the DMD power-supply levels to be outside of the recommended operating
conditions specified in the DMD data sheet.

Poor Bypassing

Q —
olflin="
Q

O

Good Bypassing

Figure 3. Decoupling Capacitor Example
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3.4 Signal Noise Definition
During operation, it is critical to prevent the coupling of noise or intermittent power connections onto the
following signals because irreversible DMD micromirror array damage or lesser effects of image disruption
can occur:
e SCTRL_DN, STRL_DP
+ DCLK_DN, DCLK_DP
+ SCPCLK
+ SCPDI
+ SCP_DMD_CSZ
+ DADADDR_0, DADADDR1_1, DADADDR_2, DADADDR_3
« DADMODEO
+ DADSEL_0, DADSEL_1, DADSEL_2, DADSEL_3
« DADSTRB
+ DMD_RSTZ
+ DADOEZ
+ PG_OFFSET
In this context, the following conditions are considered noise:
e Shorting to another signal
e Shorting to power
» Shorting to ground
» Intermittent connection (includes hot swapping)
» An electrical open condition
* An electrical floating condition
« Inducing electromagnetic interference that is strong enough to affect the integrity of the signals
« Unstable inputs (conditions outside of the specified operating range) to any of the device power rails
* Voltage fluctuations on the device ground pins
4 DMD Power Up and Power Down
The manner in which the DMD is powered up and powered down is critical to its proper operation. Any
variation in control signals or voltages outside the specified parameters has a high probability of causing
irreversible DMD micromirror array damage. The TPS65145 and DLPA100 devices are designed to
provide the required power-up and power-down sequences, provided that the conditions listed in
Section 4.1 and Section 4.2 are met.
41 DMD Power Supply Power-Up Procedure

» VCC and VCCI must always start and settle before VOFFSET, VBIAS, and VRESET voltages are
applied to the DMD. The LVCMOS input pins shall not be driven high until after VCC and VCCI have
settled at operating voltages listed in the DMD data sheet.

« VBIAS and VOFFSET have a strict delta voltage requirement that should never exceed 10.5 V.

« There is no requirement for the relative timing of VRESET with respect to VBIAS.

Power supply slew rates during power up are flexible, provided that the transient voltage levels do not

exceed the absolute maximum ratings. Always follow the supply voltage delta requirements, and always
follow the power-up sequence requirements listed in the DMD data sheet.
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4.2 DMD Power Supply Power-Down Procedure

* VCC and VCCI must be supplied after VOFFSET, VBIAS, and VRESET voltages are discharged within
the specified limit of ground in the DMD data sheet.

* VBIAS and VOFFSET have a strict delta voltage requirement that should not exceed 10.5 V.
e There is no requirement for the relative timing of VRESET with respect to VBIAS.

« LVCMOS input pins must be less than specified in the recommended operating conditions listed in the
DMD data sheet.

Power supply slew rates during power down are flexible, provided that the transient voltage levels do not
exceed the absolute maximum ratings. Always follow the supply voltage delta requirements, and always
follow the power-down sequence requirements listed in the DMD data sheet.

5 Manufacturing Best Practices

To prevent possible DMD failures during system manufacturing, see the following best practices.

* Any device electrically interfacing to the DMD must follow all of the guidelines specified in this
document and in the applicable data sheets; this includes cabling, test electronics, power distribution,
on and off procedures, DMD connect and disconnect, and more.

« All connectors have an insertion and removal life. Insertion and removal cycles for connectors between
the DLPC4422 and the DMD should not exceed the manufacturers stated lifetime maximum.

» Any and all Flexible Printed Circuits (FPCs) used in the factory should be designed in accordance with
the guidelines specified in this document and the applicable data sheets.

» Optical engine production is typically a manual process requirement a human operator to connect the
DMD, power on, assemble and test, power down, and disconnect. Every time this cycle is performed,
there is a possibility of an operator error, such as:

— Power on before connecting the DMD (hot plug).
— Disconnecting the DMD before powering down (hot unplug).
— Not fully mating the DMD to the test electronics.
— Shorting or opening DMD control signals during active operation.
Texas Instruments™ Incorporated recommends to keep the number of assembly and test stations where

the DMD is power cycled to a minimum; this reduces the probability of damage to the DMD due to
operator error.
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Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Date Revision Description
August 2017 * Initial release
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	PCB Design Requirements for TI DLP® Standard TRP Digital Micromirror Devices
	1 Introduction
	2 Related Documentation
	3 Connectivity Guidelines
	3.1 Dual ASIC DMD Electrical Connections
	3.2 Single ASIC DMD Electrical Connections
	3.3 Power Connections
	3.4 Signal Noise Definition

	4 DMD Power Up and Power Down
	4.1 DMD Power Supply Power-Up Procedure
	4.2 DMD Power Supply Power-Down Procedure

	5 Manufacturing Best Practices

	Revision History
	Important Notice

