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DLPC200 DLP Digital Controller for the DLP5500 DMD
1 Features 3 Description

* Required for Reliable Operation of the DLP5500
DMD

» Stream Data Realtime With Two 24-Bit Input Ports
(RGB888)

— Port 1 Supports HDMI Input
— Port 2 Supports Input Via an Expansion Card
» High-Speed Pattern Sequence Mode
— Download Pattern Data Directly to Device
— 1-Bit Binary Pattern Rates to 5000 Hz
— 8-Bit Grayscale Pattern Rates to 700 Hz
— 1-to-1 Input Mapping to Micromirrors
— Programmable Reordering of Patterns
e Easy Synchronization With Cameras and Sensors
— Three Configurable Output Triggers
— Two Configurable Input Triggers
» Multiple Configuration Interfaces
— Supports EDID Via I>’C
— USB and SPI Device Control

2 Applications
* Machine Vision
3D Depth Measurement and Capture
Robotic Guidance
Inline Surface Inspection
Pick and Place
e 3D Printers
» Medical Instrumentation
— 3D Dental Scanners
— Vascular Imaging
— Microscopes
» Computer-to-Plate Printers
» 3D Biometrics
— Fingerprint Recognition
— Facial Recognition

The DLPC200 performs image processing and
control and DMD data formatting to drive the 0.55
XGA DMD (DLP5500).

This digital controller gives users reliable,
independent high-speed micromirror control for
structured light, display, and other spatial light
modulation (SLM) applications. The DLPC200
provides pattern rates up to 5000 Hz binary or 700
Hz 8-bit grayscale, using solid state illumination (SSI).

This easily-programmable device allows users to
interface and synchronize the chipset to external
sources (for example, sensor, camera, and
processor) enabling 3D machine vision applications
with high accuracy. Multiple configuration interfaces
offer flexibility for external and embedded input
sources. Convenience of loading and storing custom
patterns makes the DLPC200 ideal for advanced light
control applications.

Device Information®
PART NUMBER | PACKAGE BODY SIZE (NOM)
DLPC200 BGA (780) 29.00 mm x 29.00 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision D (March 2012) to Revision E Page

Added Handling Ratings table, Feature Description section, Device Functional Modes, Application and
Implementation section, Power Supply Recommendations section, Layout section, Device and Documentation
Support section, and Mechanical, Packaging, and Orderable Information section

« Updated descriptions in Pin Functions table
¢ Added Grounding scheme for Video Port 1 Signals if NOt USEA ..........uiiiiiiiiiiiieiee e
¢ Added Grounding scheme for video port 2 Signals if NOt USEA ........ocuuuiiiiiiiiii et a e 7
¢ Added Connection scheme for EDID and USB if NOT USEA ........coouiiiiiiiiiiiieiiiee ittt 8
¢ Added Connection scheme for LED illumination Control if NOt USEA ..........cueiiiiiiiiiiii e 15
¢ Added recommendation for 1-KQ PUIUP 10 3.3 V.ot e e e et e e e e e nbe e e e e e bbeeeaeeanseeeaeeannnns 15
¢ Changed from "recommend grounding" to "recommend 10-kQ pulldown to DGND" for RSVD_S1, RSVD_S2,

RSVD_S3, RSVD_X11, RSVD_S20, @nd RSVD_S21......cciutiiiaitieititateeitee sttt ettt et saeessbeasbeesaeessbeesbeesbeessbeesbeesaeesnnean 17
¢ Changed description for RSVD_SO0 from "do not connect" to "can be left open, recommend 10-kQ pullup to 2.5 V"......... 17
* Changed pin description for RSVD_x15 and RSVD_X13 from "do not connect” to "do not leave open, required:

e O I o 10|18 o 0 (o T 00 Y OSSPSR 17
¢ Changed pin description for RSVD_X14 and RSVD_X12 from "do not connect" to "do not leave open, required:

e I T O B o0 [o [o) Y o T (o €1\ 5 TSP PPPPUTPPRTN 17
e Changed from "do not connect” to “"can be left open, recommend 10-kQ pullup to 1.8 V" for RSVD_S4 .......ccccoveviveernnen. 17
¢ Changed pin description for RSVD_S18 and RSVD_S19 from "do not connect" to “"can be left open, recommend 10-

O o 1U] | 0] o (o T A O P PP PP P PPPPPPRIN 18
¢ Deleted Case Temperature thermMal FESISTANCE .........oouuiiii i e ettt e e s et et e e e s e bb e e e e e e e bbneeaeeannees 20
* Changed Micron MT47H32M16-25E replaces now obsolete MTATH32MLER .......cc.eeeiiiiiiiiiiieiiiie et 43
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LI Vo [0 [=To B o 1= ][] QST=Tox o] o H O O P PP PP UPPPRTP 46
Changes from Revision C (February 2012) to Revision D Page
o Changed the ADV tiMe INE IN FIGUIE B.........ccovveeieieeeeeieeeeeeeeeeeee st ee ettt et se s et e e et e s e st et n s s s s s ses s sereseesee et seeeesaeananas 28
Changes from Revision B (December 2010) to Revision C Page
¢ Changed typo on pin number for PORTL_DI10 PiN......oiiiiiiiiiiieiiiee sttt et e e ssbe e e snt e e e snb e e e snbeeenaneeenrnee s 6
¢ Changed typo on pin NUMDBEr fOr USB_CLK PN ..ottt ettt e e e e ettt e e e e e et e e e e e e ntaeeaeeanneeeas 8
e Changed /O type to B, for USB interface data DUS PiNS ..........cooiiiiiiiiiiiiie ettt 8
¢ Added pin number A15 to PINFUNCTIONS table
¢ Changed I/O type to B, for FIash/SRAM data PinS ........ccooiiiiiiiiiiiie ettt e et e e et e e e s etae e e e e e enneeeas 11
« Corrected the I/O type to O3 0N CFG_CSO terMINAl PiN........cevevereeeeeeeeceeestesieeeessesesssessesessssssssensesssssesssssssesssssssssssnsssssnes 16
¢ Added pin number AB17, U7, U8, and AD15 to Pin FUNCLONS tADIE .........cccoiiiiiiiiiii e 17
* Changed location of Absolute Maximum Ratings and Recommended Operating Conditions Tables in document............. 20
¢ Changed MIN and MAX T; values in Recommended Operating CONAItIONS ..........cuieiiiiiiiiieiiiie it 20
* Added Vccss and Vger g4 Pins to Recommended Operating Conditions ............ccoeiiiiiiiiii 20
e Changed INput Port INTEIfACE fIQUIE .........eiii ettt ettt e e ettt e e e ettt e e e e e tbe e e e e e anneeeeaeeannseeaaeaannneeaens
e Changed SPI Slave Interface Timing ReqQUIreMENtS taDIE ...........oouiiiiiii e
e Added SPI Timing diagram.........ccceeeeeiiiierieeiiiiee e
« Changed RSTsignal timing in Parallel Flash Write Timing diagram
¢ Changed signal notations in Serial Flash Interface Timing Requirements table............c.ccooviiiiiiiiiiiiiiee e 30
¢ Changed signal notations in Flash Memory Interface Timing diagram
¢ Changed signal notations in DLPA200 I/F Timing diagram....................
LI @1 g F=ToTo =To B Y/ o1 [or= 1 WAV o] o] o= iTo g e [F=To |- 4 S PP P PP OP R TPPRPP
¢ Changed paragraph about read mode in Parallel Flash Memory INtErface ..........oociiiiiiiiiiiiniie e 40
* Deleted SRAM Interface Timing diagram and provided reference to the OEM data sheet ..........ccccccoviiiiiiiiii e, 41
o Replaced "DAD" With "DLPAZ200" .........cctaiieiiiateeitee et steestee et steestee et e sbeeseeeasbeesbeesbeeas bt ebeesteeanbeeabeessbeenbeesbeesebeeteenreennrean 42
¢ Changed location of Device Marking in DOCUMIENT...........iciiiiiiiie ittt e e e s et e e e e s st a e e e e sebreeeessabsaeeesensnres a7
Changes from Revision A (May 2010) to Revision B Page
e Changed typo on pin NUMDBEr fOr MEM_DA3 PN ....ooiiiiiiiiiieiiiee ettt ettt et sab e st e e et e e 14
¢ Changed typo on pin NUMDBET fOr MEM_DB2 PN ....ccoiuiiiiiiiiiiiiie ittt ettt sttt e e st e st e e st e e sabeeesnbeeesnteeenanes
¢ Added part number used for EEPROM ...........ccccceeeenneee.
¢ Changed part number for Winbond part

¢ Added new section for POWEr-DOWN REQUIFEIMENTS .......ceiuiiiiiiieiiiee it e sttt siee e st e e sbeeesbeeessbeeesteeessbeeesnbeeesnteeesnbeeesnbeeenne 44

Changes from Original (April 2010) to Revision A

« Added / changed pin hames, updated descriptions in Pin Functions table

¢ Changed junction temperature and notated need for NEAL SINK .........c.c.uiiiiiiiiiiiii e
* Deleted unused types, updated values in /O CharacteristiCs table.............c.uiiiiiiiii e
e Changed parameter Nnames t0 MALCH fIQUIE .......oouii ittt e et e e e
¢ Added new section for POWEr-Up REQUIFEIMENTS .........uiiiiiiiiiiiieiiie et ee et ee ettt et e ettt e s sbeee e sbbeeeate e e s nseeeasbbeesneeesnnee
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5 Pin Configuration and Functions
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Pin Functions

PIN

NAME

NUMBER

I/O

TY

PE®

CLOCK SYSTEM DESCRIPTION

PORT 1 VIDEO DATA AND CONTROL®@

PORT1_CLK J2 Pixel clock (if not used, apply 10-kQ pulldown to DGND)
PORT1_VSYNC N3 PORT1_CLK Vertical sync; weak pullup applied

PORT1_HSYNC P1 PORT1_CLK Horizontal sync; weak pullup applied

PORT1_IVALID P2 PORT1_CLK Data valid (if not used, apply 10-kQ pulldown to DGND)
PORT1_DO D2 PORT1_CLK Pixel data — Blue 0 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D1 D3 PORT1_CLK Pixel data — Blue 1 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D2 F5 PORT1_CLK Pixel data — Blue 2 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D3 D1 PORT1_CLK Pixel data — Blue 3 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D4 F3 PORT1_CLK Pixel data — Blue 4 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D5 G4 PORT1_CLK Pixel data — Blue 5 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D6 F1 PORT1_CLK Pixel data — Blue 6 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D7 G3 PORT1_CLK Pixel data — Blue 7 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D8 H5 PORT1_CLK Pixel data — Green 0 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D9 H4 L PORT1_CLK Pixel data — Green 1 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D10 G2 PORT1_CLK Pixel data — Green 2 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D11 Ja PORT1_CLK Pixel data — Green 3 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D12 H3 PORT1_CLK Pixel data — Green 4 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D13 J3 PORT1_CLK Pixel data — Green 5 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D14 K3 PORT1_CLK Pixel data — Green 6 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D15 L1 PORT1_CLK Pixel data — Green 7 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D16 L3 PORT1_CLK Pixel data — Red O (if not used, apply 10-kQ pulldown to DGND)
PORT1_D17 L4 PORT1_CLK Pixel data — Red 1 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D18 M4 PORT1_CLK Pixel data — Red 2 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D19 K1 PORT1_CLK Pixel data — Red 3 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D20 M1 PORT1_CLK Pixel data — Red 4 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D21 K2 PORT1_CLK Pixel data — Red 5 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D22 M2 PORT1_CLK Pixel data — Red 6 (if not used, apply 10-kQ pulldown to DGND)
PORT1_D23 M3 PORT1_CLK Pixel data — Red 7 (if not used, apply 10-kQ pulldown to DGND)
PORT1_HPD E15 B, HDMI hotplug detect, (if not used, apply 10-kQ pulldown to DGND)
PORT1_SYNCDET 122 HDMI input sync detect, (if not used, apply 10-kQ pulldown to

DGND)

(1) See I/O Electrical Characteristics for more detail.
(2) 24-bit data is mapped according to RGB888 pixel format. See Figure 13.
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Pin Functions (continued)

NAME PN NUMBER TY'{;.%(l) CLOCK SYSTEM DESCRIPTION
PORT 2 VIDEO DATA AND CONTROL ®
PORT2_CLK Y2 Pixel clock (if not used, apply 10-kQ pulldown to DGND)
PORT2_VSYNC AF2 PORT2_CLK Vertical sync; weak pullup applied
PORT2_HSYNC ABG6 PORT2_CLK Horizontal sync; weak pullup applied
PORT2_IVALID w1 PORT2_CLK Data valid (if not used, apply 10-kQ pulldown to DGND)
PORT2_DO Y1 PORT2_CLK Pixel data — Blue 0 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D1 AE1 PORT2_CLK Pixel data — Blue 1 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D2 u2 PORT2_CLK Pixel data — Blue 2 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D3 AD12 PORT2_CLK Pixel data — Blue 3 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D4 AB1 PORT2_CLK Pixel data — Blue 4 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D5 V3 PORT2_CLK Pixel data — Blue 5 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D6 us PORT2_CLK Pixel data — Blue 6 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D7 T3 PORT2_CLK Pixel data — Blue 7 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D8 AD1 PORT2_CLK Pixel data — Green 0 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D9 AA3 I PORT2_CLK Pixel data — Green 1 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D10 R6 PORT2_CLK Pixel data — Green 2 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D11 W3 PORT2_CLK Pixel data — Green 3 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D12 AB5 PORT2_CLK Pixel data — Green 4 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D13 AD3 PORT2_CLK Pixel data — Green 5 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D14 AD5 PORT2_CLK Pixel data — Green 6 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D15 AD4 PORT2_CLK Pixel data — Green 7 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D16 AE5 PORT2_CLK Pixel data — Red O (if not used, apply 10-kQ pulldown to DGND)
PORT2_D17 AC11 PORT2_CLK Pixel data — Red 1 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D18 AB8 PORT2_CLK Pixel data — Red 2 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D19 AC7 PORT2_CLK Pixel data — Red 3 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D20 AG4 PORT2_CLK Pixel data — Red 4 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D21 AE4 PORT2_CLK Pixel data — Red 5 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D22 AF5 PORT2_CLK Pixel data — Red 6 (if not used, apply 10-kQ pulldown to DGND)
PORT2_D23 AF3 PORT2_CLK Pixel data — Red 7 (if not used, apply 10-kQ pulldown to DGND)
SYNC IN/SYNC OUT
PORT1_Trig_in F2 I3 PORT1_CLK Alternate sync for port 1; treated as Vsync; weak pullup applied
PORT1_Sync_out H6 O3 Async Reserved for future use
PORT2_Trig_in AB7 Iy PORT2_CLK Alternate sync for port 2; treated as vsync; weak pullup applied
PORT2_Sync_out Y3 0, Async Reserved for future use

(3) 24-bit data is mapped according to RGB888 pixel format. See Figure 13.
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Pin Functions (continued)

NAME il ‘ NUMBER TYI|/:%(1) CLOCK SYSTEM DESCRIPTION

CONTROL INTERFACES (I°C, USB, SPI)
USB_CLK B15 Is ;L)Jjﬁg\:\?rflt(c:rgétl\l(gf MHz), feeds a PLL (if not used, apply 10-kQ
USB_CTRLO B17 Is USB_CLK g)sg(slﬂl:DI;IFO programmable level (if not used, apply 10-kQ pulldown
USB_CTRL1 A26 I3 USB_CLK USB I/F FIFO-full flag (if not used, apply 10-kQ pulldown to DGND)
USB_CTRL2 D22 Is USB_CLK Bgﬁlgl): FIFO-empty flag (if not used, apply 10-kQ pulldown to
USB_CTRL3 C19 I3 USB_CLK Reserved for future use (if not used, apply 10-kQ pulldown to DGND)
USB_CTRL4 D16 I3 USB_CLK Reserved for future use (if not used, apply 10-kQ pulldown to DGND)
USB_CTRL5 G17 I3 USB_CLK Reserved for future use (if not used, apply 10-kQ pulldown to DGND)
USB_FDO G16
USB_FD1 C26
USB_FD2 F17
USB_FD3 C22
USB_FD4 E18
USB_FD5 B18
USB_FD6 F18
USB_FD7 E19

— B, USB_CLK USB interface data bus (if not used, apply 10-kQ pulldown to DGND)
USB_FD8 B23
USB_FD9 D25
USB_FD10 c21
USB_FD11 D24
USB_FD12 B19
USB_FD13 E25
USB_FD14 G18
USB_FD15 C15
USB_PAO2 D23 04 USB_CLK gjl?J[JI/tFO'gZOV():)UtpUt enable for reads (if not used, apply 10-kQ
USB_PA0O4 G15 O3 USB_CLK USB I/F FIFO address(0) (if not used, apply 10-kQ pullup to 3.3 V)
USB_PAO5 A22 O3 USB_CLK USB I/F FIFO address(2) (if not used, apply 10-kQ pullup to 3.3 V)
USB_PA06 A25 O3 USB_CLK USB I/F FIFO packet end trigger
USB_RDYO Cl6 O3 USB_CLK USB I/F FIFO read enable (if not used, apply 10-kQ pullup to 3.3 V)
USB_RDY1 C17 O3 USB_CLK USB I/F FIFO write enable (if not used, apply 10-kQ pullup to 3.3 V)
USB_RDY2 B26 O3 USB_CLK Reserved for future use (if not used, apply 10-kQ pullup to 3.3 V)
USB_RSVD_14 Al15 I3 USB_CLK Reserved for future use (if not used, apply 10-kQ pulldown to DGND)
12C_SCL C25 B, Master 12C clock - 400 kHz. Requires external pullup
I2C_SDA D18 B, 12C_SCL Master 12C data - 400 kHz. Requires external pullup
w | e HOM DI ok, 400 01 Regtes sreral by f 20D
o | & | EobzcscL |HOMLEDID G dea 100tz megio ool pullp 1£000 s
SLAVE_SPI_CLK B14 I3 Slave SPI clock
SLAVE_SPI_CS Cl4 I SLAVE_SPI_CLK | Slave SPI chip select; weak pullup applied
SLAVE_SPI_MISO D14 O3 SLAVE_SPI_CLK | Slave SPI data OUT
SLAVE_SPI_MOSI E14 I3 SLAVE_SPI_CLK | Slave SPI data IN; weak pullup applied
SLAVE_SPI_SOP F21 I SLAVE_SPI_CLK | Reserved for future use
SLAVE_SPI_ACK D20 Os SLAVE_SPI_CLK | Slave SPI data busy
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INSTRUMENTS
DLPC200
www.ti.com DLPS014E —APRIL 2010—REVISED AUGUST 2014
Pin Functions (continued)
PIN
e NUNEER TYPE® CLOCK SYSTEM DESCRIPTION
DMD INTERFACE
DMD_DAT_AP1 AB27 (o
DMD_DAT_AN1 AB28 (o
DMD_DAT_AP3 Y25 04
DMD_DAT_AN3 Y26 04
DMD_DAT_AP5 W25 (o
DMD_DAT_AN5 W26 (o
DMD_DAT_AP7 w28 (o
Emg:gil:i’:; \\I/V2277 82 gll\\/I/IDDiDDC(:IILi:l:IPiI DMD data pins. LVDS pins for data bus A
DMD_DAT_AN9 V28 04
DMD_DAT_AP11 V25 (o
DMD_DAT_AN11 V26 (o
DMD_DAT_AP13 V23 (o
DMD_DAT_AN13 V24 04
DMD_DAT_AP15 T26 (o
DMD_DAT_AN15 u27 (o
DMD_DCLK_AP T25 Oy DMD data clock. LVDS clock for data bus A
DMD_DCLK_AN u28 Oy DMD data clock. LVDS clock for data bus A
Emg:igiitiﬁ EEZ 004 g’:\AADDiDD%ti:':Z DMD data serial-control signal bus A (LVDS)
DMD_DAT_BP1 AC24 (o
DMD_DAT_BN1 AC25 04
DMD_DAT_BP3 AC26 (o
DMD_DAT_BN3 AD26 04
DMD_DAT_BP5 AE27 (o
DMD_DAT_BN5 AE28 (o
DMD_DAT_BP7 AD27 04
Emg:gil:g’:; AYDZZSB 82 gll\\/I/IDDiDDC(:IILi:%IPiI DMD data pins. LVDS pins for data bus B
DMD_DAT_BN9 Y24 (o
DMD_DAT_BP11 AC27 (o
DMD_DAT_BN11 AC28 04
DMD_DAT_BP13 AB25 (o
DMD_DAT_BN13 AB26 (o
DMD_DAT_BP15 AA25 04
DMD_DAT_BN15 AA26 04
DMD_DCLK_BP u25 04
DMD_DCLK_BN U26 0 DMD data clock. LVDS clock for data bus B
Emg:igiitgﬁ E; 82 g’:\AADDiDD%ti:':Z DMD data serial-control signal bus B (LVDS)
DMD_PWRDN P26 Os ASYNC DMD power down (active-low)
RST_IRQ M25 I ASYNC DLPA200 interrupt (active-low)
RST_OE M28 Os ASYNC DLPA200 output enable
RST_RST H24 Os ASYNC DLPA200 reset
RST_STROBE G28 O3 DLPA200 strobe
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Pin Functions (continued)

NAME o ‘ NUMBER TYI|/:%(1) CLOCK SYSTEM DESCRIPTION

DMD INTERFACE (CONTINUED)

RST_SELO G27

RST SELL 626 O3 RST_STROBE DLPA200 voltage select
RST_MODEO L24

RST_MODEL 23 O3 RST_STROBE DLPA200 mode select
RST_AO K25

RST_Al J26

RST A2 125 O3 RST_STROBE DLPA200 address
RST_A3 K26

SCP_DMD_RST_DO G25 O3 SCP—DM?(—RST—CL SCP data out (write data)
SCP_DMD_RST_DI H26 I3 SCP—DMi—RST—CL SCP data in (read data)
SCP_DMD_EN L25 Os SCP—DM?(—RST—CL DMD SCP chip select
SCP_RST_EN H23 O3 SCP—DMDK—RST—CL DLPA200 SCP chip select
SCP_DMD_RST_CLK H25 O3 DMD/DLPA200 SCP clock, 125 kHz
STATIC RAM INTERFACE

FLASH_CE D12 Os ASYNC Flash chip enable
FLASH_SRAM_AO D13

FLASH_SRAM_A1l All

FLASH_SRAM_A2 Cl1

FLASH_SRAM_A3 D11

FLASH_SRAM_A4 Al2

FLASH_SRAM_A5 B12

FLASH_SRAM_A6 D10

FLASH_SRAM_A7 Al0

FLASH_SRAM_A8 B10

FLASH_SRAM_A9 B8

FLASH_SRAM_A10 C8

FLASH_SRAM_A11l A7

FLASH_SRAM_A12 B7

FLASH_SRAM_A13 A4 O; | FLASH_SRAM_WE | Flash/SRAM address
FLASH_SRAM_A14 D7

FLASH_SRAM_A15 C6

FLASH_SRAM_A16 D8

FLASH_SRAM_A17 B6

FLASH_SRAM_A18 Cc7

FLASH_SRAM_A19 A8

FLASH_SRAM_A20 C4

FLASH_SRAM_A21 B3

FLASH_SRAM_A22 A3

FLASH_SRAM_A23 C5

FLASH_SRAM_A24 D5

FLASH_SRAM_A25 B4

FLASH_SRAM_A26 D4
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DLPC200
www.ti.com DLPS014E —APRIL 2010—REVISED AUGUST 2014
Pin Functions (continued)
PIN
e ‘ NI TYPE® CLOCK SYSTEM DESCRIPTION
STATIC RAM INTERFACE (CONTINUED)
FLASH_SRAM_DO E11l
FLASH_SRAM_D1 F10
FLASH_SRAM_D2 E10
FLASH_SRAM_D3 G9
FLASH_SRAM_D4 E8
FLASH_SRAM_D5 E7
FLASH_SRAM_D6 E5
FLASH_SRAM_D7 E4 B
= = B, FLASH_SRAM_WE | Flash/SRAM data
FLASH_SRAM_D8 F11
FLASH_SRAM_D9 E12
FLASH_SRAM_D10 F12
FLASH_SRAM_D11 G12
FLASH_SRAM_D12 G13
FLASH_SRAM_D13 H13
FLASH_SRAM_D14 F14
FLASH_SRAM_D15 G14
FLASH_SRAM_OE C10 Os Flash output enable
FLASH_SRAM_RDY C13 I3 Flash wait
FLASH_SRAM_RST C12 O3 Flash reset
FLASH_SRAM_WE A6 Os Flash write enable
SRAM_CE B11 Os SRAM chip enable
SRAM_LB D9 Os SRAM lower byte enable
SRAM_UB c9 Os SRAM upper byte enable
SDRAM INTERFACE
MEM_CLK_PO R2 Os DDR2 memory, differential memory clock
MEM_CLK_NO R1 Os DDR2 memory, differential memory clock
MEM_CLK_P1 u3 Os DDR2 memory, differential memory clock
MEM_CLK_N1 U4 Os DDR2 memory, differential memory clock
MEM_CLK_P2 AC5 Os DDR2 memory, differential memory clock
MEM_CLK_N2 AC4 Os DDR2 memory, differential memory clock
MEM_CLK_P3 AE14 Os DDR2 memory, differential memory clock
MEM_CLK_N3 AF14 Os DDR2 memory, differential memory clock
MEM_CKEO AF12 Osg
MEM_BAO Y19 Osg MEM_CLK
MEM_BA1 AD21 Osg MEM_CLK
MEM_BA2 AE7 Osg MEM_CLK
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Pin Functions (continued)

NAME o ‘ NUMBER TYI|/:C|;(1) CLOCK SYSTEM DESCRIPTION

SDRAM INTERFACE (CONTINUED)
MEM_AO AD24
MEM_A1 AF21
MEM_A2 AG23
MEM_A3 AES8
MEM_A4 AG12
MEM_A5 AF23
MEM_AG6 AC17 )

= DDR2 memory, multiplexed row and column address. The memory
MEM_A7 AAl6 Os MEM GLK in the kit is 512 Mb in x16 mode, 8 Meg x 16 bits x 4 banks. Only
MEM A8 AE23 - A(12:0) and BA(1:0) are currently used. A(15:13) and BA(2) are
MEM:AQ AE22 reserved for future use (RFU).
MEM_A10 AE16
MEM_A11 AD25
MEM_A12 AF19
MEM_A13 AH10
MEM_A14 AA8
MEM_A15 AD11
MEM_CAS AG19 Os MEM_CLK Column address strobe, active low
MEM_RAS AE20 Os MEM_CLK Row address strobe, active low
MEM_CS0 AF13 Os MEM_CLK Chip select, active low
MEM_WE AG25 Os MEM_CLK Write enable, active low
MEM_ODT AH12 Os MEM_CLK
MEM_DMO w2 Os MEM_CLK
MEM_DM1 AE2 Os MEM_CLK
MEM_DM2 AH6 Os MEM_CLK
MEM_DM3 AF7 Os MEM_CLK
MEM_DM4 AE13 Os MEM_CLK
MEM_DM5 AH18 Os MEM_CLK
MEM_DM6 AF24 Os MEM_CLK
MEM_DM7 AG26 Os MEM_CLK
MEM_DSO0 AB2 B, MEM_CLK_PO
MEM_DS1 AE3 B, MEM_CLK_NO
MEM_DS2 AD7 B, MEM_CLK_P1
MEM_DS3 AE10 B, MEM_CLK_N1
MEM_DS4 AF11 B, MEM_CLK_P2
MEM_DS5 AF17 B, MEM_CLK_N2
MEM_DS6 AE18 B, MEM_CLK_P3
MEM_DS7 AF26 B, MEM_CLK_N3
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DLPC200
DLPSO014E —APRIL 2010-REVISED AUGUST 2014

Pin Functions (continued)

NAME il " NUMBER TYI,/:.%(D CLOCK SYSTEM DESCRIPTION

SDRAM INTERFACE (CONTINUED)

MEM_DO R3 B,

MEM_D1 R4 B,

MEM_D2 T4 B,

MEM_D3 R5 B,

MEM_D4 UL B,

MEM_D5 V4 B,

MEM_D6 V2 B,

MEM_D7 V1 B, MEM_DSO0,
MEM_D8 ue B, MEM_DS1
MEM_D9 Y4 B,

MEM_D10 AC2 B,

MEM_D11 AC1 B,

MEM_D12 AC3 B,

MEM_D13 AD2 B,

MEM_D14 AB3 B,

MEM_D15 AA4 B,

MEM_D16 AE6 B,

MEM_D17 AF4 B,

MEM_D18 AG3 B,

MEM_D19 AH3 B,

MEM_D20 AF6 B,

MEM_D21 AH4 B,

MEM_D22 ADS B,

MEM_D23 AG6 B, MEM_DS2,
MEM_D24 AB9 B, MEM_DS3
MEM_D25 AD10 B,

MEM_D26 AG7 B,

MEM_D27 AH7 B,

MEM_D28 ACS B,

MEM_D29 AAL0 B,

MEM_D30 AGS B,

MEM_D31 AH8 B,
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Pin Functions (continued)

NAME o ‘ NUMBER Tylé%(l) CLOCK SYSTEM DESCRIPTION
SDRAM INTERFACE (CONTINUED)
MEM_D32 AF8 B,
MEM_D33 AE9 B,
MEM_D34 AF10 B,
MEM_D35 AG10 B,
MEM_D36 AE12 B,
MEM_D37 AE11 B,
MEM_D38 AG11 B,
MEM_D39 AH11 B, MEM_DS4,
MEM_D40 AC15 B, MEM_DS5
MEM_D41 AF15 B,
MEM_D42 AGL7 B,
MEM_D43 AH17 B,
MEM_D44 AF16 B,
MEM_D45 AB16 B,
MEM_D46 AE17 B,
MEM_D47 AG18 B,
MEM_D48 AH19 B,
MEM_D49 AD17 B,
MEM_D50 AG21 B,
MEM_D51 AH21 B,
MEM_D52 AG22 B,
MEM_D53 AH22 B,
MEM_D54 AH23 B,
MEM_D55 AE19 B, MEM_DS6,
MEM_D56 AF25 B, MEM_DS7
MEM_D57 AF20 B,
MEM_D58 AD18 B,
MEM_D59 AE21 B,
MEM_D60 AE25 B,
MEM_D61 AH25 B,
MEM_D62 AF22 B,
MEM_D63 AE24 B,
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Pin Functions (continued)

I/0
CLOCK SYSTEM DESCRIPTION
NAME NUMBER | TYPE®

LED DRIVER INTERFACE

PWM signal used to control the LED current (if not used, apply 10-
PWMO car Os Async kQ pulldown to DGND)

PWM signal used to control the LED current (if not used, apply 10-
PWMIL D28 Os Async kQ pulldown to DGND)

PWM signal used to control the LED current (if not used, apply 10-
PWM2 27 Os Async kQ pulldown to DGND)

PWM signal used to control the LED current (if not used, apply 10-
PWM3 D26 Os Async kQ pulldown to DGND)

IR LED enable strobe. Controlled by programmable DMD sequence
LED_IR_EN E28 Os Async timing (active high), (if not used, apply 1-kQ pulldown to DGND)

RED LED enable strobe. Controlled by programmable DMD
LED_RED_EN F28 O3 Async sequence timing (active high), (if not used, apply 1-kQ pulldown to

DGND)

Green LED enable strobe. Controlled by programmable DMD
LED_GRN_EN E27 O3 Async sequence timing (active high), (if not used, apply 1-kQ pulldown to

DGND)

Blue LED enable strobe. Controlled by programmable DMD
LED_BLU_EN F27 O3 Async sequence timing (active high), (if not used, apply 1-kQ pulldown to

DGND)

Subframe signal used by LED driver. Controlled by programmable
LED_SUBFRAME E26 O3 Async DMD sequence timing (active high), (if not used, apply 1-kQ

pulldown to DGND)
SYNC_0 F26 04 Async Extr_a strpbe. Controlled by programmable DMD sequence timing

(active-high)

Extra strobe. Controlled by programmable DMD sequence timing
SYNC_1 F25 O3 Async (active-high)
SYNC_2 Eo4 04 Async Extr_a strpbe. Controlled by programmable DMD sequence timing

(active-high)
—_ea LED driver enable. Active-low output control to external LED drive
LED_EN L28 Os Async logic, recommend 1-kQ pullup to 3.3 V
LED_SYNC M21 O3 Async Reserved for future use; weak pullup applied
LED_SYNCEN c24 04 Async Inverted LED_LIT signal (if not used, apply 10-kQ pulldown to

DGND)
LED_LIT J28 I3 Async LED driver status, (if not used, apply 1-kQ pulldown to DGND)
LED_SENS K27 I3 Async Reserved for future use (if not used, apply 1-kQ pulldown to DGND)
LED_SPI_CLK N26 O3 Async LED SPI master clock (if not used, apply 1-kQ pullup to 3.3 V)
LED_SPI_CS M26 O3 LED_SPI_CLK LED SPI master chip select (if not used, apply 1-kQ pullup to 3.3 V)
LED_SPI_DIR P25 04 LED_SPI_CLK I\_/I)ED SPI master driver direction (if not used, apply 1-kQ pullup to 3.3
LED_SPI_MISO L27 I3 LED_SPI_CLK LED SPI master data IN (if not used, apply 1-kQ pullup to 3.3 V)
LED_SPI_MOSI L26 O3 LED_SPI_CLK LED SPI master data OUT; weak pullup applied
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Pin Functions (continued)

s FIN SOmsER Q)| CLOCK SYSTEM DESCRIPTION
SYSTEM INTERFACES
CFG CSO E2 04 CFG_DCLK I(c:)mp—select output for an external serial configuration device. Active
CFG_CLK P3 O3 CFG_DCLK Configuration serial EPROM data clock
CFG_ASDI N7 Is CFG_DCLK ch?rzzg;EEz;tl J:}ogwa;nfgi(ttﬁrggleiiecréal configuration device. Provides
CFG_ASDO Fa 04 CFG_DCLK tShzrig)l(tcéarlilc);tRE)gtMT:liﬁir;l)giancséenr;gsu;(:icérﬁss and control information to
CFG_STATUS M6 O3 CFG_DCLK Configuration status pin
CFG_DONE P24 04 CFG_DCLK (Clc?r?giggl?rgtii;r:\.-done status pin. Signal goes high at the end of
CFG_MSELO N22
CFG_MSEL1 P23 . . . .
CFG_MSEL2 M22 I3 Async Configuration-mode selection signals
CFG_MSEL3 P22
CFG_CE R8 I Async Chip enable. Active-low
CFG EN P4 Is Async t(r:;):;ii%igrna?sogectgz:g.a(t:(t)r?ifsig;iaa.tion starts when a low-to-high
CFG_CEO P28 O3 Async
REF_CLK J27 I3 50-MHz reference clock, 3.3 V
RESET Al4 I3 Async Device reset (active-low)
PWR_GOOD A23 I3 Async System power-good indicator
RESERVED
RSVD_H10 N4 B, GPIO
RSVD_H11 L2 B, GPIO
RSVD_H12 K4 B, GPIO
RSVD_H6 Gl B, GPIO
RSVD_H5 G5 B, GPIO
RSVD_H4 G6 B, GPIO
RSVD_H2 El B, GPIO
RSVD_H1 Cc2 B, GPIO
RSVD_TO E22
RSVD_T1 D21
RSVD_T2 A21
RSVD_T3 c18
RSVD_T4 B22 These 1/Os can be left open or unconnected for normal operation.
RSVD_T5 B21
RSVD_T6 D17
RSVD_T7 E21
RSVD_TC M24
RSVD_DO A17 I3 Reserved for future use, do not connect
RSVD_D1 D15 O3 Reserved for future use, do not connect
RSVD_D2 E17 I3 Reserved for future use, do not connect
RSVD_D3 F15 O3 Reserved for future use, do not connect
RSVD_H3 E3 I3 Reserved for future use, can be left open, recommend grounding
RSVD_H7 H7 I3 Reserved for future use, can be left open, recommend grounding
RSVD_H8 L5 I3 Reserved for future use, can be left open, recommend grounding
RSVD_H9 M5 I3 Reserved for future use, can be left open, recommend grounding
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Pin Functions (continued)

PIN /0
e ‘ NI TYPE® CLOCK SYSTEM DESCRIPTION
RESERVED (CONTINUED)
RSVD_H13 Jl I3 Reserved for future use, can be left open, recommend grounding
RSVD_PO P7 Iy Reserved for future use, do not connect
RSVD_P1 P6 0O, Reserved for future use, do not connect
RSVD_P2 P8 Iy Reserved for future use, do not connect
RSVD_P3 P5 Iy Reserved for future use, do not connect
RSVD_GO Cc23 O3 Reserved for future use, do not connect
RSVD_G1 F19 O3 Reserved for future use, do not connect
RSVD_G2 M27 O3 Reserved for future use, do not connect
RSVD_G3 N21 O3 Reserved for future use, do not connect
RSVD_G4 P27 O3 Reserved for future use, do not connect
RSVD_G5 A18 O3 Reserved for future use, do not connect
RSVD_G6 A19 O3 Reserved for future use, do not connect
Unused input only, can be left open, recommend 10-kQ pulldown to
RSVD_S1 AG14 DGND
RSVD S2 AGI5 Unused input only, can be left open, recommend 10-kQ pulldown to
= DGND
Unused input only, can be left open, recommend 10-kQ pulldown to
RSVD_S3 AH14 DGND
RSVD X11 AH15 Unused input only, can be left open, recommend 10-kQ pulldown to
= DGND
Unused input only, can be left open, recommend 10-kQ pulldown to
RSVD_S20 Y27 DGND
RSVD S21 v28 Unused input only, can be left open, recommend 10-kQ pulldown to
= DGND
RSVD_X9 AA22 Reserved for future use, do not connect
RSVD SO AA24 Reserved for future use, can be left open, recommend 10-kQ pullup
= to25V
RSVD_X10 AB23 Reserved for future use, do not connect
RSVD_X6 AB24 Reserved for future use, do not connect
RSVD_X3 AC21 Reserved for future use, do not connect
RSVD_X15 AA17 Reserved, do not leave open, required: 49.4-Q pullup to 1.8 V
RSVD_X14 AB17 Reserved, do not leave open, required: 49.9-Q pulldown to DGND
RSVD_X13 u7 Reserved, do not leave open, required: 49.4-Q pullup to 1.8V
RSVD_X12 us Reserved, do not leave open, required: 49.9-Q pulldown to DGND
RSVD_X2 AE15 Reserved for future use, do not connect
RSVD_X0 AF18 Reserved for future use, do not connect
RSVD_X1 AD15 Reserved for future use, do not connect
RSVD_X8 AF27 Reserved for future use, do not connect
RSVD_X4 AF9 Reserved for future use, do not connect
RSVD S4 AH26 Reserved for future use, can be left open, recommend 10-kQ pullup
= t0 1.8V
RSVD_S5 B25 Reserved for future use, do not connect
RSVD_S6 C20 Reserved for future use, do not connect
RSVD_S8 D19 Reserved for future use, do not connect
RSVD_X5 E24 Reserved for future use, do not connect
RSVD_S10 F22 Reserved for future use, do not connect
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Pin Functions (continued)

s AR "NUMBER Q)| CLOCK SYSTEM DESCRIPTION
RESERVED (CONTINUED)
RSVD_S11 K28 Reserved for future use, do not connect
RSVD_S14 N25 Reserved for future use, do not connect
RSVD_X7 R24 Reserved for future use, do not connect
RSVD_S16 R27 Reserved for future use, do not connect
RSVD_S17 R28 Reserved for future use, do not connect
RSVD_S18 u23 E’ezs%rced for future use, can be left open, recommend 10-kQ pullup
RSVD_S19 U24 E)ezs.esr(/ed for future use, can be left open, recommend 10-kQ pullup
POWER AND GROUND®
P1P2V PWR N/A 1.2-V core power
P2P5V_DPLL PWR N/A 2.5-V filtered power for internal PLL
P1P8V PWR N/A 1.8-V 1/O power
P2P5V PWR N/A 2.5-V I/O power
P3P3V PWR N/A 3.3-V I/O power
GND PWR N/A Common digital ground
GNDA PWR N/A Common PLL ground

(4) Unused inputs should be pulled down to ground through an external resistor.
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Power and Ground Pins

PIN
DESCRIPTION
NAME NUMBER
INPUT POWER AND GROUND PINS
K9, K11, K13, K15, K17, K19, L10, L12, L14, L16, L18, L20,
M9, M11, M13, M15, M17, M19, N10, N12, N14, N16, N18,
N20, P9, P11, P13, P15, P17, P19, R10, R12, R14, R16, .
vee_1pav R18, R20, T9, T11, T13, T15, T17, T19, U10, U12, U14, | 12"V Power supply for core logic
U16, U18, U20, V9, V11, V13, V15, V17, V19, W10, W12,
W14, W16, W18, W20
VCC_2P5V AA28, AG28, T24, T28, W24 2.5-V power supply for I/Os on bank 5
AAl, AG1, T1, T5, W5, AA11, AD6, AD9, AD13, AH2, AH5,
VCC_1P8V | AH9, AH13, AA18, AD16, AD20, AD23, AH16, AH20, AH24, | 1.8-V power supply for I/Os on banks 2, 3, 4
AH27
B1, H1, K5, N1, N5, B28, H28, K24, N24, N28 A16, A20,
VCC_3P3V A24, A27, E16, E20, E23, H18, A2, A5, A9, Al13, E6, E9, | 3.3-V power supply for I/Os on banks 1, 6, 7, 8
E13, H11
VCCA Y8, J21, J8, Y21 2.5-V power supply for the internal PLL analog supply
VCCD_PLL Y9, J20, J9, Y20 1.2-V power supply for the internal PLL digital supply
DDR2 VREF 0.9 V. The SDRAM specification provides
VREF_B2 T7, T8, AB4 guidelines on how these references should be connected. It is
not just any 0.9-V source on the board.
DDR2 VREF 0.9 V. The SDRAM specification provides
VREF_B3 AB13, AB11, Y10 guidelines on how these references should be connected. It is
not just any 0.9-V source on the board.
DDR2 VREF 0.9 V. The SDRAM specification provides
VREF_B4 AB20, AC18, AA15 guidelines on how these references should be connected. It is
not just any 0.9-V source on the board.
K10, K12, K14, K16, K18, K20, L9, L11, L13, L15, L17, L19,
M10, M12, M14, M16, M18, M20, N9, N11, N13, N15, N17,
N19, P10, P12, P14, P16, P18, P20, R9, R11, R13, R15,
R17, R19, T10, T12, T14, T16, T18, T20, U9, U11, U13,
U15, U17, U19, V10, V12, V14, V16, V18, V20, W9, W11,
DGND W13, W15, W17, W19, AA2, AA27, AC6, AC9, AC13, AC16, | Common ground
AC20, AC23, AF1, AF28, AG2, AG5, AG9, AG13, AG16,
AG20, AG24, AG27, B2, B5, B9, B13, B16, B20, B24, B27,
C1, C28, F6, F9, F13, F16, F20, F23, H2, H27, J11, J18,
K6, K23, N2, N6, N23, N27, T2, T6, T23, T27, W6, W23,
Y11, Y18
DGND2 HO, H20, AAQ, AA20 Analog ground return for the PLL (This should not be
connected to the common ground GND.)
C3, F7, G7, G8, G10, G11, G19, G20, G21, G22, G23, G24,
H8, H10, H12, H14, H15, H16, H17, H19, H21, H22, J5, J6,
J7,J10, J12, J13, J14, J15, J16, J17, J19, J23, J24, K7, K8,
K21, K22, L6, L7, L8, L21, L22, M7, M8, M23, N8, P21, R7,
R21, R22, R23, U21, U22, V5, V6, V7, V8, V21, V22, W4, .
NC W7, W8, W21, W22, Y5, Y6, Y7, Y12, Y13, Y14, Y15, Y16, | NO-connect pins
Y17, Y22, AA5, AAG, AAT7, AA12, AA13, AA14, AA19, AA21,
AA23, AB10, AB12, AB14, AB15, AB18, AB19, AB21, AB22,
AC10, AC12, AC14, AC19, AC22, AD14, AD19, AD22,
AE26
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6 Specifications

6.1 Absolute Maximum Ratings®
Over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT

Veciz -0.5 1.8
\Y; -0.5 3.9

ceions Supply voltage @ \Y%
Vceazs ppLL -0.5 3.75
Veep PLL1-4 -0.5 1.8
\ Input voltage® (1.8 V, 2.5V, 3.3 V) -05 3.95 \Y
T, Operating junction temperature -40 125 °C
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to GND, and at the device, not at the power supply.
(3) Applies to external input and bidirectional buffers.
6.2 Handling Ratings
MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® —2000 2000 v
(ESD) | discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins @ -500 500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Veeiz 1.2-V supply voltage, core logic 1.15 1.2 1.25 \%
Veeis 1.8-V supply voltage, HSTL output buffers 1.71 1.8 1.89 \%
Vceazs ppLL 2.5-V analog voltage for PLL regulator 2.375 25 2.625 \%
Vcep pLii-4 1.2-V supply voltage, for PLL 1.15 1.2 1.25 \%
Veess 3.3-V supply voltage 3.135 3.3 3.465 \%
VREF_B2-4 0.9-V reference voltage, for DDR2 SDRAM 0.833 0.9 0.969 \%
V| Input voltage -0.5 3.6 \%
Vo Output voltage 0 Vecio \%
tRamp Power supply ramp time 50 ps 3ms —
T, Operating junction temperature® -20 85 °C
(1) Heat sink not required for 0°C to 55°C, but for 55°C to 85°C, Tl recommends a low-profile (15-mm) heat sink.
6.4 Thermal Information
DLPC200
THERMAL METRIC® BGA UNIT
780 PINS
Still air 16.9
. . . 100 ft/min 135
Rgia Junction-to-ambient thermal resistance -
200 ft/min 11.8
400 ft/min 105 e
Rajcopy  Junction-to-case (top) thermal resistance 3.3
Rgip Junction-to-board thermal resistance 5.9

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.5 1/O Electrical Characteristics
All inputs and outputs are LVCMOS
/0 TYPE® TEST CONDITIONS Vi) VielV) Vor(V) Vo) UNIT
MIN MAX MIN MAX MIN MAX

I Input LVCMOS Veeio = 1.8V -0.3 0.35 % Vegio | 0.65 X Vecio 2.25 \%
I Input LVCMOS Veeio = 2.5V -0.3 0.7 1.7 Voo + 0.3 \%
Is Input LVCMOS Veoio = 3.3V 03 0.8 17 3.6 %
I Input LVTTL Veeio = 3.3V -0.3 0.8 1.7 3.6 \%
O,  Output LVCMOS Vooio = 1.8V Vocio — 0.45 045| V
0, Output LVTTL Veeio = 3.3V 2.4 045| V
O3 Output LVCMOS Vecio =33V Veeio— 0.2 0.2 \%
Oy Output LVDS Vecio =33V Veeio—0.3 0.3 \%
0, QUPUSSTLAS 1y o=18V 1.484 0398 V
B, fgdg‘f;;f’l‘a' SSTL- | yco =18V 0.844 1.094 1.484 0398| Vv
B,  amectonal Vecio =33V 03 058 17 36| Veoo-02 02| v
(1) Cross reference to I/0 assignments

6.6 Video Input Pixel Interface Timing Requirements

PARAMETER TEST CONDITIONS MIN MAX | UNIT

foclock  Clock frequency, PORTx_CLK 80 MHz
t, wn  Pulse duration, high 45% to 55% reference points (signal) 5.6 ns
tp wi Pulse duration, low 45% to 55% reference points (signal) 5.6 ns
t, sy Setup time, PORTx_D(23-0) valid before PORTx_CLK | See ) 15 ns
to h Hold time, PORTx_D(23-0) valid after PORTx_CLK See 1 15 ns
t, sy Setup time, PORTX_VSYNC valid before PORTX_CLK | See 1) 15 ns
to h Hold time, PORTX_VSYNC valid after PORTX_CLK See 1 15 ns
t, s Setup time, PORTX_HSYNC valid before PORTx_CLK | See () 15 ns
to h Hold time, PORTX_HSYNC valid after PORTx_CLK See 1 15 ns
t, sy Setup time, PORTX_IVALID valid before PORTX_CLK | See () 15 ns
t h Hold time, PORTX_IVALID valid after PORTX_CLK See 1 15 ns

(1) PCLK may be inverted from that shown in Figure 1. In that case, the same specifications in the table are valid except now referenced to
the falling edge of the clock. If the falling edge of PCLK is used, a USB or SPI command must be sent to tell the DLPC200 to use the
falling edge of PCLK.
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:4— tp_clkper —P:
e
whev
PORTx_CLK |
|
e
¢ tpisu -» |
PORTx_D(23:0), | | !
PORTx_VSYNC,
PORTx_HSYNC,
PORTx_IVALID ! ! !
:: 1 Frame >

J
1

PORTx_VSYNC
(C (

)) )
oI (This diagram assumes the VSYNC |
) P_vbp ®|  active edge is the Rising edge) I+ PP

PORTX_HSYNC _l ﬂ L : n ﬂ { ﬂ n ¢ <’_H ﬂ _I_

i
I

PORTx_IVALID L |
55 — 55
<« 1Line »
I(- tpﬁhsw ‘V: :
PORTx_HSYNC
. . ))
. s hop | (This diagram assumes the HSYNC :<_ ty o b

| active edge is the Rising edge) |
{C

))

PORTx_IVALID

PORTY D250 ISR RIE

Figure 1. Input Port Interface

See Pin Configuration and Functions for the proper connection schema if a video input port will not be used.
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6.7 I°C Interface Timing Requirements

PARAMETER MIN MAX | UNIT
fscl I2C clock frequency 0 400 | KkHz
toch 12C clock high time ms
teel 12C clock low time 1 ms
tsp 1°C spike time 20| ns
tsds I°C serial-data setup time 100 ns
tsah I°C serial-data hold time 100 ns
ticr 12C input rise time 100 ns
toc 12C output fall time 50 pF 30 200 ns
touf I°C bus free time between stop and start conditions 1.3 ms
tsts I°C start or repeat start condition setup ms
tsth I°C start or repeat start condition hold ms
tsph I°C stop condition setup 1 ms

Valid-data time SCL low to SDA output valid 1 ms
oo Valid-data time of ACK condition ACK signal from SCL low to SDA (out) low 1 ms
toch I°C bus capacitive load 0 100| pF
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Vee
RL=1kQ
SDA
DUT
C|_ =50 pF
I (see Note A)
SDA LOAD CONFIGURATION
¢ Three Bytes for Complete o
|‘ Device Programming '|
Stop Start Address| Add Add R/W ACK Data Data Stop
Condition | Condition | Bit7 B_r?s coeo B_riss Bit 0 " Bit 7 coeo Bit0 | Condition
P) (S) wsB) | Bit itl | (LsB) (A) (MSB) wsB) | @
tscl l‘ 'l l‘ .| tsch
: : il 0.7 x Ve
SCL | | | 0.3 x VCC
| ticr | | |
tout —H—F: : tict M =
|
0.7 x V,
SDA | : /r >§ I xVee
| | | : : 0.3 x VCC
tICf_" |“_|_’| "_ ticr : |
tsth 4P tsgs P M~ Repeat
Start Stop
Start or - o
Repeat Condition Condition
Start
Condition
VOLTAGE WAVEFORMS
BYTE DESCRIPTION
1 12C address
2,3 P-port data
Figure 2. 1°C Interface Load Circuit and Voltage Waveforms
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6.8 USB Read Interface Timing Requirements
PARAMETER MIN TYP MAX UNIT
teL 1/ CLKOUT frequency 20.8 ns
tav Delay from clock to valid address 10.7 ns
tsThL Clock to USB_RDYO LOW 11 ns
tsTEH Clock to USB_RDYO HIGH 11 ns
tscsL Clock to USB_PA02 LOW 13 ns
tbsu Data setup to clock 9.6 ns
toH Data hold time 0 ns
taccr Valid USB_PA04 to valid USB_FDC 43 ns
l l
g —»
| |
| |
| |
USB_CLK
|
|
+tay > ! |
| | | |
| ! |
USB_PAO4 Xl ! l
| | |
I I I
| ! |
| | o
|
! —> <—lgrp FtSTBH*i
| ! | |
- |
USB_RDY0 } | }
| |
| ! I
| ! |
| ! |
I ! I
| ] |
| |
} —> i“tSCSL }
I ! | I
. I
USB_PA02 | E |
| |
I ! .
| |
l |
|
ﬂitAcm;W‘Dsw*‘DHv
I\ - 7
Figure 3. USB Read Timing
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6.9 USB Write Interface Timing Requirements

PARAMETER MIN MAX | UNIT

tav Delay from clock to valid address 0 10.7 ns
tsTeL Clock to USB_RDY1 pulse LOW 0 11.2 ns
tsTBH Clock to USB_RDY1 pulse HIGH 0 11.2 ns
tscsL Clock to USB_PAO02 pulse LOW 13 ns
tone Clock to data turn on 0 131 ns
torF1 Clock to data hold time 0 131 ns

USB_CLK
|
|
<ty » 1 |
‘ | | |
| ! |
USB_PAO4 X l | l
| |
\ [ |
! |
o l !
! |
> e tgrpL <“lsTRH>
| | |
- |
USB_RDY1 3 }
|
! I
! |
! |
|
o i
| | |
> *lscsu }
| |
- |
USB_PAO2 ‘; |
|
| |
! |
| 1
| | |
<+ fonr > > <o

vserocis 77777777777 o X777

Figure 4. USB Write Timing

See Pin Configuration and Functions for the proper connection schema if the USB interface will not be used.
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6.10 SPI Slave Interface Timing Requirements

PARAMETER MIN MAX | UNIT
f clock Clock frequency, SLAVE_SPI_CLK 5 MHz
tp_clkper Clock period, SLAVE_SPI_CLK 200 ns
th wh Pulse duration high, SLAVE_SPI_CLK 10 ns
t wi Pulse duration low, SLAVE_SPI_CLK 10 ns
tc su Setup time, SLAVE_SPI_CS ns
tch Hold time, SLAVE_SPI_CS ns
ti su Setup time, SLAVE_SPI_MOSI 10 ns
tin Hold time, SLAVE_SPI_MOSI 10 ns
to su Setup time, SLAVE_SPI_MISO 10 ns
to h Hold time, SLAVE_SPI_MISO 10 ns
ta_su Setup time, SLAVE_SPI_ACK ns
ta h Hold time, SLAVE_SPI_ACK ns

|
_ \
SLAVE_SPI_CS | \
|
|
|
|

}4—}% tpﬁclkper

SLAVE_SPI_CLK '|||||||||||||||||||||||||||||

e e 1
tP,wh %‘_N‘ tLsu A}—N‘ } }
| - | .
SLAVE_SPI_MOSI X Word n : Bit 0 X Word n : Bit 1 X Word n : Bitn X
T | T
e |
to_su A}—H‘ } }
| L | -
SLAVE_SPI_MISO Tristate % Word n : Bit 0 X Word n : Bit 1 X Word n : Bitn X Tristate
i
t |
' h—>

; \
\ \
\ \
\ \
\ \
L L
SLAVE_SPI_ACK ! }
| \

Figure 5. SPI Timing
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6.11 Parallel Flash Interface Timing Requirements
PARAMETER MIN MAX UNIT
tavav Read cycle time 110 ns
tavov Address to output valid 110 ns
teLov CE low to output valid 110 ns
teLov OE low to output valid 25 ns
tpHQV RST high to output valid 150 ns
toLTv OE low to WAIT valid 17 ns
tprwL RST high recovery to WE low 150 ns
teLwe CE setup to WE low 0 ns
twiwn WE write pulse width low 50 ns
tovwi Data setup to WE high 50 ns
tavwH Address setup to WE high 50 ns
twHEH CE hold from WE high 0 ns
tpwoux  Data hold from WE high 0 ns
twhAx Address hold from WE high 0 ns
——tavqv— >
< tavav >
Address
ADV
o N teLQqv ——>
CE
L <+—{gLqv—M
OE
toLtv
WAIT %
Data W
oy >
RST
Figure 6. Parallel Flash Read Timing
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IA t kl‘ t I
« AVWH > WHAX ——|
| | |
Address A : V
|
|
:4— terwe —>: N—P:— twHEH
| |
— |
CE | :
! I
|
f— twown —>:
|
WE
| |
' |
|
| |
1
__ ' |
OE | |
—_— ' |
' |
' | |
| :4— tDVWH—>|<— tewbHx —>|
L | |
|
|
T
| |
:4— torwi —>: :
_ : |
RST l :
|
I |
Figure 7. Parallel Flash Write Timing
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6.12 Serial Flash Interface Timing Requirements
The DLPC200 controller flash memory interface consists of a SPI flash serial interface at 33.3 MHz (nominal).

PARAMETER MIN MAX UNIT
f clock Clock frequency, CFG_CLK dc 33 MHz
to_clkper Clock period, CFG_CLK 30.03 ns
tp wh Pulse duration low, CFG_CLK 6 ns
tp wi Pulse duration high, CFG_CLK 6 ns
tp su Setup time — CFG_ASDI/CFG_ASDO valid before CFG_CLK rising edge 2 ns
th h Hold time — CFG_ASDI/CFG_ASDO valid after CFG_CLK rising edge 5 ns
:4— tp_clkper—P:
| et i —p
e

CFG_CLK |

|

|

|

N_

|
CFG_DATA X

|

Figure 8. Flash Memory Interface Timing
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6.13 Static RAM Interface Timing Requirements

The DLPC200 controller static RAM (SRAM) interface consists of a high performance CMOS SRAM organized as 128K

words by 16 bits (2 Mb).

PARAMETER MIN MAX UNIT
tre Read cycle time 10 ns
tan Address to data valid 10 ns
toHA Data hold from address change 3 ns
twe Write cycle time 10 ns
tsce CE low to write end 7 ns
taw Address setup to write end 7 ns
tha Address hold from write end 0 ns
tsa Address setup to write start 0 ns
tpwE WE pulse duration 7 ns
tsp Data setup to write end 5 ns
thp Data hold from write end 0 ns
6.14 DMD Interface Timing Requirements

The DLPC200-DMD interface consists of a 200 MHz (nominal) DDR output-only interface with LVDS signaling.
PARAMETER MIN TYP MAX | UNIT
f clock Clock frequency, DCLK_A and DCLK_B 200 MHz
tp cikper  Clock period, DCLK_A and DCLK_B 5 ns
th wh Pulse duration low, DCLK_A and DCLK_B 1.25 ns
t wi Pulse duration high, DCLK_A and DCLK_B 1.25 ns
tskew Channel B relative to channel A -1.25 1.25 ns
t Output setup time — D_A(0:15) and D_B(_0:15) relative to both rising and falling 0.35 ns
p_su edges of DCLK_A and DCLK_B, respectively
t Output hold time — D_A(0:15) and D_B(0:15) relative to both rising and falling 0.35 ns
p_h edges of DCLK_A and DCLK_B, respectively

I tpfclkper4>

DMD_DAT(14:0)

DMD_SCTRL / / \ \
LN =\
<7tp_su tp_h —>
DMD_CLK / /
fi
«—Hy————>

Figure 9. DMD I/F Timing
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6.15 DLPAZ200 Interface Timing Requirements
The DLPC200 interface to the DLPA200 consists of a 125 kHz (nominal) serial communications port (SCP).
PARAMETER MIN TYP MAX UNIT
f clock Clock frequency 125 125 kHz
to_clkper Clock period 8 us
tp wh Pulse duration low 4 us
tp wi Pulse duration high 4 us
tp su SCPDI setup time 7.3 ns
th h SCPDI hold time 5.7 ns
:4_ tp_clkper _’:
e
= tp_wn |
| l |
SCP_DMD_RST_CLK |
! I
: Tt n —’:
= to_su —’: :
| |
SCP_DMD_RST_DATA X X
I I I
Figure 10. DLPAZ200 I/F Timing
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6.16 DDR2 SDR Memory Interface Timing Requirements

PARAMETER MIN MAX UNIT
teycLe Cycle time reference 5 8 ns
ten CK high pulse duration® 2.4 4.16 ns
toL CK low pulse duration® 2.4 4.16 ns
tems Command setup 200 ps
temH Command hold 275 ps
tas Address setup 400 ps
taH Address hold 400 ps
tps Write data setup 15 ns
toH Write data hold 15 ns
tac Read data access time —450 450 ps
ton Read data hold time 340 ps
tz Read data low-impedance time -900 450 ps
thz Read data high-impedance time 450 ps

(1) Output setup/hold numbers already account for controller clock jitter. Only routing skew and memory setup/hold need be considered in

system timing analysis.

)

< tovoLe
MEM_CLK \ / \ /
ey >< feL——>
- thpyg— !
MEM_A(15:0) V<’ \ VvV
MEM_BA(2:0) A\
MEM_DMx t . <
MEM_RAS oMS i t
it | -« T —
MEM_CAS ‘ oM
MEM_WE § /
MEM_CS *
MEM_CKE
tbs — > «
« toH —»
V V
MEM_D(63:0) ( > / \>
AN <

Figure 11. SDR Memory I/F Write Timing
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< teycLe >
MEM_CLK \ / \ /
oy >§< toL ———»

<trs >

MEM_A(15:0) v / <V
MEM_BA(2:0) A <P >

MEM_DMx toms >
MEM_RAS | < t SN
MEM_CAS \ ‘ CoMH
MEM_WE /
MEM_CS |
MEM_CKE
t——thc—> ;
<o)
MEM_DQ(63:0) < Valid Data
t 7 e—p FtHZ»i
Figure 12. SDR Memory I/F Read Timing
6.17 Video Input Pixel Interface — Image Sync and Blanking Requirements
Figure 13 shows how pixels should be mapped to the input data bus for both port 1 and port 2.

PARAMETER MIN MAX UNIT
ty vsw  Vertical sync duration 1 clocks
t, wop  Vertical back porch 14 lines
t, vip  Vertical front porch 2 lines
ty hsw Horizontal sync duration 1 clocks
ty hop  Horizontal back porch 64 clocks
ty nip  Horizontal front porch 75 clocks

24-Bit Input Bus, RGB888
’23|22|21 |20|19|18|17|16|15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 ‘ PORTx_D(23:0) of the Input Pixel Data Bus

Default Bus Assignment Mapping

R7 R6 R5 R4 R3 R2 R1 RO G7 G6 G5 G4 G3 G2 Gi GO B7 B6 B5 B4 B3 B2 B1 B0 EEs{clsthiRzelent:1i

Figure 13. Pixel Mapping
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7 Detailed Description

7.1 Overview

In DLP-based solutions, image data is 100% digital from the DLPC200 inputs to the image on the DMD. Patterns
stay in digital form and are not converted into an analog signal. The DLPC200 controller processes the digital
input and converts the data into a format needed by the DMD. The DMD steers light by using binary pulse-
duration modulation (PWM) for each micromirror. For further details, refer to DMD data sheet (DLPS013 for the
DLP5500 DMD).

The DLPC200 only accepts 1024 x 768 (XGA) formatted data for both video and structured light modes. The
functionality of this controller is well-suited for techniques such as structured light, additive manufacturing, or
digital exposure.

7.2 Functional Block Diagram

DMD_DAT_A{1,3,5.7.9,11, 13,15 ) pm
SCTRL_A ey
DMD_CLK_A ey

Port 1 Data Interface

Port 2 Data Interface

USB Interface

. DMD_DAT B(1,3,5 7,9, 11,13, 15 ) g =
il &
SCTRL_B
B Serial Port Interface o a1 MICROMIRROR
- DMD_CLK_B pyy o3
_ User Nonvolatile Memory Interface DMO_PWRON §
- »
g
User Static Memory Interface SCP_DMD_EN o

SCP_DMD_RST_DI
SCP_DMD_RST_DO
SCP_DMD_RST_CLK

CFG_MSEL{ 3:0)

CFG_ASDI

SCP_DMD_RST DI
SCP_DMD_RST_DO _
SCP_DMD_RST_CLK

SCP_DMD_EN
RST_A(3:0)
RST_MODE( 1:0)
RST_SEL{1:0)
RST OE
RST_STB

B98ISI UoHEINBYLDD

DLPAZ0D Interface

Sync Out Interface

lilumination Interface

7.3 Feature Description

7.3.1 Frame Rates

The digital input interface levels for image data are nominally 1.8 or 3.3 V. Port 1 input is 3.3 V and port 2 input is
1.8 V.

DLPR200F firmware is provided by Tl to support the operation of video and structured light mode.
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Feature Description (continued)
Table 1. Frame Rates
MODE MIN MAX UNIT
. 1 bit per pixel 6 5000
Structured light - - Hz
8 bits per pixel 6 700
Video 6 60 Hz

7.4 Device Functional Modes
The DLPC200 has two basic functional mode types: video and structured light.

7.4.1 Video Modes

The controller accepts RGB-8-8-8 input to port 1 or port 2 through a selectable MUX. XGA video information is
displayed on the DMD at 6 to 60 fps.

An internal pattern generator can generate RGB-8-8-8 video patterns into an internal selectable MUX for
verification and debug purposes.

7.4.2 Structured Light Modes

The DLPC200 provides two structured light modes: static image buffer and real-time structured light.

7.4.2.1 Static Image Buffer Mode

Image data can be loaded into parallel flash memory to load to DDR2 memory at startup to be displayed, or can
be loaded over USB or the SPI port directly to DDR2 memory to be displayed. Binary (1-bit) or grayscale (8-bit)
patterns can be displayed. The memory will hold 960 binary patterns or 120 grayscale patterns.

7.4.2.2 Real Time Structured Light Mode

RGB-8-8-8 60 fps data can be input into port 1 or port 2 and reinterpreted as up to 24 binary (1-bit) patterns or
three grayscale (8-bit) patterns. The specified number of patterns is displayed equally during the exposure time
specified. Any unused RGB-8-8-8 data in the video frame must be filled with data, usually Os.

For example, during one video frame (16.67 ms), 12 binary patterns of the 24 RGB bits are requested to be
displayed during half of the video frame time (exposure time = 8.33 ms). Each of the eight red bits and the four
most significant green bits are displayed as a binary pattern for 694 ps each. The remaining bits are ignored and
the remaining 8.33 ms of the frame will be dark.
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8 Application and Implementation

8.1 Application Information

The DLPC200 is used in conjunction with the DLPA200 driver to drive to the DLP5500 (0.55-inch XGA DMD).
This combination can be used for a number of applications from 3D printers to microscopes.

The most common application is for 3D structured light measurement applications. In this application, patterns
(binary, grayscale, or even full color) are projected onto the target and the distortion of the patterns are recorded
by an imaging device to extract 3D (X, y, z) surface information.

8.2 Typical Application

A schematic is shown in Figure 14 for projecting RGB and IR structured light patterns onto a measurement
target. Typically, an imaging device is triggered through one of the three syncs to record the data as each pattern
is displayed.
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Typical Application (continued)

DLPC200
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Port 1 Data Valid
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—) I I FC Interface

Port 2 DATA( 23:0 )
Port 2 VSYNC
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Port 2 Data Valid
Port 2 Clock

Port 2 SPI Interface
.
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Micromirror Control Interface

DMD Interface
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-
]

SRAM_CE
SRAM_LB, SRAM_UB
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¢ Configuration Interface >
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Figure 14. Typical RGB + IR Structured Light Application

8.2.1 Design Requirements

All applications using the DLP 0.55-inch XGA chipset require the DLPC200 controller, the DLPA200 driver, and
the DLP5500 DMD for correct operation. The system also requires user supplied SRAM and a configuration
PROM programmed with the DLPR200F program file and a 50-MHz oscillator is for operation.
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Typical Application (continued)
8.2.2 Detailed Design Procedure

8.2.2.1 DLPC200 System Interfaces

The DLPC200 supports the following interfaces: extended display identification data (EDID), USB, SPI, parallel
flash, serial flash, DDR2 SDRAM, and two RGB888 input ports, which are described in the following subsections.

8.2.2.1.1 DLPC200 Master, I°C Interface for EDID Programming

The DLPC200 controller 1°C interface is only used to program the HDMI EDID. Upon plugging in an HDMI
source, the DMD resolution is compared to the HDMI output resolution programmed in the HDMI EDID PROM. I[f
the two resolutions do not match, then the HDMI EDID is adjusted to match the DMD resolution.

The bidirectional I1>°C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines must be
connected to a positive supply through a pullup resistor when connected to the output stages of a device. Data
transfer may be initiated only when the bus is not busy.

I2C communication with this device is initiated by a master sending a Start condition, a high-to-low transition on
the SDA input/output while the SCL input is high. After the Start condition, the device address byte is sent, MSB
first, including the data direction bit (R/W).

After receiving the valid address byte, this device responds with an ACK, a low on the SDA input/output during
the high of the ACK-related clock pulse.

On the I1°C bus, only one data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as control
commands (Start or Stop). A Stop condition (a low-to-high transition on the SDA input/output while the SCL input
is high) is sent by the master.

Any number of data bytes can be transferred from the transmitter to the receiver between the Start and Stop
conditions. Each byte of eight bits is followed by one ACK bit. The transmitter must release the SDA line before
the receiver can send an ACK bit. The device that acknowledges must pull down the SDA line during the ACK
clock pulse so that the SDA line is stable low during the high pulse of the ACK-related clock period. Setup and
hold times must be met to ensure proper operation.

Table 2. Recommended EDID PROM Devices

PART NUMBER MANUFACTURER
24L.C02B Microchip Technology

8.2.2.1.2 USB Interface

The USB interface consists of a single-chip integrated USB 2.0 transceiver, smart SIE, and enhanced 8051
microprocessor running at 48 MHz (nominal) that supports USB 2.0.

8.2.2.1.3 Bus Protocol

USB is a polled bus. The host controller (typically at PC) initiates all data transfers. Each transaction begins
when the PC sends a packet. Communications are always through the bulk transfer mode, and 512 bytes of data
are always written/read at a time. The packet consists of the following:

» Header (6 bytes)

» Data (505 bytes)

» Checksum (1 byte)

The USB device that is addressed selects itself by decoding the appropriate address fields. The direction of data
transfer, either read or write, is specified in the packet header. The source of the transaction then sends a data

packet or indicates it has no data to transfer. At the end of either a single packet transfer or a multi-packet
transfer, the destination responds with a handshake packet indicating whether the transfer was successful.

The packet header consists of:

e« CMD1 - Indicates if packet is write/write response or read/read response

e« CMD2 - Groups major functions together

e CMD3 - Provides more information about packet grouping defined in CMD2
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» CMD4 - Used to indicate location of data in a multi-packet transfer
* Len_MSB:Len_LSB - Valid number of bytes of data transferred in packet data
Header Data Checksum
CMD1 CMD2 CMD3 CMD4 Len_LSB Len_MSB 0-505 bytes 1 byte
1 byte 1 byte 1 byte 1 byte 1 byte 1 byte

Figure 15. USB Data Packet

As discussed previously, the header describes whether the data transaction is to be a read or write and
designates the data endpoint. The data portion of the packet carries the payload and is followed by a
handshaking mechanism, checksum, that reports if the data was received successfully, or if the endpoint is
stalled or not available to accept data.

Table 3. Recommended USB Devices

PART NUMBER MANUFACTURER
CY7C68013A Cypress
24LC128I/SN Microchip Technology

8.2.2.1.4 SPI Slave Interface
The DLPC200 controller SPI interface consists of a 5-MHz input.

The SPI bus specifies five logic signals.

 SLAVE_SPI_CLK — Serial clock (output from master)

* SLAVE_SPI_MOSI — Master output, slave input (output from master)
* SLAVE_SPI_MISO - Master input, slave output (output from slave)
 SLAVE_SPI_CS - Slave select (active low; output from master)

 SLAVE_SPI_ACK - Holdoff signal to indicate that the slave is processing commands and cannot accept new
input (output from slave)

The master pulls the slave-select low. During each SPI clock cycle, a full-duplex data transmission occurs:
* The master sends a bit on the MOSI line; the slave reads it from that same line.
* The slave sends a bit on the MISO line; the master reads it from that same line.

Transmissions involve two shift registers, one in the master and one in the slave; they are connected in a ring.
Data is shifted out with the most significant bit first, while shifting a new least significant bit into the same
register.

After that register has been shifted out, the master and slave have exchanged register values. If there is more
data to exchange, the shift registers are loaded with new data and the process repeats. Transmissions may
involve any number of clock cycles.

When there is no more data to be transmitted, the master stops toggling its clock. Transmissions consist of
packet commands/responses similar to the protocol defined for the USB interface. The SPI slave supports
variable-length command and response packets, and a master can initiate multiple such transmissions as
needed.

8.2.2.1.5 Parallel Flash Memory Interface

The controller parallel flash memory interface supports a high-speed NOR device with a 16-bit data bus and up
to 1 GB of memory.

To perform an asynchronous read, an address is driven onto the address bus, and CE is asserted. WE and RST
must already have been deasserted. WAIT is configured to be active low and is set to a deasserted state. ADV
must be held low throughout the read cycle. CLK is not used for asynchronous reads and is ignored. After OE is
asserted, the data is driven onto DQ[15:0] after an initial access time tayqy Or tg oy delay.
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The WAIT signal indicates data valid when the device is operating in asynchronous mode (RCR.15 = 0). The
WAIT signal is only deasserted when data is valid on the bus. When the device is operating in asynchronous
non-array read mode, such as read status, read ID, or read query, the WAIT signal is also deasserted when data
is valid on the bus. WAIT behavior during asynchronous non-array reads at the end of the word line works
correctly only on the first data access.

To perform a write operation, both CE and WE are asserted while RST and OE are deasserted. During a write
operation, address and data are latched on the rising edge of WE or CE, whichever occurs first. When the device
is operating in write operations, WAIT is set to a deasserted state as determined by RCR.10.

Table 4. Recommended Parallel Flash Devices

PART NUMBER MANUFACTURER SIZE
JS28F00AP30BF Numonyx 128 Mb

8.2.2.1.6 Serial Flash Memory Interface
Table 5 shows the serial flash parts that were tested by Tl and found to work properly with the DLPC200.

Table 5. Recommended Serial Flash Devices

PART NUMBER MANUFACTURER SIZE
M25P64 Numonyx 64 Mb
W25X64 Winbond 64 Mb

8.2.2.1.7 SRAM Interface

Table 6 shows the serial flash parts that were tested by Tl and found to work properly with the DLPC200. See
the recommended SRAM data sheet for read and write cycle timing information.

Table 6. Recommended Static RAM Devices

PART NUMBER MANUFACTURER SIZE
CY7C1011DV33 Cypress 2 Mb

8.2.2.1.8 DDR2 SDR Memory Interface

The DDR2 SDRAM is a high-speed CMOS, dynamic random-access memory. It is internally configured as a
multibank DRAM. The controller DDR-2 memory interface consists of four 32-Mb by 16-bit wide, DDR-2
interfaces with double-data-rate signaling, operating at 133.33 MHz (nominal). A bidirectional data strobe (DQS,
DQS) is transmitted externally, along with data, for use in data capture at the receiver. DQS is a strobe
transmitted by the DDR2 SDRAM during READ commands and by the memory controller during WRITE
commands. DQS is edge-aligned with data for READ commands and center-aligned with data for WRITE
commands.

The DDR2 SDRAM operates from a differential clock (CK and CK); the crossing of CK going high and CK going
low is referred to as the positive edge of CK. Commands (address and control signals) are registered at every
positive edge of CK. Input data is registered on both edges of DQS, and output data is referenced to both edges
of DQS as well as to both edges of CK. Read and write accesses to the DDR2 SDRAM are burst-oriented;
accesses start at a selected location and continue for a programmed number of locations in a programmed
sequence.

Accesses begin with the registration of an ACTIVATE command, which is then followed by a READ or WRITE
command. The address bits registered coincident with the ACTIVATE command are used to select the bank and
row to be accessed. The address bits registered coincident with the READ or WRITE command are used to
select the bank and the starting column location for the burst access.

8.2.2.1.9 Projector Image and Control Port Signals

The DLPC200 provides two input ports for graphics and motion video inputs. The following listed signals support
the two input interface modes.

Following are the two input image interface modes, signal descriptions, and pins needed on the DLPC200.
* PORT 1, 28 pins (HDMI connector)
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PORT1_D(23-0) — Projector data

PORT1_VSYNC - Vertical sync

PORT1_HSYNC - Horizontal sync

PORTL1_IVALID — Data enable

PORT1_CLK — Projector clock (rising edge or falling edge, to capture input data)

* PORT 2, 28 pins (expansion connector)

PORT2_D(23-0) — Projector data

PORT2_VSYNC — Vertical sync

PORT2_HSYNC — Horizontal sync

PORT2_IVALID — Data enable

PORT2_CLK — Projector clock (rising edge or falling edge, to capture input data)

Two control interfaces, USB and SPI, are provided to configure the DLPC200, as well as to transmit pattern data
to memory for structured light mode. Following are the pins needed for the SPI and USB control interfaces.

* USB, 48 MHz

USB_CLK — USB clock

USB_CTRL1 — FIFO full flag

USB_CTRL2 - FIFO empty flag
USB_FD(15-0) — USB data

USB_PAO02 — FIFO output enable for reads
USB_PA04 — FIFO address bit

USB_PAO05 — FIFO address bit
USB_RDY1 — Write enable

USB_RDYO0 — Read enable

* SPI,5MHz

SLAVE_SPI_CLK — SPI clock

SLAVE_SPI_ACK — Busy signal that holds off additional transactions until the slave has completed
processing data

SLAVE_SPI_MISO - Output from slave
SLAVE_SPI_MOSI - Output from master
SLAVE_SPI_CS - Slave select

Images are displayed via control of the DMD and DLPA200. The DLPC200 DMD interface consists of a 200-MHz
(nominal) half-bus DDR output-only interface with LVDS signaling. The serial communications port (SCP), 125-
kHz nominal, is used to read or write control data to both the DMD and the DLPA200. The following listed signals
support data transfer to the DMD and DLPA200.

 DMD, 200 MHz

DMD_CLK_AP, DMD_CLK_AN — DMD clock for A
DMD_CLK_BP, DMD_CLK_BN — DMD clock for B

DMD_DAT_AP, DMD_DAT_AN(1, 3, 5, 7, 9, 11, 13, 15) — Data bus A (odd-numbered pins are used for
half-bus)

DMD_DAT_BP, DMD_DAT_BN(1, 3, 5, 7, 9, 11, 13, 15) — Data bus B (odd-numbered pins are used for
half-bus)

DMD_SCRTL_AP, DMD_SCRTL_AN — S-control for A
DMD_SCRTL_BP, DMD_SCRTL_BN — S-control for B

+ DLPA200, 125 kHz

SCP_DMD_RST_CLK — SCP clock
SCP_DMD_EN - Enable DMD communication
SCP_RST_EN - Enable DLPA200 communication
SCP_DMD_RST_DI - Input data
SCP_DMD_RST_DO - Output data
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8.2.2.1.10 SDRAM Memory

The DLPC200 requires an external DDR2 SDR SDRAM. The DLPC200 supports the use of four 512-Mb
SDRAMSs. The requirements for the SDRAMSs are:

 SDRAM type: DDR2

e Speed: 133 MHz minimum

» 16-bit interface size: 32 Mb

e Supply voltage: 1.8 V

Table 7 lists the recommended SDRAM devices that have been tested by Tl and found to work properly with the
DLPC200.

Table 7. Recommended SDRAM Devices

PART NUMBER MANUFACTURER SIZE
MT47H32M16-25E (replaces now obsolete — MT47H32M16R) Micron 512 Mb

8.2.3 Application Curve

The DLPC200 is used to control the DLP5500 0.5-inch XGA DMD. This device can be used for numerous
applications in the visible range of the spectrum such as 3D printing or structured light. Figure 16 shows single-
pass window transmission for 0° and 30° angles of incidence. The area from 420 to 700 nm (light blue) is the
range specified for operation of the DLP5500.

90 i i
— AOI =07
80 il [ S
/ —— AOI = 30°

70
2 60
Y
Q
é 50
E
)
c
T 40
'—

30

20 -

10

0 : : : : : .
350 400 450 500 550 600 650 700 750 800
Wavelength (nm)
Figure 16. Window Transmission Curve for the DLP5500
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9 Power Supply Recommendations

9.1 Power-Up Requirements

Details about the chip power-up requirements are included in the DLPZ004 chipset data sheet. For the
DLPC200, there is a 50-MHz reference clock that must meet the specifications listed in Table 8. Additionally, at
power-up, the 3.3-V supply must be stable for 2 s before the global reset (RESET) occurs, and then
PWR_GOOD occurs within 20 ms.

The latest revision of the firmware (#DLPR200) does not enable the LEDs over the LED Control interface until
initialization is complete and any solution loaded in flash is running.

Table 8. Reference Clock Oscillator Requirements

PART NUMBER FREQUENCY STABILITY FREQUENCY SUPPLY VOLTAGE
ASV-50.000MHZ-E-J-T +20 ppm (0.002% or +0.001 MHz) 50 MHz 3.3V

9.2 Power-Down Requirements

Details about the chip power-down requirements are included in the DLPZ004 chipset data sheet. For the
DLPC200, there is a minimum 1-ms delay from the time when PWR_GOOD goes low until any of the supplied
voltages can drop below their minimum valid values (see Table 9). This is required so that the DMD can be
parked. See Table 9 for more details.

VCC
PWR_GOOD

Figure 17.

Table 9. Supply Voltages and Minimum Values

Vce Vee min UNIT
1.2 1.14
1.8 1.71

\
2.5 2.375
3.3 3.135
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10 Layout

10.1 Layout Guidelines

10.1.1 Impedance Requirements

Signals should be routed to have a matched impedance of 50 Q +10% except for LVDS differential pairs
(DMD_DAT_Xnn, DMD_DCKL_Xn, and DMD_SCTRL_Xn) and DDR2 differential clock pairs (MEM_CLK_nn),
which should be matched to 100 Q +10% across each pair.

10.1.2 PCB Signal Routing

When designing a PCB board for the DLPC200 the following are recommended:

Signal trace corners should be no sharper than 45°. Adjacent signal layers should have the predominate traces
routed orthogonal to each other. TlI recommends that critical signals be hand routed in the following order: DDR2
Memory, DMD (LVDS signals), then DLPA200 signals.

TI does not recommend signal routing on power or ground planes.
TI does not recommend ground plane slots.
High speed signal traces should not cross over slots in adjacent power and/or ground planes.

Table 10. Important Signal Trace Constraints

Signal Constraints

P-to-N length <12 mils (0.31 mm)
Trace width: 30 mil (0.76 mm)

Length within £150 mils (3.81 mm) relative to DDR2 differential clock

DDR2 differential clock pairs

DDR2 data Maximum termination signal recommended trace length <0.5 inch (12.7 mm)
P-to-N data, clock, and SCTRL: <10 mils (0.25 mm); Pair-to-pair <10 mils (0.25 mm); Bundle-to-bundle
LVDS (DMD_DAT_xnn, <2000 mils (50 mm, for example DMD_DAT_Ann to DMD_DAT_Bnn)
DMD_DCKL_xn, and Trace width: 4 mil (0.1 mm)
DMD_SCTRL_xn) Trace spacing: In ball field — 4 mil (0.11 mm); PCB etch — 14 mil (0.36 mm)

Maximum recommended trace length <6 inches (150 mm)

Table 11. Power Trace Widths and Spacing

. Minimum Trace Minimum Trace :
Signal Name Width Spacing Layout Requirements
GND Maximize 5 mil (0.13 mm) Maximize trace width to connecting pin as a minimum
P3pP3V 400 mil (10.2 mm) 10 mil (0.25 mm) \C/:i;esate mini plane and connect to devices as necessary with multiple
P5V, P2P5V, P1P8V, . . Create mini planes and connect to devices as necessary with
P1P5V, P1P2V 50 mil (1.3 mm) 10 mil (0.25mm) | 1 iple vias
P5V, P3P3V, P2P5V, . . . . . - . .
P1P8V, P1P5V, P1P2V 30 mil (0.76 mm) 10 mil (0.25 mm) | Stub width to connecting IC pins; maximize width when possible
VREF_Bn 200 mil (5.1 mm) 30 mil (0.76 mm) | Stub width to connecting IC pins; maximize width when possible

10.1.3 Fiducials

Fiducials for automatic component insertion should be 0.05-inch copper with a 0.1-inch cutout (antipad). Fiducials
for optical auto insertion are placed on three corners of both sides of the PCB.

10.2 Layout Example

For LVDS (and other differential signal) pairs and groups, it is important to match trace lengths. In the area of the
dashed lines, Figure 18 shows correct matching of signal pair lengths with serpentine sections to maintain the
correct impedance.
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Layout Example (continued)
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Figure 18. Mitering LVDS Traces to Match Lengths
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10.3 Thermal Considerations

The underlying thermal limitation for the DLPC200 is that the maximum operating junction temperature (T;) not
be exceeded (see Recommended Operating Conditions). This temperature depends on operating ambient
temperature, airflow, PCB design (including the component layout density and the amount of copper used),
power dissipation of the DLPC200, and power dissipation of surrounding components. The DLPC200 package is
designed primarily to extract heat through the power and ground planes of the PCB; thus, copper content and
airflow over the PCB are important factors.

10.3.1 Heat Sink

A heat sink not required for 0°C to 55°C ambient, but for 55°C to 85°C, Tl recommends a low-profile (15-mm)
heat sink. See Thermal Information for thermal resistances with different airflow values without a heat sink.
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.1.2 Device Marking
Device marking should be as shown in the following.

DLPC200ZEW

LP

TEXAS INSTRUMENTS

DATE CODE
COUNTRY OF ORIGIN

LOT NUMBER

TRACE CODE

®

Marking key:
Line 1: Tl reference number
Line 2: Device name
Line 3: DLP® logo
Line 4: Date code
Line 5: Country of origin
Line 6: Assembly lot number
Line 7: Trace code

11.2 Documentation Support

Related documents:

e DLP 0.55 XGA chipset data sheet
 DLPA200 DMD micromirror driver

» DLP5500 0.55 XGA DMD data sheet

11.3 Trademarks
DLP is a registered trademark of Texas Instruments.
11.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.
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11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
DLPC200ZEW ACTIVE BGA ZEW 780 5 Green (RoHS Call Tl Level-3-260C-168 HR
& no Sh/Br) amples
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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 JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has 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. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
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 Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI 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 TI 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 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 DESIGNER 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 Tl 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 Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

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