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DLPC2607 Low-power DLP® Display Controller
1 Features Flip

Supports Reliable Operation of the 0.2-nHD,
0.24-VGA, and 0.3-WVGA DMDs

Multi-Mode, 24-Bit Input Pixel Interfaces:
— Supports Parallel or BT656 Bus Protocol

— Supports Input Sizes from QVGA Through
WVGA

— Supports 1- to 60-Hz Frame Rates
— Supports Pixel Clock up to 33.5 MHz
— Supports Landscape and Portrait Orientations
— Support 8-, 16-, 18-, and 24-Bit Bus Options
— Supports 3 Input Color Bit-Depth Options:
— RGBB888, YCrCb888
— RGB666, YCrCbh666
— RGB565, 4:2:2 YCrCb
Pixel Data Processing:
— Image Resizing (Scaling)
— Frame Rate Conversion
— Color Coordinate Adjustment
— Automatic Gain Control
— Programmable Degamma
— Spatial-Temporal Multiplexing (Dithering)
— Video Processing Support:
— Color Space Conversion
— 4:2:2 to 4:4:4 Chroma Interpolation
— Field Scaled De-Interlacing
Packaged in a 176-Pin, 0.4-mm Pitch, VFBGA
External Memory Support:
— 166-MHz Mobile DDR SDRAM
— 38.3-MHz Serial Flash
WVGA, VGA, and nHD DMD Display Support
— DMD Bit-Plane Generation and Formatting

— Programmable Bit-Plane Display Sequencer
(Controls the LED Enables and DMD Loading)

— 76.2-MHz Double Data Rate (DDR) DMD I/F

— Pulse-Width Modulation (PWM) for Mirrors:
— Auto DMD Parking at Power-Down
— 24-Bit Bit-Depth on DMD

System Control:

— I2C Control of Device Configuration

— Programmable Splash Screens

— Programmable LED Current Control

— DMD Power and Mirror Driver Control

— DMD Horizontal and Vertical Display Image

— Display Image Rotation

— Flash-Based Configuration Batch Files

— I/F Sleep Still Image Power Savings Mode
» Test Support:

— Built-In Test Pattern Generation

— JTAG With Boundary Scan Test Support

2 Applications

Embedded Mobile Projection
Smartphone

Tablet

Camera

Laptop

+ Mobile Accessories

*  Wearable (Near-Eye) Displays
+ Battery-Operated Projectors

3 Description

The DLPC2607 is a low power DLP™ digital
controller for battery powered display applications.
The controller supports reliable operation of 0.3-
WVGA, 0.24-VGA and 0.2-nHD DMDs. The
DLPC2607 controller provides a convenient, multi-
functional interface between system electronics and
the DMD, enabling small form factor and low power
displays.

Device Information"
PACKAGE BODY SIZE (NOM)
VFBGA (176) 7.00 mm x 7.00 mm

PART NUMBER
DLPC2607

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

Projector Module Electronics

iz
Application

Processor DLPC2607

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 (May 2017) to Revision E Page
+ Changed Changed title from "DLPC2607 DLP PICO Processor 2607 ASIC" to "DLPC2607 Low-power DLP® Display

(07001 0] 1= PSR PRRPRN 1
o Added ZVB Package BOMOM VIBW ......c.eiiiiiiiiiii ettt st e sttt e et e st e sae e e e st e e s at e e e sbeeeeanteesanteeesnseeennteennns 5
+ Changed to "Add external pullup or pulldown resistors as needed to these signals to avoid floating inputs” ...................... 5
* Changed PADT000 t0 DLPATOO0 .....cciuutiiietieiteeeteeitee sttt te et eeseee e et beesseeeaee e beesaeeaaseeabeesaeeeaseesbeesateenseeabeesmseenbeesbeeennesnneeseeas 5
e Changed to "Establish this SETNG" .........oiiiiiiiiii ettt e sab e e s et e e e e et e e sabeeesnbeeesaseeesnneeeanbeeaans 5
+ Changed "low a minimum" to "low t0 @ MINIMUM" ..ot e s e b e be bt sb e e sabeenneenne e 5
+ Changed "Should be pulled Up 10" 10 "PUII UP 10" . ..ottt sttt b e st e b sb e sebeeneenne e 5
» Changed "Unused inputs should be pulled down" to "Pull unused iNPULS" ........ccccuiiiiiiiiiiieeiee et 6
* Added DMD INTERFACE PiN DESCHIPHONS ....cciuiiiuiiitieitiiiit ettt ettt ettt ettt et et sae e e b e e sae e sate e beesseeeaneesbeesaneeaneenees 7
+ Added SDRAM INTERFACE pin descriptions
» Changed "It should be connected™” t0 "CONNECT". ........oi it e ettt e e st e e s be e e saneeesnneeas 9
+ Changed globally "Should be left open or unconnected for typical use." to "Leave open or unconnected for typical

LS. ettt ettt ettt e ettt oo e aeee e e e e oateeeeeeaanteeeeeeaanEeeeeeeaaaeeeeeeeaabeeeeeeeaaheee et e aAReee et eeanneeeeeeaaaneeeeeeeaRneeeeeeannteeeeeaannreeeeeaanraeeeas 10
+ Changed globally "An external pullup should not be applied to this pin..." to "Do not apply an external pullup to this

1 T U PRSPPI 10
o Swapped all values UNTET Ior @NG L0l eetitiiiieiiieiietie ettt ettt ettt st e s eeebeesbe e sateeabeesbeesneeenbeesbeeenseenbeesaeeenseaseee 14
» Changed "that should be applied" to "can safely be applied” ........cooiiiiiii e e 14
+ Changed "that should be applied" to "can safely be applied” ..o e 14
+  Changed "gpand o, " to VOH and VOL t0 Clarify MEANING ........cueiiiiiiiiiierie ettt sttt st st s 14
L O F- 13 To [=To YL 0103 (@ i (o R V611 (@ Y TS U USROS PRPR 14
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Revision History (continued)
+ Changed "MAX Supported" to "Maximum Parallel INterface” ...........ooo i 16
+ Changed Changed "BT.565" 10 "BT.B56" ........ccccooiiiiiieiieiii ittt sttt s s ae e s s e r e e saeesan e e sreesaeesaneen 17
*  Added link to ITU-R BT.656 SPECIfICALION .....eiiuiiiiiiiiiiie ettt sttt ettt sb e er e e n e e eneenee e 17
* Changed "NOTE:" 10 "The 1able DEIOW" .........oo ettt ettt b e bt e e e b e sbe e et e e beeseneeneenee e 17
L L= =Y =T L] (= 1 - SR SUUPRRRN 17
L O] o =Yoo =To I AR 4 o1 o BT USSR P PSPPSR 18
* Changed t, cikper MIN AN MAX ..ottt bbb bbb b s 18
+  Changed "should SUPPOI" 10 "SUPPOIS™ ... .oiiiiiiiiiie ettt a e s e r e e aeesae s b e e saeesanean 25
+ Changed "Thus, those pins should be tied" 10 "Tie theSE PINS" ......coiiiiiiiii e e 26
e Changed "1.8-, 2.5-, 0r 3.3-V" 10 "1.8 V, 2.5 V, OF 3.3 V" ittt e et e e saeene e eeere e s e eseeneenas 26
» Changed "the ASIC only supports periodic sources" to "the ASIC supports periodic sources only" ..........ccccevieveriveennen. 27
+  Changed "multi media" to "MUIIMEIA" ........c.ooiiie ettt s r e sa e sae e b e e naeenanean 27
+ Changed Device Functional Modes to System Functional Modes and moved to correct position ........cccoccceeereeeeiceeenneenn. 27
» Added Reference to TSTPT_6 for Crystal nominal freQUENCY ........cocuiiiiiiiiiiieieee e e s 28
» Changed "ASIC, and the PLL_REFCLK_O pins hould be left unconnected" to "ASIC. Leave the PLL_REFCLK_O

o110 [aToTe] T o T=Te1 (=T PSPPI 29
« Changed "The benefit of an oscillator is that it can be made to provide a spread-spectrum clock that reduces EMI."

to "An oscillator that provides a spread-spectrum clock reduces EML" .........ooo i 29
* Changed "can only aCCEPL" 10 "ACCEPES" ... .iuiiiieiiiitie ettt ettt stk e e a e sae e e beenae e she e bt e nae e san e e be e e e naneen 29
LT Vo o [T T4 29
e Changed several itemMS iN TADIE 7 ...ttt b e ea e et e bt e eae e e b e e ebe e nne e e reenaeenne e 29
+ Changed " the ODM’s own risk" t0 "the risk of the ODM" ... e s 29
+ Changed " Layout guidelines should be followed" to "Follow the layout guidelines” ...........ccooieiiiiiiiiiee e 29
+ Changed "To complete DLP system . . . is requiered" to "The DLP system requires” .........cccooeeeiieeiieninieeesiee e 29

+ Changed "The optical engine that has the LED packages and the DMD mounted to it is typically supplied by an
optical OEM who specializes in designing optics for DLP projectors." to "An optical OEM that specializes in
designing optics for DLP projectors typically supplies the optical engine that has the LED packages and the DMD

L0 aTo 0L a1 1= I (o 1| PO PSPPSR 29
LI B 1= 1= =T B N0 (=T (- OSSR 30
» Changed "this allows these inputs to be driven high" to "This protection allows the device to drive these inputs high"..... 30
C O ¢ = g To =Y o O SOPRRPSPPPR 30
« Changed "All I/O power should remain” to "Ensure that all I/O power remains" .........cccooooeeriiieere e 32
*  Changed "is defined" 10 "OPEIaIES @S" ......ciiiiiiiiiiieitie ettt ettt e e bt s et e bt e s bt e et e e abe e she e eabeebe e sheeebeebeesheeereenee e 35
L O ¢ F-TaTo = I (o U] Fo IF= 1= Tq sl (o =1 =T ¢ PSP SRPP 35
« Changed "Note that the reference clock should continue to run and RESET should remain" to "The reference clock

CONtINUES 10 TUN. RESET FBMaINS" .. .ottt et e ettt e s et e e s bt e e et e e e e et e e saneeeanteeeaneeesaneeeeseeeeneeesnnes 35
+ Changed "At a minimum, VDD_PLL power and VSS_PLL ground pins should be isolated" to "Isolate VDD_PLL

pPower and VSS_PLL GrOUNG PINS" .....eeiiiiiiieiieitee ittt ettt et sae et sb e e sae e ek e e sa e e sas e et e e aseeean e e ke e sneeenneesbeeennennneenees 36
» Changed "It is important that the quiet ground and power are treated like analog signals" to "The ground and power

domains are analog signals, and should be treated as such to achieve minimum noiSe." ..o 36
+ Changed "The power and ground traces should be as short as possible" to "Ensure that the power and ground

Traces are as ShOIt @S POSSIDIE ... ittt e bt e et e s b et e et et e s ne e e s be e e e bt e s n e e s e e e ene e nane s 36
» Changed "and should not be expected” t0 "so do NOt eXPeCct themM™ ... e 37
+ Changed "they should be" 10 "€NSUIE they @re" ..o b e sneere e 37
*  Changed "should be split" 10 "SPlit The" ..ottt b e bt b e e b sbe e et e e beesaeeeneanee e 37
+ Changed "In addition, the SPICLK trace . . . should be" to "Make the SPICLK trace" .........cccoceiiiiiinieeiniie e 37
*  Changed "should be split" 10 "SPlit The" .....coueiiiiee et b et eb e bt b bt she e e reenee e 37
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Revision History (continued)
+ Changed "In addition, the SPIDOUT trace . . . should be" to "Make the SPIDOUT trace" .........cceeeeerieeevieeeeieeeeee e 37
+ Changed "The SPIDIN .... should be split" to "Make the SPDIN" ... 37
+ Changed "on their way back" 10 "0N the FEIUIN" ... .o e et 37
+ Changed "They should then share" to "Make sure they Share" ...t e 37

+ Changed "Variation from these recommendations may also work, but should be confirmed with PCB signal integrity
analysis or lab measurements" to "Make sure to confirm any variation from these recommendations with PCB signal

integrity analysis or 12D MEASUIEMENTS" ... ... e e e e ss e e s e e e sne e e e snr e e e enn e e e nnneas 37
+ Changed PCB Design table t0 itemized IS .........cooiiiiii e e 38
o Changed "Should taKe" 10 "AKES" ......couiiiiiiii et e ettt e a et e e b a e n e ae e nne e 40
N O] o F-TaTo oo = o ToT ] fo I = L (R (o T =L USSR PUR PR 40
o Changed "ShoUIA" 10 "MUSE" ... e s e e b e sae e e e e e b e s ee e e b e e b e e sea e e neenre e e 40
+ Changed "The pair should also be terminated” to "Terminate the Pair” ...........cccceriiiieiiei e 41
+ Changed "Specifically ... should be terminated"” t0 "TermMINALE" ..........cooeiiiiiiiiiee e e 41
+ Changed "Specifically ... should be terminated"” t0 "Terminate” ............ccoviiiiiiiiiie e 41
+ Changed "kept" to "maintained 10 a [ENGIN Of" ... e 41
N O] o F-TaTo =To IR~ o ToT U] [o [ (o T o [0TSRSO 41
Changes from Revision C (November 2015) to Revision D Page

» Removed table 'Compatible SPI Serial Flash Devices' from Serial Flash Interface since listed devices are end of life.
Replaced with new suggested devices as well as Table 4 which lists minimum performance specifications to

determine flash device COMPALIDIlItY ..........cooiiiiiii e e s 26
* Added MSL Peak Temp to Packaging INfOrMALION ............coociiieiiiiiiieeee ettt st sre e nane e 45
Changes from Revision B (January 2014) to Revision C Page

+ Added ESD Ratings table, Thermal Information 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 .........c.cccocceivvenieniennen. 1
Changes from Revision A (December 2013) to Revision B Page
* Removed produC PreVIEW DANNET..........co i et b ettt b ettt nb e n e b nr e e r e ne e naes 1
Changes from Original (December 2013) to Revision A Page
+ Corrected columns for loy and lop iN /O CRAIACIEIISHICS .........euiieeiiiiii ettt 14
» Updated B38 I/0 Type value for Voy (Min) in [/O CRAraCteriStCS .........cccuiiiieeiiee et ettt e 14
+ Added additional table NOteS t0 [/O CRAIACIEIISHICS .........cuuiiiuiiiiieit ettt ettt sttt sttt san e e nbeesaeesane e 14
» Added table note to Internal Pullup and Pulldown CRArACIEIISTICS ..........cccuueiiieiiieeeeeeiiee e e eeeee e steee e e st e e e e sntaeeeeennees 14
+ Corrected device reference to DLPC2607 in the notes for mDDR Memory Interface Timing Requirements ..................... 19
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5 Pin Configuration and Functions

>WO0OMTMOIcXrrZZTUTX0

ZVB Package
176-Pin NFBGA
Bottom View

O00O0
0000
O00O0
O0O0O0
O00O0
O00O0
O0O0O0

O0000000OOOOOOOO
O0000000OOOOOOO
O000000O0OOOOOOO
O0000000OOOOOOOO

O00O0
O00O0
O00O0
O00O0
O00O0
O00O0
O00O0

O0000000OOOOOOOO
O0000000OOOOOOOO
O0000000OOOOOOO
O0000000OOOOOOO

1234567 8 9101112131415

Pin Functions "

PIN

/0

NAME NO.

POWER

TYPE

CLOCK SYSTEM

DESCRIPTION

DEVICE INITIALIZATION AND REFERENCE CLOCK

DLPC2607 power-on reset. Self-configuration starts when a low-to-high
transition is detected on this pin. All ASIC power and clocks must be stable
before this reset is de-asserted (hysteresis buffer). Note that the following

RESETZ J14 VCC18 1 Async seven signals tri-state while RESET is asserted: DMD_PWR_EN,
LEDDVR_ON, LED_SEL_0,LED_SEL_1, SPICLK, SPIDOUT, SPICSZ0
Add external pullup or pulldown resistors as needed to these signals to avoid
floating inputs.

PLL_REFCLK | Ki5 14 N/A Reference clock crysta} input. If an 9xternal oscillator is used in place of a

. crystal, then use this pin as the oscillator Input.
VCC18 (fiter) Ref lock tal ret If t | oscillator i d in pl f
eference clock crystal return. If an external oscillator is used in place of a

PLL_REFCLK O J15 014 N/A crystal, then leave this pin unconnected (floating).

FLASH INTERFACE®

SPICLK A4 024 N/A Clock for the external SPI device or devices

SPIDIN B4 12 SPICLK Serial data input from the external SPI device or devices

SPICSZ0 A5 VCC FLSH 024 SPICLK Chip select 0 output for the external SPI flash device. Active low

SPICSZ1 C6 B 024 SPICLK Chip select 1 output for the external SPI DLPA1000 device. Active low
Serial data output to the external SPI device or devices. This pin sends

SPIDOUT cs 024 SPICLK address and control information as well as data when programming

MAIN VIDEO DATA AND CONTROL
DMD park control (active low) is set high to enable typical operation.

BABK Establish this setting prior to releasing RESET, or within 500 ps after

PARK o MCCTINTE o Asyne releasing RESET. It should be set low to a minimum of 500 us before any
power is to be removed from the DLPC2607 (hysteresis buffer).
LED enable (active high input). A logic low on this signal forces

LED_ENABLE A1l VCC_ INTF 13 Async LEDDRV_ON low and LED_SEL(1:0) = b00. These signals are enabled 100
ms after LED_ENABLE transitions from low to high (hysteresis buffer).

DBIC_CSzZ B10 VCC_ INTF 13 SCL Unused/reserved: Pull up to VCC_INTF.
I2C clock (hysteresis buffer) bidirectional, open-drain signal. An external

SCL A10 VCC_ INTF B38 N/A pullup is required. No I2C activity is permitted for a minimum of 100 ms after
PARK and RESET are set high.

SDA c10 VCC_ INTF B38 scL I2C data (hysteresis buffer) bidirectional, open-drain signal. An external

pullup is required.

(1) Each device connected to the serial peripheral interface (SPI) bus must be operated off VCC_FLSH
(2) Each device connected to the SPI bus must be operated off VCC_FLSH

Copyright © 2013-2019, Texas Instruments Incorporated
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Pin Functions (" (continued)

PIN Vo CLOCK SYSTEM DESCRIPTION
NAME NO. POWER TYPE

General purpose /O 4 (hysteresis buffer). Primary usage is to indicate when
auto-initialization is complete (also referred to as INIT-DONE, which is when

GPIO4_INTF C9 VCC_ INTF B34 Async GPIO4 transitions high then low following release of RESET) and to flag a
detected error condition in the form of a logic high, pulsed Interrupt flag
subsequent to INIT-DONE.
General purpose 1/0O 5 (hysteresis buffer). For applications that use focus

GPOSINTE | B9 | VCCLNTE | B | s | e ey como
sensor, configure this pin with an output at logic 0 and left unconnected.

MAIN VIDEO DATA AND CONTROL PARALLEL RGB MODE BT.656 I/F MODE

PCLK (Hysteresis) D13 VCC_ INTF 13 N/A Pixel clock ) Pixel clock ©

PDM_CVS_TE H15 VCC_ INTF B34 ASYNC Parallel data mask Unused ®

VSYNC_WE H14 VCGC_ INTF 13 ASYNC Vsync © Unused®

HSYNC_CS H13 VCC_ INTF 13 PCLK Hsync © Unused ©

DATEN_CMD G15 VCC_ INTF 13 PCLK Data valid © Unused ©

PDATA[0] G14 VCC_ INTF 13 PCLK Data Data0

PDATA[1] G13 VCC_ INTF 13 PCLK Data Datat

PDATA[2] Fi5 VCC_ INTF 13 PCLK Data (" Data2 ("

PDATA[3] Fl4 VCC_ INTF 13 PCLK Data (" Data3 ("

PDATA[4] F13 VCC_ INTF 13 PCLK Data (" Data4 ("

PDATA[5] E15 VCC_ INTF 13 PCLK Data (" Data5

PDATA[6] E14 VCC_ INTF 13 PCLK Data (" Data6 ("

PDATA[7] E13 VCC_ INTF 13 PCLK Data Data7

PDATA[8] D15 VCC_ INTF 13 PCLK Data (7 Unused ©

PDATA[9] D14 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[10] C15 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[11] C14 VCC_ INTF 13 PCLK Data (" Unused ©®

PDATA[12] Cc13 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[13] B15 VCC_ INTF 13 PCLK Data Unused ©®

PDATA[14] B14 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[15] Al5 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[16] Al4 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[17] B13 VCC_ INTF 13 PCLK Data (" Unused ©®

PDATA[18] A13 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[19] c12 VCC_ INTF 13 PCLK Data Unused ®

PDATA[20] B12 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[21] A12 VCC_ INTF 13 PCLK Data (" Unused ©

PDATA[22] ci VCC_ INTF 13 PCLK Data (" Unused®

PDATA[23] B11 VCC_ INTF 13 PCLK Data (" Unused ©

SEEEE

Pixel clock capture edge is software programmable.
Data mask is optional for parallel bus operation. If unused, pull to ground through a resistor.
Pull unused inputs to ground through an external resistor.
VSYNC, HSYNC, and data valid polarity is software programmable.

PDATA(23:0) bus mapping is pixel format and source mode dependent.
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Pin Functions (" (continued)

PIN /0
CLOCK SYSTEM DESCRIPTION
NAME NO. POWER ‘ TYPE

DMD INTERFACE

DMD_DO0 M15 DMD_DCLK DMD Data Pins. DMD Data pins are double data rate (DDR) signals that are

DMD D1 N14 clocked on both edges of DMD_DCLK.

= All 15 DMD data signals are use to interface to the WVGA and VGA DMDs;
DMD_D2 M14 however, only 12 of the 15 are used to interface to an nHD DMD.
DMD D3 Ni5 The standard nHD interconnect is to utilize pins DMD_D(11:0). However,
= DMD_D(14:3) must be used to interface to the nHD DMD when the I°C

DMD_D4 P13 programmable option to reverse the bit-order of the DMD interface pins is

DMD D5 P14 selected (DMD Bus Swap Control, I2C: 0xA7).

DMD_D6 P15

DMD_D7 R15

DMD_D8 R12

DMD_D9 N11

DMD_D10 P11

DMD_D11 R11

DMD_D12 N10

VCC18 058

DMD_D13 P10

DMD_D14 R10

DMD_DCLK N13 N/A DMD Data Clock (DDR)

DMD_LOADB R13 DMD_DCLK DMD Data Load Signal (active low). This signal requires an external pullup to
VCC18.

DMD_SCTRL R14 DMD_DCLK DMD Data Serial Control Signal

DMD_TRC P12 DMD_DCLK DMD Data Toggle Rate Control

DMD_DAD_BUS L13 DMD_SAC_CLK | DMD DAD Bus Data

DMD_DAD_STRB K13 DMD_SAC_CLK | DMD DAD Bus Strobe

DMD_DAD_OEZ M13 Async DMD Reset Driver Output Enable (active low). To properly park the DMD,
this signal requires a 30-kQ to 100-kQ external pullup resistor connected to
VCC18.

DMD_SAC_BUS L15 DMD_SAC_CLK | DMD SAC Bus Data

DMD_SAC_CLK L14 N/A DMD SAC Bus Clock
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Pin Functions (" (continued)

Product Folder Links: DLPC2607

e PIN = e I/O‘ = CLOCK SYSTEM DESCRIPTION
SDRAM INTERFACE
MEMO_CLK_P D1 074 N/A ) )
MEMO_CLK_N Eq o074 mDDR memory, Differential Memory Clock
MEMO_AO0 P1
MEMO_A1 R3
MEMO_A2 R1
MEMO_A3 R2
MEMO_A4 Al
MEMO_A5 B1
MEMO_A6 A2 mDDR memory, Multiplexed Row, and Column Address
MEMO_A7 B2
MEMO_A8 D2
MEMO_A9 A3
MEMO_A10 po 064 MEM_CLK
MEMO_A11 B3
MEMO_A12 D3
MEMO_BAO M3
MEMO_BAT P3 mDDR memory, Bank Select
MEMO_RASZ P4 mDDR memory, Row Address Strobe (active low)
MEMO_CASZ R4 mDDR memory, Column Address Strobe (active low)
MEMO_WEZ R5 mDDR memory, Write Enable (active low)
MEMO_CSz J3 VCG1a mDDR memory, Chip Select (active low)
MEMO_CKE C1 mDDR memory, Clock Enable (active high)
MEMO_LDQS J2 B64 N/A mDDR memory, Lower Byte, R/W Data Strobe
MEMO_LDM J1 064 MEMO_LDQS mDDR memory, Lower Byte, Write Data Mask
MEMO0_DQO N1
MEMO_DQ1 M2
MEMO0_DQ2 M1
MEMO0_DQ3 L3
B64 MEMO_LDQS mDDR memory, Lower Byte, Bidirectional R/W Data
MEMO0_DQ4 L2
MEMO0_DQ5 K2
MEMO_DQ6 L1
MEMO0_DQ7 K1
MEMO_UDQS G1 B64 N/A mDDR memory, Upper Byte, R/W Data Strobe
MEMO_UDM H1 064 MEMO_UDQS mDDR memory, Upper Byte, Write Data Mask
MEMO0_DQ8 H2
MEMO0_DQ9 G2
MEMO0_DQ10 H3
MEMO_DQ11 F3
B64 MEMO_UDQS mDDR memory, Upper Byte, Bidirectional R/W Data
MEMO0_DQ12 F1
MEMO0_DQ13 E2
MEMO0_DQ14 F2
MEMO0_DQ15 E3
8 Submit Documentation Feedback Copyright © 2013-2019, Texas Instruments Incorporated
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Pin Functions (" (continued)

PIN

/0

NAME

NO.

POWER

| TYPE

CLOCK SYSTEM

DESCRIPTION

LED DRIVER INTERFACE

GPIO1_RPWM

N8

GPIO2_GPWM

P9

014

Async

General-purpose 1/0O 1 (output only). If the DLPA1000 is not used, then this
output must be used as the red LED PWM signal used to control the LED
current.® If the DLPA1000 is used, then this output can be used as a
general purpose output controlled by the WPC processor.

GPIO3_BPWM

R8

0O14

Async

General-purpose 1/0 2 (output only). If the DLPA1000 is not used, then this
output must be used as the green LED PWM signal used to control the LED
current.® If the DLPA1000 is used, then this output can be used as a
general purpose output controlled by the WPC processor.

LED_SEL 0

R6

O14

Async

General-purpose 1/0O 3 (output only). If the DLPA1000 is not used, then this
output must be used as the blue LED PWM signal used to control the LED
current.® If the DLPA1000 is used, then this output can be used as a
general-purpose output controlled by the WPC processor.

LED_SEL 1

N6

014

Async

LED enable SELECT. Controlled by programmable DMD sequence timing
(hysteresis buffer).

VCC18

LEDDRV_ON

P7

014

Async

LED_SEL(1:0) Selected LED

00 None

01 Red

10 Green

11 Blue

These outputs should be input directly to the DLPA1000 if used. If the
DLPA1000 is not used, then a decode circuit is required to decode the
selected LED enable.

DMD_PWR_EN

K14

O14

Async

LED driver enable. Active-high output control to external LED driver logic
(master enable). It is driven high 100 ms after LED_ENABLE is driven high
and driven low immediately when either LED_ENABLE or PARK is driven
low.

O14

Async

DMD power regulator enable (active high). This is an active-high output that
should be used to control DMD Vogrset, Viias, and Veeser voltages.
DMD_PWR_EN is driven high when the PARK input signal is set high.
However, DMD_PWR_EN is held high for 500 ps after the PARK input signal
is set low before it is driven low. TlI recommends a weak external pulldown
resistor to keep this signal at a known state during power-up reset.

WHITE POINT CORRECTION

LIGHT SENSOR

I/F

CMP_OUT

A6

CMP_PWM

B7

Async

Successive approximation ADC comparator output (DLPC2607 input).
Assumes a successive approximation ADC is implemented with either a light
sensor or thermocouple or both feeding one input of an external comparator
and the other side of the comparator driven from the CMP_PWM pin of the
ASIC. If this function is not used, pull it down to ground (hysteresis buffer).

VCC_18

GPIO0_CMPPWR

P5

O14

Async

Successive approximation comparator pulse-width modulation input.
Supplies a PWM signal to drive the successive approximation ADC
Comparator used in light-to-voltage light sensor applications. If this function
is not used, leave it unconnected.

B14

Async

Power control signal for the WPC light sensor and other analog support
circuits using the DLPC2607 ADC. Alternately, it provides general purpose
1/0 to the WPC microprocessor internal to the DLPC2607 device. If not used,
leave it unconnected (hysteresis buffer).

HWTEST_EN

A9

VCC _INTF

N/A

Manufacturing test enable signal. Connect directly to ground on the PCB for
typical operation. Includes weak internal pulldown.

JTAGTDI

P6

JTAGTCK

N5

JTAGTMS

N7

VCC _18

JTAGTDO

R7

JTAGTCK

JTAG, serial data in. Includes weak internal pullup. (When JTAGRSTZ is
held low, this input can be used as ICP/ WPC debug port RXD.)

N/A

JTAG, serial data clock. Includes weak internal pullup.

JTAGTCK

JTAG, test mode select. Includes weak internal pullup.

JTAGRSTZ

P8

JTAGTCK

JTAG, serial data out

ASYNC

JTAG, RESET (active low). Includes weak internal pullup. This signal must
be tied to ground, through an external <15-kQ resistor, for typical operation.

(8) The DLPA1000 is not available for initial DLPC2607 design applications. When the DLPA1000 is not used, all LED PWM signals are
forced high when LEDDRV_ON = 0, software LED control is disabled, or the sequence stops.
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Pin Functions (" (continued)
PIN 1/0
CLOCK SYSTEM DESCRIPTION
NAME NO. POWER ‘ TYPE

TEST AND DEBUG INTERFACES

Test pin 0 — Sampled as an input test mode selection control upon release of
RESET, and then driven as an output. Includes weak internal pulldown. ®
Normal use: Reserved for test output (ICP/ WPC debug port TXD). Leave
TSTPT_O B6 VCC18 B18 Async open or unconnected for typical use.

Alternative use: If focus motor control is used, use this pin as the motor
driver chip enable. Do not apply an external pullup to this pin to avoid putting
the DLPC2607 device in a test mode.

Test pin 1 — Sampled as an input test mode selection control upon release of
RESET, and then driven as an output. Includes weak internal pulldown.
Normal use: Reserved for test output. Leave open or unconnected for typical
TSTPT_1 A8 VCC18 B18 Async use.

Alternative use: If focus motor control is used, use this pin as the motor
driver data bit1 (LSB). Do not apply an external pullup to this pin to avoid
putting the DLPC2607 device in a test mode.

Test pin 2 — Sampled as an input test mode selection control upon release of
RESET, and then driven as an output. Includes weak internal pulldown.
Normal use: Reserved for test output. Leave open or unconnected for typical
TSTPT_2 C7 VCC18 B18 Async use.

Alternative use: If focus motor control is used, use this pin as the motor
driver data bit2. Do not apply an external pullup to this pin to avoid putting
the DLPC2607 device in a test mode.

Test Pin 3 — Sampled as an input test mode selection control upon release of
RESET, and then driven as an output. Includes weak internal pulldown. ®)
Normal use: Reserved for test output. Leave open or unconnected for typical
TSTPT_3 B5 VCC18 B18 Async use.

Alternative use: If focus motor control is used, use this pin as the motor
driver motor driver data bit3. Do not apply an external pullup to this pin to
avoid putting the DLPC2607 device in a test mode.

Test pin 4 — Sampled as an input test mode selection control upon release of
RESET, and then driven as an output. Includes weak internal pulldown. ®)
Normal use: Reserved for test output. Leave open or unconnected for typical
use.

Alternative use: If focus motor control is used, use this pin as the motor
driver data bit4 (MSB). Do not apply an external pullup to this pin to avoid
putting the DLPC2607 device in a test mode.

Without External Pullup © With External Pullup (19

TSTPT_4 A7 VCC18 B18 Async

Disables auto-initialization and
Enables auto-initialization from flash facilitates flash programming via
I’C of a blank flash

Test pin 5 — Sampled as an input test mode selection control upon release of
RESET and then driven as an output. Includes weak internal pulldown. ©
Normal use: Reserved for test output. Leave open or unconnected for typical
use.

Alternative use: Not yet defined. Do not apply an external pullup to this pin to
avoid putting the DLPC2607 device in a test mode.

Test pin 6 and PLL REFCLK frequency selection — Sampled as an input test
mode selection control upon release of RESET and then driven as an output.
Includes a weak internal pulldown.

Normal use: Reserved for test output. Leave open or unconnected for typical
use.

Alternative use: Not yet defined.

TSTPT 6 N9 VCC18 B18 Async This pin is sampled upon de-assertion of RESTZ to determine REFCLK
frequency selection. DLPC2607 I°C address is set corresponding to the
sampled input value as follows:

Without External Pullup © With External Pullup (10

PLL assumes REFCLK = 8.33
MHz

TSTPT_5 C8 VCC18 B18 Async

PLL assumes REFCLK = 16.67 MHz

(9) If operation does not call for an external pullup and there is no external logic that might overcome the weak internal pulldown resistor,
then this 1/O can be left open or unconnected for typical operation. If operation does not call for an external pullup, but there is external
logic that might overcome the weak internal pulldown resistor, then Tl recommends an external pulldown resistor to ensure a logic low.

(10) External pullup resistor must be 15 kQ or less.
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Pin Functions (" (continued)

PIN /0
CLOCK SYSTEM DESCRIPTION
NAME NO. POWER TYPE
Test pin 7 and I°C address selection — Sampled as an input test mode
selection control upon release of RESET, and then driven as an output.
Includes weak internal pulldown.
Normal use: Reserved for test output. Leave open or unconnected for typical
use.
Alternative use: Not yet defined.

TSTPT_7 R9 VCC18 B18 Async This pin is sampled upon deassertion of RESET to determine I°C address
selection. DLPC2607 I°C address is set corresponding to the sampled input
value as follows:

Without External Pullup © With External Pullup (19
I2C slave Write Address = x36 I2C slave Write Address = x3A
I’C slave Read Address = x37 I2C slave Read Address = x3B
POWER AND GROUND ("
D5, D9,
F4, F12,
vDD10 J4, J12, 1-V core logic power supply
M6, M8,
M11
VDD_PLL H12 1-V power supply for the internal PLL
C4, D8,
E4, G3,
K3, K12, . .
1.8-V power supply for all I/O other than the host, video interface, and SPI

VCC18 L4, M5,

flash buses
M9,
M12, N4,
N12
VCC_FLSH D6 1.8-V, 2.5-V, or 3.3-V power supply for SPI flash bus I/O
VCC INTF D11, 1.8-V, 2.5-V, or 3.3-V power supply for all I/Os on the host or video interface
— E12 (includes I2C, PDATA, video syncs, PARK, and LED_ENABLE pins)
D4, D7,
D10,
D12, G4,
GND G12, H4, Common ground
K4, L12,
M4, M7,
M10
Analog ground return for the PLL (This must be connected to the common
RTN_PLL J13 ground GND through a ferrite.)
Reserved C2, C3, No connects. Other signals can be routed through the ball on these pins
N2, N3 (versus going around them) to ease routing if desired

(11) 134 total signal I/O pins, 38 total power or ground pins, and 4 total

reserved pins
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature (unless otherwise noted)"
MIN MAX UNIT
VDD_PLL -0.5 1.32
\ -0.5 2.75
Voltage® co1s Y%
VCC_FLSH -0.5 3.6
Ve INTF -0.5 3.6
Vi1.8V,25V,33Vv A -0.5 3.6
Ty Operating junction temperature -30 105 °C
Ta Operating ambient temperature ) ©) -30 85 °C
Tstg Storage temperature —40 125 °C

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.

All voltage values are with respect to GND and are at the device not at the power supply.

Applies to external input and bidirectional buffers.

Tl strongly recommends I/O simulations (using IBIS models) for operation near the extremes of the supported ambient operating
temperature range to ensure that the PCB design provides acceptable signal integrity.

The operating ambient temperature range assumes zero forced air flow, a JEDEC JESD51 junction-to-ambient thermal resistance value
at zero forced air flow (Rgya at 0 m/s), a JEDEC JESD51 standard test card and environment, along with minimum and maximum
estimated power dissipation across process, voltage, and temperature. Thermal conditions vary by application, which impacts Rgja.
Thus, maximum operating ambient temperature varies by application.

(@) Ta min =Ty min— (Pp min x Reya) = =30°C — (0.0 W x 64.96°C/W) = -30°C

(b) TA:min = TJ:min - (PD:min X RGJA) =105°C - (03 W x 6496°C/W) =85°C

6.2 ESD Ratings

VALUE UNIT

v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(" +2000 v
(ESD) " discharge | Charged device model (CDM), per JEDEC specification JESD22-C101, all pins ® +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
VDD10 1-V supply voltage, core logic 0.95 1 1.05 \
VDD_PLL  Analog voltage for PLL 0.95 1 1.05 \
VCC18 1.8-V supply voltage (for all non-flash and host interface signals) 1.71 1.8 1.89 \
] ] 1.8-V LVCMOS 1.71 1.8 1.89 \
VCC_FLSH 8‘;?:;%?;‘““ and control /O supply voltage 2.5V LVCMOS 2375 25 2625 V
3.3-V LVCMOS 3.135 3.3 3.465 Vv
1.8-V LVCMOS 1.71 1.8 1.89 \
VCC_INTF  Pixel interface supply voltage (variable) 2.5-V LVCMOS 2.375 2.5 2.625 \"
3.3-V LVCMOS 3.135 3.3 3.465 \Y
v Input voltage -0.3 vceloM+ 03| v
Vo Output voltage 0 vceloM| v
traMP Power supply ramp time 10 us
(1) VCCIO represents the actual supply voltage applied to the corresponding 1/O.
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6.4 Thermal Information
over operating free-air temperature range (unless otherwise noted)

DLPC2607
THERMAL METRIC() ZVB (NFBGA) UNIT

176 PINS
Reuc Junction-to-case thermal resistance 19.52 °C/W
Roa Junction-to-air thermal resistance (with no forced airflow) 64.96 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report (SPRA953).

6.5 Typical Current and Power Dissipation

over operating free-air temperature range (unless otherwise noted)

WVGA APPLICATIONS nHD APPLICATIONS
SUPPLY TYPICAL
VOLTAGE (V) TYPICAL CURRENT TYPICAL POWER TYPICAL CURRENT TYPICAL POWER
(mA) (mW) (mA) (mW)
IF Sleep Mode Disabled () 2 ()
VCC_INTF 1.8 0 0.1 0 0.1
VCC_FLSH® 25 0 0 0 0
VCC18 1.8 28.2 50.8 22.7 40.9
VDD _PLL 1 2.8 2.8 2.8 2.8
VDD10 1 39 39.0 37.7 37.7
Total 92.7 81.5
IF Sleep Mode Enabled (" @ 3
VCC_INTF 1.8 0.1 0 0.1
VCC_FLSH 25 0 0 0
vce18@ 1.8 27 48.6 225 40.4
VDD _PLL 1 2.8 2.8 2.8 2.8
VDD10 1 30.6 30.6 29.3 29.3
Total 82.1 72.6

(1) I/F sleep is a programmable parameter that can be set to save power in free-run, sequencer mode when displaying still images on the
DMD. When I/F sleep is enabled, any images applied to the input bus to the DLPC2607 device are ignored.
(2) Power for both I/F sleep mode disabled and I/F sleep mode enabled was measured while transferring a full 864 x 480 landscape image
at periodic 30 frames per second. The image was a 12 x 6 color checkerboard.

) All measurements were taken on a Tl internal reference design board at 25°C ambient.
(4) VCC_FLSH power was 0 at the time of the measurement because flash accesses are limited when the ASIC is being configured.
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6.6 1/0 Characteristics

Voltage and current characteristics for each 1/O type signal listed previously in the DLPC2607 table are summarized in //O
Characteristics. All inputs and outputs are LVCMOS. ("

VCCIO v, @ V. (MAX) Vi (MIN) Vi @ Iy @ Vou 8) VoL ©) lon @ loL ®) ITS ©
VOTYPE | DESCRIPTION (NOM) (min) L ) '"(v) (MAX) (MAX) (MIN) (MAX) (MIN) (MIN) (MAX)
(V) (V) (V) (nA) (V) (V) (mA) (mA) (HA)
1" Input (STD) 1.8 0.3 0.5 1.2 3 +10
1.8 0.3 0.5 1.2 3 +10
12 Input (FLSH) 25 0.3 0.7 1.7 3.6 +10
33 03 0.8 2 3.6 +10
1.8 0.3 0.5 1.2 3 +10
13 Input (INTF) 25 0.3 0.7 1.7 3.6 +10
33 0.3 0.8 2 3.6 +10
14 Input (REFCLK) 1.8 0.3 0.5 1.2 3 +10
1x output (STD/
o14 REFCLK) 1.8 1.25 0.4 258 2.89 +10
1.8 1.25 0.4 258 2.89 +10
024 1x output (FLSH) 25 1.7 0.7 6.2 6.3 +10
3.3 24 0.4 5.29 9.38 +10
058 2x output (DMD) 1.8 1.25 0.4 6.41 5.78 +10
06410 1x output (MEM) 1.8 1.53 0.19 4 4 +10
1x output (MEM
(10)
or4 DIFF)( 18 1.53 0.19 4 4 +10
B14 1x bidirectional 18 03 05 12 3 10 1.25 0.4 258 2.89 +10
(STD) output : - : : ® : - : ’ =
Bigi2 | 2x bidirectional 18 03 0.5 12 3 10 125 0.4 5.15 5.72 10
(STD) output . : ’ ’ - ' . . . -
1.8 03 0.5 1.2 3 +10 1.25 0.4 258 2.89 +10
1x bidirectional
B34 (INTF) output 25 0.3 0.7 1.7 36 +10 1.7 0.7 6.2 6.3 +10
33 0.3 0.8 2 3.6 +10 24 0.4 5.29 9.38 +10
1.8 03 0.5 1.2 3 +10 2.4 0.4 5.15 5.72 +10
2x bidirectional
B38 (INTF) output 25 0.3 0.7 1.7 36 +10 1.7 0.7 12.4 12.7 +10
33 0.3 0.8 2.0 3.6 +10 1.25 0.4 10.57 18.68 +10
1x bidirectional
(10) —
B64 (MEM) output 1.8 0.3 0.57 1.19 22 +10 1.53 0.19 4 4 +10
(1) Pin PLL_REFCLK_I is a crystal oscillator input pin and is not tested during VIH/VIL testing.
(2) VIL(min) is the absolute minimum voltage that can safely be applied to each corresponding pin.
(3) VOH(max) is the maximum voltage that can safely be applied to each corresponding pin.
(4) Input leakage current with no internal pullup or pulldown. V5 = 0 or Vy = VCCIO where VCCIO = I/O supply voltage
(5) lon =—rated current
(6) loL = + rated current
(7) Von = VOH(max)
(8) VoL =VOL(max)
(9) Tri-state output leakage current. V| = 0 or V| = VCCIO where VCCIO = I/O supply voltage
(10) 064, 074, and B64 buffers are tested to only 100 pA for IOH/IOL due to tester limitations.
(11) The O74 mDDR differential clock (CK) output is simply a pair of single-ended drivers driven by a true and complementary signal.
(12) B18 buffers are not tested for I.

6.7 Internal Pullup and Pulldown Characteristics
The resistance depends on the supply voltage level applied to the /0. @

VCCIO (V) MIN MAX UNIT
3.3 N/A N/A
Weak pullup resistance 25 33 89 kQ
1.8 50.3 157.3
3.3 17.8 79.6
Weak pulldown resistance 25 37 109 kQ
1.8 51.8 184.1

(1) The description column of identifies whether the corresponding signal includes an internal pullup or pulldown resistor.
(2) Due to tester limitations, only the 1.8-V pullup resistors are measured and no pulldown resistors are measured.
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6.8 Parallel I/F Frame Timing Requirements

MIN MAX UNIT
to_vsw Pulse duration — VSYNC_WE high 50% reference points 1 lines
Vertical back porch — Time from the leading edge of VSYNC_WE o . .
bvep o the leading edge HSYNC_CS for the first active line. " 50% reference points 2 lines
Vertical front porch — Time from the leading edge of the
to_vip HSYNC_CS following the last active line in a frame to the leading | 50% reference points 1 lines
edge of VSYNC_WE. ()
Total vertical blanking — Time from the leading edge of HSYNC_CS
following the last active line of one frame to the leading edge of
to_tvb HSYNC_CS for the first active line in the next frame. This is equal | 50% reference points 12 lines
to the sum of Vertical back porch (t, vpop) + Vertical front porch
(tpivfp)-
to_hsw Pulse duration — HSYNC_CS high 50% reference points 4 128 PCLKs
Horizontal back porch — Time from rising edge of HSYNC_CS to :
tp_hop rising edge of DATAEN_CMD. 50% reference points 4 PCLKs
Horizontal front porch — Time from falling edge of DATAEN_CMD o .
to_nfp to rising edge of HSYNC_CS. 50% reference points 8 PCLKs
to_thh gg:g:]ggrlzontal blanking — Sum of horizontal front and back 50% reference points (@)PCLKs

(1) The programmable parameter vertical sync line delay (I°C: 0x23) must be set such that:
6 — Vertical front porch (t, vfp)' (min 0) < Vertical sync line delay < Vertical back porch (tp_yup) — 2 (max 15). The default value for vertical
sync line delay is set to 5; thus, only a vertical back porch less than 7 requires potential action.

(2) Total horizontal blanking is driven by the max line rate for a given source, which is a function of resolution and orientation. See Parallel
I/F Maximum Parallel Interface Horizontal Line Rate for max line rate for each source and display combination. t, y, = Roundup [(1000
X felock)/ LR] — APPL where fqock = Pixel clock rate in MHz, LR = Line rate in kHz, and the number of active pixels per (horizontal) line is
APPL. If t; 1y is calculated to be less than t, ppp + tp nip, then the pixel clock rate is too low, or the line rate is too high, and one or both
must be adjusted.

6.9 Parallel I'/F General Timing Requirements

MIN MAX | UNIT
felock Clock frequency, PCLK 1 335 MHz
to_clkper Clock period, PCLK 50% reference points 29.85 1000 ns
tp_clkiit Clock jitter, PCLK Max feiock " )
to wh Pulse-duration low, PCLK 50% reference points 10 ns
to_wi Pulse-duration high, PCLK 50% reference points 10 ns

Setup time — HSYNC_CS, DATEN_CMD, PDATA (23:0) | = o .
tp_su valid before the active edge of PCLK @ 50% reference points 3 ns
Hold time — HSYNC_CS, DATEN_CMD, PDATA (23:0) .
fo.h valid after the active edge of PCLK ) 50% reference points 8 ns
t Transition time — All signals 20% to 80% reference points 0.2 4 ns

(1) Clock jitter (in ns) should be calculated using this formula: Jitter = (1 / fqock — 28.35 ns). Setup and hold times must be met during clock

jitter.

(2) See Figure 2.
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6.10 Parallel I'F Maximum Parallel Interface Horizontal Line Rate
LANDSCAPE FORMAT PORTRAIT FORMAT
DMD PARALLEL BUS
SOURCE RESOLUTION (HxV) | MAX LINE RATE | RESOLUTION (HxV) | MAX LINE RATE
(kHz) (kHz)
NSTC () 720 x 240 @ 17 Not supported N/A
PAL () 720 x 288 @ 20 Not supported N/A
QVGA 320 x 240 @ 17 240 x 320 @ 22
QWVGA 427 x 240 @ 17 240 x 427 @ 27
nHD 640 x 360 @ 25 360 x 640 @ 42
3:2 VGA 640 x 430 @ 30 430 x 640 @ 45
0.3 WVGA and 4:3 VGA 640 x 480 @ 34 480 x 640 @ 45
0.24 VGA diamond WVGA-720 720 x 480 @ 34 480 x 720 @ 51
WVGA-752 752 x 480 @ 34 480 x 752 @ 53
WVGA-800 800 x 480 @ 34 480 x 800 @ 56
WVGA-852 852 x 480 @ 34 480 x 852 @ 56
WVGA-853 853 x 480 @ 34 480 x 853 @ 56
WVGA-854 854 x 480 @ 34 480 x 854 @ 56
WVGA-864 864 x 480 @ 34 480 x 864 @ 56
NSTC (1) 720 x 240 @ 32 Not supported N/A
PAL (D 720 x 288 @ 39 Not supported N/A
QVGA 320 x 240 32 240 x 320 @ 42
QWVGA 427 x 240 32 240 x 427 @ 52
nHD 640 x 360 48 360 x 640 @ 79
3:2 VGA 640 x 430 @ 50 430 x 640 @ 74
4:3 VGA 640 x 480 @ 50 480 x 640 @ 66
0.2 nHD Manhattan
WVGA-720 720 x 480 @ 44 480 x 720 @ 66
WVGA-752 752 x 480 @ 42 480 x 752 @ 66
WVGA-800 800 x 480 @ 40 480 x 800 @ 66
WVGA-852 852 x 480 @ 37 480 x 852 @ 66
WVGA-853 853 x 480 @ 37 480 x 853 @ 66
WVGA-854 854 x 480 @ 37 480 x 854 @ 66
WVGA-864 864 x 480 @ 37 480 x 864 @ 66
(1) NTSC and PAL are assumed to be interlaced sources
(2) Not supported for 100- to 120-Hz operation
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6.11 BT.656 I/F General Timing Requirements

The DLPC2607 ASIC input interface supports the industry standard BT.656 parallel video interface. See the appropriate ITU-
R BT.656 specification for detailed interface timing requirements. Map the BT.656 data bits to the DLPC2607 PDATA bus as
shown in Figure 3.

MIN MAX| UNIT
Felock Clock frequency, PCLK 1 33.5| MHz
to_clkper Clock period, PCLK 50% reference points 29.85 1000 ns
tpﬁclkjit Clock jitter, PCLK® Maximum fiock @) @)
to_wh Pulse duration low, PCLK 50% reference points 10 ns
to_wi Pulse duration high, PCLK 50% reference points 10 ns
Setup time — HSYNC, DATEN, PDATA(23:0) valid o .
fp_su before the active edge of PCLK 50% reference points 3 ns
Hold time — HSYNC, DATEN, PDATA(23:0) valid o .
toh after the active edge of PCLK 50% reference points 3 ns
t Transition time — All signals 20% to 80% reference points 0.2 4 ns

(1) The BT.656 I/F accepts 8-bit per color, 4:2:2 YCb/Cr data encoded per the industry standard though PDATA(7:0) on the active edge of
PCLK (that is, programmable) as shown in Figure 2.
(2) Clock jitter should be calculated using this formula: Jitter = (1 / fqock — 28.35 ns). Setup and hold times must be met during clock jitter.

6.12 100- to 120-Hz Operational Limitations

The table below assumes that a front-end device ahead of the DLPC2607 device converts all 3-D sources to the 3-D format
defined previously and provides any needed left-eye or right-eye selection control directly to the 3-D glasses (that is, the
DLPC2607 device does not control the glasses). The DLPC2607 device includes a double buffer frame memory, which
causes the displayed image to be delayed one frame relative to its input. This requires left or right eye-frame shutter control
to be inverted prior to being sent to the glasses.

RESOLUTION | MIN FRAME | NOM FRAME | MAX FRAME | MIN TVB MAX LINE MIN LINE | MIN CLOCK
SOURCE (APPL x ALPF) RATE RATE RATE (tp_tvb) RATE RATE RATE
(Hz) (Hz) (Hz) (LINES) (kHz) (kHz) (MH2)
nHD 640 x 360 99 100 101 12 48 M @
WQVGA 427 x 240 99 100 101 12 32 M @
QVGA 320 x 240 99 100 101 12 32 M @
nHD 640 x 360 118.8 120 121.2 12 48 M @
WQVGA 427 x 240 118.8 120 121.2 12 32 M @
QVGA 320 x 240 118.8 120 121.2 12 32 M @

(1) Use the following equation to determine the minimum line rate for a given application. The application cannot be supported if the
calculated minimum line rate exceeds the maximum line rate defined elsewhere in this table;
Line_Rate_min (kHz) = Frame_Rate_max (Hz) x [ALPF + TVB] /1000
Where: TVB = Total vertical blanking (in lines)
ALPF = Active lines per frame
Frame_Rate_max = Max frame rate including all expected wander
(2) The following equation should be used to determine the minimum pixel clock rate for a given application. The application cannot be
supported if the calculated minimum pixel clock rate exceeds the max pixel clock rate defined in Parallel I/F General Timing
Requirements.
Pixel_Clock_min (MHz) = Line_Rate_max (kHz) x (APPL + 12) / 1000
Where: APPL = Active pixels per line
Line_Rate_max = Max line rate including all expected wander
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6.13 Flash Interface Timing Requirements

The DLPC2607 ASIC flash memory interface consists of a SPI flash serial interface at 33.3 MHz (nominal). () @

MIN MAX UNIT
feock  Clock frequency, SPI_CLK® 33.3266 33.34| MHz
to_cikper  Clock period, SPI_CLK 50% reference points 29.994 30.006 ns
to_wh Pulse duration low, SPI_CLK 50% reference points 10 ns
to_wi Pulse duration high, SPI_CLK 50% reference points 10 ns
t Transition time — all signals 20% to 80% reference points 0.2 4 ns
to_su Setup time — SPI_DIN valid before SPI_CLK falling edge 50% reference points 10 ns
to n Hold time — SPI_DIN valid after SPI_CLK falling edge 50% reference points 0 ns
to_clqv SP_ICLK clock low to output valid time — SPIDOUT and 50% reference points 1 ns

SPI_CSz
to_clgx SPI_CLK clock low output hold time — SPI_DOUT and 50% reference points —1 ns
SPI_CSz

(1) Standard SPI protocol is to transmit data on the falling edge of SPI_CLK and capture data on the rising edge. The DLPC2607 device
does transmit data on the falling edge, but it captures data on the falling edge rather than the rising edge. This provides support for SPI
devices with long clock-to-Q timing. The DLPC2607 device hold capture timing is set to facilitate reliable operation with standard
external SPI protocol devices.

(2) With the above output timing, the DLPC2607 device provides the external SPI device 14-ns input set-up and 14-ns input hold relative to
the rising edge of SPI_CLK.

(3) This range includes the 200 ppm of the external oscillator (but no jitter).

6.14 DMD Interface Timing Requirements

The DLPC2607 ASIC DMD interface consists of a 76.19-MHz (nominal) DDR output-only interface with LVCMOS signaling.
(see M)

MIN MAX | UNIT
Fetock Clock frequency, DMD_DCLK and DMD_SAC_CLK® 76.175  76.206| MHz
to_clkper Clock period, DMD_DCLK and DMD_SAC_CLK 50% reference points 13.122 13.128 ns
to wh Pulse duration low, DMD_DCLK and DMD_SAC_CLK 50% reference points 6.2 ns
to wi Pulse duration high, DMD_DCLK and DMD_SAC_CLK 50% reference points 6.2 ns
t Transition time — all signals 20% to 80% reference points 0.3 2 ns
Output setup time — DMD_D(14:0),
to_su DMD_SCTRL, DMD_LOADB and DMD_TRC 50% reference points 15 ns
relative to both rising and falling edges of DMD_DCLK® )
Output hold time — DMD_D(14:0),
DMD_SCTRL,DMD_LOADB and DMD_TRC o .
fpn signals relative to both rising and falling edges of 50% reference points 1.5 ns
DMD_DCLK®) )
DMD data skew — DMD_D(14:0),
to d1_skew DMD_SCTRL, DMD_LOADB, and DMD_TRC 50% reference points 0.2 ns
signals relative to each other®
ool skew gtlr?g:( skew — DMD_DCLK and DMD_SAC_CLK relative to each 50% reference points 0.2 ns
DAD/SAC data skew - DMD_SAC_BUS,
t, g2 skew DMD_DRC_OEZ®), DMD_DRC_BUS, 50% reference points 02| ns
and DMD_DRC_STRB signals relative to DMD_SAC_CLK
(1) Assumes a 30-Q series termination for all DMD interface signals (except DAD_DMD_OEZ)
(2) This range includes the 200 ppm of the external oscillator (but no jitter).
(8) Assumes minimum DMD setup time = 1 ns and minimum DMD hold time = 1 ns
(4) Output setup and hold numbers already account for controller clock jitter. Only routing skew and DMD setup/hold must be considered in

system timing analysis.

(5) Assumes DMD data routing skew = 0.1 ns max
(6) DMD_DAD_OEZ requires a 30- to 100-kQ external pullup resistor connected to VCC18 to achieve proper timing.
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6.15 mDDR Memory Interface Timing Requirements

The DLPC2607 controller mDDR memory interface consists of a 16-bit wide, mDDR interface (that is, LVCMOS signaling)
operated at 133.33 MHz (nominal). (see ) @ ©))

MIN MAX UNIT
toveLe Cycle-time reference 7500 ps
ton CK high pulse width® 2700 ps
toL CK low pulse width*) 2700 ps
toasH DQS high pulse width®) 2700 ps
toast DQS low pulse width®) 2700 ps
twac CK to address and control outputs active —2870 2870 ps
toac CK to DQS output active 200 ps
tbac DQS to DQ and DM output active -1225 1225 ps
toasrs Input (read) DQS and DQ skew ®) 1000 ps

in system timing analysis.

This includes the 200 ppm of the external oscillator (but no jitter).
Output setup and hold numbers already account for controller clock jitter. Only routing skew and memory setup/hold must be considered

Assumes a 30-Q series termination on all signal lines.
CK and DQS pulse duration specifications for the DLPC2607 assume it is interfacing to a 166-MHz mDDR device. Even though these

memories are only operated at 133.33 MHz, according to memory vendors, the rated tck specification (that is 6 ns) can be applied to
determine minimum CK and DQS pulse duration requirements to the memory.
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Figure 1. Parallel I/F Frame Timing

Copyright © 2013-2019, Texas Instruments Incorporated

Product Folder Links: DLPC2607

Submit Documentation Feedback 19


http://www.ti.com/product/dlpc2607?qgpn=dlpc2607
http://www.ti.com
http://www.ti.com/product/dlpc2607?qgpn=dlpc2607
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=DLPS030E&partnum=DLPC2607

DLPC2607
DLPS030E ~DECEMBER 2013-REVISED MARCH 2019

i

TEXAS
INSTRUMENTS

www.ti.com

Hitp Clkper4>:
'<tp . >

PCLK

i‘tp why ™ )
—
i | !

Figure 2. Parallel and BT.656 I/F General Timing
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7 Detailed Description

7.1 Overview

The DLPC2607 is the display controller for the 0.3-WVGA, 0.24-VGA and 0.2-nHD DMDs. Both the controller
and the DMD must be used in conjunction with each other for reliable operation of the DMD. The DLPC2607
display controller provides interfaces and data/image processing functions that are optimized for small form factor
and low power display applications. Applications include pico projectors, smart projectors, screen less display,
interactive display, wearable displays and many more. In typical systems a separate applications processor is
used to provide various multimedia functionality (such as video decoder, HDMI receiver, VGA, SD card, or USB
I/F chip).

7.2 Functional Block Diagram

_ DLPC2607
Pixel
Data
IIF < > .
// > Front End Jé;n::y 15 M[?s;e
Processing Vector Graphics 4
> > Controll
24 Processing ontroller DDR DRAM

\

Clocks Configuration Display DMD
- .
P‘I\_L & Resets Control | | Control Formatting
DDR
12C Y SPI v
Crystal Serial LED 0.3 WVGA
o°r Flash Driver 0.2 nHD, or
sc —> 0.24 VGA
\ DMD
Host
Controller

7.3 Feature Description

7.3.1 Parallel Bus Interface

The parallel bus interface complies with standard graphics interface protocol, which includes a vertical sync
signal (VSYNC_WE), horizontal sync signal (HSYNC_CS), optional data valid signal (DATAEN_CMD), a 24-bit
data bus (PDATA), and a pixel clock (PCLK). The user can program the polarity of both syncs and the active
edge of the clock. Figure 1 shows the relationship of these signals. The data valid signal (DATAEN_CMD) is
optional in that the DLPC2607 device provides auto-framing parameters that can be programmed to define the
data valid window based on pixel and line counting relative to the horizontal and vertical syncs.
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Feature Description (continued)

In addition to these standard signals, an optional side-band signal (PDM_CVS_TE) is available, which allows the
user to stop the periodic frame updates without losing the displayed image. When PDM_CVS_TE is active, it acts
as a data mask and does not allow the source image to be propagated to the display. A programmable PDM
polarity parameter determines if it is active high or active low. This parameter defaults to make PDM_CVS_TE
active high. Therefore, if this function is not desired, tie it to a logic low on the PCB. PDM_CVS_TE is restricted
to change only during vertical blanking. Note that VSYNC_WE must remain active at all times (in Lock-to-VSYNC
mode) or the display sequencer stops and causes the LEDs to be shut off.

The parallel bus interface supports six data transfer formats:

+ 16-bit RGB565

+ 18-bit RGB666

+ 18-bit 4:4:4 YCrCb666

+ 24-bit RGB888

+ 24-bit 4:4:4 YCrCb888

+ 16-bit 4:2:2 YCrCb (standard sampling assumed to be YOCbO0, Y1Cr0, Y2Cb2, Y3Cr2, Y4Cb4, Y5Cr4, ...)

Figure 9 shows the required PDATA(23:0) bus mapping for these six data transfer formats.

Parallel Bus Mode — 4:4:4 RGB and YCrCb Sources
PDATA(15:0) — 565 Mapping to 888

15 |14 |13 |12 |11 |10 9 ‘ 8 | 7|6 |5 | 4|3 ‘ 2 |1 o‘ PDATA(15:0) of the Input Pixel data bus
Bus Assignment Mapping
R4 R3 R2 RL RO G5 G4 G3 (G2 GI GO B4 B3 B2 BlL BO RGB Data bit mapping on the ASIC
4:4:4 YCrCb Data bit mapping on the ASIC
PDATA(17:0) — 666 Mapping to 888
7 |16 | 15 |14 [ 13 | 12 | 11 [ 10 | 9 | 8 | 7 [ 6 | 5 | 4 [ 3 |2 |10 PDATA(17:0) of the Input Pixel data bus
Bus Assignment Mapping
R5 R4 R3 R2 Rl RO G5 G4 G3 G2 Gl GO BS B4 B3 B2 Bl BO RGB Data bit mapping on the ASIC
_ ; I ; ‘Zf \1( ; _ 4:4:4 YCrCb Data bit mapping on the ASIC
PDATA(23:0) — 888 Mapping
‘23 ‘ 22 |21 | 20 |19 |18 | 17 | 16 | 15 | 14 | 13 | 12 [ 11 | 10 | 9 ‘ 8 | 7|6 |5 | 4|3 ‘ 2 |1 o‘ PDATA(23:0) of the Input Pixel data bus
Bus Assignment Mapping
R7 R6 R5 R4 R3 R2 RL RO G7 G6 G5 G4 G3 G2 Gl GO B7 B6 B5 B4 B3 B2 BL BO RGB Data bit mapping on the ASIC
_; AR ;_ 4:4:4 YCICb Data bit mapping on the ASIC

Parallel Bus Mode - 16-bit YCrCb 4:2:2 Source
PDATA(23:0) — Cr/CbY880 Mapping

‘ 23 ‘ 2 ‘ 21 ‘ 20 ‘ 19 ‘ 18 ‘ 17 ‘ 16 ‘ 15 ‘ 14 ‘ 13 ‘ 12 ‘ 1 ‘ 10 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ PDATA(23:0) of the Input Pixel data bus
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Figure 9. PDATA Bus — Parallel I/F Mode Bit Mapping

7.3.2 100- to 120-Hz 3-D Display Operation

The DLPC2607 device supports 100- to 120-Hz 3-D display operation, but is limited to a narrow set of
configurations. 3-D operation is limited to:

* 0.2-nHD DMDs only
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Feature Description (continued)

+ nHD, WQVGA and QVGA source resolutions

+ Parallel bus interface only (all pixel formats are supported)
» Landscape source and display orientation only

* Non-interlaced video-graphics only

* 100-Hz +1% or 120-Hz +1% source frame rates

+ Unpacked, full resolution, frame sequential, 3-D format (that is each 100- or 120-Hz source frame contains a
single, full resolution, eye frame separated by VSYNCs, where an eye frame contains image data for a single
left or right eye; not both)

* Minimum line rates that satisfy the high frame rates
To support 3-D operation, run the DLPC2607 device in Lock-to-VSYNC mode with 1x frame rate multiplication

(that is, no frame rate multiplication). Each DMD frame is displayed at the source frame rate in the order it is
received.

Because of the high frame rate of the source, the source line rate must be much higher than typical, but still
cannot exceed the rates defined in Parallel I/F Maximum Parallel Interface Horizontal Line Rate. The minimum
line rate is limited by the maximum frame rate and minimum total vertical blanking (TVB). 100- to 120-Hz
Operational Limitations provides a summary of the line rate range assuming the minimum TVB.

7.4 Programming

7.4.1 Serial Flash Interface

The DLPC2607 device uses an external SPI serial flash memory device for configuration support. The minimum
required size depends on the desired minimum number of sequences, CMT tables, and splash options while the
maximum supported is 16 Mb. Table 1 provides the list of the configuration options.

Table 1. Serial Flash Support Features by Density("

TARGET QUANTITY OF FEATURES THAT CAN BE SUPPORTED
FLASH OPTICAL TEST STANDARD SERIES UNIT DATA | ODM DATA DLP DISPLAY CMT TABLES PER
DENSITY (Mb) SPLASH SPLASH DATA SECTOR SECTOR SEQUENCES SEQUENCE ®
SCREENS SCREENS SECTOR @
4 Mb 0 1 1 1 1 16
8 Mb 0 3 1 1 1 16
16 Mb 1 4 1 1 1 16

(1) All rows in this table have passed DVT at TI.
(2) Assumes individual DLP display sequences are limited to 5 KB each
(3) An equal number of CMT tables are required for each sequence (CMT tables define the DeGamma Curve). The DLPC2607 device uses
a single SPI, employing SPI mode 0 protocol, operating at a frequency of 33.3 MHz. It supports two independent SPI chip selects.
However, the primary flash must be connected to SPI chip select 0 (SPICS0) because the auto-initialization routine is always executed
from the device connected to this chip select. The auto-initialization routine executed from flash consists of the following:
(a) The DLPC2607 device first uploads the size and location of the auto-initialization routine from address range 0x0000 through 0x0007
of the serial flash memory connected to SPICSO.
(b) The DLPC2607 device then uploads the actual auto-initialization routine to its ICP program memory from the serial flash memory
connected to SPICSO.
(c) The DLPC2607 device then executes an auto-init routine, which includes uploading default control parameter values, uploading
mailbox memory contents, turning on the sequence and LEDs, and then enabling the display.
(d) Upon completion of the auto-initialization routine, the DLPC2607 signals INIT DONE with GPIO4_INTF.

The DLPC2607 device supports any flash device that is compatible with these modes of operation. However, the
DLPC2607 device does not support the Normal (slow) Read Opcode, and thus cannot automatically adapt
protocol and clock rate based on the flash’s electronic signature ID. The flash instead uses a fixed SPI clock and
assumes certain attributes of the flash have been ensured by PCB design. The DLPC2607 device also assumes
the flash supports address auto-incrementing for all read operations. Table 2 and Table 3 list the specific
instruction OpCode and timing compatibility requirements for a DLPC2607 device compatible flash.
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Table 2. SPI Flash Instruction OpCode and Timing Compatibility Requirements

SPI FLASH COMMAND OPCODE (hex) ADDRESS BYTES DUMMY BYTES MIN CLOCK RATE
Fast READ (single output) 0x0B 3 1 33.3 MHz
All others Can vary Can vary Can vary 33.3 MHz
Table 3. SPI Flash Key Timing Parameter Compatibility Requirements

MIN MAX UNIT
Minimum chip select high time 300 ns
Minimum output hold time 0 ns
Maximum output valid time 9 ns
Minimum data in setup time 5 ns
Minimum data in hold time 5 ns

The DLPC2607 device does not have any specific page, block, or sector size requirements, except that
programming with the 1C interface requires the use of page mode programming. However, if the user would like
to use a portion of the serial flash for storing external data (such as calibration data) with the I°C interface, then
the minimum sector size must be considered as it drives minimum erase size. Note that use of serial flash for
storing external data may impact the number of features that can be supported.

NOTE L
The DLPC2607 device does not drive the HOLD (active low hold) or WP (active low write
protect) pins on the flash device. Tie these pins to a logic high on the PCB with an
external pullup.

The DLPC2607 device supports 1.8 V, 2.5 V, or 3.3 V serial flash devices. Some suggested devices would
include the W25Q16DWSSIG or MX25U4035. If a different flash device is used, Table 4 lists the minimum
performance specifications necessary.

Table 4. Specifications of Compatible SPI Serial Flash Devices

SPI Flash Timing Parameter MIN MAX
Minimum Chip Select High Time 300ns
Minimum Output Hold Time Ons

Maximum Output Valid Time 9ns
Minimum Data in Setup Time 5ns
Minimum Data in Hold Time 5ns
Minimum Clock Rate 33.3MHz

7.4.2 Serial Flash Programming

The flash can be programmed through the DLPC2607 device over I°C (for directions, see the DLPC2607
Software Programmer's Guide, DLPU013) or by driving the SPI pins of the flash directly while the DLPC2607
device I/O are tri-stated. SPICLK, SPIDOUT, and SPICZ0 1/O can be tri-stated by holding RESET in a logic-low
state while power is applied. Note that SPICSZ1 is not tri-stated by this same action.

26 Submit Documentation Feedback Copyright © 2013-2019, Texas Instruments Incorporated

Product Folder Links: DLPC2607


http://www.ti.com/product/dlpc2607?qgpn=dlpc2607
http://www.ti.com
http://www.ti.com/product/dlpc2607?qgpn=dlpc2607
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=DLPS030E&partnum=DLPC2607
http://www.ti.com/lit/pdf/DLPU013

13 TEXAS
INSTRUMENTS
DLPC2607

www.ti.com DLPSO030E —DECEMBER 2013-REVISED MARCH 2019

8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The DLPC2607 controller supports reliable operation of .3-WVGA, .24-VGA and .2-nHD DMDs and must be
always used with the DMD to provide a reliable display solution for various data and video display applications.
The DMDs are spatial light modulators which reflect incoming light from an illumination source to one of two
directions, with the primary direction being into a projection or collection optic. Each application is derived
primarily from the optical architecture of the system and the format of the data coming into the DLPC2607.
Applications of interest include accessory projectors, projectors embedded in display devices like notebooks,
laptops, tablets, and set top box. Other applications include wearable (near-eye or head mounted) displays,
interactive display and low latency gaming display.

8.2 Typical Application

Figure 10 shows a typical accessory projector application. For this application, the DLPC2607 device is
controlled by a separate control processor (typically a MSP430) and the image data is received from a TVP5151
video decoder device. For this application, the ASIC supports periodic sources only. A common application when
using DLPC2607 controller is for creating an accessory Pico projector for a smartphone, tablets or any other
display source. The DLPC2607 in the accessory Pico projector typically receives images from a host processor
or a multimedia processor.

(o ] Projector Module Electronics
L5
DC 2.3V-5.5V - éﬁ 18l
1 Dual 10V
Supplies | r— Connectlor PWR_EN | Reg := o
onott Mic SYSPWR - Lt
FeN LCD ur‘;o\ ON—.-' o
VDD p—elle— Panel = VLED
v l—RESETZ— (30
- ] PARKZ [g—INTZ .
RF [ DLPA1000 3 = ¥
IF - Analog lg =sen | ¥
[ PROLON ASIC |g—GREEN ¥
L ASH l——INIT_DONE GPID4 SPHA | — e
SDRAM‘ = Host CLRL Parallel o¢ LED_SEL(2)—p»] BIAS, RST. OFS q\;__blbnh.g.r:m
A gl Processor —4 BT 656 : =
elc P 28 3 DLPC2607 WA TN —— DEE-B |
il lg—cMP_ouT—
1
Keypad |- |- 2C > 9 Thamistor
i~ = CTRL -
1.8v —{vio —0F ——DaTA
1.0V —|VCORE
GPIOS

Mobile SDRAM

Figure 10. Typical Standalone Projector System Block Diagram

8.2.1 System Functional Modes

The application system has two functional modes (ON/OFF) controlled by a single pin PROJ_ON:
»  When pin PROJ_ON is set high, the projector automatically powers up and an image is projected from the
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Typical Application (continued)
DMD.

»  When pin PROJ_ON is set low, the projector automatically powers down to save power.

8.2.2 Design Requirements

8.2.2.1 Reference Clock

The device requires an external reference clock to feed its internal PLL. This reference may be supplied by a
crystal or oscillator. For flexibility, the DLPC2607 device accepts either of two reference clock frequencies (see
Table 5), but both must have a maximum frequency variation of 200 ppm (including aging, temperature, and trim
component variation). When a crystal is used, the configuration requires several discrete components, as shown

in Figure 11.

CL = Crystal load capacitance (Farads)
CL1 =2 x (CL - Cstray_pll_refclk_i)
CL2 =2 x (CL - Cstray_pll_refclk_o)

Where:
Cstray_pll_refclk_i = Sum of package and PCB

stray capacitance at the crystal pin associated
with the ASIC pin pll_refclk_i.
Cstray_pll_refclk_o = Sum of package and PCB
stray capacitance at the crystal pin associated
with the ASIC pin pll_refclk_o.

PLL_REFCLK_|

FAAA—

Res

PLL_REFCLK_O

Rs

Crystal

i

|
o)
)
/|

Figure 11. Recommended Crystal Oscillator Configuration

Table 5. Crystal Port Characteristics

PARAMETER NOM UNIT
PLL_REFCLK_|I TO GND capacitance 45 pF
PLL_REFCLK_O TO GND capacitance 45 pF
Table 6. Recommended Crystal Configuration

PARAMETER RECOMMENDED UNIT
Crystal circuit configuration Parallel resonant
Crystal type Fundamental (first harmonic)
t(;rglset)al nominal frequency (See TSTPT_6 in the Pin Functions 16.667 or 8.333 MHz
Crysta}l frequep_c_y tolerance (including accuracy, temperature, aging, +200 PPM
and trim sensitivity)
Crystal drive level 100 max uw
Crystal equivalent series resistance (ESR) 80 max Q
Crystal load 12 pF
Rg drive resistor (nominal) 100 Q
Rrg feedback resistor (nominal) 1 MQ
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Table 6. Recommended Crystal Configuration (continued)
PARAMETER RECOMMENDED UNIT
Cy1 external crystal load capacitor See Figure 11 pF
Cy» external crystal load capacitor See Figure 11 pF
PCB layout Tl recommends a ground isolation ring around the crystal

If an external oscillator is used, then the oscillator output must drive the PLL_REFCLK_| pin on the DLPC2607
ASIC. Leave the PLL_REFCLK_O pins unconnected. An oscillator that provides a spread-spectrum clock
reduces EML.

NOTE
The DLPC2607 device accepts between 0% to —2% spreading (that is, down spreading
only) with a modulation frequency between 20 kHz and 65 kHz and a triangular waveform.

Similar to the crystal option, the oscillator input frequency is limited to 16.667 or 8.333 MHz. To configure the
DLPC2607 device to accept the 8.333-MHz reference clock option, an external pullup resistor to VCC18 must be
applied to the TSTPT (6) pin. To configure the DLPC2607 device to accept the 16.667-MHz reference clock
option, leave the TSTPT (6) pin unconnected.

It is assumed that the external crystal or oscillator stabilizes within 50 ms after stable power is applied.

8.2.2.2 mDDR DRAM Compatibility

The following are the basic SDRAM compatibility requirements for the DLPC2607 SDRAM:
+  SDRAM memory type: mDDR

+ Size: 128 Mb minimum

+ Organization: N x 16-bits wide x 4 banks

+ Speed grade tck: 6-ns max

» CAS latency (C)), trep, trp parameters (clocks): 3, 3, 3

+ Burst length options to include: Burst of 4

» Refresh period (full device): 264 ms

The following mDDR DRAM devices are recommended for use with the DLPC2607 device:

Table 7. Compatible mDDR DRAM Device Options(" 2

DVT® | VENDOR PART NUMBER SIZE (Mb) | ORGANIZATION SPEE%G;:SDE ek | ¢, thop, tap (Clocks)
No Elpida EDK1216CFBJ-60-F ©) 128 8Mx 16 6 ®)
Yes Elpida EDD25163HBH-6ELS-F 256 16 M x 16 6 ®)
No Samsung K4X56163PL-FGC6 (© 256 16 M x 16 6 ®)
Yes Samsung K4X56163PN-FGC6 256 16 M x 16 6 ®)
Yes Micron MT46H16M16LFBF-61T:H 256 16 M x 16 6 ®)
Yes Hynix H5MS2562JFR-J3M 256 16 M x 16 6 ®)

(1) The DLPC2607 device does not use partial array self-refresh or temperature-compensated self-refresh options.

(2) These part numbers reflect Pb-free package.

(3) All these SDRAM devices appear compatible with the DLPC2607 device, but only those marked with 'yes' in the DVT column have been
validated on a Tl internal reference design board. Those marked with 'no' can be used at the risk of the ODM.

) A 6-ns speed grade corresponds to a 166-MHz mDDR device.

5) These devices are EOL and no replacement with the same footprint. Do not use these in new designs.

) The manufacturer has issued an upcoming end of life notice on this device.

8.2.3 Detailed Design Procedure

For connecting together the DLPC2607 controller and the DMD, see the reference design schematic. Follow the
layout guidelines to achieve a reliable projector. The DLP system requires an optical module or light engine. An
optical OEM that specializes in designing optics for DLP projectors typically supplies the optical engine that has
the LED packages and the DMD mounted to it.
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8.2.3.1 Hot-Plug Usage

The DLPC2607 device provides fail-safe /O on all host interface signals (signals powered by VCC_INTF). This
protection allows the device to drive these inputs high even when no I/O power is applied.

Under this condition, the DLPC2607 device does not load the input signal, nor draw excessive current that could
degrade ASIC reliability. For example, the 1°C bus from the host to other components would not be affected by
powering off VCC_INTF to the DLPC2607 device. Note that Tl recommends weak pullups or pulldowns on
signals feeding back to the host to avoid floating inputs.
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8.2.3.2 Maximum Signal Transition Time

Unless otherwise noted, the maximum recommended 20% to 80% rise and fall time to avoid input buffer
oscillation is 10 ns. This applies to all DLPC2607 device input signals.

NOTE
The PARK input signal includes an additional small digital filter that ignores any input-
buffer transitions caused by a slower rise and fall time for up to 150 ns.

8.2.3.3 Configuration Control

The primary configuration control mechanism for the DLPC2607 device is the I°C interface. See the DLPC2607
Software Programmer's Guide, DLPUQ04, for details on how to configure and control the DLPC2607.

8.2.3.4 White Point Correction Light Sensor

With the addition of a light-to-voltage light sensor (such as a phototransistor) and a voltage comparator circuit,
the DLPC2607 device supports automatic white point correction and power control.

8.2.4 Application Curve

As the LED currents that are driven time-sequentially through the red, green, and blue LEDs are increased, the
brightness of the projector increases. This increase is somewhat non-linear, and the curve for typical white
screen lumens changes with LED currents is shown in Figure 12. For the LED currents shown, it is assumed that
the same current amplitude is applied to the red, green, and blue LEDs.
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Figure 12. Luminance vs Current

As with prior DLP electronics solutions, image data is 100% digital from the DLPC2607 device input port to the
image projected on to the display screen. The image stays in digital form and is never converted into an analog
signal. The DLPC2607 device processes the digital input image and converts the data into bit-plane format as
needed by the DMD. The DMD then reflects light to the screen using binary pulse-width modulation (PWM) for
each pixel mirror. The viewer’s eyes integrate this light to form brilliant, crisp images.
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9 Power Supply Recommendations

9.1 System Power Considerations

Table 8 provides a summary of the required power delivery requirements for DLPC2607 for various VCC_FLSH
and VCC_INTF power options.

Table 8. Configuration Based Power Supply Requirements

ASIC POWER RAIL USAGE NOM'NA'EV‘;O"TAGE T ARG o
VCC_INTF @ Video interface 1/0O 1.8,2.5,0r 3.3 +5%
VCC_FLSH ©) Flash 1/O 1.8,2.5,0r 3.3 +5%
VvDD_PLL ¥ Internal PLL 1 +5%
VCC18 mDDR and DMD I/O 1.8 +5%
VDD10 ASIC core 1 +5%

(1) Total supply margin = DC offset budget + AC noise budget

(2) VCC_INTF is independent of all other supplies.

(3) VCC_FLSH is independent of all other supplies.

(4) When possible, TI recommends to use a tighter supply tolerance (£3%) for the power to the PLL in
order to improve system noise immunity.

9.2 System Power-Up and Power-Down Sequence

Although the DLPC2607 device requires an array of power supply voltages, (that is, VDD, VDD_PLL, VCC_18,
VCC_FLSH, and VCC_INTF), there are no restrictions regarding the relative order of power supply sequencing
to avoid damaging the DLPC2607 device. This is true for both power-up and power-down scenarios. Similarly
there is no minimum time between powering-up or powering-down the different supplies feeding the DLPC2607
device.

NOTE
Often, there are power sequencing requirements for devices that share the supplies with
the DLPC2607 device.

From a functional standpoint, there is one specific power-sequencing recommendation to ensure proper
operation. In particular, apply all ASIC power and allow it to reach the minimum specified voltage levels before
RESET is deasserted to ensure proper power-up initialization is performed. Ensure that all I/O power remains
applied as long as 1-V core power is applied and RESET is de-asserted.

NOTE
When VDD10 core power is applied but 1/O power is not applied, additional leakage
current may be drawn.
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System Power-Up and Power-Down Sequence (continued)
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Figure 13. Power-Up and Power-Down Timing
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9.3 System Power I/O State Considerations

Note that:

+ If VCC18 I/O power is applied when VDD10 core power is not applied, then all mDDR (non-fail-safe) and non-
mDDR (fail-safe) output signals associated with the VCC18 supply are in a high-impedance state.

+ If VCC_INTF or VCC_FLSH 1/O power is applied when VDD10 core power is not applied, then all output
signals associated with these inactive I/O supplies are in a high-impedance state.

» 1f VDD10 core power is applied but VCC_INTF or VCC_FLSH 1/O power is not applied, then all output signals
associated with these inactive 1/0O supplies are in a high-impedance state.

« |f VDD10 core power is applied but VCC18 I/O power is not applied, then all mDDR (non-fail-safe) and non-
mDDR (fail-safe) output signals associated with the VCC18 1/O supply are in a high-impedance state.
However, if driven high externally, only the non-mDDR (fail-safe) output signals remain in a high-impedance
state, and the mDDR (non fail-safe) signals are shorted to ground through clamping diodes.

9.4 Power-Up Initialization Sequence

It is assumed that an external power monitor holds the DLPC2607 device in system reset during power-up. It
must do this by driving RESET to a logic low state. It should continue to assert system reset until all ASIC
voltages have reached minimum specified voltage levels, PARK is asserted high, and input clocks are stable.
During this time, most ASIC outputs are driven to an inactive state and all bidirectional signals are configured as
inputs to avoid contention. ASIC outputs that are not driven to an inactive state are tri-stated, which includes
DMD_PWR_EN, LEDDVR_ON, LED_SEL_0, LED_SEL_1, SPICLK, SPIDOUT, and SPICSZ0. After power is
stable and the PLL_REFCLK clock input to the DLPC2607 device is stable, then RESET should be deactivated
(set to a logic high). The DLPC2607 device then performs a power-up initialization routine that first locks its PLL,
followed by loading self configuration data from the external flash. Upon release of RESET, all DLPC2607 device
I/Os become active. Immediately following the release of RESET, the GPIO4_INTF signal is driven high to
indicate that the auto-initialization routine is in progress. Upon completion of the auto-initialization routine, the
DLPC2607 device drives GPIO4_INTF low to signal INITIALIZATION DONE (also known as INIT DONE).

NOTE

The host processor can start sending standard 1°C commands after GPIO4 (INIT_DONE)
goes low, or a 100-ms timer expires in the host processor, whichever is earlier,
irrespective of whether the motor is enabled or not. However, before sending any
compound I°C commands at power-up, the host processor must wait untii GPIO4
(INIT_DONE) goes low, irrespective of whether the motor control function is enabled or
not. Due to motor movement, the worst-case time to wait for GPIO4 to go low is when the
motor control function is enabled and system dependent; it may take several seconds.
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Power-Up Initialization Sequence (continued)

An active high pulse on GPIO4_INTF following the initialization

period will indicate an error condition has been detected The

source of the error is reported in the system status

|
1/
RESETZ
100ms max

<&
)

\ 4

X
-

(ERR IRQ)
]

(INIT_BUSY)

GPIO4 INTF

'
\
'
—P! :<— 3us min

[2C access to DLPC2607 should not start until GPIO4_INTF
(INIT_BUSY flag) goes low (this should occur within 100 ms

from the release of RESETZ if the Motor Control function is
not utilized. However, If Motor Control is utilized this may

5ms max Oms min

GPIO4_INTF will be driven high within 5 ms
after reset is release to indicate Auto—
Initialization is Busy

take several seconds.)

[2C traffic
(SCL,SDA,CS?2)

Figure 14. Initialization Timeline

9.5 Power-Good (PARK) Support

The PARK signal operates as an early warning signal that alerts the controller 500 ps before DC supply voltages
have dropped below specifications. This allows the controller time to park the DMD, ensuring the integrity of
future operation. The reference clock continues to run. RESET remains deactivated for at least 500 us after
PARK has been deactivated (set to a logic low) to allow the park operation to complete.
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10 Layout

10.1 Layout Guidelines

10.1.1 Internal ASIC PLL Power

TI recommends the following guidelines to achieve desired ASIC performance relative to the internal PLL. The
DLPC2607 device contains one internal PLL, which has a dedicated analog supply (VDD_PLL and VSS_PLL).
Isolate VDD_PLL power and VSS_PLL ground pins using an RC-filter consisting of two 50-Q series ferrites and
two shunt capacitors (to widen the spectrum of noise absorption). TI recommends one 0.1-uF capacitor and that
the other is a 0.01-puF capacitor. Place all four components as close to the ASIC as possible; it is especially
important to keep the leads of the high-frequency capacitors as short as possible. Note that the user should
connect both capacitors across VDD_PLL and VSS_PLL on the ASIC side of the ferrites.

The PCB layout is critical to PLL performance. The ground and power domains are analog signals, and should
be treated as such to achieve minimum noise. Therefore, VDD_PLL must be a single trace from the DLPC2607
device to both capacitors, and then through the series ferrites to the power source. Ensure that the power and
ground traces are as short as possible, parallel to each other, and as close as possible to each other.

o Signal VIA
PCB Pad
® VIA to Common Analog
Digital Board Power Plane
ASIC Pad o VIA to Common Analog
Digital Board Ground Plane
11 12 13 14 15
A
Local
Decoupling
. . o for the PLL
o * 4 Digital Supply

o

Crystal Circuit

Figure 15. PLL Filter Layout
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Layout Guidelines (continued)
10.1.2 General Handling Guidelines for Unused CMOS-Type Pins

To avoid potentially damaging current caused by floating CMOS input-only pins, Tl recommends to tie unused
ASIC input pins through a pullup resistor to their associated power supply or a pulldown to ground. For ASIC
inputs with internal pullup or pulldown resistors, it is unnecessary to add an external pullup or pulldown unless
specifically recommended.

NOTE
Internal pullup and pulldown resistors are weak so do not expect them to drive the
external line. The DLPC2607 device implements very few internal resistors and these are
noted in the pin list.

Never tie unused output-only pins directly to power or ground. These pins can be left open.

When possible, TI recommends that unused bidirectional I/O pins be configured to their output state such that
the pin can be left open. If this control is not available and the pins may become an input, then ensure they are
pulled-up (or pulled-down) using an appropriate, dedicated resistor.

10.1.3 SPI Signal Routing

The DLPC2607 device is designed to support two SPI slave devices, specifically, a serial flash and the
PMD1000. Given this requires routing associated SPI signals to two locations while attempting to operate at 33.3
MHz, ensure that reflections do not compromise signal integrity. TI recommends the following:

+ Split the SPICLK PCB signal trace from the DLPC2607 source to each slave device into separate routes as
close to the DLPC2607 device as possible. Make the SPICLK trace length to each device equal in total
length.

» Split the SPIDOUT PCB signal trace from the DLPC2607 source to each slave device into separate routes as
close to the DLPC2607 device as possible. Make the SPIDOUT trace length to each device equal in total
length (that is, use the same strategy as SPICLK).

+ Make the SPIDIN PCB signal trace from each slave device to the point where they intersect on the return to
the DLPC2607 device equal in length and as short as possible. Make sure they share a common trace back
to the DLPC2607 device.

+ SPICSZ0 and SPICSZ1 do not require special treatment because they are dedicated signals which drive only
one device.

10.1.4 mDDR Memory and DMD Interface Considerations

High-speed interface waveform quality and timing on the DLPC2607 ASIC (that is, the mDDR memory I/F and
the DMD interface) depend on the total length of the interconnect system, the spacing between traces, the
characteristic impedance, etch losses, and how well matched the lengths are across the interface. Thus,
ensuring positive timing margin requires attention to many factors.

As an example, the DMD interface system timing margin can be calculated as follows:
Setup margin = (DLPC2607 output setup) — (DMD input setup) — (PCB routing mismatch) — (PCB S| degradation) (1)
Hold-time margin = (DLPC2607 output hold) — (DMD input hold) — (PCB routing mismatch) — (PCB S| degradation)

where

+ PCB Sl degradation is signal integrity degradation due to PCB effects. This includes things such as
simultaneously switching output (SSO) noise, crosstalk, and inter-symbol interference (ISl) noise. (2)

The DLPC2607 device I/O timing parameters, as well as mDDR and DMD 1/O timing parameters, can be found in
their corresponding data sheets. Similarly, PCB routing mismatch can be easily budgeted and met by controlled
PCB routing. However, PCB SI degradation is not so straight forward.

In an attempt to minimize the signal integrity analysis that would otherwise be required, the following PCB design
guidelines are provided as a reference of an interconnect system that satisfies both waveform quality and timing
requirements (accounting for both PCB routing mismatch and PCB Sl degradation). Make sure to confirm any
variation from these recommendations with PCB signal integrity analysis or lab measurements.
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Layout Guidelines (continued)
10.1.5 PCB Design
» Configuration: Asymmetric dual stripline
» Etch thickness (T): 0.5 oz copper
+ Single-ended signal impedance: 50 Q (+10%)
+ Single-ended signal impedance: 100-Q differential (+10%)
+ Reference plane 1 is assumed to be a ground plane for proper return path.
+ Reference plane 2 is assumed to be the I/O power plane or ground.
+ Dielectric FR4, (Er): 4.2 (nominal)
+ Signal trace distance to reference plane 1 (H1): 5 mil (nominal)
+ Signal trace distance to reference plane 2 (H2): 34.2 mil (nominal)
Reference Plane 1
A
H1
i [e— W —»| |e— W —»|
T Trace «— S —» Trace
T ‘
H2
Dielectric Er
H2
vy
T Trace Trace
H1
v  J
Reference Plane 2
Figure 16. PCB Stacking Geometries
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Layout Guidelines (continued)
10.1.6 General PCB Routing (Applies to All Corresponding PCB Signals)
Table 9. PCB Line and Spacing Recommendations(" @ ®
SINGLE-ENDED DIFFERENTIAL
PARAMETER APPLICATION SIGNALS PAIRS UNIT
— . 3 3 mil
Escape routing in ball field (0.762) (0.762) (mm)
7.25 4.5 mil
. . PCB etch — Outer layer data or control (0.184) (0.114) (mm)
Line width (W) 45 45 i
. . mi
PCB etch - Inner layer data or control (0.114) (0.114) (mm)
4.5 4.5 mil
PCB etch clocks (0.114) (0.114) (mm)
7.75 [1] mil
. o . . PCB etch data or control N/A (0.305) (mm)
Differential signal pair spacing (S) 7751] 0
. mi
PCB etch clocks N/A (0.305) (mm)
— . 3 3 mil
Escape routing in ball field (0.762) (0.762) (mm)
7.25 4.5 mil
PCB etch — Outer layer data or control
Minimum line spacing to other signals Y (0.184) (0.114) (mm)
(S) 4.5 4.5 mil
PCB etch - Inner layer data or control (0.114) (0.114) (mm)
11 11 mil
PCB etch clocks (0.279) (0.279) (mm)
Maximum differential pair P-to-N 25 mil
length mismatch Total clock N/A (0.635) (mm)

(1) Spacing may vary to maintain differential impedance requirements.

(2) The DLPC2607 device only includes one differential signal pair - MEMO_CK_P and MEMO_CK_N.

(3) These values are merely recommendations to achieve good signal integrity. The OEM is free to apply their own rules as long as they
maintain good signal integrity.

These PCB design guidelines are purposefully conservative to minimize potential signal integrity issues. Given
this device is targeted for low-cost, handheld application, there is a need to be more aggressive with these best
practices. Tl highly recommends to perform a full-board-level signal integrity analysis, if these guidelines cannot
be followed. The DLPC2607 IBIS models are available for such analysis.

10.1.7 Maximum, Pin-to-Pin, PCB Interconnects Etch Lengths

Table 10. Max Pin-to-Pin PCB Interconnect Recommendations(") 2

SIGNAL INTERCONNECT TOPOLOGY
BUS SINGLE BOARD SIGNAL MULTI-BOARD SIGNAL UNIT
ROUTING LENGTH ROUTING LENGTH

DMD
DMD_D(14:0), DMD_DCLK, DMD_TRC, DMD_SCTRL, .
DMD_LOADB, DMD_OEZ DMD_DAD_STRB, p 0‘;' g‘?:]‘ax) (Sg'gf‘;gx) ('r';f;‘)
DMD_DAD_BUS, DMD_SAC_CLK and DMD_SAC_BUS : :
mDDR
MEMO_DQ(15:8), MEMO_UDM and MEMO_UDQS a5y X NA ('rm‘)
mDDR
MEMO_DQ(7:0), MEMO_LDM and MEMO_LDQS (31851 Tna:x) NA ('r’:]f;‘)

mDDR

(1) Max signal routing length includes escape routing.
(2) Multi-board DMD routing length is more restricted due to the impact of the connector.
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Table 10. Max Pin-to-Pin PCB Interconnect Recommendations® ¢ (continued)

SIGNAL INTERCONNECT TOPOLOGY

BUS SINGLE BOARD SIGNAL MULTI-BOARD SIGNAL UNIT
ROUTING LENGTH ROUTING LENGTH

MEMO_CK_P, MEMO_CK_N, MEMO_A(12:0),
MEMO_BA(1:0), MEMO_CKE, MEMO_CSZ,
MEMO_RASZ, MEM0_CASZ and MEMO_WEZ

2.5 max inch
(63.5 max) N/A (mm)

10.1.8 |I/F Specific PCB Routing

Table 11. High-Speed PCB Signal Routing Matching Requirements(" 2 3
SIGNAL INTERCONNECT TOPOLOGY

IF SINGLE GROUP REFERENCE SIGNAL MAX MISMATCH UNIT
DMD_D(14:0), DMD_TRC, 4500 -
DMD_SCTRL, DMD_LOADB, DMD_DCLK 20
DMD_OEZ (#12.7) (mm)

+750 mil
oMD DMD_DAD_STRB, DMD_DAD_BUS DMD_DCLK (£16.05) )
+750 mil
DMD_SAC_BUS DMD_SAC_CLK (£16.05) )
+500 mil
DMD_SAC_CLK DMD_DCLK forrs S
+150 mil
MEMO_CLK_P MEMO_CLK_N (380) )
Read/ Write Data Lower Byte: +300 mil
MEMO_LDM and MEMO_DQ(7:0) 38.1 max MEMO_LDQS (£7.62) (mm)
Read/ Write Data Upper Byte: +300 mil
MEMO0_UDM and MEMO_DQ(15:8) MEMO0_UDQS (+7.62) (mm)
mDDR: Address and control:
MEMO_A(12:0), MEMO_BA(1:0), MEMO_GLK_P/ 1000 -
MEMO_RASZ , MEMO_CASZ, MEMS LN o) )
MEMO_WEZ, MEMO_CSZ, L CLK_ *25.
MEMO_CKE
Data strobes: MEMO_CLK_P/ +300 mil
MEMO_LDQS and MEM0_UDQS MEMO_CLK_N (£7.62) (mm)

(1) These values apply to PCB routing only. They do not include any internal package routing mismatch associated with the DLPC2607
device, DMD, or mDDR memory.

(2) DMD data and control lines are DDR, whereas DMD_SAC and DMD_DAD lines are single data rate. Matching the DDR lines is more
critical and takes precedence over matching single data rate lines.

(3) mDDR data, mask, and strobe lines are DDR, whereas address and control are single data rate. Matching the DDR lines is more critical
and takes precedence over matching single data rate lines.

10.1.9 Number of Layer Changes

+ Single-ended signals: Minimize the number of layer changes.

« Differential signals: Individual differential pairs can be routed on different layers, but the signals of a given pair
must not change layers.

10.1.10 Stubs
Avoid stubs.
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10.1.11 Termination Requirements:

DMD I/F

mDDR memory I/F

mDDR differential
clock

mDDR data, strobe,
and mask

mDDR address and
control

Terminate all DMD I/F signals, with the exception of DMD_OEZ (specifically
DMD_D(14:0), DMD_DCLK, DMD_TRC, DMD_SCTRL, DMD_LOADB,
DMD_DAD_STRB, DMD_DAD_BUS, DMD_SAC_CLK, and DMD_SAC_BUS), at the
source with a 10- to 30-Q series resistor. TI recommends a 30-Q series resistor for most
applications because this minimizes overshoot, undershoot, and reduces EMI; however,
for systems that must operate below —20°C, it may be necessary to reduce this series
resistance to avoid narrowing the data eye too much under worse-case PVT conditions.
Tl recommends IBIS simulations for this worse-case scenario.

Terminate each line, specifically MEMO_CK(P:N), at the source with a 30-Q series
resistor. Terminate the pair with an external 100-Q differential termination across the two
signals as close to the DRAM as possible. (It may be possible to use a 200-Q differential
termination at the DRAM to save power while still providing sufficient signal integrity, but
this has not been validated.)

Terminate MEMO_DQ(15:0), MEMO_LDM, MEMO_UDM, MEMO_LDQS, and
MEMO_UDQS with a 30-Q series resistor located midway between the two devices.

Terminate MEMO_A(12:0), MEMO_BA(1:0), MEMO_CKE, MEM0O_CSZ, MEMO_RASZ,
MEMO_CASZ, and MEMO_WEZ at the source with a 30-Q series resistor.

For applications where the routed distance of the mDDR or DMD signal can be maintained to a length of less
than 0.75 inches, this signal is short enough not be considered a transmission line and does not need a series

terminating resistor.
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10.2 Layout Example

TPGND 3{iC

Figure 17. PCB Layout Example
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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 Nomenclature

11.1.2.1 Device Marking

- (DLP
DPP2607 SC ||[«—— 1
2510465-AB «— 2
LLLLLLLL.ZZ — 3
SSSSSYYWWQQ —

L. g
»

\ Terminal Al corner identifier

Marking definitions:
1. DLP device name
SC: Solder ball composition
el: Indicates lead-free solder balls consisting of SnAgCu

G8: Indicates lead-free solder balls consisting of tin-silver-copper (SnAgCu) with silver content <1.5%
and that the mold compound meets Tl's definition of green

2. Tl part number

AB (1 or 2 alphanumeric) = ‘A’ corresponds to the Tl device dash number. ‘B’ is reserved for an unqualified
device marking. All unqualified devices, including prototypes and skew lot samples, are labeled with the letter
'X" in the ‘B’ marking location (following the Tl part number). ‘B’ is left blank for qualified devices.

3. LLLLLLLL.ZZ Foundry lot code for semiconductor wafers and lead-free solder ball marking
LLLLLLLL: Manufacturing lot code

ZZ: Lot split number
4. SSSSSYYWWQQ: Package and assembly information

SSSSS: Manufacturing site

YYWW: Date code (YY = Year :: WW = Week)

QQ: Qualification level option — engineering samples are marked in this field with an ES suffix.
For example, KOREA0914ES are engineering samples built in Korea the 14" week of 2009.
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11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

DLP, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

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
‘f ‘\ during storage or handling to prevent electrostatic damage to the MOS gates.

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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12.1 Package Option Addendum

12.1.1 Packaging Information

. ) Package Package g Package @ Aofl @) Op Temp q L (4)(5)
Orderable Device Status Type Drawing Pins aty Eco Plan Lead/Ball Finish MSL Peak Temp o Device Marking
DLPC2607ZVB ACTIVE NFBGA ZVB 176 260 TBD Call Tl Level-3-260C-168 HRS -30to 85

(1) 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.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.
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.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest
availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the
requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified
lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used
between the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by
weight in homogeneous material)

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

(5) Multiple Device markings will be inside parentheses. Only on 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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.
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PACKAGE OUTLINE

ZVB0176A NFBGA - 1 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
ZVB0176A NFBGA - 1 mm max height

PLASTIC BALL GRID ARRAY

0.4) TYP
176X (30.23) j 4
\@1 2 3 10 1 12 13 14 15

WP 0000000000300

—®000000p0O000000
cooooooogooooooo
*0000000WO00000O0
c0 00O | 0000
‘0000 | 0000
0000 | 0000,
-0 O-O—-—-— - —0-0-0-0-¢
0000 | 0000
«O 00O | 0000
L0000 ‘ 0000
W0000000b0000000
WO000000bo00000O0
" 0000000POOOO0O0O0
*0000000)O000000

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X

0.05 MAX 0.05 MIN
ALL AROUND ALL AROUND METAL UNDER
(KEXPOSED METAL = \\/SOLDER MASK
(0.29) S

ST 0.23)
SOLDER MASK—" EXPOSED METAL/ @
OPENING METAL EDGE SOLDER MASK
NON-SOLDER MASK
DEFINED SOLDER MASK

PREFERRED

( ) SOLDER MASK DETAILS

NOT TO SCALE

4229798/A 07/2023

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For information, see Texas Instruments literature number SPRAA99 (www.ti.com/lit/spraa99).
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EXAMPLE STENCIL DESIGN
ZVB0176A NFBGA - 1 mm max height
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BASED ON 0.1 mm THICK STENCIL
SCALE: 15X

4229798/A 07/2023

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated
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