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# 5-1. Pin Functions

F13, G3

PIN
TYPE DESCRIPTION
NAME NO.
DATA(0) A2
DATA(1) A4
DATA(2) B2
DATA(3) B3
DATA(4) B5
DATA(5) Cc2
DATA(6) C3
DATA(7) B4 Data bus. Synchronous to rising edge and falling edge of DCLK.
DATA(8) C5
DATA(9) D2
DATA(10) D3
DATA(11) D4
DATA(12) D5
DATA(13) E2
DATA(14) F5
LVCMOS input
DCLK F4 Data clock.
Parallel latch load enable. Synchronous to rising edge and
LOADB F3 falling edge of DCLK.
SCTRL E4 Serial control (sync). Synchronous to rising edge and falling
edge of DCLK.
Toggle rate control. Synchronous to rising edge and falling edge
TRC F2
of DCLK.
Reset control serial bus. Synchronous to rising edge of
DAD_BUS B15 SAC_CLK.
RESET_OEZ C15 Active low. Output enable signal for internal reset driver circuitry.
RESET_STROBE B13 Rising edge on RESET_STROBE latches in the control signals.
Stepped address control serial bus. Synchronous to rising edge
SAC_BUS A15 of SAC_CLK.
SAC_CLK A14 Stepped address control clock.
TCK F15 JTAG clock.
JTAG data input. Synchronous to rising edge of TCK. Bond pad
TDI E13 ; .
connects to internal pull up resistor.
DO G15 LVCMOS output JTAG data output. Synchronous to falling edge of TCK. Tri-state
failsafe output buffer.
™S G14 LVCMOS input JTAG mode selept. Synchronous tq rising edge of TCK. Bond
pad connects to internal pull up resistor.
TEMP_MINUS G13 . Calibrated temperature diode used to assist accurate
Analog input .
TEMP_PLUS G2 temperature measurements of DMD die.
Vgias D15 Power supply for positive bias level of mirror reset signal.
A5, B12, C14, D12, Power Power sqpply for low volt_age CMOS logic. Power supply for
Vee normal high voltage at mirror address electrodes. Power supply

for offset level of mirror reset signal during power down.
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# 5-1. Pin Functions (continued)

PIN
NAME NO.

TYPE DESCRIPTION

Power supply for high voltage CMOS logic. Power supply for
VorFseT E14 stepped high voltage at mirror address electrodes. Power
supply for offset level of mirror reset signal.

VREF E15 Power supply for low voltage CMOS DDR interface.

VRESET D14 Power Power supply for negative reset level of mirror reset signal.

A3, A13, B14, C4,
C12, C13, D13, ES,

Vss E5, E12, F12, F14, Common return for all power.
G4, G12
A1, A12, A16,B1,
RESERVED B16, F1, F16, G1, Reserved Do not connect.
G5, G16
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6 Specifications
6.1 Absolute Maximum Ratings

See @

MIN MAX UNIT
SUPPLY VOLTAGE(")
VRer LVCMOS logic supply voltage -0.5 4 \Y,
Vee LVCMOS logic supply voltage -0.5 4 \%
VOFFSET Mirror electrode and HVCMOS voltage -0.5 8.75 \%
Vgias Mirror electrode voltage -0.5 17 \%
[Veias — VoreseTl Supply voltage delta® 8.75 \Y
VRESET Mirror electrode voltage -1 0.5 \
Input voltage: other inputs -0.5 Vger + 0.3 \%
focLk Clock frequency 60 82 MHz
ltEmMP_DIODE Temperature diode current 500 MA
ENVIRONMENTAL
TARRAY Operating DMD array temperature® —-40 105 °C

(1)  All voltage values are with respect to the ground pins (Vss).

(2) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully functional, and

this may affect device reliability, functionality, performance, and shorten the device lifetime.

(3) To prevent excess current, the supply voltage delta |Vgas — VorrseT| must be less than or equal to 8.75 V.

(4) See trZ32-7.6 section.

6.2 Storage Conditions

Applicable for the DMD as a component or non-operating in a system. The device is not designed to be exposed to corrosive

environments.

MIN MAX| UNIT
Tstg DMD storage temperature -40 125 °C
6.3 ESD Ratings
VALUE UNIT
Human-body model (HBM), per AEC Q100-002(Y) All Pins +2000
Vesp) Electrostatic discharge . All Pins +750 \%
Charged-device model (CDM) per AEC Q100-011 -
Corner Pins® +750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

(2) Corner pins are A1, G1, A16, and G16.
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6.4 Recommended Operating Conditions

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

MIN NOM MAX UNIT

SUPPLY VOLTAGE RANGE
VRer LVCMOS interface power supply voltage 1.65 1.8 1.95 \Y
Vee LVCMOS logic power supply voltage 2.25 2.5 2.75 \Y
VOFFSET Mirror electrode and HVCMOS voltage 8.25 8.5 8.75 \Y
Vgias Mirror electrode voltage 15.5 16 16.5 V
[Veias — VoreseTl Supply voltage delta® 8.75 \%
VRESET Mirror electrode voltage -9.5 -10 -10.5 \%
Vp VT+ Positive going threshold voltage 0.4 x Vgep 0.7 x VRer Vv
VN VT- Negative going threshold voltage 0.3 x VRer 0.6 x VRer \Y
Vy AVT Hysteresis voltage (Vp — Vn) 0.1 x VRegr 0.4 x VRgr \Y
loH_TpO High level output current @ Voh =2.25V, TDO, Vcc =2.25V -2 mA
loL_Tpo Low level output current @ Vol = 0.4 V, TDO, Vcc =2.25V 2 mA
TEMPERATURE DIODE
ltemP_piobe Max current source into temperature diode® 120 uA
ENVIRONMENTAL
Tarray @ Operating DMD array temperature - steady state() —-40 105 °C
ILLyy @ lllumination, wavelength < 395 nm 2.0 mWi/cm?
ILLoverriLL !Ll;r:lg:;l\?vl:] ?:EIZ_T%()Imum heat load in Tarray < 75°C 26

— - - - mW/mm?2
Uowri T ST 750 2

(1) DMD active array temperature can be calculated as shown in Z=~>z.-7.6 section and assumes uniform illumination across the array.

(2) To prevent excess current, the supply voltage delta |Vgas — VorrseT| must be less than or equal to 8.75 V.

(3) The maximum operation conditions for DMD array temperature and illumination UV shall not be implemented simultaneously.

(4) Temperature diode is to assist in the calculation of the DMD array temperature during operation.

(5) Operating profile information for device micromirror landed duty-cycle and temperature may be provided if requested.

(6) The active area of the DLP3021-Q1 device is surrounded by an aperture on the inside of the DMD window surface that masks
structures of the DMD device assembly from normal view. The aperture is sized to anticipate several optical conditions. Overfill light
illuminating the area outside the active array can scatter and create adverse effects to the performance of an end application using the
DMD. The illumination optical system should be designed to minimize light flux incident outside the active array. Depending on the
particular system's optical architecture and assembly tolerances, the amount of overfill light on the outside of the active array may
cause system performance degradation. Overfill illumination in excess of this specification may also impact thermal performance.
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6-1. lllumination Overfill Diagram

6.5 Thermal Information

— Window——— |
Aperture

Limited illumination area

on window aperture

DLP3021-Q1
THERMAL METRIC(") FQR (LGA) UNIT
64 PINS
Thermal resistance Active area to test point 1 (TP1)(") 7.0 °C/W

M

The DMD is designed to conduct absorbed and dissipated heat to the back of the package. The cooling system must be capable of
maintaining the package within the temperature range specified in the =25~ 6.4. The total heat load on the DMD is largely driven
by the incident light absorbed by the active area, although other contributions include light energy absorbed by the window aperture
and electrical power dissipation of the array. Optical systems should be designed to minimize the light energy falling outside the
window clear aperture since any additional thermal load in this area can significantly degrade the reliability of the device.

6.6 Electrical Characteristics

Over operating free-air temperature range (unless otherwise noted)®

PARAMETER TEST CONDITIONS(") MIN TYP MAX UNIT

VCC =225V

VoH High level output voltage 1.7 V
lon = —8 mA

. VREF =18V

VoH2 High level output voltage® 1.44 \%
loy =-2 mA
VCC =275V

VoL Low level output voltage 0.4 \%
|o|_ =8 mA
VREF =18V

VoL2 Low level output voltage(®) 0.36 \%
|o|_ =2mA
VREF =1.95V

-10
| Output high imped t VoL=0V A
utput high impedance curren

oz puLhign fme VREF = 1.95V o g
VOH = VREF
VREF =1.95V

I Low level input current(®) -5 pA
V=0V
VREF =1.95V

Iy High level input current(®) 6 pA
V, = VREF
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6.6 Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)®

PARAMETER TEST CONDITIONS(") MIN TYP MAX UNIT

VREF =1.95V

li2 Low level input current® -785 pA
V=0V

liH2 High level input current(®) VREF =1.95V 6 pA
V| = VREF

lis Low level input current() VREF =1.95V -5 pA
Vi=0V

i3 High level input current(® VREF =195V 785 pA
V, = VREF

CURRENT

IRerF Current at Vggr = 1.95 V focLk = 80 MHz 2.80 mA

lec Current at Vg =2.75V focLk = 80 MHz 59.90 mA

loFFsET Current at Voprser =8.75V 2.93 mA

Igias Current at Vgjag = 16.5V 2.30 mA

IRESET Current at Vggsgr = —-10.5V -2.00 mA

POWER

PRrer Power at Vgrgr = 1.95 V focLk = 80 MHz 5.46 mwW

Pcc Power at Ve = 2.75 V focLk = 80 MHz 164.73 mwW

PoreseT Power at Voppser =8.75 V 25.64 mwW

Pgias Power at Vgjas = 16.5V 37.95 mwW

PRreseT Power at Vgrggetr =-10.5V 21.00 mwW

ProTtaL Total power at nominal conditions focLk = 80 MHz 254.77 mwW

CAPACITANCE

Cin Input pin capacitance f=1MHz 20 pF

Ca ?Eﬂ%{ﬂ&ﬁg?&:;ce (TEMP_PLUS and £=1MHz 65 oF

Co Output pin capacitance f=1MHz 20 pF

(1)  All voltage values are with respect to the ground pins (Vss).

(2) Device electrical characteristics are over =222~ 6.4 unless otherwise noted.

(3) Specification is for LVCMOS input pins, which do not have pull up or pull down resistors. See 2>z~ 5 section.
(4) Specification is for LVCMOS input pins which do have pull up resistors (JTAG: TDI, TMS). See &=~z 5 section.
(5) Specification is for LVCMOS input pins which do have pull down resistors. See = ~>5.-5 section.

(6) Specification is for LVCMOS JTAG output pin TDO.

6.7 Timing Requirements

Over =227 6.4 unless otherwise noted.

MIN NOM MAX UNIT

DMD MIRROR AND SRAM CONTROL LOGIC SIGNALS

tsu Setup time SAC_BUS low before SAC_CLK T 1.0 ns
ty Hold time SAC_BUS low after SAC_CLK 1 1.0 ns
tsu Setup time DAD_BUS high before SAC_CLK 1 1.0 ns
th Hold time DAD_BUS after SAC_CLK 1 1.0 ns
tc Cycle time SAC_CLK 12.5 16.67 ns
tw Pulse width 50% to 50% reference points: SAC_CLK high or low 5.0 ns
tr Rise time 20% to 80% reference points: SAC_CLK 2.5 ns
tr Fall time 80% to 20% reference points: SAC_CLK 2.5 ns
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Over =227 6.4 unless otherwise noted.

MIN NOM MAX‘ UNIT
DMD DATA PATH AND LOGIC CONTROL SIGNALS
tsu Setup time DATA(14:0) before DCLK T or DCLK | 1.0 ns
ty Hold time DATA(14:0) after DCLK T or DCLK | 1.0 ns
tsu Setup time SCTRL before DCLK 1 or DCLK | 1.0 ns
ty Hold time SCTRL after DCLK T or DCLK | 1.0 ns
tsu Setup time TRC before DCLK T or DCLK | 1.0 ns
ty Hold time TRC after DCLK T or DCLK | 1.0 ns
tsu Setup time LOADB low before DCLK T 1.0 ns
ty Hold time LOADB low after DCLK | 1.0 ns
tsu Setup time RESET_STROBE high before DCLK T 1.0 ns
ty Hold time RESET_STROBE after DCLK 1 35 ns
tc Cycle time DCLK 12.5 16.67 ns
tw Pulse width 50% to 50% reference points: DCLK high or low 5.0 ns
tw(L) Pulse width 50% to 50% reference points: LOADB low 7.0 ns
tw(H) Pulse width 50% to 50% reference points: RESET_STROBE high 7.0 ns
tr Rise time 20% to 80% reference points: DCLK, DATA, SCTRL, TRC, LOADB 2.5 ns
te Fall time 80% to 20% reference points: DCLK, DATA, SCTRL, TRC, LOADB 2.5 ns
JTAG BOUNDARY SCAN CONTROL LOGIC SIGNALS
frek Clock frequency TCK 10 MHz
tc Cycle time TCK 100 ns
tw Pulse width 50% to 50% reference points: TCK high or low 10 ns
tsu Setup time TDI valid before TCK T 5 ns
ty Hold time TDI valid after TCK T 25 ns
tsu Setup time TMS valid before TCK 1 5 ns
ty Hold time TMS valid after TCK 1 25 ns
tr Rise time 20% to 80% reference points: TCK, TDI, TMS 2.5 ns
tr Fall time 80% to 20% reference points: TCK, TDI, TMS 2.5 ns
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to — > tw—e it :i tw
SAC_CLK / \ T 50% \ 7L 50% \ 7L 50% \ 7L 50% k 50% ]L: 50% \ T 50% \ F
- »— th
tsy— »
SAC_BUS < }( 50% 7( 50% X y \

tsu

DAD_BUS ( ‘ I( X }l 50% 50%

rI

VRer
80%
SAC_CLK
\ 20%
— | Vss
tr e te-es
6-2. DMD Mirror and SRAM Control Logic Timing Requirements
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ty —e >ie W >ie »— tc
DCLK 7[ 50% SK 50% 7[ 50% XK 50% 7l 50% \
TH—< > ty _<_>§
tsu —§<—> tsu —i<—> é
DATA X 50% ){ 50% X X 50% X 50% x
SCTRL X 50% )l 50% X X 50% X 50% x
TRC X 50% ){ 50% X X 50% X 50% x
tsy—e > tH—e >
LOADB NK 50% ~( 50%
tW(L) < »,
< >ty
tsy —« »
RESET_STROBE 7[ 50% 3\ 50%
twi) —e >
VRer
DCLK T 80%"
DATA
SCTRL
TRC A I 20% =" ""’I
LOADB ; ; Vss
to-ie] -t
Ed 6-3. DMD Data Path and Control Logic Timing Requirements
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A
V.

tc

TCK 7[ 50% XK 50% ZZ 50% \ 7( 50% \

—
I

A

A4

TDI

50% )- 50% x

50% ){ 50% x

TDO 50% X x
VREF
80%
TCK
DI
™S 20%
4[ \ VSS
tr—tes T

Eq 6-4. JTAG Boundary Scan Control Logic Timing Requirements
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6.8 Switching Characteristics
Over operating free-air temperature range (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

C. = 11 pF, from (Input) falling edge of
TCK to (Output) TDO, see [X| 6-4

tep Output propagation, clock to Q (see ¥ 6-4)

Data Sheet Timing Reference Point

'

Device Pin

——— > Tester Channel
Output Under Test

—_—— C_

See &2 72-7.3.1 section for more information.

B 6-5. Test Load Circuit for Output Propagation Measurement

6.9 System Mounting Interface Loads

PARAMETER MIN NOM MAX| UNIT
Uniformly distributed within the Thermal Interface Area shown in [ 6-6 70 N
Uniformly distributed within the Electrical Interface Area shown in [X| 6-6 100 N

/—Thermal Interface Area

/
oot ‘ oUuto
ougot] OO
OO
OO
OO0
oot
otyuo

N\ OO0
HENNN

Electrical Interface Area

6-6. System Interface Loads
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6.10 Physical Characteristics of the Micromirror Array

PARAMETER VALUE UNIT

N Number of active columns See [X] 6-7 684 micromirrors

M Number of active rows See [¥] 6-7 608 micromirrors

€ Micromirror (pixel) pitch — diagonal See [¢| 6-8 7.6 um

P Micromirror (pixel) pitch — horizontal and vertical See [¥] 6-8 10.8 um
Micromirror active array width PxM+P/2;see [¥ 6-7 6.5718 mm
Micromirror active array height (PxN)/2+P/2;see % 6-7 3.699 mm
Micromirror active border Pond of micromirror (POM)(") 10 micromirrors/side

(1) The structure and qualities of the border around the active array includes a band of partially functional micromirrors called the POM.
These micromirrors are structurally and/or electrically prevented from tilting toward the bright or ON state, but still require an electrical
bias to tilt toward OFF.

(0,0)

A

ILLUMINATION

#

~ O [Ted =4
o o o o
Nl Nl el 0 M o - o
z z z = z =z 3z =
e &8 &8 & BORDER MIRRORS (POM) ARE OMITTED FOR CLARITY e &8 &8 &
A
CoL 0
CoL |
CoL 2
CoL 3
CoL 4
CoL 5
CoL 6
CoL 7
ILLUMINATION o )
. 3 ON-STATE h OFF-STATE
© TILT DIRECTION : TILT DIRECTION
Ed i
DMD ACTIVE MIRROR ARRAY
CoL 676
CoL 677
CoL 678
CoL 679
CoL 680
CoL 68|
CoL 682
CoL 683
\)
- 6.5718 MM -
DMD PERIPHERY
B 6-7. Micromirror Array Physical Characteristics
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(wn) ¢

“

P (um)

B 6-8. Mirror (Pixel) Pitch

6.11 Micromirror Array Optical Characteristics

# 6-1. Optical Parameters

PARAMETER MIN NOM MAX UNIT
Micromirror tilt angle, landed (on-state or off-state)(), 12 °
Micromirror tilt angle tolerance("), —1 1 °
DMD efficiency, 420 nm — 680 nm(2) 66%

M

)

For some applications, it is critical to account for the micromirror tilt angle variation in the overall optical system design. With some
optical system designs, the micromirror tilt angle variation within a device may result in perceivable non-uniformities in the light field
reflected from the micromirror array. With some optical system designs, the micromirror tilt angle variation between devices may result
in colorimetry variations, system efficiency variations, or system contrast variations.

DMD efficiency is measured photopically under the following conditions: 24° illumination angle, F/2.4 illumination and collection
apertures, uniform source spectrum (halogen), uniform pupil illumination, the optical system is telecentric at the DMD, and the
efficiency numbers are measured with 100% electronic mirror duty cycle and do not include system optical efficiency or overfill loss.
Note that this number is measured under conditions described above and deviations from these specified conditions could result in a
different efficiency value in a different optical system. The factors that can influence the DMD efficiency related to system application
include: light source spectral distribution and diffraction efficiency at those wavelengths (especially with discrete light sources such as
LEDs or lasers), and illumination and collection apertures (F/#) and diffraction efficiency. The interaction of these system factors as well
as the DMD efficiency factors that are not system dependent are described in detail in DMD Optical Efficiency for Visible Wavelengths.
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6.12 Window Characteristics

PARAMETER MIN NOM MAX| UNIT
Window material designation Corning Eagle XG
Window refractive index at wavelength 546.1 nm 1.5119
Window aperture(!) See (1)

(1)  See the package mechanical ICD for details regarding the size and location of the window aperture.

6.13 Chipset Component Usage Specification

The DLP3021-Q1 DMD is a component of a DLP® chipset including a DLP products controller. Reliable function

and operation of the DMD requires that it be used in conjunction with a DLP products controller.

Tl assumes no responsibility for image quality artifacts or DMD failures caused by optical system

operating conditions exceeding limits described previously

Copyright © 2023 Texas Instruments Incorporated
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7 Detailed Description

7.1 Overview

The DLP3021-Q1 DMD has a resolution of 608 x 684 mirrors configured in a diamond format that results in an
aspect ratio of 16:9 which creates an effective resolution of 864 x 480 square pixels. By configuring the pixels in
a diamond format, the illumination input to the DMD enters from the side allowing for smaller mechanical
packaging of the optical system.

7.2 Functional Block Diagram

TCK

TDI
TDO
TMS

Vee

VREF

Vss

DATA(14:0)
DCLK
LOADB
SCTRL

TRC

JTAG
Controller

DMD Data
Path and
Logic
Control

0.3 WVGA 16:9 Aspect Ratio
SRAM & Micromirror Array

A

DMD Mirror &
SRAM Voltage
Control

DMD Mirror &
SRAM
Control Logic

VREF

Vee

Vss
RESET_OEZ
DAD_BUS
RESET_SROBE

SAC_BUS
SAC_CLK

VRESET
VBIAs
VOFFSET
Vce

Vss

TEMP_PLUS

TEMP_MINUS
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7.3 Feature Description
To ensure reliable operation, the DLP3021-Q1 DMD must be used with a DLP products controller.
7.3.1 Micromirror Array

The DLP3021-Q1 DMD consists of a two-dimensional array of 1-bit CMOS memory cells that determine the state
of the each of the 608 x 684 micromirrors in the array. Refer to 7=~ 6.10 for a calculation of how the 608 x
684 micromirror array represents a 16:9 dimensional aspect ratio to the user. Each micromirror is either “ON”
(tilted +12°) or “OFF” (tilted —12°). Combined with appropriate projection optical system the DMD can be used to
create sharp, colorful, and vivid digital images.

7.3.2 Double Data Rate (DDR) Interface

Each DMD micromirror and its associated SRAM memory cell is loaded with data from the DLP controller via the
DDR interface (DATA(14:0), DCLK, LOADB, SCRTL, and TRC). These signals are low voltage CMOS nominally
operating at 1.8-V level to reduce power and switching noise. This high speed data input to the DMD allows for a
maximum update rate of the entire micromirror array to be nearly 5 kHz, enabling the creation of seamless digital
images using Pulse Width Modulation (PWM).

7.3.3 Micromirror Switching Control

Once data is loaded onto the DMD, the mirrors switch position (+12° or —12°) based on the timing signal sent to
the DMD Mirror and SRAM control logic. The DMD mirrors will be switched from OFF to ON or ON to OFF, or
stay in the same position based on control signals DAD_BUS, RESET_STROBE, SAC_BUS, and SAC_CLK,
which are coordinated with the data loading by the DLP controller. In general, the DLP controller loads the DMD
SRAM memory cells over the DDR interface, and then commands to the micromirrors to switch position.

At power down, the DMD Mirrors are commanded by the DLP controller to move to a near flat (0°) position as
shown in EZ7a2 9. The flat state position of the DMD mirrors are referred to as the “Parked” state. To maintain
long-term DMD reliability, the DMD must be properly “Parked” prior to every power down of the DMD power
supplies.

7.3.4 DMD Voltage Supplies

The micromirrors switching requires unique voltage levels to control the mechanical switching. These voltages
levels are nominally 16 V, 8.5V, and —10 V (Vgjas, VorrseT, and Vgreset). The specification values for Vgjas,
VorrseT, and Vgeset are shown in #7332 6.4.

7.3.5 Logic Reset
Reset of the DMD is required and controlled by the DLP products controller.
7.3.6 Temperature Sensing Diode

The DMD includes a temperature sensing diode designed to be used with the TMP411-Q1 temperature
monitoring device. The DLP products controller may monitor the DMD array temperature via the TMP411-Q1
and temperature sense diode.

7-1 shows the typical connection between the DLP products controller, TMP411-Q1, and the DLP3021-Q1
DMD. The signals to the temperature sense diode are sensitive to system noise, and care should be taken in the
routing and implementation of this circuit. See the TMP411-Q1 data sheet for detailed PCB layout
recommendations.
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DLP Products Controller DLP3021-Q1
50 Q
SCL D+ * AN
100 pF
50 Q
SCA D- . NN
TMP411-Q1

7-1. Temperature Sense Diode Typical Circuit Configuration

It is recommended that the host controller manage parking of the DMD based on the allowable temperature
specifications and temperature measurements.

7.3.6.1 Temperature Sense Diode Theory

A temperature sensing diode is based on the fundamental current and temperature characteristics of a transistor.
The diode is formed by connecting the transistor base to the collector. Two different known currents flow through
the diode and the resulting diode voltage is measured in each case. The difference in the base-emitter voltages
is proportional to the absolute temperature of the transistor.

Refer to the TMP411-Q1 data sheet for detailed information about temperature diode theory and measurement.
7-2 and [¥] 7-3 illustrate the relationship between the current and voltage through the diode.

& L
g

Eq 7-2. Temperature Measurement Theory

s 4 s 4
£ E
w w
omn o
> >
<
~ ~ <100uA
™ 10uA
1uA
Temperature (°C) Temperature (°C)
7-3. Example of Delta VBE vs Temperature
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7.3.7 DMD JTAG Interface

The DMD uses 4 standard JTAG signals for sending and receiving boundary scan test data. TCK is the test
clock used to drive an IEEE 1149.1 TAP state machine and logic. TMS directs the next state of the TAP state
machine. TDI is the scan data input and TDO is the scan data output.

The DMD does not support IEEE 1149.1 signals TRST (Test Logic Reset) and RTCK (Returned Test Clock).
Boundary scan cells on the DMD are Observe-Only. To initiate the JTAG boundary scan operation on the DMD,
a minimum of 6 TCK clock cycles are required after TMS is set to logic high.

Refer to [%] 7-4 for a JTAG system board routing example.

DLP Products

Controller DLP302X-Q1
DMD_JTCK TCK
DMD_JTMS » TMS
DMD_JTDI » DI
DMD_JTDO |« 00

7-4. System Interface Connection to DLP Products Controller

The DMD Device ID can be read via the JTAG interface. The ID and 32-bit shift order is shown in [X] 7-5.

MSB
31 28 27 12 11 10
Version (4 Bits) Part Number (16 Bits) Manufacturer ID (11 Bits) LSB
TDI l—» i TDO
0000 1011-1011-0001-1011 0000-0010-111 1

& 7-5. DMD Device ID and 32-bit Shift Order

Refer to [X| 7-6 for a JTAG boundary scan block diagram for the DMD. These show the pins and the scan order
that are observed during the JTAG boundary scan.

DATA(0)
L g DATA(1)
SAC_BUS ' | DATA@)
SAC_CLK : : DATA®)
DAD_BUS | | DATA(4)
RESET_STROBE | | DATA(5)
RESET_OEZ [ : g/;//:g
: | DATA(8)
I DMD Active Mirror Array | []DATA(@9)
! I ] pATA(10)
! ' DATA(11)
: : DATA(12)
| | DATA(13)
I | DATA(14)
! I 7ok
_h_ ____ N ' LOADB
TCK : Controller : SCTRL
™S —— ¥ | Decoder e
TDI[]———f-) Registes |~ JTAGBoundary ScanPath_ 3
TDO «— _I

7-6. JTAG Boundary Scan Path

Refer to [%| 7-7 for a functional block diagram of the JTAG control logic.
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y
> Device ID Register
> Bypass Register
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>
Instruction Decoder
A
] » Instruction Register >
A
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L
TAP Controller
7 >
1
~J
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BSC = Boundary Scan Cell [Observe Only]
TAP = Test Access Port

B 7-7. JTAG Functional Block Diagram
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7.4 System Optical Considerations

Optimizing system optical performance and image performance strongly relates to optical system design
parameter trades. Although it is not possible to anticipate every conceivable application, projector image quality
and optical performance is contingent on compliance to the optical system operating conditions described in the
following sections.

7.4.1 Numerical Aperture and Stray Light Control

The angle defined by the numerical aperture of the illumination and projection optics at the DMD optical area
should be the same. This angle should not exceed the nominal device mirror tilt angle unless appropriate
apertures are added in the illumination and/or projection pupils to block flat-state and stray light from passing
through the projection lens. The mirror tilt angle defines DMD capability to separate the "On" optical path from
any other light path, including undesirable flat-state specular reflections from the DMD window, DMD border
structures, or other system surfaces near the DMD such as prism or lens surfaces. If the numerical aperture
exceeds the mirror tilt angle, or if the projection numerical aperture angle is more than two degrees larger than
the illumination numerical aperture angle, contrast ratio can be reduced and objectionable artifacts in the image
border and/or active area could occur.

7.4.2 Pupil Match

TI’s optical and image quality specifications assume that the exit pupil of the illumination optics is nominally
centered within two degrees of the entrance pupil of the projection optics. Misalignment of pupils can create
objectionable artifacts in the image border and/or active area, which may require additional system apertures to
control, especially if the numerical aperture of the system exceeds the pixel tilt angle.

7.4.3 lllumination Overfill and Alignment

Overfill light illuminating the area outside the active array can create artifacts from the mechanical features and
other surfaces that surround the active array. These artifacts may be visible in the projected image. The
illumination optical system should be designed to minimize light flux incident outside the active array and on the
window aperture. Depending on the particular system’s optical architecture and assembly tolerances, this
amount of overfill light on the area outside of the active array may still cause artifacts to be visible. lllumination
light and overfill can also induce undesirable thermal conditions on the DMD, especially if illumination light
impinges directly on the DMD window aperture or near the edge of the DMD window. Refer to 7= 6.4 for a
specification on this maximum allowable heat load due to illumination overfill.

7.5 DMD Image Performance Specification

PARAMETER MIN NOM MAX UNIT

. ) ) ’ Adjacent micromirrors 0| . )
Number of non-operational micromirrors(") - - - micromirrors
Non-adjacent micromirrors 10

Optical performance See B/ a 74

(1) A non-operational micromirror is defined as a micromirror that is unable to transition between the on-state and off-state positions.

7.6 Micromirror Array Temperature Calculation

Active array temperature can be computed analytically from measurement points on the outside of the package,
the package thermal resistance, the electrical power, and the illumination heat load.

Relationship between array temperature and the reference ceramic temperature (thermocouple location TP1 in
7-8) is provided by the following equations.

TarrAY = Tceramic + (QaRRAY * RARRAY-TO-CERAMIC) (1
QarrAY = QeLEcTRICAL + QILLUMINATION (2)
where

*  Tarray = computed DMD array temperature (°C)
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*  Tceramic = measured ceramic temperature (TP1 location in [X] 7-8) (°C)

*  Rarray-To-ceramic = DMD package thermal resistance from array to TP1 (°C/watt) (see 73> 6.5)
*  Qarray = total power, electrical plus absorbed, on the DMD array (watts)

*  QgLecTrICAL = Nominal electrical power dissipation by the DMD (watts)

* QuLumination = (Crow * Sy)

*  Cpow = conversion constant for screen lumens to power on the DMD (watts/lumen)

* S| = measured screen lumens (Im)

Electrical power dissipation of the DMD is variable and depends on the voltages, data rates, and operating
frequencies.

Absorbed power from the illumination source is variable and depends on the operating state of the mirrors and
the intensity of the light source.

Equations shown previous are valid for a 1-Chip DMD system with total projection efficiency from DMD to the
screen of 87%.

The constant Cpyy is based on the DMD array characteristics. It assumes a spectral efficiency of 300 lumens/
watt for the projected light and illumination distribution of 83.7% on the active array, and 16.3% on the array
border.

Sample calculation:

° SL =501Im
° C|_2W =0.00293 W/Im
* QeLecTricAL = 0.162 W

* RaRrrAv-TO-cERAMIC = 7.0°C/W
* Tceramic = 55°C

Qarray = 0.162 W + (0.00293 x 50 Im) = 0.309 W (3)
Tarray = 55°C + (0.309 W x 7.0°C/W) = 57.2°C (4)
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B 7-8. Thermocouple Location

7.7 Micromirror Landed-On/Landed-Off Duty Cycle

The micromirror landed-on/landed-off duty cycle (landed duty cycle) denotes the amount of time (as a
percentage) that an individual micromirror is landed in the ON state versus the amount of time the same
micromirror is landed in the OFF state.

As an example, assuming a fully-saturated white pixel, a landed duty cycle of 90/10 indicates that the referenced
pixel is in the ON state 90% of the time (and in the OFF state 10% of the time), whereas 10/90 would indicate
that the pixel is in the OFF state 90% of the time. Likewise, 50/50 indicates that the pixel is ON 50% of the time
and OFF 50% of the time.

Note that when assessing landed duty cycle, the time spent switching from one state (ON or OFF) to the other
state (OFF or ON) is considered negligible and is thus ignored.

Since a micromirror can only be landed in one state or the other (ON or OFF), the two numbers (percentages)
always add to 100.
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8 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz

PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

8.1 Application Information

The DLP3021-Q1 DMD was designed to be used in automotive applications such as dynamic ground projection.
The information shown in this section describes the dynamic ground projection application.

8.2 Typical Application

The DLP3021-Q1 DMD combined with a DLP products controller are the primary devices that make up the
reference design for a dynamic ground projection system as shown in the block diagram [¥] 8-1.

DCLK—————P

le—SPI—»
— 4>
MU DATA[0:14] DMD

[«—IRQ—p [—————————CONTROL———P{

kBIASJ

—OFFSET
——RESET-

SPI Flash [¢—SPl—» ENABLE DMD Voltage
’ Regulator

TMP411
|[¢——I2C——»| Temperature Sense |——TEMP. DIODE—
IC

FPGA

DRIVE_EN l

—RED_PWM
—BLUE_PWM IADJ—»1 LED Driver
|-GREEN_PWM

—PwWM_SEL_0
|——PWM_SEL 1 ‘ E
SHUNT_EN

RED_EN = ‘
GREEN_EN ‘
BLUE_EN

2y}

< oo

B 8-1. Dynamic Ground Projection Reference Design Block Diagram

In this architecture, video content is compressed and stored in external flash memory. Low speed SPI
commands are sent from a microcontroller or other processor to the DLP products controller to indicate what
video content to read from external memory. Storing the video content in memory removes the need for a high
speed video interface to the module which improves compatibility with typical vehicle infrastructures. It also
decreases overall system size and cost by removing graphics generation and interfaces. The controller
decompresses each bit plane of the video data (608 x 684 resolution) and displays them on the DMD in rapid
succession to create the full video image. Due to the diamond format of the DMD pixels, the output image has an
effective resolution of 864 x 480. The controller synchronizes the DMD bit plane data with the RGB enable
timing for the LED color controller and driver circuit.

The controller may connect to a TMP411-Q1 to measure the DLP3021-Q1 temperature using the built-in
temperature sensing diode.
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The controller combined with the DLP3021-Q1 may be used in RGB LED or laser illumination systems, or in
single-color systems as shown in [X] 8-2.

[————————DCLK———¥
l—SPI—»|
———— 14—
MCU DATA[0:14] DMD
[4+—IRQ—»{ [ CONTROL————¥
*BIASJ
SPI Flash [4—SP|—» ENABLE DMD Voltage |_OFFSET.
Regulator
——RESET-
TMP411
|[¢——I2C——»| Temperature Sense |——TEMP. DIODE—
FPGA Ic
DRIVE_EN l
FLED_PWM——————IADJ—¥| LED Driver
SHUNT_EN ‘ E
|
LED_EN H

G e

Eq 8-2. Dynamic Ground Projection Reference Design Block Diagram - Single Color

8.3 Application Mission Profile Consideration

Each application is anticipated to have different mission profiles, or number of operating hours at different
temperatures. To assist in evaluation, the automotive DMD reliability lifetime estimates Application Report may
be provided. See the Tl Application team for more information.
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9 Power Supply Recommendations

9.1 Power Supply Sequencing Requirements

VBIAS= Vcc, VOFFSET’ VREF! VRESET! VSS are required to operate the DMD.

TR

+ For reliable operation of the DMD, the following power supply sequencing requirements must be
followed. Failure to adhere to the prescribed power up and power down procedures may affect
device reliability.

* The Vce, VRer, VorrseT: VBias, and VieseTt power supplies have to be coordinated during power
up and power down operations. Failure to meet any of the following requirements will result in a
significant reduction in the DMD’s reliability and lifetime. Refer to [X] 9-1. Vgg must also be
connected.

DMD Power Supply Power Up Procedure:

During power up, Ve and Vgegr must always start and settle before VoprseT, Veias and VgeseT voltages are
applied to the DMD.

During power up, Vg|as does not have to start after Vorpset. However, it is a strict requirement that the delta
between Vgas and Voprset must be within £8.75 V (refer to Note 1 for [¥] 9-1).

During power up, the DMD’s LVCMOS input pins shall not be driven high until after V¢ and Vggr have
settled at operating voltage.

During power up, there is no requirement for the relative timing of Vgreser with respect to Voppser and Vpjas.
Power supply slew rates during power up are flexible, provided that the transient voltage levels follow the
requirements listed previously in 722> 6.4 and in [%] 9-1.

DMD Power Supply Power Down Procedure

Vce and Vrer must be supplied until after Vgas, VrReseT, and VorrseT are discharged to within 4 V of ground.
During power down it is not mandatory to stop driving Vgjas prior to Voreser, but it is a strict requirement that
the delta between Vgas and Voreser must be within £8.75 V (refer to Note 1 for [¥] 9-1).

During power down, the DMD’s LVCMOS input pins must be less than Vrgg + 0.3 V.

During power down, there is no requirement for the relative timing of Vggset with respect to Vorrset and
Vaias-

Power supply slew rates during power down are flexible, provided that the transient voltage levels follow the
requirements listed previously in 72> 6.4 and in [X] 9-1.
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9.1.1 Power Up and Power Down

VOFFSET

Power
Off
I
Veias, Vorrser, and Veeser /
Disabled by DLP Products Controller |
I
w l
! |
} Ve / Vrer I
I
I
} Mirror Park Sequence }
RESET_OEZ i |
| I
| | Vss
I
_______ - — — I |
T ! w
‘ ! | i
I
! Vec / Vrer | }
___________ T
Voo / } }
|
Vrer } }
Vss I | Vss
! |
I
Veias | }
I
! |
! I
! |
I
w l
Vaias } }
AV<8.75v | !
I
! |
| —
! |
I
VOFFSET | }
I
! |
! I
! |
! |
! |
I
! |
! |
I
I
I
I
I
I
I

Vss

* ]

|

I

VReseT |

|

| l

Veeser }

! |

|

w l

Veo | |

LVCMOS | )

|

Inputs |
P Vss I Vss

|

|

A. 18.75-V delta, AV, shall be considered the max operating delta between Vgjas and Voprset. Customers may find that the most reliable
way to ensure this is to power Vorgset prior to Vgias during power up and to remove Vpgas prior to Vorgse during power down.

Ed 9-1. Power Supply Sequencing Requirements (Power Up and Power Down)
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10 Layout

10.1 Layout Guidelines

Refer to the DMD controller and system management controller datasheets for specific PCB layout and routing
guidelines. For specific DMD PCB guidelines, use the following:

*  V¢c should have at least 1 x 2.2-yF and 4 x 0.1-uF capacitors evenly distributed among the 13 V¢ pins.
* A 0.1-yF, X7R rated capacitor should be placed near every pin for the Vrer, Vieias, VrseT, and Voge.

10.2 Temperature Diode Pins

The DMD has an internal diode (PN junction) that is intended to be used with an external TI TMP411-Q1
temperature sensing IC. PCB traces from the DMD’s temperature diode pins to the TMP411-Q1 are sensitive to
noise. See the TMP411-Q1 data sheet for specific routing recommendations.

Avoid routing the temperature diodes signals near other traces to reduce coupling of noise onto these signals.
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11 Device and Documentation Support
11.1 Device Support
11.1.1 Device Nomenclature

DLP3021 F FQR Q1

Automotive

Package

Temperature Range

Device Descriptor

B 11-1. Part Number Description
11.1.2 Device Markings

The device marking is shown in 11-2. The marking will include both human-readable information and a 2-
dimensional matrix code.

The human-readable information is described in 11-2. The 2-dimensional matrix code is an alpha-numeric
character string that contains the DMD part number and lot trace code.

Two-Dimensional Matrix Code

(DMD part number and lot trace code) _\

\

ool | @ \ otto
ongod |8 - .| 00000
0000 |8 2 [y | Bo0O
0oo0 |7 € [od | 0000
0000 |8 5 g1 | D000
32053 )¢\ IB8HRS
\

Part Marking \— Lot Trace Code

E 11-2. DMD Marking
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11.2 Documentation Support
11.2.1 Related Documentation

For related documentation see the following:

» Texas Instruments, TMP411-Q1 +1°C Remote and Local Temperature Sensor With N-Factor and Series
Resistance Correction data sheet
» Texas Instruments, DMD Optical Efficiency for Visible Wavelengths application report
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11.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.
DLP® is a registered trademark of Texas Instruments.
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11.7 Device Handling

The DMD is an optical device so precautions should be taken to avoid damaging the glass window. Please see
the DMD Handling application note for instructions on how to properly handle the DMD.

11.8 FAE
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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.

32 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DLP3021-Q1
English Data Sheet: DLPS183


https://www.ti.com/jp/lit/pdf/SBOS527
https://www.ti.com/jp/lit/pdf/SBOS527
https://www.ti.com/jp/lit/pdf/dlpa083
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/jp/lit/pdf/dlpa019
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com/product/ja-jp/dlp3021-q1?qgpn=dlp3021-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSIR2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSIR2C&partnum=DLP3021-Q1
https://www.ti.com/product/ja-jp/dlp3021-q1?qgpn=dlp3021-q1
https://www.ti.com/lit/pdf/DLPS183

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 6-Feb-2026

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
DLP3021FFQRQ1 Active Production CLGA (FQR) | 54 126 | JEDEC Yes Call Tl N/A for Pkg Type -40 to 105
TRAY (5+1)
DLP3021FFQRQ1.A Active Production CLGA (FQR) | 54 126 | JEDEC Yes Call Tl N/A for Pkg Type -40 to 105
TRAY (5+1)

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, ROHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents TI'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 TI 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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