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This application note presents Brightness Turbo, a method to boost the system brightness on LED-based
projectors. Brightness Turbo is able to raise the system brightness further. A hardware logic is introduced
to support Brightness Turbo, the projector running in either high-brightness mode or saturated-color mode.
The Brightness Turbo logic is built with the TI TPS92641 LED driver. The second half of the application
note introduces the TPS92641 as the discrete LED driver in DLP® products and includes the schematic,
O-scope performance measurement, and design guidelines for mainstream LED products.

The application note is recommended on the DPP6401 DLP® Pico™ product with PWM driver control

interface.
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1 Brightness Turbo Introduction

A single DMD chip, DLP® LED projector is known as using a color-sequential method to produce colors
that turn Red, Green, or Blue LED on at a time within the whole frame time. In pure LED illumination
systems, Red, Green, and Blue LEDs have to use the dichroic mirrors with appropriate optical layout and
form the same incident light cone to the DMD as shown in Figure 1. The conventional LED driving scheme
either drives LED at full power or completely off as the example in Figure 2.

In order to boost the system brightness, Brightness Turbo is a new LED driving concept that slightly turns
on the other two LEDs while they are originally completely off. For example, a given red LED time, green
and blue LEDs are turned on with 15% of their full power, and the same rule applies to green and blue
LED sequence time as shown in Figure 3. Therefore, all three LEDs are turned on while Brightness Turbo
is enabled. Because all LEDs are turned on at all times, the price of gaining the extra brightness is the
color gamut. The amount the color desaturation depends on how much brightness boost created by
Brightness Turbo.

There are two significant advantages when Brightness Turbo is implemented in an LED-based DPP6401
projector:

« The projector can claim higher brightness specification and still keep the original color gamut
specification in the other display mode. The control logic is introduced in Section 2.

» Typically, LED has higher efficiency when operating at a lower forward current. Brightness Turbo takes
the LED nature to boost brightness with better power versus brightness trade.

Dichroic Mirror

.
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/
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Blus LED # Green LED

Figure 1. Optical Layout of DLP® LED Projector
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Figure 2. Conventional LED Driving Scheme in 60 Hz Video
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Figure 3. Brightness Turbo Slightly Turned on all LEDs at all Times
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21

Brightness Turbo Design

Hardware Logic

Brightness Turbo logic is realized on the TI TPS92641 LED driver and the logic circuit was made and
proven effectively on TPS92641+ Brightness Turbo EVM. The logic supports the features to control
Brightness Turbo enabled/disabled, and the brightness boost ratio.

The TPS92641 provides two input control signals to manipulate LED current level and on/off sequence.
IADJ (pin 6) is an analog input that controls LED current level. High-level input voltage with higher LED
current. UDIM (pin 3) is a fast switch of LED on and off. High indicates LED on, low indicates LED off.

Figure 4 shows the logic of Brightness Turbo over IADJ. The Brightness Turbo SW is the switch that turn
on or off Brightness Turbo. Two analog multiplexers (MUX) are used with normal open and normal close
input ports. The MUX at TPS92641 end is controlled by LED strobe which is sent from DPP6401. The
Strobe at the status of high switches the MUX output to PWM which is the LED current setting for this
particular color sequence time. While Strobe is at low status, the MUX outputs the signal from the other
MUX which is controlled by Brightness Turbo SW. If Brightness Turbo SW is off, then convey the low
signal to LED driver that indicate no brightness boost. On the other hand, convey the voltage which is
decided by two cascaded resisters to determine how much LED current is used to boost the brightness
when Brightness Turbo SW is on. Figure 5 is the logic chart of the control signal over IADJ. Two steps of
LED current levels when Brightness Turbo is turned on. In design implementation, the same logic is
applied for red, green, and blue TPS92641 LED drivers.

LED Driver

5K PWM

Voo 4, COM
1,NO ,

? 1,NO 4,com IADJ

0 0~ 5K 4 3, TPS92641
Brightness 3, NC 6. IN

Turbo NC
6, IN
Sw BrightnessTurbo Strobe

5K

Figure 4. IADJ Control of Brightness Turbo

Brightness Turbo r

Strobe J_l I_I

LED Current (IADJ) :

—

Figure 5. Logic Chart of Control over IADJ
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Since IADJ is an analog control signal, the LED occasionally may not completely turn off due to analog
noise when Brightness Turbo is off. Figure 6 shows the additional logic circuit on green channel to
reinforce and provides faster response time over UDIM. When Brightness Turbo is on, the green LED is
turned on as long as red, green, or blue Strobe is high. UDIM follows green Strobe that fast switch the
LED on/off while Brightness Turbo is off. The same logic circuit applies to red and blue UDIM.

R_Strobe GREEN LED
G_Strobe OR qat ContinueLED
gate 1. NO 4, COM
B_Stl’obe G_Strobe ! UDIM
3, TPS92641
SNT4LVC1G332DBV NC
6, IN
BrightnessTurbo

Figure 6. UDIM Control on Green LED

The detail logic chart and the interaction of Brightness Turbo control signals are shown in Figure 7. Input
signals are Brightness Turbo, R Strobe, G Strobe, and B Strobe.

Output signals are Red IADJ, Red UDIM, Green IADJ, Green UDIM, Blue IADJ, and Blue UDIM. The
complete circuit of Brightness Turbo for R, G, and B channels is shown in Figure 8.

Brightness Turbo |

R Strobe | | | |
G Strobe

B Strobe f—l m
Red IADJ T o
Green IADJ
Blue IADJ I -

Red UDIM | |

Green UDIM!

Blue UDIM | I |

Figure 7. Logic Chart of Brightness Turbo Inputs/Outputs
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5K G_PWM
eg 4, COM
t 1 NO 4, COM 1N IADY
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5K BLUE LED
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0~5K 3, TPS02641
3,
NG NG &, IN
Brightness Turbo 8N B_Strobe
RED LED
ContinueLED
1. NO 4, COM
R_Strobe UDIM
3. TPS92641
N
c 6, IN
BrightnessTurbo
R_Sirobe GREEN LED
G_Strobe OR nat ContinueLED
ale 4, COM
B_Strobe J G Strobe 1.NO uDimM
- 3, TPS92641
SNTALVCIGII2DEY NC
g, IN
BrightnessTurbo
BELUE LED
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g, IN
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Figure 8. Brightness Turbo Circuit for R, G, B Channels
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2.2 The DLP® Composer Settings

The Brightness Turbo implementation not only requires the hardware circuit modification, but also software
setting. As Brightness Turbo shrinks the color gamut in different display modes, the Composer project
supports the different color gamut in different sequence groups. The user has to update the R, G, and B
color points depending on the boost level. Using incorrect color points Composer may result in non-
smooth gray ramp, and contour.

Sequence Group [Nu overlap w7

Color Point Data
Color X ¥ N
R 0.6651 0.3253 0.4001 *Z
G 0.2673 0.6931 0.5510 XYZ
i 01521 0.0945 0.0489 XZ
Full-On White 04363 0.2933 1.0000 XYZ

Figure 9. Original Color Gamut When Brightness Turbo Disabled

Sequence Group [Duerlap -Y 30% w7

Color Point Data
Color ¥ ¥ ¥
R 0.5830 0.3010 157.0000 XYZ
G 0.2480 0.6230 332.0000 X¥Z
i 0.1840 0.0710 65,7000 KL
Full-On White 0.3340 0.3460 1027.0000 XYL

Figure 10. Smaller Color Gamut When Brightness Turbo Enabled
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3

3.1

3.2

3.3

3.4

TPS92641 on DLP® Pico™ Products

Introduction

The TPS92641 is a high voltage and synchronous NFET controller for buck current regulators. Output
current regulation is based on valley current-mode operation using on-time control architecture. This
control method eases the loop compensation design and faster transient response. The PWM controller is
operating at up to 1.0 MHz and supports both analog and PWM input signals resulting in exceptional
dimming control range. A linear dimmer between input command and LED current is achieved with true
zero current using a low off-set error amplifier and proprietary PWM dimming logic. Protection features
include cycle-by-cycle current protection, overvoltage protection, and thermal shutdown.

TPS92641 Board Description

This EVM contains the TPS92641 IC configured as an RGB LED power solution providing three-channel
regulated current output to drive red, green and blue colors with max 20 A. The TS5A3157 IC is
configured as an analog switch for logic of Brightness Turbo functions, and the SN74LVC1G332 IC is
configured as an OR gate while Brightness Turbo is disabled. This application note includes a schematic
diagram, PCB layouts, and a bill of materials to help the end user implement the device in their specific
application.

Setting the LED Current and Analog Dimming

Average LED current regulation is set by using a sense resistor in-series with the LEDs. The internal error-
amplifier regulates the voltage across the sense resistor (Vg) to the IADJ voltage divided by 10. IADJ can
be set to any value up to 2.54 V by connecting it to VREF through a resistor divider for static output
current settings. IADJ can also be used to change the regulation point if connected to a controlled voltage
source or potentiometer to provide analog dimming. The | g, setting is based on Equation 1:
lep = Ves
Res
Y,
S~ 10 @

For this application, ADJ has optional functions, the first one is tied to VREF through a resistor divider to
fix the LED current, the second one is tied to TS5A3157 logics for the Brightness Turbo function.

PWM Dimming

The PWM dimming can be achieved via the UDIM pin and SDIM pin. The UDIM pin can be driven with a
PWM signal which controls the synchronous NFET operation. The brightness of the LEDs can be varied
by modulating the duty cycle (Dp,,) of the signal using a Schottky diode with anode connected to UDIM
pin. The SDIM pin is controlled with an external shunt FET PWM dimming. Extremely high dimming range
and linearly is achieved by shunt FET dimming operation with the SDIM and SDRYV pin. When higher
frequency and time resolution PWM dimming signal is applied to the SDIM pin, the SDRYV pin provides an
inverted signal of the same frequency and duty cycle that can be used to drive the gate of a shunt NFET
directly across the LED load.

For this application, the UDIM pin is tied to TS5A3157 and SN74LVC1G322 logics for faster response and
truly turns off while Brightness Turbo is disabled; UDIM will follow strobe signal to turns on and off the
LED current. SDIM is tied to strobe signal while both Brightness Turbo and UDIM pin functions are
disabled.

8
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3.5 Schematic

Figure 11, Figure 12, and Figure 13 illustrate the TPS92641 Red, Green, and Blue LED Driver
schematics. Figure 14 illustrates the Brightness Turbo logics schematic.
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Figure 12. TPS92641 Green LED Driver Schematic
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Figure 13. TPS92641 Blue LED Driver Schematic
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c 2 - 0.33uF
[ SN74LVC1G3320BV oy 6 I
Figure 14. Brightness Turbo Logics Schematic
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3.6

Layout

Figure 15, Figure 16, and Figure 17 illustrate the PCB layouts.
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DCC.NO.:1234 567890

Connectivity error
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oftt High Speed error

DESCRIPTION: TOP SIDE

Dote:2014/02/10

Figure 15. Top View

TEXAS INSTRUMENTS Inc.
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DCC.NO.:1234 567890

Connectivity error

T=1.6mm Ver0.1
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Date:2014 /02/10

Figure 16. Bottom View
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Figure 17. PCB Top View With Component
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3.7 Bill of Materials (BOM)
Table 1 lists the bill of materials.
Table 1. Bill of Materials
Qty |ID Part Number Value Description Size Vender
CR3, CG3, CB3, CR4, CG4, CB4, CR5,
15 | CG5, CB5,CR11, CG11, CB11,CR12, |STD 22uF Capacitor, Ceramic 805 STD
CG12, CB12
6 CR6, CG6, CB6, CR10, CG10, CB10 STD 1uF Capacitor, Ceramic 603 STD
6 CR7, CG7, CB7, CR13, CG13, CB13 STD 0.1uF Capacitor, Ceramic 603 STD
3 CR8, CG8, CB8 STD 330pF Capacitor, Ceramic 603 STD
3 CR9, CG9, CB9 STD 0.47puF Capacitor, Ceramic 603 STD
3 CR14, CG14, CB14 STD 2.2nF Capacitor, Ceramic 603 STD
2 CR1, CR2 STD 680uF, 35V CAP SMD ELECT SMD STD
3 C1,C2,C3 STD 0.33uF Capacitor, Ceramic 603 STD
3 DR1, DG1, DB1 BAS316 VR<100V Diodes SC-90 | NXP
3 DR2, DG2, DB2 PMEG4010CEH VR=40V, IF=1A Schottky SC-90 | NXP
3 JR2, JG2, JB2 STD CONN ASY FLEX 2 30A Connector STD
1 J1 JUMPER 10A 10A Jumper STD
1 J2 JUMPER 2.54 mm Jumper 2.54mm Jumper STD
1 J3A CON14 2.54mm connector 14pin 2.54mm connector STD
3 LR1,LG1,LB1 TMPC1265HP-1ROMG-D 1pH, INDUCTORS 1pH 30A TAI Tech
QR1, QG1, QB1, QR2, QG2, QB2,
18 QR3, QG3, QB3, QR4, QG4, QB4, CSD17303Q5 30V N Channel 30V N Channel NexFET SON Tl
QR5, QG5, QB5, QR6, QG6, QB6
RRG1, RRE1, RRC1, RRAL, RGG1,
18 Sggi sgifggﬁleBlaleﬁil STD 1.5Q Resistor, Chip, 1/16-W, 1% | 603 STD
RR15, RG15, RB15
RRH1, RRF1, RRD1, RRB1, RGH1,
12 RGF1, RGD1, RGB1, RBH1, RBF1, STD 47kQ Resistor, Chip, 1/16-W, 1% | 603 STD
RBD1, RBB1
3 RRV1,RGV1,RBV1 STD 10Q Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR1,RG1,RB1 STD 200kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR2,RG2,RB2 STD 18.2kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR3,RG3,RB3 STD 28kQ Resistor, Chip, 1/16-W, 1% | 603 STD
9 SiéRR“' RG4, RB4, R4, R6, R10, R14, | o1y 00 Resistor, Chip, 1/16-W, 1% | 603 | STD
3 RR5, RG5, RB5 STD 2kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR6, RG6, RB6 STD 150kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR7, RG7, RB7 STD 100kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR8, RG8, RB8 STD 4.02kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR9, RG9, RB9 STD NC Resistor, Chip, 1/16-W, 1% | 603 STD
3 RR10, RG10, RB10 STD 49.9Q Resistor, Chip, 1/16-W, 1% | 603 STD
6 SS;:GL RG11, RB11, RR16, RG16, WSR5R0100FEA 0.020 iR)?DZ Power Metal Strip, 2W, 4527 VISHAY
RR26, RR27, RR28, RR39, RR40,
12 RR41, RR42, RR43, RR44, RR45, STD 0Q Resistor, Chip, 1/16-W, 1% | 603 STD
RR46, RR47
6 R1, R3, R5, R9, R13, R17 STD NC Resistor, Chip, 1/16-W, 1% | 603 STD
4 R7, R11, R15, R19 STD 5kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 R8, R12, R16 STD 0~5kQ Variable resistor STD
3 R20, R21, R22 STD 1kQ Resistor, Chip, 1/16-W, 1% | 603 STD
3 | URL, UGL, UBL TPS92641PWP fggﬁgﬁ‘;??gffé‘gk rver | LED Drivers TSSOP | TI
1w SN74LVC1G332DBV 5.5V OR Gate S|
9 U2, U3, U4, U5, U6, U7, U8, U9, U10 TS5A3157DCK 10Q 10 Q Analog switch E:?T- Tl
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4 Brightness Turbo + TPS92641 Measurement Data
Table 2. Test Waveforms
Without Brightness Turbo Red Brightness Turbo
Ch1: Red current Ch1: Red current
Ch2: Green current Ch2: Green current
Ch3: Blue current Ch3: Blue current
TekStop . — AN Tekstop | F = 3
- S 1 -
&+ i | l : 1 - 4
e - M
[ } {12 i ae
e O = e} issern A s e
H 5 H H H ' “ ~ ~ M
B ; ¥ b - 3 P
Chi| 5.00v9wcniz\ S00AD M2.00ms] A Chl & ERTY [Chi] 550 VEQBwCh2| 5.00 A Q2 M\z.éoms EA| Chi 7530
5.00 A Q% Ch3[ 5.00 A 08
W49.60% 11/49.60 %
Green Brightness Turbo Blue Brightness Turbo
Ch1: Red current Ch1: Red current
Ch2: Green current Ch2: Green current
Ch3: Blue current Ch3: Blue current
TekStop e AN Tekstop | F = 3
- M 1 -
‘ ’ 1
ef REOUREI S 3 s
N : - - ' - - o -
3 - 3¢ W Wl
Gl 500V owch2 500 A OuME2.00ms A chlF 530V Bl 500V anlcha 5 00 A GAM2.00ms EA| Thi 7 530w
ch3[ 5.00 A Q% Ch3[ 5.00 A 08
W49.60% 11/49.60 %
Table 3. Power vs Brightness Measurement
Brightness Turbo On Off
VIN 11932V 11.986 V
1IN 3.15A 270 A
P Input (Watt) 37.59 W 32.36 W
Brightness (Lux) 3861 3082
ColorTemp (°K) 6468°K 6293°k
Power Increase (%) 16%
Brightness Increase (%) 25%
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

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

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

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

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

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

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

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

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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