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TPS92611-Q1 Automotive Single-Channel Linear LED Driver
1 Features 3 Description

e Qualified for Automotive Applications
* AEC-Q100 Qualified With the Following Results:

— Temperature Grade 1: —40°C to 125°C
Ambient Operating Temperature Range

— Device HBM ESD Classification Level H2
— Device CDM ESD Classification Level C3B

» Single-Channel Constant-Current LED Driver With
PWM Dimming

* Wide Input-Voltage Range: 4.5 V-40 V

» Constant Output Current, Adjustable by Sense
Resistor

» Precision Current Regulation, Tolerance +4.6%
* Maximum Current: 300 mA
» Heat Sharing With External Resistor

» Low Dropout Voltage (Reference-Voltage Drop
Included)

— Maximum Dropout: 150 mV at 10 mA
— Maximum Dropout: 400 mV at 70 mA
— Maximum Dropout: 700 mV at 150 mA
— Maximum Dropout: 1.3 V at 300 mA
» Diagnostics and Protection
— LED Open-Circuit and Short-Circuit Detection
With Auto-Recovery
— Diagnostic-Enable With Adjustable Threshold
for Low-Dropout Operation
— Fault Bus up to 15 Devices, Configurable As
Either One-Fails—All-Fail or Only-Failed-
Channel Off
— Low Quiescent Current and Fault-Mode
Current (<250 pA per Device)
» Operating Junction Temperature Range: —40°C to
150°C

2 Applications

» Automotive Convenience Lighting: Dome Light,
Door Handles, Reading Lamp, and Miscellaneous
Lamps

e Automotive Rear Lamp, Center High-Mounted
Stop Lamp, Side Markers, Blind-Spot Detection
Indicator, Charging Indicator

e General-Purpose LED Driver Application

With LEDs being widely used in automotive
applications, simple LED drivers are more and more
popular. Compared to discrete solutions, a low-cost
monolithic solution lowers system level component
counts and significantly improves current accuracy
and reliability.

The TPS92611-Q1 device is a simple single-channel
high-side LED driver operating from an automotive
car battery. It is a simple and elegant solution, with
LED diagnostics, to deliver constant current for a
single LED string. Its one-fails—all-fail feature is able
to work together with other LED drivers, such as the
TPS9261x-Q1, TPS9263x-Q1l, and TPS9283x-Q1
devices, to address different requirements.

Device Information®
PACKAGE BODY SIZE (NOM)
MSOP (8) 3mm x 3mm

PART NUMBER
TPS92611-Q1

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

Typical Application Diagram
4.5 - 40V

TPS92611 — Q1

EN SUPPLY
Rsns)

DIAGEN

DIAGEN IN

PWM ouT

FAULT GND

YRR VRN

Copyright © 2017, Texas Instruments Incorporated

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. ADVANCE INFORMATION for pre-production products; subject to

change without notice.

ADVANCE INFORMATION


http://www.ti.com/product/tps92611-q1?qgpn=tps92611-q1
http://www.ti.com/product/TPS92611-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS92611-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS92611-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS92611-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS92611-Q1?dcmp=dsproject&hqs=support&#community

NOILVINHO4NI SONVAQY

TPS92611-Q1
SLDS238 —JANUARY 2018

13 TEXAS
INSTRUMENTS

www.ti.com

Table of Contents

1 FRAUIMES oo a e 7.3 Feature Description.........cccocevviivniiiiniiiiiiniee
2 Applications 7.4 Device Functional Modes.............cccoeviinvencneneenne.
3 DESCHPLION oo 8 Application and Implementation ........................
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 8.1 Application Information.............ccccerviriiiiiiiiinnnnen.
5 Pin Configuration and Functions... 8.2 Typical APPHCAUON ..ovvvvvvvrreereess
6 SPECIfICAtIONS..ovoeverseeercseerssseresnereseresnenen 9 Layout.... R
6.1 Absolute Maximum RAtNGS ........rrrrvooroeoeeeereeeeeeeeee 3 9.1 Layout GUIdElNES ........ccocvvrviiiiiiiiiiccec e
6.2 ESD RAUNGS....ccovtriiiiieiiiiii et 3 9.2 LAYOUL EXAMPIE woorrrreesees s
6.3 Recommended Operating Conditions..................... 4 10 Device and Docymentatlon Support...
6.4 Thermal INfOrmation ..o, 4 10.1 Documentation SUPPOrt .........ccccvvviviiriiinineenen.
6.5 Electrical CharacteriStics. ... 4 10.2 Receiving Notification of Documentation Updates 19
6.6 TimMiNg REQUIFEMENES .........covvevivererreeeereevere e 5 10.3  Community RESOUICES. ....cc.vvvvureesrinssnesneea 19
6.7 Typical CharacteristiCS...........ccoveuevrviverreeeeerirerranens 6 10.4  Trademarks ... 19
7 Detailed Description 10 10.5 Electrostatic Discharge Caution...............ccccce.ee. 19
71 OVENVIEW oo 10 10.6  GIOSSArY ....coviiiiiiiiciie e 19
7.2 Functional Block Diagram............cccceeeerveceereennns.. 10 11 Mechanical, Packaging, and Orderable
INfOrmMation ..o 20
4 Revision History
DATE REVISION NOTE

January 2018

Initial release

Submit Documentation Feedback

Copyright © 2018, Texas Instruments Incorporated

Product Folder Links: TPS92611-Q1


http://www.ti.com/product/tps92611-q1?qgpn=tps92611-q1
http://www.ti.com
http://www.ti.com/product/tps92611-q1?qgpn=tps92611-q1
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLDS238&partnum=TPS92611-Q1

13 TEXAS
INSTRUMENTS
TPS92611-Q1

www.ti.com SLDS238 —JANUARY 2018

5 Pin Configuration and Functions

TPS92611-Q1 DGN PowerPAD™ Package
8-Pin MSOP With Exposed Termal Pad

Top View
4 )
O ———————
EN 1 If | 8 SUPPLY
|
DIAGEN 2 : | 7 IN
| Thermal I
PWM 3 Pad | 6 ouT
|
FAULT 4 IL | 5 GND
\ J
Not to scale
Pin Functions
PIN
1/0 DESCRIPTION
NAME NO.
DIAGEN 2 | Diagnostics enable, to avoid false open-circuit diagnostics during low-voltage operation
EN 1 | Device enable
FAULT 4 I/0 One-fails—all-fail fault bus
GND 5 — Ground
IN 7 | Current input
ouT 6 (0] Constant-current output
PWM 3 | PWM input
SUPPLY 8 | Device supply voltage

6 Specifications

6.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)®

MIN MAX UNIT
High-voltage input DIAGEN, EN, IN, PWM, SUPPLY -0.3 45 \Y
High-voltage output ouT -0.3 45 \%
Fault bus FAULT -0.3 22 v
IN to OUT Viny — Viour) -0.3 45 \Y
SUPPLY to IN V(suppLy) — V() -0.3 1 \
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgy -40 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

TPS92611-Q1 VALUE UNIT
Human-body model (HBM), per AEC .
QlOO-OOZ(l}, All pins +2000
Y Electrostatic discharge - Y
(ESD) 9 Charged-device model (CDM), per AEC | All pins +500
Q100-011 Corner pins (1, 4, and 8) +750

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

MIN NOM MAX UNIT
SUPPLY Device supply voltage 4.5 40 \%
IN Sense voltage 4.4 40 \%
PWM PWM inputs 0 40 \%
DIAGEN Diagnostics enable pin 0 40 \%
ouT Driver output 0 40 \%
EN Device enable 0 40 \Y
FAULT Fault bus 0 7 \Y
Ta Operating ambient temperature -40 125 °C
6.4 Thermal Information
TPS92611-Q1
THERMAL METRIC® DGN (MSOP) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 60 °C/W
Rojctop) Junction-to-case (top) thermal resistance 58.7 °C/W
Rgis Junction-to-board thermal resistance 25.6 °C/W
yIT Junction-to-top characterization parameter 1.7 °C/W
viB Junction-to-board characterization parameter 25.9 °C/W
Rocbot) Junction-to-case (bottom) thermal resistance 11.3 °C/W
(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
6.5 Electrical Characteristics
V(suppLy) = 5 V=40 V, T, = —40°C to 150°C unless otherwise noted
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
BIAS
V(PO rising tShL:(E:‘)SrI]):)I\:joltage, POR rising 3.2 4 Vv
V(pOR faling) tSr#g;I]);I\:joltage, POR falling 29 3 v
I(shutdown) Device shutdown current EN = LOW 10 HA
l(Quiescent) Device standby current PWM = HIGH, EN = HIGH 0.1 0.2 0.25 mA
lFauULT) Device current in fault mode Egezrnglsighﬁ:gh{l_(;vl\jleﬂ FAULT 0.1 0.2 0.25 mA
LOGIC INPUTS (DIAGEN, PWM, EN)
VIL(DIAGEN) Input logic-low voltage, DIAGEN 1.045 11 1.155 \%
VIH(DIAGEN) Input logic-high voltage, DIAGEN 1.14 1.2 1.26 \%
ViLpwm) Input logic-low voltage, PWM 1.045 11 1.155 \%
ViHPwMm) Input logic-high voltage, PWM 1.14 1.2 1.26 \%
ViLEN) Input logic-low voltage, EN 0.7 \%
VIHEN) Input logic-high voltage, EN \%
Ipp(EN) EN pin pulldown current Ven =12V 15 3.3 4.5 HA
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Electrical Characteristics (continued)

V(suppLy) = 5 V=40 V, T, = —40°C to 150°C unless otherwise noted

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
CONSTANT-CURRENT DRIVER
louT) Device output-current range 100% duty-cycle 4 300 mA
Ta =25°C, V(suppLy) = 45 V10 18 V 94 98 102
V(cs_REG) Sense-resistor regulation voltage | T, = —40°C to 125°C, V(suppLy) = 4.5V 935 98 102.5 mv
to 18 V ’ )
R(cs_RreG) Sense-resistor value 24.5 Q
V(cs_reg) Voltage included, current
setting = 10 mA 120 150 mv
V(C$_REG) voltage included, current 250 400 mv
v Voltage dropout from SUPPLY to | Setting = 70 mA
(DROPOUT) ouTt V(cs_reo) voltage included, current 430 20| mv
setting = 150 mA
V(cs_reg) Voltage included, current
setting = 300 mA 800 1300 mv
DIAGNOSTICS
LED open rising threshold, V) —
V(OPEN._th_rising) V(OUT)p g (IN) 70 100 135 mV
LED open falling threshold, Vn) —
V(OPEN._th,faling) V(ounp 9 (N) 235 290 335 mv
i Channel output V(oyr) short to
Vise_th_falling) ground falling threshold 1.14 12 1.26 v
N Channel output V(oyr) short to
VisG_in_rising) ground rising threshold 082 0.865 0.91 v
Channel output V(oyr) short to _
l(Retry) ground retry current Viur) =0V 0.64 1.08 1.528 mA
FAULT
ViLFAULT) Logic-input low threshold 0.7 \%
VIHEAULT) Logic-input high threshold 2 \%
VoL(FAULT) Logic-output low threshold With 500-pA external pullup 0.4 \%
VoH(FAULT) Logic-output high threshold \{\gt{} LA extemal pulldown, Visupey = 5 7 \Y;
l(FAULT pulldown) | FAULT internal pulldown current 500 750 1000 HA
l(FAULT pullup) FAULT internal pullup current 5 8 12 HA
THERMAL PROTECTION
Thermal shutdown junction o
Trrsp) temperature threshold 172 ¢
Thermal shutdown junction o
Terso_tvs) temperature hysteresis 15 ¢
6.6 Timing Requirements
MIN NOM MAX | UNIT
t N PWAM rising edge delay, 50% PWM voltage to 10% of output current closed 17 s
(PWM_delay_rising) | |gop, t2 — t1 as shown in Figure 1 H
t } PWAM falling edge delay, 50% PWM voltage to 90% of output current open 21 s
(PWM_delay_falling) | |ogp, t5 — t4 as shown in Figure 1 H
tTSD_deg) Thermal over temperature deglitch timer 60 us
EN rising edge to 10% output current at 150-mA set current and 12-V
YDEVICE_STARTUP) supply vgoltage P 100 150 us
tOPEN_deg) LED open-circuit fault-deglitch time 80 125 175 us
t(sG_deg) Channel-output short-to-ground detection deglitch time 80 125 175 us
t(Recover_deg) Recovery deglitch time 16 us
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Figure 1. Output Timing Diagram

6.7 Typical Characteristics
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Figure 2. Output Current vs Supply Voltage Figure 3. Output Current vs Current-Sense Resistor
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Typical Characteristics (continued)

Supply Voltage (V)

Figure 6. Shutdown, Quiescent and Fault Current vs Supply
Voltage
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PWM Duty Cycle

Figure 7. PWM Output Duty Cycle vs Input Duty cycle
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Figure 8. PWM Dimming via External Input
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Figure 9. PWM Dimming via Power Supply
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Typical Characteristics (continued)

Stop

“ "
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Ch. 4= |(0UT)

Figure 10. Transient Undervoltage
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Figure 11. Transient Overvoltage

Figure 14. Superimposed Alternating Voltage, 1-kHz
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Figure 12. Jump Start Figure 13. Superimposed Alternating Voltage, 15-Hz
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Figure 15. Slow Decrease, Quick Increase of Supply Voltage
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Typical Characteristics (continued)

Stop. Run ; T 1 Trig?
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Figure 16. Slow Decrease and Slow Increase of Supply Figure 17. LED Open-Circuit Protection and Recovery
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Figure 18. LED Short-Circuit Protection and Recovery
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7 Detailed Description

7.1 Overview

The TPS92611-Q1 device is one of a family of single-channel linear LED drivers. The family provides a simple
solution for automotive LED applications. Different package options in the family provide a variety of current
ranges and diagnostic options. The TPS92611-Q1 device in an MSOP-8 package supports LED open-circuit
detection and short-to-ground detection. A one-fails—all-fail fault bus allows the TPS92611-Q1 device to be used
together with the TPS9261x-Q1, TPS9263x-Q1, and TPS9283x-Q1 families.

The output current can be set by an external Ryg) resistor. Current flows from the supply through the Rsys)
resistor into the internal current source and to the LEDs.

7.2 Functional Block Diagram

TPS92611-Q1
Rsns)
EN :I [~ ]suppLy
I: L
DIAGEN :I < |
I: I L
e —
PWM :I [ ] our
Supply & Output Driver L]
Control
FAULT
] 4
LED Diagnostics
F
2
1 X
A\
GND Copyright ©2017, Texas Instruments Incorporated

7.3 Feature Description
7.3.1 Device Bias

7.3.1.1 Power-On Reset (POR)

The TPS92611-Q1 device has an internal power-on-reset (POR) function. When power is applied to SUPPLY,
the internal POR holds the device in the reset condition until V(syppLy) reaches Vpogr jising)-

7.3.1.2 Low-Quiescent-Current Fault Mode

The TPS92611-Q1 device consumes minimal quiescent current when it is in fault mode. If the FAULT voltage is
externally pulled LOW, the device shuts down the output driver.

If device detects an internal fault, it pulls the FAULT output LOW to signal a fault alarm on the one-fails—all-fail
fault bus.
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Feature Description (continued)
7.3.2 Constant-Current Driver

The TPS92611-Q1 device has a high-side constant-current integrated driver. The device senses channel current
with an external high-side current-sense resistor, Risng). A current regulation loop drives an internal transistor
and regulates the current-sense voltage at the current-sense resistor to Vcs reg)- When the output driver is in
regulation, the output current can be set using the following equation.

Vics_ReG)

[ -
(ouT)
Rsns) 1)

7.3.3 Device Enable

The TPS92611-Q1 device has an enable input EN. When EN is low, the device is in sleep mode with ultralow
quiescent current lghugown). This low current helps to save system-level current consumption in applications
where battery voltage directly connects to the device without high-side switches.

7.3.4 PWM Dimming
The TPS92611-Q1 device supports PWM dimming via PWM input dimming and supply dimming.

The PWM input functions as an enable for the output current. When the PWM input is low, the device also
disables the diagnostic features.

Supply dimming applies PWM dimming on the power input. For an accurate PWM threshold, Tl recommends
using a resistor divider on the PWM input stage to set the PWM threshold higher than V pog rising)-

7.3.5 Diagnostics

The TPS92611-Q1 device provides advanced diagnostics and fault protection features for automotive exterior
lighting systems. The device is able to detect and protect from LED string short-to-GND and LED string open-
circuit scenarios. It also supports a one-fails—all-fail fault bus that could flexibly fit different legislative
requirements.

7.3.5.1 DIAGEN

The TPS92611-Q1 device supports the DIAGEN pin with an accurate threshold to disable the open-load
diagnostic function. With a resistor divider, the DIAGEN pin can be used to sense SUPPLY voltage with a
resistor-programmable threshold. With the DIAGEN feature, the device is able to avoid false error reports due to
low-dropout voltage and to drive maximum current in low-dropout mode when the input voltage is not high
enough for current regulation.

When V piacen is higher than the Viypiaceny threshold, the device enables the LED open-circuit diagnostic. When
V(piacen is lower than the V piagen) threshold, the device disables the LED open-circuit diagnostic.

7.3.5.2 Low-Dropout Mode

When the supply voltage drops, the TPS92611-Q1 tries to regulate current by driving internal transistors in the
linear region, also known as low-dropout mode, because the voltage across the sense resistor fails to reach the
regulation target.

In low-dropout mode, the open-circuit diagnostic must be disabled. Otherwise, the device treats the low-dropout
mode as an open-circuit fault. The DIAGEN pin is used to avoid false diagnostics on the output channel due to
low supply voltage.

When the DIAGEN voltage is low, open-circuit detection is ignored. When the DIAGEN voltage is high, open-
circuit detection returns to normal operation.

In dropout mode, a parallel diode and current-limiting resistor are recommended to clamp between SUPPLY and
IN (across the sense resistor) in case of a large current pulse during recovery.
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Feature Description (continued)
7.3.5.3 Open-Circuit Detection

The TPS92611-Q1 device has LED open-circuit detection. Open-circuit detection monitors the output voltage
when the channel is in the ON state. Open-circuit detection is only enabled when DIAGEN is HIGH. A short-to-
battery fault is also detected as an LED open-circuit fault.

The device monitors dropout-voltage differences between the IN and OUT pins when PWM is HIGH. The voltage
difference V(ny — V(our is compared with the internal reference voltage V open i rising) t0 detect an LED open-
circuit failure. If V(j\y — V(our) falls below the V(open_h rising) VOltage longer than the deglitch time of topen_geg), the
device detects an open-circuit fault. Once an LED open-circuit failure is detected, the constant-current source
pulls the fault bus down. During the deglitch time period, if V(ny — V(our) rises above V open_th_faiing), the deglitch
timer is reset.

When the PWM input is in auto-retry, the device keeps the output ON to retry if the PWM input is HIGH; the
device sources a small current ey from IN to OUT to retry when PWM input is LOW. In either scenario, once a
faulty channel recovers, the device resumes normal operation and releases the FAULT pulldown.

7.3.5.4 Short-to-GND Detection

The TPS92611-Q1 device has LED short-to-GND detection. Short-to-GND detection monitors the output voltage
when the channel is in the ON state. Once a short-to-GND LED failure is detected, the device turns off the output
channel and retries automatically, ignoring the PWM input. If the retry mechanism detects removal of the LED
short-to-GND fault, the device resumes normal operation.

The device monitors the Voyr) voltage and compares it with the internal reference voltage to detect a short-to-
GND failure. If Vour) falls below V(sG_th_rising) longer th_an _the Qleglitch_ tim_e of t(sG_deg): the device asserts the
short-to-GND fault and pulls FAULT low. During the deglitching time period, if V(qyr) rises above Vs i faliing), the
timer is reset. o

Once the device has detected a short-to-GND fault, the device turns off the output channel and retries
automatically with a small current. When retrying, the device sources a small current ey from IN to OUT to pull
up the LED loads continuously. Once auto-retry detects output voltage rising above V(sg it raiing): it clears the
short-to-GND fault and resumes normal operation.

7.3.5.5 Overtemperature Protection

The TPS92611-Q1 device monitors device junction temperature. When the junction temperature reaches thermal
shutdown threshold Trgp), the output shuts down. Once junction temperature falls below Trspy — T(rsp_Hys), the
device resumes normal operation. During overtemperature protection, the fault bus is pulled low.

7.3.6 Fault-Bus Output With One-Fails—-All-Fail

The TPS92611-Q1 device has a fault bus for diagnostics output. In normal operation, FAULT is weakly pulled up
by an internal pullup current source lgauct puiup) higher than Voyeauln)- If any fault scenario occurs, the fault bus
is strongly pulled low by the internal pulldown current source lauct pulidown)- ONCe V(Eaurm falls below Vi gauL),
all outputs shut down for protection. The faulty channel keeps retrying until the fault scenario is removed.

If FAULT is externally pulled up with a current larger than lgauit puiidown), the one-fails—all-fail function is disabled
and only the faulty channel is turned off.

The fault bus is able to support up to 15 pieces of TPS9261x-Q1, TPS9263x-Q1, or TPS9283x-Q1 devices.
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Feature Description (continued)
Table 1. Fault Table With DIAGEN = HIGH

FAULT BUS | FAULT TYPE | DETECTION |CHANNEL | DEGLITCH | FAULT BUS | FAULT HANDLING ROUTINE FAULT
STATUS MECHANISM STATE TIME RECOVERY
FAULT floating | Open-circuit or | V(n) — Voury < | On toPeEN_deg) | CoOnstant- Device works normally with Auto recover
or externally short-to-supply | V(opeN_th_rising) current FAULT pin pulled low. Device
pulled up pulldown SOUrCes Irerry) CUrrent when
PWM is LOW. Device keeps
output normal when PWM is
HIGH.
Short-to- V(our) < On t(sG_deg) Constant- Device turns output off and Auto recover
ground V(sG._th_rising) current retries with constant current
pulldown I(retry), ignoring the PWM input.
Over- T3> T(rsp) Onoroff |trsp deg) Constant- Devices turns output off. Auto recover
temperature current
pulldown
Externally Device turns output off
pulled low
Table 2. Fault Table With DIAGEN = LOW
FAULT BUS | FAULT TYPE | DETECTION |CHANNEL | DEGLITCH | FAULT BUS | FAULT HANDLING ROUTINE FAULT
STATUS MECHANISM STATE TIME RECOVERY
FAULT floating | Open-circuit or Ignored
or externally short-to-supply
pulled up Short-to- Vour < On t(sG_deg) Constant- Device turns output off and Auto recover
ground V(sG._th_rising) current retries with constant current
pulldown Iretry), ignoring the PWM input.
Over- T3> T(rsp) Onoroff |trsp deg) Constant- Devices turns output off. Auto recover
temperature current
pulldown
Externally Device turns output off
pulled low

7.4 Device Functional Modes

7.4.1 Undervoltage Lock Out, V(suppLy) < V(poR rising)

When the device is in undervoltage lockout mode, the TPS92611-Q1 device disables all functions until the supply

rises above the POR-rising threshold.

7.4.2 Normal Operation V(syppLy) 2 4.5V

The device drives an LED string in normal operation. With enough voltage drop across SUPPLY and OUT, the

device is able to drive the output in constant-current mode.

7.4.3 Low-Voltage Dropout

When the device drives an LED string in low-dropout mode, if the voltage drop is less than the open-circuit
detection threshold, the device may report a false open. Set the DIAGEN threshold higher than the LED string
voltage to avoid a false open-circuit detection.

7.4.4 Fault Mode

When the device detects an open or shorted LED, the device tries to pull down the FAULT pin with a constant
current. If the fault bus is pulled down, the device switches to fault mode and consumes a fault current of Iigayi ).
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI 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

In automotive lighting applications, thermal performance and LED diagnostics are always design challenges for
linear LED drivers.

The TPS92611-Q1 device is capable of detecting LED open-circuit and LED short-circuit failures. To increase
current-driving capability, the TPS92611-Q1 device supports dissipating heat using an external parallel resistor
as shown in Figure 21. This technique provides the low-cost solution of using external resistors to dissipate heat
due to high input voltage, and still keeps high accuracy of the total current output. Note that the one-fails—all-fail
feature is not supported by this topology.

8.2 Typical Application

8.2.1 Single-Channel LED Driver With Diagnostics

The TPS92611-Q1 device can be good fit for LED driver applications with diagnostics requirements. In many
cases, LED diagnostics are mandatory for applications such as automotive exterior lighting.

4.5 - 40V

TPS92611 - Q1

EN SUPPLY

Rsns)
DIAGEN IN

PWM ouT

FAULT GND

M N Ny

Copyright © 2017, Texas Instruments Incorporated

Figure 19. Typical Application Diagram

8.2.1.1 Design Requirements

Input voltage ranges 9 V to 16 V, LED maximum forward voltage Vinax = 2.5 V, minimum forward voltage Vi, =
1.9V, current | gpy = 50 MA.

8.2.1.2 Detailed Design Procedure
Current setting by a sense resistor is as described in Equation 1.

R
R (sns) :w -1.96Q
LED
(LED) o)
LED-string maximum forward voltage =3 x 25V =75 V.
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Typical Application (continued)

With 400-mV headroom reserved for the TPS92611-Q1 device between SUPPLY and OUT, the TPS92611-Q1
device must disable open-circuit detection when the supply voltage is below 7.9 V by using the DIAGEN feature.

ViLoIaGmin) = L9xRy
R;+R, ©)
Set R; = 10 kQ, R, = 65.6 kQ.
Total device power consumption at worst case is with 16-V input and LEDs at minimal forward voltage.
Pivax) = (VisuppLy) = Vics _ree) — Viout))*lLep) + VisuppLy) * (Quiescent)

=(16-3%x1.9-0.098)x0.05+16x0.00025 = 0.5141 W @)

8.2.1.3 Application Curve

Stop. i

w &)
2]
0
«
Bipwm
|OUT e PR
e e —
@ 5.00 V. @€ 5.00V j[lﬂ.nps ] 2.50G5/s @ s/ 250V
Value Mean Min Max Std Dev |\l>725.0000us JiIL10M points

Ch. 1= V(OUT) Ch.2= V(PWM) Ch. 4 = I(OUT)
Figure 20. Output Current With PWM Input

8.2.2 Single-Channel LED Driver With Heat Sharing

Using parallel resistors, thermal performance can be improved by balancing current between the TPS92611-Q1
device and the external resistors as follows. As the current-sense resistor controls the total LED string current,
the LED string current I gpy is set by V(cs reg) / Risns) While the TPS92611-Q1 current |pgve and parallel
resistor current I combine to the total current.
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Typical Application (continued)

4.5 - 40V

TPS92611 - Q1

EN SUPPLY [ ]

Rsns)

DRIVE)

DIAGEN

DIAGEN

PWM ouT

FAULT GND [}

Copyright © 2017, Texas Instruments Incorporated

Figure 21. Heat Sharing With a Parallel Resistor

8.2.2.1 Design Requirements

Input voltage range is 9 V to 16 V, LED maximum forward voltage Vinax = 2.5 V, minimum forward voltage Vimin =
1.9V, current I gpy = 200 mA.

8.2.2.2 Detailed Design Procedure

In linear LED driver applications, the input voltage variation contributes to most of the thermal concerns. The
resistor current, as indicated by Ohm’s law, depends on the voltage across the external resistors. The
TPS92611-Q1 controls the driver current |pgrve to attain the desired total current. If Ip) increases, the
TPS92611-Q1 device decreases |prjve) to compensate, and vice versa.

While in low-dropout mode, the voltage across the Ry resistor may be close to zero, so that almost no current
can flow through the external resistor Rp.

When the input voltage is high, the parallel-resistor current |p) is proportional to the voltage across the parallel
resistor Rp). The parallel resistor Rp) takes the majority of the total string current, generating maximum heat.
The device must prevent current from draining out to ensure current regulation capability.

In this case, the parallel resistor value must be carefully calculated to ensure that 1) enough output current is
achieved in low-dropout mode, 2) thermal dissipation for both the TPS92611-Q1 device and the resistor is within
their thermal dissipation limits, and 3) device current in the high-voltage mode is above the minimal output-
current requirement.

Current setting by a sense resistor is as described in Equation 1.

R
(CS_REG)
R(SNS) = |— = 049 Q
(LED) ®)
LED-string maximum forward voltage =3 x 2.5V =7.5 V.
Parallel resistor R(p) is recommended to consume 1/2 of the total current at maximum supply voltage.
V, -V, -V — _
Rep) = (SUPPLY) ~ Vics_ReG) ~ V(out) _16-3x1.9-0.098 ~1000
0.5l ep) 0.5x0.2 ©)
Total device power consumption is maximum at 16 V input and LED minimal forward voltage.
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Typical Application (continued)

VisuppLy) — Vics_rec) — Viour)
Rep)

Poev_wmax) = (VisuppLy) = Vics_Rrec) — ViouT)) % [I(LED) - ] + V(suppLy) * lquiescent)

=(16-3x1.9-0.098)x0.1+16x0.00025 =1.0242 W

)
Resistor Ry maximum power consumption is at 16-V input.
2 2
(V(SUPPLY) —Vics_ree) — V(ouT) ) (16 -3x1.9-0.098)
(RP_MAX) R 100
P) (8
Users must consider the maximum power of both of the device and the parallel resistor.
8.2.2.3 Application Curves
P{suppLy
2jvout
= @ITW.GV € 5.00V (3] z ][1.005 ][:&)r\gg{:ls][—ﬁ A 2.00V
Ch.1= V(SUPPLY) Ch.2= V(OUT) Ch.3= |(p)
Ch. 4 =luepy Supply voltage increases from 9 V
to 16 V
Figure 22. Constant Output Current With Increasing Supply Voltage
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9 Layout

9.1 Layout Guidelines

Thermal dissipation is the primary consideration for TPS92611-Q1 layout. TI recommends good thermal
dissipation area connected to thermal pads with thermal vias.

9.2 Layout Example

SUPPLY

O O O O O O O O
O O O O O O O O
O O O O O O O O
O O O O O O O O
O  TPS92611-Q1

=] EN SUPPLY [

=] biacen| © © N [ §

=] PWM g g ouT |51 ONO) ON@)

=] FAULT GND[E1 o ONO) ¥§,’ O O

O O oxe) oNe)

©o 0 o 0 0o O O O OO Yz 00
O o0 o O O O O O o0 o0
O O O O O O O O 00 *; OO0
O O O O O O O O
O O O O O O O O O O O O
O O O O O O O O O O O O
O O O O O O O O O O O O
O O O O O O O O O O O O
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Figure 23. TPS92611-Q1 Example Layout Diagram
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10 Device and Documentation Support

10.1 Documentation Support

10.1.1 Related Documentation

For related documentation see the following:

* TPS92610-Q1 Automotive Single-Channel Linear LED Driver

* TPS92612-Q1 Automotive Single-Channel Linear LED Driver

+ TPS92610-Q1 EVM User's Guide

» How to Calculate TPS92630-Q1 Maximum Output Current for Automotive Exterior Lighting Applications
» Automotive Linear LED Driver Reference Design for Center High-Mounted Stop Lamp (CHMSL)

» Automotive Linear LED Driver Reference Design for Center High-Mounted Stop Lamp (CHMSL)

10.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

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

10.4 Trademarks

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

10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

10.6 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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11 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 device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents 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 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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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
PTPS92611QDGNRQ1 ACTIVE MSOP- DGN 8 2500 TBD Call Tl Call TI -40to 125
PowerPAD P
TPS92611QDGNRQ1 PREVIEW MSOP- DGN 8 2500 TBD Call Tl Call T -40to 125
PowerPAD
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MECHANICAL DATA
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NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

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

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

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

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

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

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

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

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

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

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

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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