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TPS61196-Q1 6-String 400-mA WLED Driver with
Independent PWM Dimming For Each String
1 Features The TPS61196-Q1 adjusts the boost controller's

e 8-V to 30-V Input Voltage
» Up to 120-V Output Voltage

» 100-KHz to 800-kHz Programmable Switching
Frequency

e Adaptive Boost Output for LED Voltages

» Six Current Sinks, 200-mA Continuous Output,
400-mA Pulse Output for Each String

* +1.5% Current Matching Between Strings

» High Precision PWM Dimming Resolution up to
5000:1

* Programmable OVP Threshold

» Programmable Input UVLO Threshold

e Adjustable Soft-Start Time

» Built-in LED Open and Short Protection

» Built-in Schottky Diode Open and Short Protection

* Built-in ISET Short Protection

* Built-in IFB Short Protection

* Thermal Shutdown

2 Applications

e Automotive LCD Backlighting
e Automotive Cluster Displays
» Automotive Secondary Displays

3 Description

The TPS61196-Q1 provides a highly integrated
solution for automotive LCD backlighting with an
independent PWM dimming function for each string.
This device is a current mode boost controller driving
up to six WLED strings with multiple LEDs in series.
Each string has an independent current regulator
providing a LED current adjustable from 50 mA to
400 mA within +1.5% matching accuracy. The
minimal voltage at the current sink is programmable
in the range of 0.3 V to 1 V to fit with different LED
current settings. The input voltage range for the
device is from 8 V to 30 V.

output voltage automatically to provide only the
voltage required by the LED string with the largest
forward voltage drop plus the minimum required
voltage at that string's IFB pin, thereby optimizing
driver efficiency. Its switching frequency is
programmed by an external resistor from 100 kHz to
800 kHz.

The TPS61196-Q1 supports direct PWM brightness
dimming. Each string has an independent PWM
control input. During the PWM dimming, the LED
current is turned on or turned off at the frequency and
duty cycle which are determined by the external
PWM signal. The PWM frequency ranges from 90 Hz
to 22 kHz.

The TPS61196-Q1 integrates overcurrent protection,
output short-circuit protection, ISET short-to-ground
protection, diode open and short protection, LED
open and short protection, and overtemperature
shutdown circuit. In addition, the TPS61196-Q1 can
detect the IFB pin short to ground to protect the LED
string. The device also provides programmable input
undervoltage  lockout threshold and  output
overvoltage protection threshold.

Device Information®
PACKAGE BODY SIZE (NOM)
HTSSOP (28) 9.70 mm x 4.40 mm

PART NUMBER
TPS61196-Q1

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

Simplified Schematic

L1

YN =24y AR -
o
L c | L
EC1 10uF EC2
w L Toor hhhhh
= = R19 = SR IN NI
NR AR R A R
T VN 5 e R3 SR IN NI
RS c2 GDRV 255k N.ND. ND. M) Np. N
200k z.zui sNS NN
wl im = T Sm | Enoob b
10nF 182k uvLo PGND T 01 10k Voo
C5 [ T T B
TPS61196 4T0pF = [ I B B
R2 VDD ovp [ T T T
aaf Lo I EEEEE
v IO;.F cs
1 Fsw R8 oo ¥, ¥y *\ ¥, *\ v,
- REF R9 wIw NN NI
o S Y. Y. ¥ ¥ VY ¥,
RN ouF < s e s T
— FauLt

IFB1

IFB2
IFB3
IFB4.
IFB5
IFB6

—PWM1
—A PWM2
—Pwm3
—PWM4
—A PWMs

—] Pwne IFBV
FBP R10 O?gF
ISET Ri2 604k$ (LI
Ri1 [ 196k

Thermalpad  AGND s R13 R14 R15 R16 R17 R18

10M 10M 10M 10M 10M 10M

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/TPS61196-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS61196-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS61196-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS61196-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS61196-Q1?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/tps61196-q1?qgpn=tps61196-q1

I} TEXAS
INSTRUMENTS
TPS61196-Q1
SNVSA79 —MARCH 2015 www.ti.com
Table of Contents
1 FRAUIMES oo a e 7.3 Feature Description.........cccocevviivniiiiniiiiiiniee 11
2 Applications 7.4 Device Functional Modes...........ccocvriienieenienieennnn. 15
3 DESCHPLION oo 8 Application and Implementation ........................ 18
4 REVISION HiSTOIY..o.ouovieeeeieeeeeeeeeeeeeeeeerereeeeeean, 8.1 Application Information.............ccccerviriiiiiiiiinnnnen. 18
5 Pin Configuration and Functions... 8.2 Typical Application ............... e 19
6 SPECITICALIONS..eeervvveereeeeeseeeeeeeeeseeseeeeeeesesseeeneens 9 Power Supply Recommendations................... 22
6.1 Absolute Maximum RatiNGS ...........ccceriveerrrreerrrenns 4 10 LAYOUL. .ottt 23
6.2 ESD RAUNGS.....vvereeereeeresseeerseeeeesseesseseesseesessseesssens 4 10.1 Layout GUIdeliNeS ........ccceeveeriiiniieiiecieeec e 23
6.3 Recommended Operating Conditions...................... 4 102 Layout EXAMPIE oo 23
6.4 Thermal Information ..................... .5 11 Device and Documentation Support................. 24
6.5 Electrical CharacteriStics . ... 5 N R I 7 To (= 4o F= 4 SR 24
6.6 Typical CharaCteristiCs..........ccoevrvrvrvereerirereesinens 7 11.2  Electrostatic Discharge Caution................cccoeuuue. 24
7 Detailed DESCHPLON ... 10 113 GIOSSAIY wovvvvvvvvevrreessssssssrnennnn 24
ToL OVEIVIEW oo 10 12 Mechanical, Packaging, and Orderable
7.2 Functional BIOCK DIagram .............ccooomrmrrvevvveeerrii, 10 INfOrmMation ..o 24
4 Revision History
DATE REVISION NOTES
March 2015 * Initial release.
2 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated

Product Folder Links: TPS61196-Q1


http://www.ti.com/product/tps61196-q1?qgpn=tps61196-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSA79&partnum=TPS61196-Q1
http://www.ti.com/product/tps61196-q1?qgpn=tps61196-q1

13 TEXAS

INSTRUMENTS

www.ti.com

TPS61196-Q1
SNVSA79 ~MARCH 2015

5 Pin Configuration and Functions

PWP Package
28-Pin HTSSOP

Top View
uvLo CITJ10 28 [T VIN
EN (12 27 (1] FAULT
PWMI I3 77777 26 [ 1] Fsw
pwm2 T4 : : 25 11 vbD
pwm3 15 : - : 24 [T GDRV
pwm4a (1|6 : ) : 23 11 IsNs
Pwms [T 7 : Cmﬂ : 22 [T PGND
Pwme 178 : : : 21 [T REF
FBP [1]9 : 8 : 20 [ T] comp
ISET 1] 10 : : 19 1] ovpP
IFBV T 11 : : 18 [ T] AGND
IFB1 112 : ______ : 17 11 IFB6
IFB2 113 16 1] IFB5
IFB3 114 15 11 IFB4

Pin Functions

PIN
TYPE DESCRIPTION
NUMBER NAME

Low input voltage lock out. Use a resistor divider from V) to this pin to set the UVLO

1 UVLO |
threshold.

2 EN | Enable and disable pin. EN high = enable, EN low = disable.

3,4,5,6,7,8 ngv’\\/ﬁéo | PWM signal input pins. The frequency of PWM signal is in the range of 90 Hz to 22 kHz.

9 FBP (@) LED cross-short protection threshold program pin. Use a resistor to GND to set the threshold.

10 ISET o Connecting a resistor to the pin programs the IFB pin current level for full brightness (that is,
100% dimming).

11 IFBV (@) Minimum feedback voltage setting for LED strings.

12,13,14,15,16,17 "TEéGtO | Regulated current sink input pins

18 AGND G Analog ground

19 OoVP | Overvoltage protection detection input. Connect a resistor divider from output to this pin to
program the OVP threshold.

20 COMP (@) Loop compensation for the boost converter. Connect a RC network to make loop stable.
Internal reference voltage for the boost converter. Use a capacitor at this pin to adjust the soft

21 REF O start time. When two chips operate in parallel, connect the master's REF pin to the slave's
COMP pin.

22 PGND GND External MOSFET current sense ground.

23 ISNS | External MOSFET current sense positive input.

24 GDRV External switch MOSFET gate driver output.

o5 VDD Internal regulator output for device internal power supply. Connect a 1-uF ceramic capacitor to
this pin.
Switching frequency setting pin. Use a resistor to set the frequency between 100 kHz to

26 FSW (@) 800 kHz. An external input voltage above 3.5 V or below 0.5 V disables the internal clock and
makes the device as slave device.

27 FAULT O Fault indicator. Open-drain output. Output high impedance when fault conditions happens.

28 VIN | Power supply input pin
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6 Specifications

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

MIN MAX UNIT
VIN pin -0.3 33
FAULT pin -0.3 VN
FB1 to IFB6 pins -0.3 40
FBP, ISET, ISNS, IFBV pins -0.3 3.3
Voltage @ . Y,
EN, PWM1 to PWM6 pins -0.3 20
GDRYV pins -0.3 7
GDRYV 10-ns transient pins -2 9
All other pins -0.3 7
Continuous power dissipation See Thermal Information
Operating junction temperature range -40 150 °C
Storage temperature, Tgyg —65 150 °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.
(2) All voltage values are with respect to network ground terminal

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per AEC Q100-002™ +2000
V(Esb) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +750
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)®
MIN NOM MAX UNIT
VN Input voltage 8 30 \%
Vout Output voltage Vin 120 \%
Ly Inductor 10 100 puH
Cin Input capacitor 10 uF
Cout Output capacitor 22 220 uF
fsw Boost regulator switching frequency 100 800 kHz
foim PWM dimming frequency 0.09 22 kHz
Ta Operating ambient temperature -40 125 °C
T; Operating junction temperature -40 125 °C

(1) Customers need to verify the component value in their application if the values are different from the recommended values.
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6.4 Thermal Information

1 PWP (HTSSOP)
THERMAL METRIC® UNIT
28 PINS
Rgia Junction-to-ambient thermal resistance 33.8
RaJc(top) Junction-to-case (top) thermal resistance 18.8
Reis Junction-to-board thermal resistance 15.6
°C/IW
Wit Junction-to-top characterization parameter 0.6
Wis Junction-to-board characterization parameter 15.4
Raic(bot) Junction-to-case (bottom) thermal resistance 2.5

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

6.5 Electrical Characteristics

ViN=24V,Cl=10 yF, C2=2.2 yF, C3 =1 yF, EC1 = EC2 = 100 pF; Typical values are at T, = 25°C, Minimum and
Maximum limits are over the operating temperature range (T, = —40°C to 125°C) (unless otherwise noted).

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
POWER SUPPLY
VN Input voltage range 8 30 \%
VvIN_uvLO Undervoltage lockout threshold V| falling 6.5 7 \%
VVlN_HYS VIN UVLO hysteresis 300 mV
Operating quiescent current into Device enabled, no switching, V5 = 30
| VIN 2 mA
9 VIN \
VIN =12V, 25
Isp Shutdown current Vi = 30 V 50 HA
Regulation voltage for internal
Vpp 9 0 mA <Ipp <15 mA 5.7 6 6.3 \%
circuit
EN and PWMx
Vy Logic high input on EN,PWMx ViN=8V1to30V 1.8 \%
N Logic Low input on EN, PWMx ViN=8V1to30V 0.8 \%
Rpp Pull-down resistance on EN, PWMx 0.8 1.6 3 MQ
UVLO
VuvLOTH Threshold voltage at UVLO pin 1.204 1.229 1.253 \%
. . VUVLO = VUVLOTH -50 mVv -0.1 0.1
luvLo UVLO input bias current Vuvio = Voviory + 50 mV 43 3.9 _33 HA
SOFT START
. PWM ON, Vggr< 2 V 200
Iss Soft start charging current PWM ON. Vper> 2 V 10 HA
CURRENT REGULATION
V\seT ISET pin voltage 1.217 1.229 1.240 \Y
ISET short-to-ground protection
IISET_P threshold 120 150 180 LIA
KISET Current multlple IIFBIIISET IISET = 32.56 |JA, VIFB =05V 3932 3992 4052
liFs(AVG) Current accuracy liseT = 32.56 YA, Virg = 0.5V 127.4 130 132.6 mA
KIFB(M) Current matChmg; (IFB(MAX)_ lISET = 32.56 HA, VIFB =05V 0.5% 1.5%
Iesving)/2lFB(AvG)
e, LEAK Iof‘fB pin leakage current at dimming IFB voltage < 40 V 1 LA
liFB_max Current sink max output current Viegv = 350 mV 130 mA
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Electrical Characteristics (continued)

Vin=24V,C1 =10 yF, C2 =22 yF, C3 =1 yF, EC1 = EC2 = 100 pF; Typical values are at T, = 25°C, Minimum and
Maximum limits are over the operating temperature range (T, = —40°C to 125°C) (unless otherwise noted).

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
IFB REGULATION VOLTAGE
Measured on Vgg(min), other IFB
Vies Regulation voltage at IFB voltages are 0.5 V above Vgg(min). 508 mV
lirg = 130 MA, Viggy = 0.5V

rev courcing current at IFBY | Virsu =05V 0247 025 0258 lser
Viegv IFBV voltage setting range 0.3 1 \%
BOOST REFERENCE VOLTAGE

Veer ngnet:glr;g:e voltage range for Boost 0 31 Vv
IReF_LEAK Leakage current at REF pin -25 25 nA
OSCILLATOR

fsw Switching frequency Resw = 200 kQ 187 200 213 kHz
VEsw FSW pin reference voltage 1.8 \%
Dmax Maximum duty cycle fsw = 200 kHz 90% 94% 98%

ton(min) Minimum pulse width 200 ns
VEsw_H Logic high input voltage 3.5 \%
VEsw L Logic low input voltage 0.5 \Y
ERROR AMPLIFIER

Isink Comp pin sink current Vovp = Vger + 200 mV, Veowp =1 V 20 HA
IsourcE Comp pin source current Vovp = VRer — 200 mV, Veomp =1 V 20 pA
Gmgp Error amplifier transconductance 90 120 150 ps
Rea Error amplifier output resistance 20 MQ
fea Error amplifier crossover frequency 1000 kHz
GATE DRIVER

RGDRV(SRE) Soegcra(:ic:]ngver impedance when Voo = 6 V, lapry = —20 MA 5 3 0
RGDRV(SNK) Sstk?ngriver impedance when Voo = 6 V, lapry = 20 MA 1 15 0
lcDRV(SRC) Gate driver source current Vgprvy =5V 200 mA
IGDRV(SNK) Gate driver sink current Veprv =1V 400 mA
Visns(oc) Overcurrent detection threshold Vin=8V1to 30V, T;=25°Cto 125°C 376 400 424 mV
OVERVOLTAGE PROTECTION (OVP)

VovpTH Output voltage OVP threshold 2.95 3.02 3.09 \Y
lovp Leakage current -100 0 100 nA
ViFs_ovp IFBXx over voltage threshold PWM ON 38 \%
LED SHORT DETECTION

legp lgfr?efm?ort detection sourcing Vegp = 1V 0.247 0.25 0.253 hser
FAULT INDICATOR

IFAULT H Leakage current in high impedance | VgauLt =24V nA
lFauLT L Sink current at low output Veaut=1V 1 mA
THERMAL SHUTDOWN

Tshutdown Thermal shutdown threshold 150 °C
Thys 'I:;};ren::éizhutdown threshold 15 oc
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6.6 Typical Characteristics
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Figure 5. Boost Switching Waveform Figure 6. Start-up Waveform (1% Dimming)
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Typical Characteristics (continued)
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Figure 7. Start-up Waveform (100% Dimming)
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Figure 8. Dimming Waveform (0.1% Dimming)
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Figure 9. Dimming Waveform (2% Dimming) Figure 10. Shutdown Waveform (1% Dimming)
Tek stop Tek Stop.
EN Fault 9
5 V/div 5 V/div
[ ;
IFB1 | IFB1
10 V/div } 10 V/div
e -
Vourt T Vourt
20 V/div T— ] 20 V/div
naNaNan
100 mA/div (@ s0v v@ @ 200V 5 @ 10omAD (2008 J ?g:‘k;:)sm“]ﬁ X 3.nov] 100 mA/div @ﬁ 500V % @ 1 @ 200V @ mumAQJLIonms - ][:E&M%\sms]\ ® 7 500V
2 s/div o013 10 ms/div cote
Figure 11. Shutdown Waveform (100% Dimming) Figure 12. LED Open Protection (1% Dimming)
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Typical Characteristics (continued)
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Figure 15. LED Short Protection (100% Dimming)
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Figure 13. LED Open Protection (100% Dimming) Figure 14. LED Short Protection (1% Dimming)
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Figure 16. IFB Short To Ground Protection (1% Dimming)
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Figure 17. IFB Short-To-Ground Protection (100% Dimming)
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7 Detailed Description

7.1 Overview

The TPS61196-Q1 provides a highly integrated solution for automotive LCD backlight with an independent PWM
dimming function for each string. This device is a current mode boost controller driving up to six WLED strings
with multiple LEDs in series. Each string has an independent current regulator providing a LED current
adjustable from 50 mA to 400 mA within £1.5% matching accuracy. The minimal voltage at the current sink is
programmable in the range of 0.3 V to 1 V to fit with different LED current settings. The input voltage range for
the device is from 8 V to 30 V.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Supply Voltage

The TPS61196-Q1 has a built-in linear regulator to supply the device analog and logic circuitry. The VDD pin,
output of the regulator, must be connected to a 1-yuF bypass capacitor. VDD only has a current sourcing
capability of 15 mA. VDD voltage is ready after the EN pin is pulled high.

7.3.2 Boost Controller

The TPS61196-Q1 regulates the output voltage with current mode pulse width modulation (PWM) control. The
control circuitry turns on an external switch FET at the beginning of each switching cycle. The input voltage is
applied across the inductor and stores the energy as the inductor current ramps up. During this portion of the
switching cycle, the load current is provided by the output capacitor. When the inductor current rises to the
threshold set by the Error Amplifier (EA) output, the switch FET is turned off and the external Schottky diode is
forward biased. The inductor transfers stored energy to replenish the output capacitor and supply the load
current. This operation repeats each switching cycle. The switching frequency is programmed by an external
resistor.

A ramp signal from the oscillator is added to the current ramp to provide slope compensation, shown in the
Functional Block Diagram. The duty cycle of the converter is then determined by the PWM Logic block which
compares the EA output and the slope compensated current ramp. The feedback loop regulates the OVP pin to
a reference voltage generated by the minimum voltage across the IFB pins. The output of the EA is connected to
the COMP pin. An external RC compensation network must be connected to the COMP pin to optimize the
feedback loop for stability and transient response.

The TPS61196-Q1 consistently adjusts the boost output voltage to account for any changes in LED forward
voltages. In the event that the boost controller is not able to regulate the output voltage due to the minimum
pulse width (tonminy in the Electrical Characteristics), the TPS61196-Q1 enters pulse skip mode. In this mode, the
device keeps the power switch off for several switching cycles to prevent the output voltage from rising above the
regulated voltage. This operation typically occurs in light load condition or when the input voltage is higher than
the output voltage.

7.3.3 Switching Frequency

The switching frequency is programmed between 100 kHz to 800 kHz by an external resistor (R9 in the
Simplified Schematic). To determine the resistance by a given frequency, use the curve in Figure 3 or calculate
the resistance value by Equation 1. Table 1 shows the recommended resistance values for some switching
frequencies.

40000
fSW = R9 (kHZ)

@

Table 1. Recommended Resistance Values For
Switching Frequencies

R9 fsw
400 kQ 100 kHz
200 kQ 200 kHz
100 kQ 400 kHz
80 kQ 500 kHz
48 kQ 800 kHz

7.3.4 Enable and Undervoltage Lockout

The TPS61196-Q1 is enabled with the soft start-up when the EN pin voltage is higher than 1.8 V. A voltage of
less than 1 V disables the device.

An undervoltage lockout (UVLO) protection feature is provided. When the voltage at the VIN pin is less than 6.5
V, the device is powered off. The TPS61196-Q1 resumes the operation once the voltage at the VIN pin recovers
above the hysteresis (Vyy Hys) more than the UVLO threshold of input falling voltage. If a higher UVLO voltage
is required, use the UVLO pin as shown in Figure 18 to adjust the input UVLO threshold by using an external
resistor divider. Once the voltage at the UVLO pin exceeds the 1.229-V threshold, the device is powered on, and
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a hysteresis current source of 3.9 pA is added. When the voltage at the UVLO pin drops lower than 1.229 V, the
current source is removed. The resistors of R1, R2, and R5 can be calculated by Equation 2 from required
Vstart @and Vgrop. TO avoid noise coupling, the resistor divider R1 and R2 must be close to the UVLO pin.
Placing a filter capacitor of more than 10 nF as shown in Figure 18 can eliminate the impact of the switching
ripple and improve the noise immunity.

If the UVLO function is not used, pull up the UVLO pin to the VDD pin.

VIN

R5

IHYS
R1
C4
UvLO
: e

I "Enable]

R2 -
uvLo
Comparator
1.229v

Figure 18. Undervoltage Lockout Circuit

R1+R5 = VSTART B VSTOP

IHYS
1.229V
Vgrart —1.229V

R2 = (R1+R5)x

where
* lyys is 3.9 PA sourcing current from the UVLO pin. 2

When the UVLO condition happens, the FAULT pin outputs high impedance. As long as the UVLO condition
removes, the FAULT pin outputs low impedance.

7.3.5 Power-Up Sequencing and Soft Start-up

The input voltage, UVLO pin voltage, EN input signal and the input dimming PWM signal control the power up of
the TPS61196-Q1. After the input voltage is above the required minimal input voltage of 7.5 V, the internal circuit
is ready to be powered up. After the UVLO pin is above the threshold of 1.229 V and the EN signal is high, the
internal LDO and logic circuit are activated. The device outputs a 20-ms pulse to detect the unused channels and
remove them from the control loop. When any PWM dimming signal is high, the soft start-up begins. If the PWM
dimming signals come before the EN signal is high, the soft start-up begins immediately after the detection of
unused channels.
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VIN
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VDD

PWMx

FAULT

|
Q—

REF REF Voltage = OVP Voltage

.

VOUT /

Switching - | | | . -

Unused Channel

Detection
IFBx

200us 20ms

Figure 19. Power-Up Sequencing

The TPS61196-Q1 has integrated the soft-start circuitry working with an external capacitor at the REF pin to
avoid inrush current during start-up. During the start-up period, the capacitor at the REF pin is charged with a
soft-start current source. When the REF pin voltage is higher than the output feedback voltage at the OVP pin,
the boost controller starts switching and the output voltage starts to ramp up. At the same time, the LED current
sink starts to drive the LED strings. At the beginning of the soft start, the charge current is 200 pA. Once the
voltage of the REF pin exceeds 2 V, the charge current changes to 10 pA and continues to charge the capacitor.
When the current sinks are driving the LED strings, the IFB voltages are monitored. When the minimum IFB
voltage is above 200 mV less than the setting voltage at the IFBV pin, the charge current is stopped, and the soft
start-up is finished. The TPS61196-Q1 enters normal operation to regulate the minimum IFB voltage to the
required voltage set by the resistor at the IFBV pin. The total soft start time is determined by the external
capacitance. The capacitance must be within 1 uF to 4.7 uF for different start-up time and different output
voltage.
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Figure 20. Soft-Start Waveforms

7.3.6 Unused Led String

If the application requires less than six LED strings, the TPS61196-Q1 simply requires connecting the unused
IFB pin to ground through a resistor between 20 kQ and 36 kQ. Once the device is turned on, the TPS61196-Q1
uses a 60-pA current source to detect the IFB pin voltage. If the IFB voltage is between 1 V and 2.5 V, the
device immediately disables this string during start-up.

7.3.7 Current Regulation

The six channel current sink regulators can be configured to provide up to 400 mA per string. The expected LED
current is programmed by a resistor (R11 in the Simplified Schematic) at the ISET using Equation 3.

V,
[ _ _VISET <K
LED R11 ISET

where
e Vger is the ISET pin voltage of 1.229 V
e Kser is the current multiple of 3992. 3)

To sink the set LED current, the current sink regulator requires a minimum headroom voltage at the IFB pins for
working properly. For example, when the LED current is set to 130 mA, the minimum voltage required at the IFB
pin must be higher than 0.35 V. For other LED currents, refer to Figure 4 for recommended minimum headroom
voltage required. The TPS61196-Q1 regulates the minimum voltage of the IFB pins to the IFBV voltage. The
IFBV voltage is adjustable with an external resistor (R10 in the Simplified Schematic) at the IFBV pin. After
choosing the minimum IFB voltage, the IFBV voltage must be set to this value and the setting resistance can be
calculated by Equation 4.

R10
Virgy = o ¥307.3(mV)

4

If a large LED current is set, the headroom voltage is required higher. This leads to more heat on the device. To
maintain the total power dissipation in the range of the package limit, normally all strings can not sink large
current in continuous mode but pulse mode.
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7.3.8 PWM Dimming

LED brightness dimming is set by applying an external PWM signal of 90 Hz to 22 kHz to the PWM pins. Each
LED string has an independent PWM input. Varying the PWM duty cycle from 0% to 100% adjusts the LED from
minimum to maximum brightness respectively. The recommended minimum on time of the LED string is 10 psec.
Thus, the device has a minimum dimming duty cycle of 500:1 at 200 Hz.

When all PWM voltages are pulled low during dimming off, the TPS61196-Q1 turns off the LED strings and
keeps the boost converter running at PFM mode. The output voltage is kept at the level which is a little bit lower
than that when PWM is high. Thus, the device limits the output ripple due to the load transient that occurs during
PWM dimming.

When all PWM voltages are pulled low for more than 20 ms, to avoid the REF pin voltage dropping due to the
leakage current, the voltage of the REF pin is held by an internal reference voltage which equals to the REF pin
voltage in normal dimming operation. Thus, the output voltage will be kept at the same level as the normal output
voltage.

Since the output voltage in long time dimming off status is almost the same as the normal voltage for turning the
LED on, the TPS61196-Q1 turns on the LED very fast without any flicker when recovering from long time
dimming off to small duty cycle dimming on.

7.4 Device Functional Modes

7.4.1 Protections

The TPS61196-Q1 has a full set of protections making the system safe to any abnormal conditions. Some
protections will latch the TPS61196-Q1 in off state until its power supply is recycled or it is disabled and then
enabled again. In latch off state, the REF pin voltage is discharged to O V.

7.4.1.1 Switch Current Limit Protection Using the ISNS Pin

The TPS61196-Q1 monitors the inductor current through the voltage across a sense resistor (R7 in the Simplified
Schematic) in order to provide current limit protection. During the switch FET on period, when the voltage at the
ISNS pin rises above 400 mV (V|gns in the Electrical Characteristics table), the TPS61196-Q1 turns off the FET
immediately and does not turn it back on until the next switch cycle. The switch current limit is equal to 400 mV /
R7.

7.4.1.2 LED Open Protection

When one of the LED strings is open, the voltage at the IFB pin connecting to this LED string drops to zero
during dimming-on time. The TPS61196-Q1 monitors the IFB voltage for 20 ms. If the IFB voltage is still below
the threshold of 0.2 V, the current sink is disabled and an internal pull-up current is activated to detect the IFB
voltage again. If the IFB voltage is pulled up to a high voltage, this LED string is recognized as LED open. As a
result, the device deactivates the open IFB pin and removes it from the voltage feedback loop. Afterwards, the
output voltage returns to the voltage required for the connected LED strings. The IFB pin currents of the
connected strings remain in regulation during this process. If all the LED strings are open, the TPS61196-Q1 is
latched off.

7.4.1.3 LED Short-Cross Protection Using the FBP Pin

If one or several LEDs short in one string, the corresponding IFB pin voltage rises but continues to sink the LED
current, causing increased device power dissipation. To protect the device, the TPS61196-Q1 provides a
programmable LED short-across protection feature by properly sizing the resistor on the FBP pin (R12 in the
Simplified Schematic) using Equation 5.

R12

VLED_SHORT = R11 x1.229V

®)

If any IFB pin voltage exceeds the threshold (V gp sHort), the device turns off the corresponding current sink and
removes this IFB pin from the output voltage regulation loop. Current regulation of the remaining IFB pins is not
affected.
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Device Functional Modes (continued)
7.4.1.4 Schottky Diode Open Protection

When the device is powered on, it checks the topology connection first. After the TPS61196-Q1 delays 400 ps, it
checks the voltage at the OVP pin to see if the Schottky diode is not connected or the boost output is hard-
shorted to ground. If the voltage at the OVP pin is lower than 70 mV, the TPS61196-Q1 is locked in off state until
the input power is recycled or it is enabled again.

7.4.1.5 Schottky Diode Short Protection

If the rectifier Schottky diode is shorted, the reverse current from output capacitor to ground is very large when
the switcher MOSFET is turned on. Because the current mode control topology has a minimum edge blanking
time to immunize against the spike current through the switcher, if the parasite inductance between the output
capacitor through the switcher to ground is zero, the external MOSFET will be damaged in this short period due
to the huge power dissipation in this case. But with a small parasite inductance, the power dissipation is limited.
The boost converter works in minimum pulse width in this situation due to cycle by cycle over-current protection.
The output voltage drops and the all-string-open protection is triggered because of the low voltage at all IFB pins.
The TPS61196-Q1 is latched off.

7.4.1.6 IFB Overvoltage Protection During Start-up

When any of IFB pins reaches the threshold (Voyp ) Of 38 V during start-up, the device stops switching and
stays in latch-off immediately to protect from damage. In latch-off state, the REF pin voltage is discharged.

7.4.1.7 Output Overvoltage Protection Using the OVP Pin

Use a resistor divider to program the maximum output voltage of the boost converter. To ensure the LED string
can be turned on with setting current, the maximum output voltage must be higher than the forward voltage drop
of the LED string. The maximum required voltage can be calculated by multiplying the maximum LED forward
voltage (Vewpmax) and number (n) of series LEDs , and adding extra 1 V to account for regulation and resistor
tolerances and load transients.

The recommended bottom feedback resistor of the resistor divider (R4 in the Simplified Schematic) is 10 kQ.
Calculate the top resistor (R3 in the Simplified Schematic) using Equation 6, where Vqyp is the maximum output
voltage of the boost converter.

R3=| Yo 4|, R4

3.02 6)
When the device detects that the voltage at the OVP pin exceeds overvoltage protection threshold of 3.02 V,
indicating that the output voltage has exceeded the clamp threshold voltage, the TPS61196-Q1 clamps the

output voltage to the set threshold. When the OVP pin voltage does not drop from the OVP threshold for more
than 500 ms, the device is latched off until the input power or the EN pin voltage is re-cycled.

7.4.1.8 Output Short-to-Ground Protection

When the inductor peak current reaches twice the switch current limit in each switching cycle, the device
immediately disables the boost controller until the fault is cleared. This protects the device and external
components from damage if the output is shorted to ground.

7.4.1.9 IFB Short-to-Ground Protection

The IFB pin short to ground makes the LED current uncontrollable if there is no protection. If the device tries to
increase the boost converter’s output voltage to lift the IFB voltage, it will make the situation worse and the LED
string may be burned due to the high current. The TPS61196-Q1 implements a protection mechanism to protect
the LED string in this failure mode.

If the IFB is short to ground before the TPS61196-Q1 is turned on, the device detects the IFB voltage by
sourcing a 60 pA current during start-up. If the IFB voltage is less than 0.4 V during start-up, the start-up stops
and the device outputs fault indication so as to protect the LED string during start-up.
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Device Functional Modes (continued)

When a LED feedback pin is shorted to ground during normal operation, the device first turns off this LED string
for a very short time and detects the IFB voltage again. If the IFB voltage is lower than 1.8 V, it sources a 60-pA
current and detects the IFB voltage again in off state. If the IFB voltage is still less than 1.8 V, this means the IFB
pin is shorted to ground. The boost converter is turned off and the REF voltage is discharged to ground to protect
the LED string.

7.4.1.10 ISET Short-to-Ground Protection

The TPS61196-Q1 monitors the ISET pin voltage when the device is enabled. When the sourcing current from
the ISET pin is larger than a threshold of 150 pA, the device disables the current sink because the ISET pin may
be short to ground or the current setting resistor is too small. Once the current sourcing from the ISET pin
recovers to the normal value, the current sink resumes working.

7.4.1.11 Thermal Protection

When the device junction temperature is over 150°C, the thermal protection circuit is triggered and shuts down
the device immediately. The device automatically restarts when the junction temperature falls back to less than

135°C, with approximate 15°C hysteresis.

Table 2. Protection List

PROTECTION ITEM RESULT FAULT LATCH OFF / RETRY

Diode open Cannot start up Y Latch off

Diode short Output voltage low Y Latch off

LED string open LED string off Y LED string latch off
LED string short during start-up IFB OVP Y Latch off

LEDshort LED string off Y LED string latch off
IFB short to GND Boost off Y Latch off

ISET short to GND All LED strings off Y Retry

All LED strings open during start-up VOUT OVP Y Latch off

Input voltage UVLO Boost off Y Retry

Thermal shutdown Shutdown Y Retry

7.4.2 Indication For Fault Conditions

The TPS61196-Q1 has an open-drain fault indicator pin to indicate abnormal conditions. When the device is
operating normally, the voltage at the FAULT pin is low. When any fault condition happens, it is in high
impedance, which can be pulled to high level through an external resistor. The FAULT pin can indicate following
conditions:

* Overvoltage condition at the OVP or the IFB pin
» LED short and open

» |IFB short to ground

» ISET short to ground

» Diode open and short

» Output short circuit

* Overtemperature
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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

When more LED strings are required in the application, the TPS61196-Q1 can work in master/slave mode. The
TPS61196-Q1 can be set as slave device when the voltage at the FSW pin is below 0.5 V or above 3.5 V. The
master TPS61196-Q1 has booster controller and outputs the power rail for all LED strings. The slave TPS61196-
Q1 only works as a LED driver and feedbacks the required headroom voltage to the master by connecting the
slave's COMP pin to the master's REF pin. The ISNS pin of the slave TPS61196-Q1 must be connected to
ground. The slave's OVP pin voltage must be 3% higher than the voltage at the master's OVP pin. The slave
device can combine all fault conditions happening on both master and slave devices by connecting the master's
FAULT output to the FSW pin of the slave device. The slave’s FAULT pin outputs the indication signal for all fault
conditions.

: 8V to 30V } :
VIN M > VIN M N
GDRV N GDRV N N
ISNS | x ISNS 1 | » | x
| | |
|
oo Tpseties  POND ! oo TPsettes TN L i i
VDD MASTER OVP | r VDD SLAVE ovP | |
COMP -0 } COMP } -0 }
FSW I FSw
2 = N 3
REF REF —]
——EN } ——EN § ::
L
— PWM1 IFB1 — PWM1 IFB1 ~
: ; 1 : : 1
vob i i ! : ! !
— PWM6 IFB6 —— PWM6 IFB6
R13% IFBV IFBV
FAULT FBP A%W — FauLT FBP 4%
AGND ISET R“L% L AGND ISET 4% T
. Rt = i - % = i
Figure 21. Multi-Chip Operation In Parallel
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8.2 Typical Application
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Figure 22. TPS61196-Q1 Typical Application

8.2.1 Design Requirements

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 8Vtole Vv
Number of LED strings x number of LEDs per string 6 x 12
Forward voltage of LED string 36V
LED string current 70 mA per channel
Switching frequency 200 kHz

8.2.2 Detailed Design Procedure

8.2.2.1 Inductor Selection

The inductor is the most important component in switching power regulator design because it affects power
supply steady state operation, transient behavior, and loop stability. The inductor value, DC resistance (DCR),
and saturation current are important specifications to be considered for better performance. Although the boost
power stage can be designed to operate in discontinuous mode at maximum load, where the inductor current
ramps down to zero during each switching cycle, most applications will be more efficient if the power stage
operates in continuous conduction mode, where a DC current flows through the inductor. Therefore, the
Equation 8 and Equation 9 below are for CCM operation only. The TPS61196-Q1 is designed to work with
inductor values between 10 pH and 100 pH, depending on the switching frequency. Running the controller at
higher switching frequencies allows the use of smaller and/or lower profile inductors in the 10-pH range. Running
the controller at slower switching frequencies requires the use of larger inductors, near 100 pH, to maintain the
same inductor current ripple but may improve overall efficiency due to smaller switching losses. Inductor values
can have +20% tolerance with no current bias. When the inductor current approaches saturation level, its
inductance can decrease 20% to 35% from the OA value depending on how the inductor vendor defines
saturation.

In a boost regulator, the inductor DC current can be calculated with Equation 7.

Vout x lout

0 = Ty

where
e Vgyur = boost output voltage
e lour = boost output current
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eV, = boost input voltage
e n = power conversion efficiency, use 95% for TPS61196-Q1 applications )
The inductor current peak-to-peak ripple can be calculated with Equation 8.
Al _ Vinx(Vour —Vin)
HER T L g x
* Isw * Vour
where
* Al p.p) = inductor ripple current
e L =inductor value
« fgw = switching frequency
*  Vgyur = boost output voltage
e V)\ = boost input voltage (8)
Therefore, the inductor peak current is calculated with Equation 9.
T L Alip-p)
LP) @0 T T 5 ©)

Select an inductor, which saturation current is higher than calculated peak current. To calculate the worst-case
inductor peak current, use the minimum input voltage, maximum output voltage, and maximum load current.

Regulator efficiency is dependent on the resistance of its high current path and switching losses associated with
the switch FET and power diode. Besides the external switch FET, the overall efficiency is also affected by the
inductor DCR. Usually the lower DC resistance shows higher efficiency. However, there is a trade-off between
DCR and the inductor footprint; furthermore, shielded inductors typically have higher DCR than unshielded ones.

8.2.2.2 Schottky Diode

The TPS61196-Q1 demands a high-speed rectification for optimum efficiency. Ensure that the diode's average
and peak current rating exceed the output LED current and inductor peak current. In addition, the diode's reverse
breakdown voltage must exceed the application output voltage.

8.2.2.3 Switch MOSFET And Gate Driver Resistor

The TPS61196-Q1 demands a power N-MOSFET (see Q1 in the Figure 22) as a switch. The voltage and current
rating of the MOSFET must be higher than the application output voltage and the inductor peak current. The
applications benefit from the addition of a resistor (See R19 in the Figure 22) connected between the GDRYV pin
and the gate of the switch MOSFET. With this resistor, the gate driving current is limited and the EMI
performance is improved. A 3-Q resistor value is recommended. The device exhibits lower efficiency when the
resistor value is above 3 Q due to the more switching loss of the external MOSFET.

8.2.2.4 Current Sense and Current Sense Filtering

R7 determines the correct overcurrent limit protection. To choose the right value of R7, start with the total system
power needed Pqyt, and calculate the input current Iy by Equation 7. Efficiency can be estimated between 90%
to 95%. The second step is to calculate the inductor peak current based on the inductor value L using Equation 8
and Equation 9. The maximum R7 can now be calculated as R7(max) = Vigns / Iy p). It is recommended to add
20% or more margins to account for component variations. A small filter placed on the ISNS pin improves
performance of the converter (See R6 and C5 in Simplified Schematic). The time constant of this filter should be
approximately 100 ns. The range of R6 should be from about 100 Q to 1 kQ for best results. The C5 should be
located as close as possible to the ISNS pin to provide noise immunity.

8.2.2.5 Output Capacitor

The output capacitor is mainly selected to meet the requirements for output ripple and loop stability of the whole
system. This ripple voltage is related to the capacitance of the capacitor and its equivalent series resistance
(ESR). Assuming a capacitor with zero ESR, the minimum capacitance needed for a given ripple can be
calculated by:

v _ lour * Duax
RIPPLE(C) f C
sw * Lout
20 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated
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where
*  VgepLe IS the peak-to-peak output voltage ripple
* Dpyax is the duty cycle of the boost converter. (20)

Duax is approximately equal to (Voutuax) — Vinmin) / Voutmax)) in applications. Care must be taken when
evaluating a capacitor’s derating under DC bias. The DC bias can also significantly reduce capacitance. Ceramic
capacitors can loss as much as 50% of its capacitance at its rated voltage. Therefore, leave the margin on the
voltage rating to ensure adequate capacitance.

The ESR impact on the output ripple must be considered as well if tantalum or aluminum electrolytic capacitors
are used. Assuming there is enough capacitance such that the ripple due to the capacitance can be ignored, the

Ripple current flowing through a capacitor's ESR causes power dissipation in the capacitor. This power
dissipation causes a temperature increase internally to the capacitor. Excessive temperature can seriously
shorten the expected life of a capacitor. Capacitors have ripple current ratings that are dependent on ambient
temperature and should not be exceeded. Therefore, high ripple current type electrolytic capacitor with small
ESR is used in typical application as shown in Simplified Schematic.

In the typical application, the output requires a capacitor in the range of 22 puF to 220 puF. The output capacitor
affects the small signal control loop stability of the boost converter. If the output capacitor is below the range, the
boost regulator may potentially become unstable.

8.2.2.6 Loop Consideration

The COMP pin on the TPS61196-Q1 is used for external compensation, allowing the loop response to be
optimized for each application. The COMP pin is the output of the internal trans-conductance amplifier. The
external resistor R8, along with ceramic capacitors C6 and C8 (see in Simplified Schematic), are connected to
the COMP pin to provide poles and zero. The poles and zero, along with the inherent pole and zero in a peak
current mode control boost converter, determine the closed loop frequency response. This is important to
converter stability and transient response.

The first step is to calculate the pole and the right half plane zero of the peak current mode boost converter by
Equation 11 and Equation 12.

fP = 2|OUT
2aVout * Court (11)
2
. _ Voyrx(1-D)
ZRHP = —(
2nl x loyt (12)

To make the loop stable, the loop must have sufficient phase margin at the crossover frequency where the loop
gain is 1. To avoid the effect of the right half plane zero on the loop stability, choose the crossover frequency
less than 1/5 of the f,gryp. Then calculate the compensation components by Equation 13 and Equation 14.
R8 - R7 XZﬂfco XCOUT % VOVP
(1-D) x Gmga ~ VovprH

where
*  Vovptu = 3.02 V which is the internal reference for the output overvoltage-protection setting voltage.
* Gmg, is the trans-conductance of the error amplifier. Its typical value is 120 uS.

* fcois the crossover frequency, which normally is less than 1/5 of the f gup (23)
1
c6= ———
2afp x R8
where
* fpisthe pole’s frequency of the power stage calculated by Equation 11 (14)

If the output cap is the electrolytic capacitor, which may have large ESR, a capacitor is required to cancel the
zero of the output capacitor. Equation 15 calculates the value of this capacitor.
cg = Cour * Resr
R8 (15)
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8.2.3 Application Curves
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Figure 23. Efficiency vs Input Voltage (8 LEDs) Figure 24. Efficiency vs Input Voltage (12 LEDs)
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Figure 25. Efficiency (16 LEDs) Figure 26. DC Load Efficiency

9 Power Supply Recommendations

The TPS61196-Q1 requires a single supply input voltage. This voltage can range between 8 V to 30 V and be
able to supply enough current for a given application.
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10 Layout

10.1 Layout Guidelines

As for all switching power supplies, especially those providing high current and using high switching frequencies,
layout is an important design step. If layout is not carefully done, the regulator could show instability as well as
EMI problems. Therefore, use wide and short traces for high current paths. The VDD capacitor, C3 (see
Figure 22) is the filter and noise decoupling capacitor for the internal linear regulator powering the internal digital
circuits. It should be placed as close as possible between the VDD and PGND pins to prevent any noise insertion
to digital circuits. The switch node at the drain of Q1 carries high current with fast rising and falling edges.
Therefore, the connection between this node to the inductor and the Schottky diode should be kept as short and
wide as possible. It is also beneficial to have the ground of the capacitor C3 close to the ground of the current
sense resistor R7 since there is large driving current flowing between them. The ground of output capacitor EC2
should be kept close to input power ground or through a large ground plane because of the large ripple current
returning to the input ground. When laying out signal grounds, it is recommended to use short traces separate
from power ground traces and connect them together at a single point, for example on the thermal pad in the
PWP package. Resistors R3, R4, R9, R10, R11, and R12 (see Figure 22) are setting resistors for switching
frequency, LED current, protection threshold and feedback voltage programming. To avoid unexpected noise
coupling into the pins and affecting the accuracy, these resistors need to be close to the pins with short and wide
traces to GND. In the PWP package, the thermal pad needs to be soldered to the large ground plane on the PCB
for better thermal performance. Additional thermal via can significantly improve power dissipation of the device.

10.2 Layout Example

v___FBP 9
v ISET O

=k

Figure 27. Layout Example
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11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

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

11.3 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

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

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

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

OTHER QUALIFIED VERSIONS OF TPS61196-Q1 :
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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)
TPS61196PWPRQ1 ACTIVE HTSSOP PWP 28 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 TPS61196Q
& no Sh/Br)
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o Catalog: TPS61196

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS61196PWPRQ1 |HTSSOP| PWP

28

2000 330.0 16.4 6.9 10.2 1.8 12.0 | 16.0

Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61196PWPRQ1 HTSSOP PWP 28 2000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

PWP (R—PDSO—G28)

PowerPAD ™ PLASTIC SMALL QUTLINE

- jf%:?io,m@
THARAAAARAARAS

"7 THERMAL PAD -

SIZE AND SHAPE
SHOWN ON |

SEPARATE SHEET
L —

4,30
O i Gauge Plane v\ /

Seating Plane l g

w 14 ﬁ 5
9,80 R T— -
D - — > _ -+ —
9,60 08 0,75
0,50
-
L[ \ ; f—\ﬁ
iuinjuinininjininininininuis; Seoing Pane 3 _{ S A
025 aooH
L 1,20 MAX )
008 [&]o10]
4073225-6/1 05/11
NOTES: All linear dimensions are in millimeters.

Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
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. SLMAQOZ 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.

E. Falls within JEDEC MO-153

A.

B. This drawing is subject to change without notice.
C

D

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G28) PowerPAD™ SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

IARAAAARAARAAS

| |« 025 MAX,

T r———————— - 1

2,40
1.60 115 MAX.

L
l_
I
L === JK Exposed Thermal Pad

1 14

o
~
N
A 4

X 9,39

Top View

Exposed Thermal Pad Dimensions

4206332—-34/A0 01/16

NOTE: A. All linear dimensions are in millimeters
Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments

i3 TEXAS
INSTRUMENTS
www.ti.com


http://www.ti.com/lit/SLMA002
http://www.ti.com/lit/SLMA004

LAND PATTERN DATA

PWP (R—PDSO-G28) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencﬂ‘t ickness
may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other

Increasing copper area will solder stencil thicknesses
enhance thermal performance
(See Note D)

21x90,3 18,5 == |=—26x0,65 28x0,25 —= |=—
42 K * 1,95
2,40 5,6 (See Note E) Y 2,40
Kl X
nanna T
Example Solder Mask 26x0,65 |<—
f 97 Defined Pad
Solder Mask ,/ ’ (See Note C, D)
Over Copper | Example
{ Non Soldermask Defined Pad
/ //// ----- \\\\ Example
,-//'/ \\\ Solder Mask Opening
f’ | |~—03 O (See Note ) Center Power Pad Solder Stencil Opening
/ 1T : \ Stencil_Thickness X Y
f i 0.1mm 7.0 2.6
:\ Y —‘\j\ 0.127mm 6.46 2.4
\‘\ '] ’6 _ /, Pad Geometry 0.152mm 6.1 2.3
\\\\ O, 07 ’/ 0.178mm 5.8 2.2
.. All Around.”
N e
- 4207609-20/W 09/15
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
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. SLMA0O2, SLMAQO4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

o ow>

%i3 TEXAS
INSTRUMENTS
www.ti.com


http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 10-Nov-2025

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 ©)
@ ©)
TPS61196PWPRQ1 Active Production HTSSOP (PWP) | 28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS61196Q
TPS61196PWPRQ1.A Active Production HTSSOP (PWP) |28 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 TPS61196Q

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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. TI 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.

OTHER QUALIFIED VERSIONS OF TPS61196-Q1 :
o Catalog : TPS61196
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS61196PWPRQ1 |HTSSOP| PWP 28 2000 330.0 16.4 6.9 10.2 18 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61196PWPRQ1 HTSSOP PWP 28 2000 350.0 350.0 43.0
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MECHANICAL DATA

PWP (R—PDSO—G28)

PowerPAD ™ PLASTIC SMALL QUTLINE

- jf%:?io,m@
THARAAAARAARAS

"7 THERMAL PAD -

SIZE AND SHAPE
SHOWN ON |

SEPARATE SHEET
L —

4,30
O i Gauge Plane v\ /

Seating Plane l g

w 14 ﬁ 5
9,80 R T— -
D - — > _ -+ —
9,60 08 0,75
0,50
-
L[ \ ; f—\ﬁ
iuinjuinininjininininininuis; Seoing Pane 3 _{ S A
025 aooH
L 1,20 MAX )
008 [&]o10]
4073225-6/1 05/11
NOTES: All linear dimensions are in millimeters.

Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
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. SLMAQOZ 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.

E. Falls within JEDEC MO-153

A.

B. This drawing is subject to change without notice.
C

D

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G28) PowerPAD™ SMALL PLASTIC OUTLINE

THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQ2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAOO4.
Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

IARAAAARAARAAS

| |« 025 MAX,

T r———————— - 1

2,40
1.60 115 MAX.

L
l_
I
L === JK Exposed Thermal Pad

1 14

o
~
N
A 4

X 9,39

Top View

Exposed Thermal Pad Dimensions

4206332—-34/A0 01/16

NOTE: A. All linear dimensions are in millimeters
Exposed tie strap features may not be present.

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDSO-G28) PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Via pattern and copper pad size Based on a stencﬂ‘t ickness
may vary depending on layout constraints of .127mm (.005inch).
Reference table below for other

Increasing copper area will solder stencil thicknesses
enhance thermal performance
(See Note D)

21x90,3 18,5 == |=—26x0,65 28x0,25 —= |=—
42 K * 1,95
2,40 5,6 (See Note E) Y 2,40
Kl X
nanna T
Example Solder Mask 26x0,65 |<—
f 97 Defined Pad
Solder Mask ,/ ’ (See Note C, D)
Over Copper | Example
{ Non Soldermask Defined Pad
/ //// ----- \\\\ Example
,-//'/ \\\ Solder Mask Opening
f’ | |~—03 O (See Note ) Center Power Pad Solder Stencil Opening
/ 1T : \ Stencil_Thickness X Y
f i 0.1mm 7.0 2.6
:\ Y —‘\j\ 0.127mm 6.46 2.4
\‘\ '] ’6 _ /, Pad Geometry 0.152mm 6.1 2.3
\\\\ O, 07 ’/ 0.178mm 5.8 2.2
.. All Around.”
N e
- 4207609-20/W 09/15
NOTES: All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
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. SLMA0O2, SLMAQO4, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC—7351 is recommended for dlternate designs.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
F. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

o ow>
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
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