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TPS92691/-Q1 Multi-Topology LED Driver With Rail-to-Rail Current Sense Amplifier

1 Features

*  Wide Input Voltage: 4.5 V to 65 V
» Wide Output Voltage Range: 2 V to 65 V
* Low Input Offset Rail-to-Rail Current Sense
Amplifier
— Better than £3% LED Current Accuracy over
25°C to 140°C Junction Temperature Range

— Compatible With High-Side and Low-Side
Current Sense Implementations
+ High-Impedance Analog LED Current Adjust Input
(IADJ) With over 15:1 Contrast Ratio

+ Over 1000:1 Series FET PWM Dimming Ratio
With Integrated Series N-Channel Dim Driver
Interface

» Continuous LED Current Monitor Output for
System Fault Detection and Diagnoses

+ Programmable Switching Frequency With External
Clock Synchronization Capability

* Programmable Soft-Start and Slope
Compensation

» Comprehensive Fault Protection Circuitry
Including VCC Undervoltage Lockout (UVLO),
Output Overvoltage Protection (OVP), Cycle-by-
Cycle Switch Current Limit, and Thermal
Protection

« TPS92691-Q1: Automotive Q100 Grade 1
Qualified

2 Applications

+ TPS92691-Q1: Automotive Exterior Lighting
Applications

» Architectural and General Lighting Applications

Typical Boost LED Driver Application Schematic
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3 Description

The TPS92691/-Q1 is a versatile LED controller that
can support a range of step-up or step-down driver
topologies. The device implements a fixed-frequency
peak current mode control technique  with
programmable switching frequency, slope
compensation, and soft-start timing. It incorporates a
high voltage (65-V) rail-to-rail current sense amplifier
that can directly measure LED current using either a
high-side or a low-side series sense resistor. The
amplifier is designed to achieve low input offset
voltage and attain better than 3% LED current
accuracy over junction temperature range of 25°C to
140°C and output common-mode voltage range of 0
to 60 V.

LED current can be independently modulated using
either analog or PWM dimming techniques. Linear
analog dimming response with 15:1 range is obtained
by varying the voltage from 140 mV to 2.25 V across
the high impedance analog adjust (IADJ) input. PWM
dimming of LED current is achieved by modulating
the PWM input pin with the desired duty cycle and
frequency. Optional DDRV gate driver output can be
used to enable series FET dimming functionality to
get over 1000:1 contrast ratio.

The TPS92691/-Q1 supports continuous LED status
check through the current monitor (IMON) output.
This allows for LED short circuit or open circuit
detection and protection. Additional fault protection
features include VCC UVLO, output OVP, switch
cycle-by-cycle current limit, and thermal protection.

Device Information"

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS92691-Q1
TPS92691 HTSSOP (16) 5.10 mm x 6.60 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

PWP Package
16-Pin HTSSOP with PowerPAD™

Top View
{ \
VINC_ T 110 16 [T Jvcc
ss T ]2 :“““‘: 15 [T ]GATE
RT/SYNC[_T |3 ! ! 14T JIs
PWML_T_|4 | Thermal 113 | _T_JPGND
COMP[__[_15 : Pad i12 T _Jovp
IADICT |6 ! :11 T IDDRV
IMON[_ [ |7 v______ 110 T 1csp
AGND[__ [ |8 o T JcsN
\ J

Pin Functions

PIN
/0 DESCRIPTION
NO. NAME

1 VIN _ Input supply for the internal VCC regulator. Bypass with 100-nF capacitor to GND located close to the
controller.

5 ss /o Soft-start programming pin. Connect a capacitor to AGND to extend the start-up time. Switching can
be disabled by shorting the pin to GND.

Oscillator frequency programming pin. Connect a resistor to AGND to set the switching frequency. The

3 RT/SYNC I/0 internal oscillator can be synchronized by coupling an external clock pulse through 100-nF series
capacitor.

PWM dimming input. Driving the pin below 2.3 V (typ), turns off switching, idles the oscillator,

4 PWM | disconnects the COMP pin, and sets DDRV output to ground. The input signal duty cycle controls the
average LED current through PWM dimming operation. Connect to VCC when not used for PWM
dimming.

5 COMP /o Transconductance error amplifier output. Connect compensation network to achieve desired closed-
loop response.

LED current reference input. Connecting pin to VCC with 100-kQ series resistor sets internal reference

6 IADJ | voltage to 2.42 V and the current sense threshold, V(csp.csnyto 172 mV. The pin can be modulated by
external voltage source from 0 V to 2.25 V to implement analog dimming.

7 IMON o LED current report pin. The LED current sensed by CSP/CSN input is reported as Viyon = 14 x I gp x
Rcs- Bypass with a 1-nF ceramic capacitor to AGND.

8 AGND . Analog ground. Return for the internal voltage reference and analog circuit. Connect to circuit ground,
GND, to complete return path.

9 CSN | Current sense amplifier negative input (). Connect directly to the negative node of LED current sense
resistor Rgs).

10 cSP | Current sense amplifier positive input (+). Connect directly to the positive node of LED current sense
resistor Rgs).

11 DDRV o Series dimming FET gate driver output. Connect to gate of external N-channel MOSFET or a level-shift
circuit with P-channel MOSFET to implement series FET PWM dimming.

12 OVP | Hysteretic overvoltage protection input. Connect resistor divider from output voltage to set OVP
threshold and hysteresis.

13 PGND _ Power ground connection pin for internal N-channel MOSFET gate drivers. Connect to circuit ground,
GND, to complete return path.

14 IS | Switch current sense input. Connected to the switch current sense resistor, Rg, in the source of the N-
channel MOSFET.

15 GATE O N-channel MOSFET gate driver output. Connect to gate of external switching N-channel MOSFET.

16 Vol _ VCC bias supply pin. Locally decouple to PGND using a 2.2-uF to 4.7-uF ceramic capacitor located
close to the controller.

PowerPAD . The AGND and PGND pin must be connected to the exposed PowerPAD for proper operation. This

PowerPAD must be connected to PCB ground plane using multiple vias for good thermal performance.
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6 Specifications

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

MIN MAX UNIT
VIN, CSP, CSN -0.3 65 \
IADJ, IS, PWM, RT/SYNC -0.3 8.8 \
Input voltage
OVP, SS -0.3 5.5 \
CSP to CSN®), PGND -0.3 0.3 %
4 VCC, GATE, DDRV -0.3 8.8 \
Output voltage )
COMP -0.3 5.0 \
IMON — 100 WA
Source current
GATE, DDRV (Pulsed <20 ns) — 500 mA
Sink current GATE, DDRYV (Pulsed <20 ns) — 500 mA
Operating junction temperature, T, —40 140 °C
Storage temperature, T 150 °C

M

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)
(3)
4)

6.2 ESD Ratings

All voltages are with respect to AGND unless otherwise noted
Continuous sustaining voltage
All output pins are not specified to have an external voltage applied.

VALUE UNIT
TPS92691-Q1 IN PWP (HTSSOP) PACKAGE
Human-body model (HBM), per AEC Q100-002, all pins (") +2000
Vieso) Silsgrt]gjrsét:tic Charceddo _ 1A(I)\I pins except 1, 8, 9, and +500 v
ged-device model (CDM), per AEC Q100-011
Pins 1, 8,9, and 16 +750
TPS92691 IN PWP (HTSSOP) PACKAGE
v Electrostatic | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101, all pins® +500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VIN Supply input voltage 6.5 14 65 \
VIN, crank Supply input, battery crank voltage 4.5 \
Vese. Vesn Current sense common mode 0 60 \
fsw Switching frequency 80 700 kHz
fsyne SYNC frequency 0.8 x fow 1.2 x fsw kHz
ViapJ Current reference voltage 0.14 VIADJ(CLAMP) \Y
Ta Operating ambient temperature —40 125 °C
4 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated
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6.4 Thermal Information

TPS92691/-Q1
THERMAL METRIC™" PWP (HTSSOP) UNIT
16 PINS
Reua Junction-to-ambient thermal resistance 40.8 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 26.1 °C/W
Reus Junction-to-board thermal resistance 22.2 °C/W
Wyt Junction-to-top characterization parameter 0.8 °C/W
(U}T:) Junction-to-board characterization parameter 22.0 °C/W
ReJcibot) Junction-to-case (bottom) thermal resistance 2.3 °C/W

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

report, SPRA953.

6.5 Electrical Characteristics

TJ = —40°C tO 140°C, VIN = 14 V, VIADJ = 22 V, CVCC = 1 H.F, CCOMP = 22 nF, RCS = 100 mQ, RT = 20 kQ, VPWM = 5 V, no |Oad

on GATE and DDRV (unless otherwise noted)"

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
INPUT VOLTAGE (VIN)
Voo LDO dropout voltage |lgc =20 MA, Vjy =5 V | 300 | mv
BIAS SUPPLY (VCC)
Vce(Rea) Regulation voltage No load 7.0 7.5 8.0 \"
VCC rising threshold, Viy =8 V 4.1 4.35 V
VecuvLo) Supply undervoltage protection VCC falling threshold, V| =8 V 3.75 4.0 \"
Hysteresis 100 mV
lccwLimim) Supply current limit Vec=0V 26 38 46 mA
Icc(sTay) Supply stand-by current Vpwm =0V 1.8 2.1 mA
Iccisw) Supply switching current Vec =75V, Cgate =1 nF 5.1 6.6 mA
OSCILLATOR (RT/SYNC)
o Rt =40 kQ 165 200 230 kHz
fsw Switching frequency
Rt =20 kQ 327 390 448 kHz
VRt RT output voltage 1 \
Vere SYNC rising threshold VRT/syNe Fising 2.7 3.1 \
SYNC falling threshold Vgrsyne falling 1.8 2 \
tSYNC(MIN) Minimum SYNC clock pulse width 100 ns
GATE DRIVER (GATE)
RaH Gate driver high side resistance lgaTe =—10 mA 5.4 11.2 Q
RaL Gate driver low side resistance Igate = 10 mA 4.3 10.5 Q
CURRENT SENSE (IS)
VisLimim Current limit threshold 497 525 550 mV
tiS(BLANK) Leading edge blanking time 103 150 188 ns
tis(FAULT) Current limit fault time 35 us
tiLmT(OLY) IS to GATE propagation delay V|s pulsed from0to 1V 100 ns
PWM COMPARATOR AND SLOPE COMPENSATION
Dmax Maximum duty cycle 90.4% 93% 94.7%
Viv IS to COMP level shift voltage No slope compensation added 1.17 1.5 1.8 \"
Vsi Slope compensation Eo?np?éﬂr?sxa%ﬁ? max slope 200 mvV
Iy IS level shift bias current No slope compensation added 25 pA
(1) All voltages are with respect to AGND unless otherwise noted
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Electrical Characteristics (continued)

TJ = —40°C '[O 140°C, V|N = 14 V, VIADJ = 22 V, CVCC = 1 IJ.F, CCOMP = 22 nF, RCS = 100 mQ, RT = 20 kQ, prM = 5 V, no |Oad

on GATE and DDRV (unless otherwise noted)("

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Iy + st IS level shift source current Eo;p?eM:sXa%irtwr)] max slope 115 PA
CURRENT SENSE AMPLIFIER (CSP, CSN)
Cumulative offset voltage at Vggp = 60 | —40°C < T; < 140°C -5.2 5.9 mV
V and V(csp.csn) = 150 mV, referred to
current sense input 25°C < Ty <140°C —4.4 4.6 mV
Cumulative offset voltage at Vggp = 60 | —40°C < T; < 140°C -3.5 5.0 mV
V and V(CSP_CSN) =10 mV, referred to oG £ T, < 140°C o8 10 iy
Voserean current sense input 25°C<T,
Cumulative offset voltage at Vogny =0 | —40°C < T; < 140°C -5.9 6.7 mV
V and V(csp.csn) = 150 mV, referred to
current sense input 25°C =T, =140°C -4.7 5.0 mV
Cumulative offset voltage at Vogny =0 | —40°C < T; < 140°C 2.3 3.2 mV
V and V(csp.csn) = 10 mV, referred to
current sense input 25°C < T;<140°C -1.7 2.6 mV
CSw) Current sense unity gain bandwidth 500 kHz
Ics(BlAs) CSP, CSN bias current Vesp, csn =60 V 4 pA
CURRENT MONITOR (IMON)
VimoncLe)y  IMON output voltage clamp 3.2 3.7 4.2 \
VimMoN(©s) IMON buffer offset voltage -11.4 -1.6 7.3 mV
ANALOG ADJUST (IADJ)
ViapJ(cLP) IADJ internal clamp voltage llapy = 1 HA 2.27 2.42 2.55 \
liADJ(BIAS) IADJ input bias current Viapy < 2.2V 90 nA
RiapyLmT) IADJ current limiting series resistor Viapy > 2.6 V 12 kQ
ERROR AMPLIFIER (COMP)
am Transconductance 121 AV
lcompisrey  COMP current source capacity Viapy = 1.4V, Vicsp.csny =0V 130 pA
Icompsinkg  COMP current sink capacity Viapy =0V, V(cspcsny = 0.1 V 130 HA
EABw) Error amplifier bandwidth -3dB 5 MHz
Vcomprst) COMP pin reset voltage 100 mV
RcompipcHy COMP discharge FET resistance 246 Q
SOFT-START (SS)
Iss Soft-start source current 7 10 12.8 pA
Vss(rsT) Soft-start pin reset voltage 25 mV
Rss(pcH) SS discharge FET resistance 260 Q
OVERVOLTAGE PROTECTION (OVP)
Vovp(THR) OVP detection threshold 1.18 1.24 1.31 \
lovp(HYs) OVP hysteresis current 12 20 27.5 HA
PWM INPUT (PWM)
VPWMHIGH) tsrﬁg?hlglg)lgger logic level (high o5 57 v
VewmLow) tSh(;Z?hl'([)tktjr)lgger logic level (low 20 53 Y
Rewmpepy ~ PWM pulldown resistance 1 MQ
toLY(RISE) PWM to DDRYV rising delay 54 ns
toLy(FALL) PWM to DDRYV falling delay 72 ns
PWM GATE DRIVE OUTPUT (DDRV)
RpH DDRYV high-side resistance 6.1 12.8 Q
RoL DDRYV low-side resistance 5.2 11.4 Q
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Electrical Characteristics (continued)

T, = —40°C t0 140°C, Vi = 14 V, Vjupy = 2.2V, Cycg = 1 KF, Coomp = 2.2 NF, Res = 100 mQ, Ry = 20 kQ, Vpyy = 5 V, no load

on GATE and DDRV (unless otherwise noted)("

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
THERMAL SHUTDOWN
Thermal shutdown temperature 175 °C
Thermal shutdown hysteresis 25 °C

6.6 Typical Characteristics

Ta=25°C, Viy = 14 V, Viapy = 2.2V, Cyeg = 1 HF, Coomp = 2.2 NF, Res = 100 mQ, Ry = 20 kQ, Vpyy = 5 V, no load on GATE

and DDRYV (unless otherwise noted)
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Figure 1. VCC Regulation Voltage vs Temperature Figure 2. Standby Current vs Temperature
600 4.25
| — V|N=5Y, lycc = 20mA —— Rising Threshold
42 —— Falling Threshold
< 500
E e 4.15
& — 4.1
£ 400 s "
_— g a0s
2 300 3
= —
2 // 4 ]
3 [_— 3.95
> 200
3.9
100 3.85
40 -20 0O 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
Temperature (T) Temperature (T)
Figure 3. VCC Dropout Voltage vs Temperature Figure 4. UVLO Threshold vs Temperature
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Typical Characteristics (continued)

Ta=25°C, Viy=14V, Viapy = 2.2V, Cyec = 1 UF, Ceomp = 2.2 nF, Rgg = 100 mQ, Ry = 20 kQ, Vpwy = 5 V, no load on GATE
and DDRYV (unless otherwise noted)

VCC Current Limit (mA)
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Figure 5. VCC Current Limit vs Temperature
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Figure 6. Ry vs Switching Frequency
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Figure 9. IS Current Limit Threshold vs Temperature
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Figure 10. Leading Edge Blanking Period vs Temperature

Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated

Product Folder Links: TPS92691 TPS92691-Q1


http://www.ti.com/product/tps92691?qgpn=tps92691
http://www.ti.com/product/tps92691-q1?qgpn=tps92691-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD68&partnum=TPS92691
http://www.ti.com/product/tps92691?qgpn=tps92691
http://www.ti.com/product/tps92691-q1?qgpn=tps92691-q1

13 TEXAS
INSTRUMENTS

www.ti.com

TPS92691, TPS92691-Q1
SLVSD68 —DECEMBER 2015

Typical Characteristics (continued)

Ta=25°C, Viy = 14 V, Viapy = 2.2V, Cycg = 1 HF, Coomp = 2.2 NF, Res = 100 mQ, Ry = 20 kQ, Ve = 5 V, no load on GATE

and DDRYV (unless otherwise noted)
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Typical Characteristics (continued)

Ta=25°C, Viy=14V, Viapy = 2.2V, Cyec = 1 UF, Ceomp = 2.2 nF, Rgg = 100 mQ, Ry = 20 kQ, Vpwy = 5 V, no load on GATE
and DDRYV (unless otherwise noted)
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Figure 17. OVP Detection Threshold vs Temperature Figure 18. OVP Hysteresis Current vs Temperature
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7 Detailed Description

7.1 Overview

The TPS92691/-Q1 wide input range (4.5 V to 65 V) controller features all of the functions necessary to
implement a highly efficient and compact LED driver based on step-up or step-down converter topologies. The
device implements a fixed-frequency, peak current mode control technique to achieve a constant current output,
ideal for driving a single string of series-connected LEDs. The integrated low input offset, rail-to-rail current sense
amplifier supports a wide range of output voltages (0 V to 65 V) and is capable of powering an LED string
consisting of 1 to more than 20 white LEDs. The controller is compatible with either high- or low-side current
shunt sensing technique, based on the LED configuration and driver topology. The LED current sense threshold,
set by the analog adjust input, IADJ, provides the capability to analog (amplitude) dim over a linear range of 15:1
by varying the voltage, Viapy, from 140 mV to 2.25 V. The IADJ input provides the means to externally program
LED current and facilitates calibration, brightness correction, and thermal management of the LEDs. High
resolution and linear dimming response is achieved by varying the duty cycle of LED current based on the PWM
input. The PWM input directly controls the GATE and DDRYV drive outputs, controls the internal oscillator, and
enables high-speed PWM dimming with over 1000:1 contrast ratio when using an external MOSFET placed in
series with the LED load. The current monitor output, IMON, reports the instantaneous status of LED current
measured by the rail-to-rail current sense amplifier. This feature is incorporated to indicate LED short and open-
circuit failures and enables cable harness fault detection independent of LED driver topology. Other fault
protection features include cycle-by-cycle current limiting, hysteresis-based overvoltage protection, VCC
undervoltage protection, thermal shutdown, and remote shutdown capability by pulling down the SS pin.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Internal Regulator and Undervoltage Lockout (UVLO)

The IC incorporates a 65-V input V) rated linear regulator to generate the 7.5 V (typ) V¢ bias supply and other
internal reference voltages. The V¢ output is monitored to implement UVLO protection. The device is enabled
when V¢ exceeds the 4.1-V (typ) threshold and is disabled when V¢ drops below the 4.0-V (typ) threshold. The
UVLO comparator provides 0.1 V of hysteresis to avoid chatter during transitions. The UVLO thresholds are
internally fixed and cannot be adjusted. The supply current, Igg, is limited to 26 mA minimum to protect the
device under VCC pin short-circuit conditions. The V¢ supply powers the internal circuitry and N-channel gate
driver outputs, GATE, and DDRV. Place a bypass capacitor in the range of 2.2 uF to 4.7 uF across the V¢
output and PGND to ensure proper operation. The regulator operates in dropout when input voltage V,y falls
below 7.5 V forcing V¢ to be lower than Vy by 300 mV for a 20-mA supply current. The V¢ is a regulated
output of the internal regulator and is not recommended to be driven from an external power supply.

7.3.2 Oscillator

The TPS92691/-Q1 switching frequency is programmable by a single external resistor connected between the
RT/SYNC pin and the AGND pin. To set a desired frequency, fsw (Hz), the resistor value can be calculated from
Equation 1.

1.432x10%
Ry = 1.047 (Q)
(fsw)

(1)

Figure 6 shows a graph of switching frequency versus resistance, Ry. TI recommends a switching frequency
setting between 80 kHz and 700 kHz for optimal performance over input and output voltage operating range and
for best efficiency. Operation at higher switching frequencies requires careful selection of N-channel MOSFET
characteristics and should take into consideration additional switching losses and junction temperature rise.

TPS92691

] N RT/SYNC CLOCK

I " " "

Csyne OSCILLATOR |=——

Figure 19. Oscillator Synchronization Through AC Coupling

The internal oscillator can be synchronized by AC coupling an external clock pulse to RT/SYNC pin as shown in
Figure 19. The positive going synchronization clock at the RT pin must exceed the RT sync threshold and the
negative going synchronization clock at the RT pin must exceed the RT sync falling threshold to trip the internal
synchronization pulse detector. Tl recommends that the frequency of the external synchronization pulse is within
120% of the internal oscillator frequency programmed by the Ry resistor. TI recommends a minimum coupling
capacitor of 100 nF and typical pulse width of 100 ns for proper synchronization. In the case where external
synchronization clock is lost the internal oscillator takes control of the switching rate based on the Ry resistor to
maintain output current regulation. The Ry resistor is always required whether the oscillator is free running or
externally synchronized.

7.3.3 Gate Driver

The TPS92691/-Q1 contains a N-channel gate driver that switches the output Vgate between Vo and PGND. A
peak source and sink current of 500 mA allows controlled slew-rate of the MOSFET gate and drain node
voltages, limiting the conducted and radiated EMI generated by switching. The gate driver supply current
lccaate) depends on the total gate drive charge (Qg) of the MOSFET and the operating frequency of the

converter, fsw, leceate) = Qc *fsw. TI recommends a MOSFET with a low gate charge specification to limit the
junction temperature rise and switch transition losses.
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Feature Description (continued)

While choosing the N-channel MOSFET device, consider the threshold voltage when operating in the dropout
region when V) is below the V¢ regulation level. TI recommends a logic level device with a threshold voltage
below 5 V when the device is required to operate at an input voltage less than 7 V.

7.3.4 Rail-to-Rail Current Sense Amplifier

The internal rail-to-rail current sense amplifier measures the average LED current based on the differential
voltage drop between the CSP and CSN inputs over a common mode range of 0 V to 65 V. The differential
voltage, V(csp.csn): is amplified by a voltage-gain factor of 14 and is connected to the negative input of the
transconductance error amplifier. Accurate LED current feedback is achieved by limiting the cumulative input
offset voltage, (represented by the sum of the voltage-gain error, the intrinsic current sense offset voltage, and
the transconductance error amplifier offset voltage) to less than 5 mV over the recommended common-mode
voltage, and temperature range.

Differential Mode R
TPS92691 csp Filter Capacitors ES
CSN

Common Mode | ——
Filter Capacitors :

Figure 20. Current Sense Amplifier Input Filter Options

An optional common-mode or differential mode low-pass filter implementation, as shown in Figure 20, can be
used to smooth out the effects of large output current ripple and switching current spikes caused by diode
reverse recovery. Tl recommends a filter resistance in the range of 10 Q to 100 Q to limit the additional offset
caused by amplifier bias current and achieve best accuracy and line regulation.

7.3.5 Transconductance Error Amplifier

The internal transconductance amplifier generates an error signal proportional to the difference between the LED
current sense feedback voltage and the external IADJ input voltage. Closed-loop regulation is achieved by
connecting a compensation network to the output of the error amplifier. In most LED driver applications, a stable
response can be achieved by connecting a capacitor across the COMP output and ground to implement a simple
integral compensator. Tl recommends a capacitor value between 10 nF and 100 nF as a good starting point.
Higher closed-loop bandwidth can be achieved by implementing a proportional-integral compensator consisting
of a series resistor and a capacitor network connected across the COMP output and ground. Based on the
converter topology, the compensation network should be tuned to achieve a minimum of 60° of phase margin
and 10 dB of gain margin. The Application and Implementation section presents detailed equations.

7.3.6 Switch Current Sense and Internal Slope Compensation

The main MOSFET current is monitored by the IS input pin to implement peak current mode control. The GATE
output duty cycle is derived by comparing the peak switch current, measured by the Rg resistor, to the internal
COMP voltage threshold. An internal slope signal is added to the measured sense voltage, Vg, to prevent
subharmonic oscillations for duty cycles greater than 50%. The linear slope voltage, Vg, of fixed amplitude 200
mV, is derived from a 100-pA sawtooth ramp current synchronized to the internal oscillator frequency. An internal
blanking circuit prevents MOSFET switching current spike propagation and premature termination of duty cycle
by internally shunting the IS input for 150 ns after the beginning of the new switching period. Tl recommends an
external low-pass RC filter with resistor values ranging from 100 Q to 500 Q for additional noise suppression
when operating in the dropout region (V|y less than 7 V).
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Feature Description (continued)

Cycle-by-cycle current limit is accomplished by a redundant internal comparator, which immediately terminates
the GATE output when the IS input voltage, Vs, exceeds 525-mV (typ) threshold. Upon a current limit event, the
SS and COMP pin are internally grounded to reset the state of the controller. The GATE output is enabled after
the expiration of the 35-us internal fault timer and a new start-up sequence is initiated through the SS pin.

7.3.7 Analog Adjust Input

The voltage across the LED current sense resistor, Vcsp_csn), is regulated to the analog adjust input voltage,
Viapy, scaled by the current sense amplifier voltage gain of 14. The LED current can be linearly adjusted by
varying the voltage on IADJ from 140 mV to 2.25 V using either a resistor divider from V¢ or a voltage source.
The IADJ pin can be connected to V¢ through an external resistor to set LED current based on the 2.42-V
internal reference voltage. Figure 21 shows different methods to set the IADJ voltage. The IADJ input can be
used in conjunction with a NTC resistor to implement thermal foldback protection as shown in Figure 21(b). A
PWM signal in conjunction with first- or second-order low-pass filter can be used to program the IADJ voltage as
shown in Figure 21(c).

TPS92691 TPS92691 TPS92691
vee vee
Rapy

Raps2 IADJ

IADJ IADJ J]—"—"-

PWM C
R SIGNAL ADJ
ADL

(@ (b) (c)
a. Static reference setting resistor divider from VCC
b. Thermal fold-back circuit using external NTC resistor
c. Analog dimming achieved by low-pass filtering external PWM signal

Figure 21. Setting Analog Adjust Input Voltage

7.3.8 PWM Input and Series Dimming FET Gate Driver Output

The TPS92691/-Q1 incorporates a dimming input (PWM) for pulse-width modulating the output LED current. The
brightness of the LEDs can be linearly varied by modulating the duty cycle of the pulsating voltage source
connected to the PWM input pin. Driving the PWM input below 2.3 V (typ) turns off switching, parks the oscillator,
disconnects the COMP pin, and sets the DDRV output to GND in order to maintain the charge on the
compensation network and output capacitors. On the rising edge of the PWM input voltage (Vpwy > 2.5 V), the
GATE and DDRV outputs are enabled to ramp the inductor current to the previous steady-state value. The
COMP pin is connected and the error amplifier and oscillator are enabled only when the switch current sense
voltage V|s exceeds the COMP voltage, Vcoomp, thus immediately forcing the converter into steady-state
operation with minimum LED current overshoot. The PWM pin should be connected to the V¢ if dimming is not
required. An internal pulldown resistor sets the input to logic-low and disables the part when the pin is
disconnected or left floating.
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Feature Description (continued)

LED- LED+
L]
TPS92691 TPS92691
) » )
DDRV i DDRV
N

Figure 22. Series Dimming FET Connections

The DDRYV output follows the PWM input signal and is capable of sinking and sourcing up to 500 mA of peak
current to control a low-side series connected N-channel dimming FET. Alternatively, the DDRV output can be
translated with an external level-shift circuit to drive a high-side series P-channel dimming FET as shown in
Figure 22. The series dimming FET is required to achieve high contrast ratio as it ensures fast rise and fall times
of the LED current in response to the PWM input. Without any dimming FET, the rise and fall times are limited by
the inductor slew rate and the closed-loop bandwidth of the system. Leave the DDRV pin unconnected if not
used.

7.3.9 Soft-Start

The soft-start feature helps the regulator gradually reach the steady-state operating point, thus reducing startup
stresses and surges. The TPS92691/-Q1 clamps the COMP pin to the SS pin, separated by a diode, until LED
current nears the regulation threshold. The internal 10-pA soft-start current source gradually increases the
voltage on an external soft-start capacitor Cgsg connected to the SS pin. This results in a gradual rise of the
COMP voltage from GND.

The internal 10-pA current source turns on when VCC exceeds the UVLO threshold. At the beginning of the soft-
start sequence, the SS pulldown switch is active and is released when the voltage Vgg drops below 25 mV. The
SS pin can also be pulled down by an external switch to stop switching. When the SS pin is externally driven to
enable switching, the slew-rate on the COMP pin should be controlled by choosing a compensation capacitor
that avoids large startup transients. The value of Cgg should be large enough to charge the output capacitor
during the soft-start transition period.

7.3.10 Current Monitor Output

The IMON pin voltage represents the LED current measured by the rail-to-rail current sense amplifier across the
external current shunt resistor. The linear relationship between the IMON voltage and LED current includes the
amplifier gain-factor of 14 (see Figure 14). The IMON output can be connected to an external microcontroller or
comparator to facilitate LED open, short, or cable harness fault detection and mitigation based on programmable
threshold Vocrh- The IMON voltage is internally clamped to 3.7 V.

TPS92691
SS

T

Vocth

* IMON

Figure 23. LED Overcurrent Protection using IMON Output
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Feature Description (continued)
7.3.11 Overvoltage Protection

The TPS92691/-Q1 device includes a dedicated OVP pin which can be used for either input or output
overvoltage protection. This pin features a precision 1.24 V (typ) threshold with 20-pA (typ) of hysteresis current.
The overvoltage threshold limit is set by a resistor divider network from the input or output terminal to GND.
When the OVP pin voltage exceeds the reference threshold, the GATE and DDRV pins are immediately pulled
low and the SS and COMP capacitors are discharged. The GATE is enabled and a new startup sequence is
initiated after the voltage drops below the hysteresis threshold set by the 20-pA source current and the external
resistor divider.

7.3.12 Thermal Protection

Internal thermal shutdown circuitry is implemented to protect the controller in the event the maximum junction
temperature is exceeded. When activated, typically at 175°C, the controller is forced into a shutdown mode,
disabling the internal regulator. This feature is designed to prevent overheating and damage to the device.

7.4 Device Functional Modes

This device has no additional functional modes.
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8 Application and Implementation

NOTE

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

8.1 Application Information

The TPS92691/-Q1 controller is suitable for implementing step-up or step-down LED driver topologies including
Buck, Boost, Buck-Boost, SEPIC, Cuk, and Flyback. Use the following design procedure to select component
values for the TPS92691/-Q1 device. This section presents a simplified discussion of the design process for the
Buck, Boost, and Buck-Boost converter. The expressions derived for Buck-Boost can also be altered to select
components for a 1:1 coupled-inductor SEPIC converter. The design procedure can be easily adapted for
Flyback and Cuk converter topologies.

)

VIN

Pf A=
D Res | LED+

TPS92691-Q1

C COUT
SS
RADJ2§ - 0 QYN vCe
R}_\—z Ss GATE
- AA——3 RTISYNG Is Q»
Vewm 4 pwm PGND ]
—| |075 COMP OVP LED-
e cowp 61 aDa DDRV
7
———"] mon csP
RADJé a Cuwon 81 ) ND o
PAD
N
Figure 24. Boost LED Driver
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Figure 25. SEPIC LED Driver
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Application Information (continued)
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Figure 26. Buck-Boost LED Driver
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Figure 27. Buck LED Driver
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Application Information (continued)
8.1.1 Duty Cycle Considerations

The switch duty cycle, D, defines the converter operation and is a function of the input and output voltages. In
steady state, the duty cycle is derived using expression:

Buck:
5 Vo
Vin (2
Boost:
D~ Yo~V
Vo 3)
Buck-Boost:
p-_ Yo
Vin +Vo (4)

The minimum duty cycle, Dyn, and maximum duty cycle, Dyax, are calculated by substituting maximum input
voltage, V.N(MAX), and the minimum input voltage, Viyain), respectively in the previous expressions. The minimum
duty cycle achievable by the device is determined by the leading edge blanking period and the switching
frequency. The maximum duty cycle is limited by the internal oscillator to 93% (typ) to allow for minimum off-time.
It is necessary for the operating duty cycle to be within the operating limits of the device to ensure closed-loop
LED current regulation over the specified input and output voltage range.

8.1.2 Inductor Selection

The inductor peak-to-peak ripple current, Ai_pp, is typically set between 10% and 80% of the maximum inductor
current, I, as a good compromise between core loss and copper loss of the inductor. Higher ripple inductor
current allows a smaller inductor size, but places more of a burden on the output capacitor to smooth the LED
current ripple. Knowing the desired ripple ratio RR, switching frequency fsw, maximum duty cycle Dyax, and the
typical LED current I gp, the inductor value can be calculated as follows:

Buck:

(VIN(MIN) _Vo)X Dmax

Aippy * fsw (6)
Boost and Buck-Boost:

. I
A ppy =RR -], =RR-—ED__
(PP) 1-Dyax (7)
L Vinviny % Pvax
Ai ppy * fsw (8)

As an alternative, the inductor can be selected based on CCM-DCM boundary condition specified based on
output power, Pogpry)- The choice of inductor ensures CCM operation in battery-powered LED driver
applications that are designed to support different LED string configurations with a wide range of programmable
LED current setpoints. The output power should be calculated based on the lowest LED current and the lowest
output voltage requirements for a given application.

Po@pry) < lLepmvingy % Yominy 9)
Buck:
Lo V(2)(MAX) y (1_ Vomax) ]
2xPo@pry) * fsw Vin (10)
Boost:
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Application Information (continued)
L= \/”2\] x| 1— \/|N
2xPo@pRY) * fsw Vomax) (11)
Buck-Boost:
L= 1

2
1 1
2xPoepRry) * fsw x Ve v
O(MAX) IN (12)
The saturation current rating of the inductor should be greater than the peak inductor current, I pk), at the
maximum operating temperature.

VIN(MIN) xDyax

ey =l +
(PK) 2><L><fSW (13)

8.1.3 Output Capacitor Selection

The output capacitors are required to attenuate the discontinuous or large ripple current generated by switching
and achieve the desired peak-to-peak LED current ripple, Ai gppp). The capacitor value depends on the total
series resistance of the LED string, rp, the switching frequency, fsw, and on the converter topology (that is, step-
up or step-down). For the Buck and Cuk topology, the inductor is in series with LED load and requires a smaller
capacitor than the Boost, Buck-Boost, and SEPIC topologies to achieve the same LED ripple current. The
capacitance required for the target LED ripple current can be calculated based on following equations.

Buck:

S Ai pp)
ouT =577 Al
XIsw XTp X Al gppp) (14)
Boost and Buck-Boost:
C __ hep xDwax
ouT =% Al
sw XIp X Al_ep(pp) (15)

When choosing the output capacitors, it is important to consider the ESR and the ESL characteristics as they
directly impact the LED current ripple. Ceramic capacitors are the best choice due to their low ESR, high ripple
current rating, long lifetime, and good temperature performance. When selecting ceramic capacitors, it is
important to consider the derating factors associated with higher temperature and DC bias operating conditions.
TI recommends an X7R dielectric with voltage rating greater than maximum LED stack voltage. An aluminum
electrolytic capacitor can be used in parallel with ceramic capacitors to provide bulk energy storage. The
aluminum capacitors must have necessary RMS current and temperature ratings to ensure prolonged operating
lifetime. The minimum allowable RMS output capacitor current rating, lcoutrms), can be approximated:

Buck:

| _ A epppy
COUT(RMS) = — 7—
( ) f2 (16)

Boost and Buck-Boost:

| o X [2uAx
COUT(RMS) ~ILED X\ |7
MAX (17)

The expressions (Equation 14 to Equation 17) are best suited for designs driving a fixed LED load, with known
output voltage and LED current. For applications that are required to support different LED string configurations
with a wide range of programmable LED current setpoints, the previous expressions are rearranged to reflect
output capacitance based on the maximum output power, Powmax), to ensure that LED current ripple
specifications are met over the entire range of operation. Typical Buck-Boost LED Driver provides the details for
Buck-Boost LED driver.
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Application Information (continued)
8.1.4 Input Capacitor Selection

The input capacitors, Cjy, smooth the input voltage ripple and store energy to supply input current during input
voltage or PWM dimming transients. The series inductor in the Boost, SEPIC, and Cuk topology provides
continuous input current and requires a smaller input capacitor to achieve desired input ripple voltage, Aviypp).
The Buck and Buck-Boost topology have discontinuous input current and require a larger capacitor to achieve
the same input voltage ripple. Based on the switching frequency, fsw, and the maximum duty cycle, Dyax, the
input capacitor value can be calculated as follows:

Buck:
Cp = I ep % Dyax X (1—Dyiax)
fsw X AVinpp) (18)
Boost:
Cp = A pp)
8x fgw X AViypp) (19)
Buck-Boost:
Cp = I ep X Duax
fsw X AViNeR) (20)

X7R dielectric-based ceramic capacitors are the best choice due to their low ESR, high ripple current rating, and
good temperature performance. For applications using PWM dimming, Tl recommends an aluminum electrolytic
capacitor in addition to ceramic capacitors to minimize the voltage deviation due to large input current transients
generated in conjunction with the rising and falling edges of the LED current.

TPS92691
VIN

RVIN

icvm

Figure 28. VIN Filter

For most applications, Tl highly recommends to bypass the VIN pin with a 0.1-uF ceramic capacitor placed as
close as possible to the device and add a series 10-Q resistor to create a 150-kHz low-pass filter and eliminate
undesired high-frequency noise.

8.1.5 Main Power MOSFET Selection

The power MOSFET should be able to sustain the maximum switch node voltage, Vsy, and switch RMS current
derived based on the converter topology. Tl recommends a drain voltage Vpg rating of at least 20% greater than
the maximum switch node voltage to ensure safe operation. The MOSFET drain-to-source breakdown voltage,
Vps, and RMS current ratings are calculated using the following expressions.

Buck:

Vbs = Vingwax) x1.2 (21)

lorms) = ILeD * m (22)
Boost:

Vbs = Voov) x1.2 (23)
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Application Information (continued)

lorms) = lLep % M

QRVS) 1-Dwmax (24)
Buck-Boost:

Vps = (VIN(MAX) +Vooov) ) x1.2 (25)

| =1 X Duiax

RMS) — 'LED
QRVS) 1-Dyax (26)

Where the voltage, Vo (ov), is the overvoltage protection threshold and the worst-case output voltage under fault
conditions.

Select a MOSFET with low total gate charge, Qq, to minimize gate drive and switching losses. The MOSFET Rpg
resistance is usually a less critical parameter because the switch conduction losses are not a significant part of
the total converter losses at high operating frequencies. The switching and conduction losses are calculated as
follows:

2
Pconp = Rbs XIgrms) (27)

2
Per — I x VSw % Crgs * fsw
sw = |
GATE (28)

Cpss is the MOSFET reverse transfer capacitance. | is the average inductor current. Igate is gate drive output
current, typically 500 mA. The MOSFET power rating and package should be selected based on the total
calculated loss, the ambient operating temperature, and maximum allowable temperature rise.

8.1.6 Rectifier Diode Selection

A Schottky diode (when used as a rectifier) provides the best efficiency due to low forward voltage drop and
near-zero reverse recovery time. Tl recommends a diode with a reverse breakdown voltage, Vpgr), greater than
or equal to MOSFET drain-to-source voltage, Vps, for reliable performance. It is important to understand the
leakage current characteristics of the Schottky diode, especially at high operating temperatures because it
impacts the overall converter operation and efficiency.

The current through the diode, Ip, is given by:
lp =1L x(1-Dyax) (29)

The diode should be sized to exceed the current rating, and the package should be able to dissipate power
without exceeding the maximum allowable temperature.

8.1.7 LED Current Programming

The LED current is set by the external current sense resistor, Rgg, and the analog adjust voltage, V|ap;- The
current sense resistor is placed in series with the LED load and can be located either on the high side
(connected to the output, Vg), or on the low side (connected to ground, GND). The CSP and CSN inputs of the
internal rail-to-rail current sense amplifier are connected to the Rgg resistor to enable closed-loop regulation.
When Viapy > 2.5V, the internal 2.42-V reference sets the Vcgp.csn) threshold to 172 mV and the LED current is
regulated to:

0.172
Res (30)

lep =

The LED current can be programmed by varying Viapy between 140 mV to 2.25 V. The LED current can be
calculated using:

lep = Viapy
14 xRcg (31)
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Application Information (continued)

The output voltage ripple should be limited to 50 mV for best performance. Tl recommends a low-pass common-
mode filter consisting of 10-Q resistors is series with CSP and CSN inputs and 0.01-uF capacitors to ground to
minimize the impact of voltage ripple and noise on LED current accuracy (see Figure 20). A 0.1-uF capacitor
across CSP and CSN is included to filter high-frequency differential noise.

8.1.8 Switch Current Sense Resistor and Slope Compensation

The switch current sense resistor, Rjg, is used to implement peak current mode control and to set the peak
switch current limit. The value of switch current sense Rig is selected to achieve stable inner current loop
operation based on the magnitude of slope compensation ramp, Vg, and to protect the main switching MOSFET
under fault conditions. The lower of the two values calculated using the following equations should be selected
for Ris.

2x Vg xLxfgy
Ris =

Vomax) (32)
_ Viswimimy — Vs X Duax

Ris I
L(PK) (33)

The internal slope compensation voltage, Vg, is fixed at 200 mV (typ). A resistor can be placed in series with the
IS pin to increase slope compensation, if necessary. The peak switch current limit is set based on the internal
current limit threshold of 525 mV (typ) and adjusted based on slope compensation to ensure reliable operation
while PWM dimming.

vCC
TPS92691 — 1

GATE ASS
IS s
PGND . 1nF

Figure 29. IS Input Filter

The use of a 1-nF and 100-Q low-pass filter is optional. If used, the resistor value should be less than 500 Q to
limit its influence on the internal slope compensation signal.

8.1.9 Feedback Compensation

The open-loop response is the product of the modulator transfer function (shown in Equation 34) and the
feedback transfer function. Using a first-order approximation, the modulator transfer function can be modeled as
a single pole created by the output capacitor, and in the boost and buck-boost topologies, a right half-plane zero
created by the inductor, where both have a dependence on the LED string dynamic resistance, rp. Because Tl
recommends a ceramic capacitor, the ESR of the output capacitor is neglected in the analysis. The small-signal
modulator model also includes a DC gain factor that is dependent on the duty cycle, output voltage, and LED
current.

S
LED -G, 0z

Veomp (l n 'S J

@p (34)
Table 1 summarizes the expression for the small-signal model parameters.
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Application Information (continued)

The feedback transfer function includes the current sense resistor and the loop compensation of the
transconductance amplifier. A compensation network at the output of the error amplifier is used to configure loop
gain and phase characteristics. A simple capacitor, Coomp, from COMP to GND (as shown in Figure 30) provides
integral compensation and creates a pole at the origin. Alternatively, a network of Rcomp, Ccomp, and Cpr, shown
in Figure 31, can be used to implement proportional and integral (PI) compensation and to create a pole at the
origin, a low-frequency zero, and a high-frequency pole.

Table 1. Small-Signal Model Parameters

DC GAIN (Go) POLE FREQUENCY (wp) ZERO FREQUENCY (w;)
1
Buck 1 — —
b x Cour
(1-D)x Vg Vo + (o %l ep) Vg x (1-D)?
Boost — -
Ris x(Vo + (b *lie ) Vo x1p x Cour Lxlep
(1-D)x Vg Vo +(Dxfp xlgp ) Vg x (1-D)?
Buck-Boost ol o1

The feedback transfer function is defined as follows.
Feedback transfer function with integral compensation:
_ Veomp _ 14xgy xReg

{eo sxCcomp (35)
Feedback transfer function with proportional integral compensation:
Veomp _ 14x0gyxRcs (1+sxRcomp % Coomp)

teo S%(Ccomp +Che) Ccomp * Cur
( Ccomp *+Crr B

1+sx RCOMPX(
(36)

The pole at the origin minimizes output steady-state error. High bandwidth is achieved with the Pl compensator
by placing the low-frequency zero an order of magnitude less than the crossover frequency. Use the following
expressions to calculate the compensation network.

TPS92691 TPS92691

COMP COMP
Rcomp
Ccomp
[— Chr [—
GAIN = 14 Ceone GAIN = 14
csP csP

ILED¢ CSN

CURRENT SENSE
AMPLIFIER

CURRENT SENSE

ILED¢ CSN
AMPLIFIER

vee IADJ we IADJ
YN L ByV Ty
! !
242V :i 2.42V i
Figure 30. Integral Compensation Figure 31. Proportional-Integral Compensation

Buck with integral compensator:
8.75x107 xR¢g

“p (37)
Boost and Buck-Boost with proportional integral compensator:

CCOMP =
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R G

®z (38)
Cur = Ccomp
100 (39)
1
Recomp = ———~—
op X Ceomp (40)

The loop response is verified by applying step input voltage transients. The goal is to minimize LED current
overshoot and undershoot with a damped response. Additional tuning of the compensation network may be
necessary to optimize PWM dimming performance.

8.1.10 Soft-Start

The soft-start time (tgs) is the time required for the LED current to reach the target setpoint. The required soft-
start time, tgs, is programmed using a capacitor, Cgs, from SS pin to GND, and is based on the LED current,
output capacitor, and output voltage.

C V,
Cog =12.5x107° [tss _Mj
LED (41)

8.1.11 Overvoltage Protection

The overvoltage threshold is programmed using a resistor divider, Roy» and Rgy4, from the output voltage, Vo, to
ground for Boost and SEPIC topologies, as shown in Figure 24 and Figure 25. If the LEDs are referenced to a
potential other than ground, as in the Buck-Boost or Buck configuration, the output voltage is sensed and
translated to ground by using a PNP transistor and level-shift resistors, as shown in Figure 27 and Figure 26.
The overvoltage turn-off threshold, Vo), is:

Boost:
R +R
Voov) = Yovp(THRr) X {%J
ov1i (42)
Buck and Buck-Boost:
R
Vocov) = Vovp(THR) X ROV2 +0.7
ovi (43)
The overvoltage hysteresis, Voy(ys) is:
Vov(Hys) = lovenys) XRov2 (44)

8.1.12 PWM Dimming Considerations

When PWM dimming, the TPS92691/-Q1 requires another MOSFET placed in series with the LED load. This
MOSFET should have a voltage rating greater than the output voltage, Vo, and a current rating at least 10%
higher than the nominal LED current, | _gp.

It is important to control the slew-rate of the external FET to achieve a damped LED current response to PWM
rising-edge transitions. For a low-side, N-channel dimming FET, the slew-rate is controlled by placing a resistor
in series with the GATE pin. The rise and fall times depend on the value of the resistor and the gate-to-source
capacitance of the MOSFET. The series resistor can be bypassed with a diode for fast rise time and slow fall
times to achieve 100:1 or higher contrast ratios. If a high-side P-channel dimming FET is used, the rise and fall
times can be controlled by selecting appropriate resistors for the level-shift network, R gy and R, g, as shown in
Figure 26.
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8.2 Typical Applications

8.2.1 Typical Boost LED Driver
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Figure 32. Boost LED Driver With High-Side Current Sense
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8.2.1.1 Design Requirements
Table 2 shows the design parameters for the boost LED driver application.

Table 2. Design Parameters

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
INPUT CHARACTERISTICS
Input voltage range 7 14 18 \
Input UVLO setting 45 \
OUTPUT CHARACTERISTICS
LED forward voltage 3.2 Vv
Number of LEDs in series 12
Vo Output voltage LED+ to LED- 38.4 \
ILeD Output current 500 mA
RR LED current ripple ratio 5%
o LED string resistance 4 Q
Maximum output power 20 25 W
PWM dimming range 240-Hz PWM frequency 4% 100%
SYSTEMS CHARACTERISTICS
Ai pp) Inductor current ripple 20%
Avinpp) Input voltage ripple 70 mV
Voiov) Output overvoltage protection threshold 50 \
Vov(Hys) Output overvoltage protection hysteresis 5 \
tss Soft-start period 8 ms
Switching frequency 390 kHz
8.2.1.2 Detailed Design Procedure
This procedure is for the boost LED driver application.
8.2.1.2.1 Calculating Duty Cycle
Solve for D, DMAX! and DMIN:
Vg -V, 384-14
D=-9°2 N _ =0.6354
Vo 384 (45)
Vo —Vinminy  38.4-7
(0] : (46)
Vo —Vinmax) ~ 38.4-18
o . (47)
8.2.1.2.2 Setting Switching Frequency
Solve for Ry:
R — 1.432x10"°  1.432x10%° 20,05 x10°
T= (f )1.047 B 390x 10° 1.047 — T
SW X
( ) (48)

The closest standard resistor of 20 kQ is selected.

8.2.1.2.3 Inductor Selection

The inductor value should ensure continuous conduction mode (CCM) of operation and should achieve desired

ripple specification, Ai, pp).
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. I .
A ppy = RRx —EEL— = 0.2 05 _ 5485
1-Dyax 1-0.8177 (49)
Solving for inductor:
V, xD
L - o *Puax __ TxO8LTT 56 76,106
A||_(|:>|:>) xfsw 0.5485x390x10 (50)
The closest standard inductor is 27 uH. The expected inductor ripple based on the chosen inductor is:
V, xD
AiL(PP) _ VINMIN) XPMAX 7><60.8177 o= 0.5436
Lxfsw 27x107° x390x10 (51)
The inductor saturation current rating should be greater than the peak inductor current, I p).
ILeD Vinminy > Dvax 0.5 7%x0.8177
k) = + = + s - =3.01
1-Dyax 2xLxfgy 1-0.8177 2x27x107°x390x10 (52)
8.2.1.2.4 Output Capacitor Selection
The specified peak-to-peak LED current ripple, Ai gppp), is:
AiLED(PP) = 005 X ILED = 25 X 1073 (53)
The output capacitance required to achieve the target LED current ripple is:
Cour = | e xDMAx _ O.F;XO.8177 -1048x10°
fow X Ip X Allepppy  390x10° x4x25x10~ (54)

Considering 40% derating factor under DC bias operation, four 4.7-uF, 100-V rated X7R ceramic capacitors are
used in parallel to achieve a combined output capacitance of 18.8 uF.

8.2.1.2.5 Input Capacitor Selection

The input capacitor is required to reduce switching noise conducted through the input wires and reduced the
input impedance of the LED driver. The capacitor required to limit peak-to-peak input ripple voltage ripple,
AVIN(PP)1 to 70 mV is given by
Ai
Cp = LPP) 0'5:36 ~=2.49x10°°
8 xfow XAViyppy  8x390x10° x70x10™ (55)

A 4.7-uF, 50-V X7R ceramic capacitor is selected.

8.2.1.2.6 Main N-Channel MOSFET Selection

The MOSFET ratings should exceed the maximum output voltage and RMS switch current given by:

(56)
D N
lorms) = lLED ¥ ANOwax g5, NOBLT7 49
A 60-V or a 100-V N-channel MOSFET with current rating exceeding 3 A is required for this design.
8.2.1.2.7 Rectifying Diode Selection
The diode should be selected based on the following voltage and current ratings:
Ip =l x(1-Dyax) =l ep =0.5 (59)

A 60-V or a 100-V Schottky diode with low reverse leakage current is suitable for this design. The package must
be able to handle the power dissipation resulting from continuous forward current, Ip, of 0.5 A.
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8.2.1.2.8 Programming LED Current

LED current is based on the current shunt resistor, Rcs and the Vcsp.csny threshold set by the voltage on the
IADJ pin V|apy. By default, IADJ is tied to VCC via an external resistor to enable the internal reference voltage of
2.42 V that then sets the V csp.csn) threshold to 172 mV. The current shunt resistor value is calculated by:

Res = 0|.172 _ 061;2 _0.344
LED . (60)

Two 0.68-Q resistors are connected in parallel to achieve Rgg of 0.34 Q.

8.2.1.2.9 Setting Switch Current Limit and Slope Compensation

The switch current sense resistor, Ris, is calculated by solving the following equations and choosing the lowest
value:

B 2x Vg xLxfgy 2x0.2x27x107° x390x10°

Ris = V. = 8.4 =0.11
O(MAX) : (61)
Re — Viswmity = VsL XDyax ~ 0.525-0.2x0.8177 012
Is = = =0.

A standard value of 0.1 Q is selected.

8.2.1.2.10 Deriving Compensator Parameters

The modulator transfer function for the Boost converter is derived for nominal V| voltage and corresponding duty
cycle, D, and is given by the following equation. (See Table 1 for more information.)

o) . [ smiea)
i @y T a70 19,103
LED -G, 0z —3.466 378.12x10

VCOMP [1+SJ (1+ S 3)
Wp 14 x10 (63)

The proportional-integral compensator components Ccoyp and Rceomp are obtained by solving the following
expressions:

Res xG : :
Coomp =8.75x103 x| €S20 | _ g 7541073 (03“—3462] =27.27x107°
w7 378.12x10

(64)

1 L _2165x10°
op XCcomp  14x10° x33x10 (65)

Rcomp =

The closet standard capacitor of 33 nF and resistor of 2.15 kQ is selected. The high frequency pole location is
set by a 100 pF Cyf capacitor.

8.2.1.2.11 Setting Start-up Duration

The soft-start capacitor required to achieve start-up in 8 ms is given by:

V, : % 38.
Ces =12.5x107° [tss —M] ~12.5x107° [8 <1073 18 8X185 x38 4} -81.9x107°
LED .

(66)
The closet standard capacitor of 100 nF is selected.

8.2.1.2.12 Setting Overvoltage Protection Threshold

The overvoltage protection threshold of 50 V and hysteresis of 5 V is set by the Rgyy and Roys» resistor divider.

R — VovHysy 5
ov2 =

2 = = =250 10°
20x10°® 20x10" (67)
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— 1.24
VL Vorov) —1.24

www.ti.com

JROVZ - (ij 250x10° = 6.36 x10°

50-1.24 (68)

The standard resistor values of 249 kQ and 6.34 kQ are chosen.

8.2.1.2.13 PWM Dimming Considerations

A series dimming FET is required to meet PWM dimming specification from 100% to 4% duty cycle. A 60-V, 2-A
N-channel FET is suitable for this application.

As an alternative, a 60-V, 2-A P-channel FET could be used to achieve PWM dimming. An external level-shift
circuit is required to translate the DDRYV signal to the gate of the P-channel dimming FET. The drive strength of 5
mA and gate-source voltage of 15 V are set by the 1-kQ and 2-kQ level-translator resistors and a small-signal N-
channel MOSFET, whose gate is connected to DDRV.

By default, the PWM pin is connected to VCC through a 100-kQ resistor to enable the part upon start-up.

8.2.1.3 Application Curves
These curves are for the boost LED driver.

100

95

90

(@ iy & W o0s @ Iitus Ly zeom 500375 [ FEEE
| AW oits

Ch1: Input voltage; Ch2: Soft-start (SS) voltage;
Ch3: Input current;
Ch4: LED current; Time: 2 ms/div

Figure 35. Startup Transient
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Ch4: LED current; Time: 1 ps/div
Figure 33. Efficiency vs Input Voltage Figure 34. Normal Operation
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Ch1: Output voltage;
Ch2: Soft-start (SS) voltage;
Ch4: LED current; Time: 200 ms/div
Figure 36. Overvoltage Protection
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Ch1: GATE voltage; Ch2: External CLK signal; Ch1: DDRYV voltage; Ch2: PWM input;
Ch3: Switch sense current resistor voltage; Ch3: Switch sense current resistor voltage;
Ch4: LED current; Time: 1 ps/div Ch4: LED current; Time: 2 ms/div
Figure 37. Clock Synchronization Figure 38. PWM Dimming Transient
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Ch1: DDRYV voltage; Ch2: PWM input; Ch1: Input voltage;
Ch3: Switch sense current resistor voltage; Ch2: IMON voltage;
Ch4: LED current; Time: 4 ps/div Ch4: LED current; Time: 2 ms/div
Figure 39. PWM Dimming Transient (Zoomed) Figure 40. Step Input Voltage Transient and IMON
Behavior
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8.2.2 Typical Buck-Boost LED Driver
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Figure 41. Buck-Boost LED Driver
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8.2.2.1 Design Requirements

Buck-Boost LED drivers provide the flexibility needed in applications that support multiple LED load
configurations. For such applications, it is necessary to modify the design procedure presented in Application
Information to account for the wider range of output voltage and LED current specifications. This design is based
on the maximum output power Poax), set by the lumen output specified for the lighting application. The design
procedure for a battery connected application with 3 to 9 LEDs in series and maximum 15 W output power is
outlined in this section.

For applications that have a fixed number of LEDs and a narrow LED current range (for brightness correction),
design equations provided in the Application Information and simplified design procedure, similar to one outlined
in Typical Boost LED Driver for Boost LED driver, are recommended for developing an optimized circuit with
lower Bill of Material (BOM) cost.

Table 3. Design Parameters

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
INPUT CHARACTERISTICS
Input voltage range 7 14 18 \
Input UVLO setting 45 \
OUTPUT CHARACTERISTICS
LED forward voltage 3.2 \"
Number of LEDs in series 3 6 9
Vo Output voltage LED+ to LED- 9.6 19.2 28.8 \"
ILeD Output current 500 750 1500 mA
Aii gp(pp) LED current ripple 5%
D LED string resistance 1 2 3 Q
Pomax) Maximum output power 15 w
PWM dimming range 240-Hz PWM frequency 4% 100%
SYSTEMS CHARACTERISTICS
Po@pRy) Output power at CCM-DCM boundary 5 w
condition
Avinpp) Input voltage ripple 70 mV
Voiov) Output overvoltage protection threshold 40 Vv
Vov(Hys) Output overvoltage protection hysteresis 5 Vv
tss Soft-start period 8 ms
Switching frequency 390 kHz

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Calculating Duty Cycle

Solving for D, Dyax, and Dyn:
Vo 19.2

D= = =0.5783
Vo+Vy 19.2+14 (69)
V,
Dmax = OMA%) __288 _ 0.8045
Vomaxy + Vinminy - 28.8+7 (70)
V,
Duvin = oIy __96 _ 0.3478
Voming + Vinmaxy 9.6 +18 (71)
8.2.2.2.2 Setting Switching Frequency
Solving for Ry resistor:
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1.432x10'°  1.432x10'° 3
Ry = 1047 3\L047 20.05x10
(fsw) (390 x10 ) 72

8.2.2.2.3 Inductor Selection

The inductor is selected to meet the CCM-DCM boundary power requirement, Pogpry). Typically, the boundary
condition is set to enable CCM operation at the lowest possible operating power based on minimum LED forward
voltage drop and LED current. In most applications, Pogpry) is set to be 1/3 of the maximum output power,
Pomax)- The inductor value is calculated for maximum input voltage, Viywax), and output voltage, Vomwax):

L= 1 = 1 =31.46x107°
2 1 1\
2% Pogory) % fsw %| <+ —— 2x5x390x103x(288+1sj
Vomax)y  Vinmax) ' (73)
The closest standard value of 33 pH is selected. The inductor ripple current is given by:
. Vinming < Dmax 7 x0.8045
Xlsw 33x107° x390x10 (74)

The inductor saturation rating should exceed the calculated peak current which is based on the maximum output
power using the following expression:

1 1 J+ Vominy X Vinminy

+
Voming - Vinminy

k) = Pogvax) X[
2xLxfgu ><(Vo(|v||N) +V|N(MIN)) (75)
9.6x7

I =15%x| —+—= |+ =3.863
-0 (9-6 7j 2x33x10°° x390x10° x (9.6 +7)

8.2.2.2.4 Output Capacitor Selection

The output capacitor should be selected to achieve the 5% peak-to-peak LED current ripple specification. Based
on the maximum power, the capacitor is calculated as follows:

Pomvax)

Cour = -
fsw X Togvingy < Al LED(PP)X(VO(N"N) + VIN(MIN)) (76)
15

= =30.9x10°°
390x%x10° x1x0.075 x (9.6 + 7)

Cour =

A minimum of four 10-pF, 50-V X7R ceramic capacitors in parallel are needed to meet the LED current ripple
specification over the entire range of output power. Additional capacitance may be required based on the
derating factor under DC bias operation.

8.2.2.2.5 Input Capacitor Selection

The input capacitor is calculated based on the peak-to-peak input ripple specifications, Avipp). The capacitor
required to limit the ripple to 70 mV over range of operation is calculated using:

PO(MAX) _ 15

Cn = =33.1x107°

(77)
A parallel combination of four 10-uF, 50-V X7R ceramic capacitors are used for a combined capacitance of 40
uF. Additional capacitance may be required based on the derating factor under DC bias operation.
8.2.2.2.6 Main N-Channel MOSFET Selection
Calculating the minimum transistor voltage and current rating:

Vs =1.2%(Voov) + Vinaxy ) = 1.2% (40 +18) = 69.6 78)
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P, V,
sy = QM0 | g, Vo | _ 15 (1+ l] 582
VNN Vominy 7 9.6 (79)
This application requires a 60-V or 100-V N-channel MOSFET with a current rating exceeding 3 A.
8.2.2.2.7 Rectifier Diode Selection
Calculating the minimum Schottky diode voltage and current rating:
VD(BR) = 12 X (Vo(ov) + \/|N(MAX)) = 12 X (40 + 18) = 696 (80)
Ib =l epmax) =1.5 (81)

This application requires a 60-V or 100-V Schottky diode with a current rating exceeding 1.5 A. Tl recommends a
single high-current diode instead of paralleling multiple lower-current-rated diodes to ensure reliable operation
over temperature.
8.2.2.2.8 Setting Switch Current Limit and Slope Compensation
Solving for Rys:

_ 2xVg xLxfgy  2x0.2x33x107° x390x10°

IS = =0.179
Vomax) 28.8 (82)
_ Viswmimy — Vs XDyax  0.525-0.2x0.8045
Ris = = =0.094
I k) 3.863 63)

A standard resistor of 0.1 Q is selected based on the lower of the two calculated values. The resistor ensures
stable current loop operation with no subharmonic oscillations over the entire input and output voltage ranges.

8.2.2.2.9 Programming LED Current

The LED current can be programmed to match the LED string configuration by using a resistor divider, Rapy1 and
Rapy2, from Ve to GND for a given sense resistor, Rgg, as shown in Figure 21. To maximize the accuracy, the
IADJ pin voltage is set to 2.1 V for the specified LED current of 1.5 A. The current sense resistor, R¢g, is then
calculated as:

Viapg _ 21

= =0.1

Res =
(84)

A standard resistor of 0.1 Q is selected. Table 4 summarizes the IADJ pin voltage and the choice of the Rapys
and Rppyo resistors for different current settings.

Table 4. Design Requirements

LED CURRENT IADJ VOLTAGE (Viapy) Rapuy Rapy2
500 mA 700 mV 10.2 kQ 100 kQ
750 mA 1.05 V 16.2 kQ 100 kQ

15A 21V 39.2 kQ 100 kQ

8.2.2.2.10 Deriving Compensator Parameters

A simple integral compensator provides a good starting point to achieve stable operation across the wide
operating range. The modulator transfer function with the lowest frequency pole location is calculated based on
maximum output voltage, Vowmax), duty cycle, Dyax, LED dynamic resistance, rppax), and minimum LED string
current, I epguiny- (See Table 1 for more information.)

o) | (aeas)
i N - 3
Llep _ Gy Wz -1876 82.92x10

(1+ S] (1+ S3j
Wp 8.68x10 (85)
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The compensation capacitor needed to achieve stable response is:
8.75x10 °xRpg  8.75x107° x0.1

Conry = _
comp op 8.68x10°

=100.8x107°

(86)
A 100 nF capacitor is selected.

A proportional integral compensator can be used to achieve higher bandwidth and improved transient
performance. However, it is necessary to experimentally tune the compensator parameters over the entire
operating range to ensure stable operation.

8.2.2.2.11 Setting Startup Duration
Solving for soft-start capacitor, Cgs, based on 8-ms startup duration:

Cout * Voutmmax) 40x107°x28.8

Cec =12.5x1078| tee —
SS SS 05

J =12.5%x107° [8 x1073 - ] =71.2x107°

ILepviny (87)

A 100-nF soft-start capacitor is selected.

8.2.2.2.12 Setting Overvoltage Protection Threshold
Solving for resistors, Roy¢ and Roys:
VovHysy = 5

— _ 3
ROVZ = = 20)(10_6 =250x10

20x107°
1.24xRoy,  1.24x250x10°
Vocov) —0.7 40-0.7

(88)

=7.89x10°

Rovi =
(89)

The closest standard values of 249 kQ and 7.87 kQ along with a 60-V PNP transistor are used to set the OVP
threshold to 40 V with 5 V of hysteresis.

8.2.2.2.13 PWM Dimming Consideration

A 60-V, 2-A P-channel FET is used in conjunction with an external level-shift circuit to achieve PWM dimming.
The drive strength of 5 mA and gate-source voltage of 15 V are set by the 1-kQ and 2-kQ level-translator
resistors and a small-signal N-channel MOSFET, whose gate is connected to DDRV.

8.2.2.3 Application Curves

These curves are for the buck-boost LED driver.

1504 508 1600
— LEDs =3

1503 —— LEDs =9 | 506 1400

1502 504 1200
< < <
£ 1501 502 E| £ 1000
S B I € IS
£ 1500 = — — s00 £ £ 800
3 =)
@) I @) o
0 1499 498 0O O 600
L w L
- - -

1498 496 400

1497 494 200

— LEDs =3
1496 492 0
8 9 10 11 12 13 14 15 16 17 18 0 028 056 084 112 14 168 196 224
Vin (V) Viaps (V)
Vin=14V
Figure 42. Line Regulation (3 LEDs at 1.5 A and 9 LEDs at Figure 43. LED Current vs IADJ Voltage
500 mA)
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Figure 44. Efficiency from 100 mAto 1.5 A

9 Power Supply Recommendations

This device is designed to operate from an input voltage supply range between 4.5 V and 65 V. The input could
be a car battery or another preregulated power supply. If the input supply is located more than a few inches from
the TPS92691/-Q1 device, additional bulk capacitance or an input filter may be required in addition to the
ceramic bypass capacitors to address noise and EMI concerns.

10 Layout

10.1 Layout Guidelines

» The performance of the switching regulator depends as much on the layout of the PCB as the component
selection. Following a few simple guidelines will maximize noise rejection and minimize the generation of EMI
within the circuit.

» Discontinuous currents are the most likely to generate EMI. Therefore, take care when routing these paths.
The main path for discontinuous current in the TPS92691/-Q1 Buck regulator contains the input capacitor,
Cin, the recirculating diode, D, the N-channel MOSFET, Q1, and the sense resistor, R;s. In the TPS92691/-Q1
Boost regulator, the discontinuous current flows through the output capacitor Coyt, diode, D, N-channel
MOSFET, Q1, and the current sense resistor, R;s. In Buck-Boost regulator, both loops are discontinuous and
should be carefully laid out. These loops should be kept as small as possible and the connection between all
the components should be short and thick to minimize parasitic inductance. In particular, the switch node
(where L, D, and Q1 connect) should be just large enough to connect the components. To minimize
excessive heating, large copper pours can be placed adjacent to the short current path of the switch node.

+ CSP and CSN traces should be routed together with Kelvin connections to the current sense resistor as short
as possible. If needed, use common mode and differential mode noise filters to attenuate switching and diode
reverse recovery noise from affecting the internal current sense amplifier.

+ The COMP, IS, OVP, PWM, and IADJ pins are all high-impedance inputs that couple external noise easily;
therefore, the loops containing these nodes should be minimized whenever possible.

* In some applications, the LED or LED array can be far away from the TPS92691/-Q1, or on a separate PCB
connected by a wiring harness. When an output capacitor is used and the LED array is large or separated
from the rest of the regulator, the output capacitor should be placed close to the LEDs to reduce the effects of
parasitic inductance on the AC impedance of the capacitor.

+ The TPS92691/-Q1 has an exposed thermal pad to aid power dissipation. Adding several vias under the
exposed pad helps conduct heat away from the device. The junction-to-ambient thermal resistance varies
with application. The most significant variables are the area of copper in the PCB and the number of vias
under the exposed pad. The integrity of the solder connection from the device exposed pad to the PCB is
critical. Excessive voids greatly decrease the thermal dissipation capacity.
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10.2 Layout Example
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Figure 45. Layout Recommendation
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11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 5. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
TPS92691 Click here Click here Click here Click here Click here
TPS92691-Q1 Click here Click here Click here Click here Click here

11.2 Community Resources

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

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

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

11.3 Trademarks

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

11.4 Electrostatic Discharge Caution

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

11.5 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

TPS92691PWP ACTIVE HTSSOP PWP 16 90 ROHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92691 Samples
TPS92691PWPR ACTIVE HTSSOP PWP 16 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92691 Samples
TPS92691QPWPQ1 ACTIVE HTSSOP PWP 16 90 RoOHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92691Q
TPS92691QPWPRQ1 ACTIVE HTSSOP PWP 16 2000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92691Q
TPS92691QPWPTQ1 ACTIVE HTSSOP PWP 16 250 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 92691Q Samples

@ 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 finish/Ball material - Orderable Devices 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.
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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 TPS92691, TPS92691-Q1 :
o Catalog: TPS92691

o Automotive: TPS92691-Q1

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |<— KO '<7P14>‘
oo olo o oo T
go W
Reel | | i
Diameter
Cavity *‘ A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
_+_ P1 | Pitch between successive cavity centers
| [ |
_{ Reel Width (\W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O 000000 07, Sprocket Holes
| I
T ]
Q1 : Q2 Q1 : Q2
A== f--7--1- -
Q3 1 Q4 Q31 Q4 User Direction of Feed
| w A |
T T
~
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)

TPS92691PWPR HTSSOP| PWP

16

2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0

Q1

TPS92691QPWPRQ1 [HTSSOP| PWP

16

2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0

Q1
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TAPE AND REEL BOX DIMENSIONS
.
7
e S
N s
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92691PWPR HTSSOP PWP 16 2000 350.0 350.0 43.0
TPS92691QPWPRQ1 HTSSOP PWP 16 2000 350.0 350.0 43.0

Pack Materials-Page 2



i PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 5-Jan-2022
TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS92691PWP PWP HTSSOP 16 90 530 10.2 3600 35
TPS92691QPWPQ1 PWP HTSSOP 16 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
PWP 16 PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4073225-3/J
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’_ PACKAGE OUTLINE
PWPO0O0O16A | PowerPAD ™ HTSSOP - 1.2 mm max height
PLASTIC SMALL OUTLINE
6.6
eoTYP
PIN 11D
AREA — 14X
==
—
] 2X
[4.55]
—
—
—
1
—-3=- 1
o b . 030
B o 16X 519
|4 [0.1@ [c]A[B]
N
(' [ \ \1 (0.15) TYP
:\J - N
”\"/\SEE DETAIL A o f
— 4X 0.166 MAX
2X 1.34 MAX NOTE 5
NOTE 5
— —
—] n n L —
T ﬁ'Fl;ngMAL
— — -?
gg 17 - GAGE PLANE
CA — — [r
—] — '
Tﬁ
| — LI LI ] -8
— — 0.79
0.50 DETAIL A
33 (1) TYPICAL
2.7

4214868/A 02/2017

NOTES:

—_

(S0 N wmn

PowerPAD is a trademark of Texas Instruments.

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.

. Reference JEDEC registration MO-153.
. Features may not be present.
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EXAMPLE BOARD LAYOUT
PWPO0O0O16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

SOLDER MASK
DEFINED PAD

/SEE DETAILS
|

16X (1.5)
AT

16X (0.45) T @

S\((LMI\L L 63
NOTE 9
14X (0.65)
(©0.2) TYP
VIA
METAL COVERED e
BY SOLDER MASK
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:10X
METAL UNDER
SOLDER MASK SOLDER MASK
OPENING \ METAL SOLDER MASK\ fOPENING
EXPOSED—— [ =)
METAL | w
JL EXPOSED # ””””””
METAL L 0.05 MIN
0.05 MAX ALL AROUND

ALL AROUND

SOLDER MASK

NON SOLDER MASK DEFINED

DEFINED

SOLDER MASK DETAILS
PADS 1-16

4214868/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAQ02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PWPO0O0O16A PowerPAD ™ HTSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

(33)
BASED ON

0.125 THICK
16X (1-9) STENCIL (R0.05) TYP

16X (0.45) ]

(3.3)
BASED ON
0.125 THICK
STENCIL

|

]

ax 065 Lt ]
e ;
I s

METAL COVERED
BY SOLDER MASK

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.69 X 3.69
0.125 3.3 X 3.3 (SHOWN)
0.15 3.01 X 3.01
0.175 2.79 X 2.79

4214868/A 02/2017

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

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