Foder Ve Now %) Documents £ Sofware Commaniy
L ?ﬁgﬁUMENTS TPS92515, TPS92515-Q1, TPS92515HV, TPS92515HV-Q1
SLUSBZ6A —APRIL 2016—-REVISED AUGUST 2016
TPS92515x 2-A, Buck LED Driver with Integrated N-channel FET,
High-Side Current Sense, and Shunt FET PWM Dimming Capability
1 Features The regulator operates using a constant off-time,

e AEC-Q100 Grade 1 Qualified
* Integrated 290-mQ (typ) Internal N-Channel FET
* Input Voltage Range:
— TPS92515x: 5.5V to42V
— TPS92515HVx: 5.5V to 65V
— Operation Down to 5.15 V After Start-Up
» Low Offset High-side Peak Current Comparator
e Constant Average Current, upto 2 A
» Inherent Cycle-by-Cycle Current Limit
* Multiple Dimming Methods
— 10,000:1 Shunt PWM Dimming Range
— 1000:1 PWM Dimming Range
— 200:1 Analog Dimming Range
» Simple Constant Off-time Control
— No Loop Compensation
— Fast Transient Response
* Thermally Enhanced HVSSOP Package
» Integrated Thermal Protection

2 Applications

e Automotive Lighting: LED Switched Matrix AFS
Headlamps, DRL, High/Low Beam, Fog, Rear,
Turn Signal, Side Marker, Aftermarket

» Industrial Lighting: Factory Automation, Time of
Flight (TOF), Appliances, Retail Illumination,
Machine Vision and Inspection, Emergency, Exit
and/or Safety Lighting, Medical Lighting, Stage
and Area Lighting

» Agricultural, Marine, and Heavy Industry Lighting
» High Contrast Shunt FET Dimming

3 Description

The TPS92515 family of devices are compact
monolithic switching regulators integrating a low
resistance N-Channel MOSFET. The devices are
intended for high-brightness LED lighting applications
where efficiency, high bandwidth, PWM and/or analog
dimming and small size are important.

peak current control. The operation is simple: after an
off-time based on the output voltage, an on-time
begins. The on-time ends once the inductor peak
current threshold is reached. The TPS92515 device
can be configured to maintain a constant peak-to-
peak ripple during the ON and OFF periods of a
shunt FET dimming cycle. This is ideal for
maintaining a linear response across the entire shunt
FET dimming range.

Steady-state accuracy is aided by the inclusion of a
low-offset, high-side comparator. LED current can be
modulated using either Analog or PWM dimming, or
both simultaneously. Other features include UVLO,
wide input voltage operation, inherent LED Open
operation and wide operating temperature range with
thermal shut-down.

The TPS92515 and TPS92515-Q1 devices have an
operational input range up to 42 V. The TPS92515HV
and TPS92515HV-Q1 offer high-voltage options with
an input range up to 65 V. All are available in a
thermally enhanced 10-pin HVSSOP package.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS92515
TPS92515-Q1
HVSSOP (10) 3mmx 3 mm
TPS92515HV

TPS92515HV-Q1

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

Simplified Buck LED Driver Application

TPS92515

Copyright © 2016, Texas Instruments Incorporated

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



I3 TEXAS
INSTRUMENTS
TPS92515, TPS92515-Q1, TPS92515HV, TPS92515HV-Q1
SLUSBZ6A —APRIL 2016—REVISED AUGUST 2016 www.ti.com
Table of Contents
1 FAUIES ..o 9 Application and Implementation .............c.cc....... 21
2 Applications 9.1 Application Information............c.ccceeviieeriiiiiiieeennen. 21
3 DESCIIPLION e 9.2 Typical APPlCAtioN ........cccvviniiiiiiiiii 21
4 ReVISION HiStOMY....ooiiueeceieeeeeeeeeeee e 9.3 DO0S and DON'S .....cceeeviiriiiiiiiiieiec e 29
5 Device Comparison Table................. 10 Power Supply Recommendations ................... 30
6 Pin Configuration and Functions 10.1 Input Source Direct from Battery............cccoeeveenee. 30
7 Specifications 10.2 Input Source from a Boost Stage ..........ccoceevveenee. 30
7.1 Absolute Maximum Ratings ... 11 LAYOUL oo
7.2 ESD Ratings 11.1 Layout Guidelines ....
7.3 Recommended Operating Conditions...................... 1.2 Layout Example ......... s
7.4 Thermal INFOFMEALION ..o 12 Device and Documentation Support................. 32
7.5 Electrical Characteristics...........cccoovvvevrrrvrernennennn. 12.1  Documentation SUPPOTL ........ccocriverinnissssnnennes 32
7.6 Typical CharaCteristiCs ...............oeevivererrererererireseanns 12.2 Receiving Notification of Documentation Updates 32
8 Detailed Description 12.3  Community RESOUICES.......ccccuvervirrieiieneineeee 32
8.1 Overview 12.4 Trademarks.........ccccooviiiiiiiieiic e 32
8.2 Functional Block Diagram 12.5 Electrostatic Discharge Caution.. .. 32
8.3 FEAtUrE DESCIIPHON . oorvooeoeeeeeeeeeeeeeeeeeeeeeeee e 12.6 Glgssary ............. s 32
8.4 Device Functional Modes............cccooeveeeererresrennen. 13 Mechanical, Packaging, and Orderable
INFOrMation .........coooiiiiiiiii e 32

4 Revision History

Changes from Original (April 2016) to Revision A

« Data sheet status changed from Product Preview to Production Data

2 Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

Product Folder Links: TPS92515 TPS92515-Q1 TPS92515HV TPS92515HV-Q1



13 TEXAS

INSTRUMENTS

www.ti.com

TPS92515, TPS92515-Q1, TPS92515HV, TPS92515HV-Q1
SLUSBZ6A —APRIL 2016—REVISED AUGUST 2016

5 Device Comparison Table

MAXIMUM AUTOMOTIVE
DEVICE VOLTAGE (V) CONTROL METHOD QUALIFIED
TPS92515HV-Q1 65 Y
TPS92515-Q1 42 . Y
Internal N-channel FET, constant OFF-time
TPS92515HV 65 N
TPS92515 42 N
LM3409HV-Q1 75 . Y
External P-channel FET, constant OFF-time
LM3409-Q1 42 Y
LM3409HV 75 . N
External P-channel FET, constant OFF-time
LM3409 42 N
LM3406HV-Q1 75 Y
LM3406-Q1 42 ) Y
Internal N-channel FET, controlled ON-time
LM3406HV 75 N
LM3406 42 N

6 Pin Configuration and Functions

DGQ Package
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Table 1. Pin Functions

PIN
I/0 DESCRIPTION

NAME NO.

BOOT 4 | Connect a ceramic capacitor between BOOT and SW and a diode from VCC to BOOT to
power the high-side FET drive circuitry.

COFF 1 | Connect a resistor from VoyT, and a capacitor to GND to set the OFF-time.

CSN 7 | Current sense negative input. Connect current sense resistor from VIN to CSN for high-side
current sense control.

DRN | Internal FET drain. Connect to CSN node

GND G Ground

IADJ 10 | Output current adjust. Connect to an external divider, reference or tie to VCC.
PWM dimming input. Connect to PWM control signal. Output current is pulse-width

PWM 9 | modulated (PWM) dimmed from the maximum analog controlled level. Connect to VCC if not
used.

SW 5 Internal FET Source. Connect to output inductor

vCe 2 o 5-V Regulator Output. Use a decoupling capacitor from VCC to ground. See section on VCC
capacitor selection.

VIN 8 | Connect to input voltage. VIN is also the current sense positive input.

Thermal pad — Connect to ground

Copyright © 2016, Texas Instruments Incorporated
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7 Specifications

7.1

Absolute Maximum Ratings

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

MIN MAX UNIT
TPS92515, TPS92515-Q1 -0.3 45.0
VIN, DRN, CSN to GND
TPS92515HV, TPS92515HV-Q1 -0.3 65.0
TPS92515, TPS92515-Q1 -1.0 45.0
SW to GND
TPS92515HV, TPS92515HV-Q1 -1.0 65.0
TPS92515, TPS92515-Q1 -0.3 45.0
DRN to SW
TPS92515HV, TPS92515HV-Q1 -0.3 65.0
TPS92515, TPS92515-Q1 -0.3 50.5
BOOT to GND Y
TPS92515HV, TPS92515HV-Q1 -0.3 70.5
COFF, IADJ, PWM to GND -0.3 55
BOOT to SW -0.3 55
VCC to GND -0.3 55
VIN to CSN -0.3 0.3
SW to GND, 10-ns transient -2.0
Storage temperature, Tgyg -40 150 °C

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

(2) DRN to SW. Absolute maximum not to be exceeded.

7.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per AEC Q100-002Y +2000 v
(ESD)  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.

7.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
TPS92515, TPS92515-Q1 55 42
VN Input voltage \%
TPS92515HV, TPS92515HV-Q1 55 65
Ta Operating ambient temperature 125 °C
T; Operating junction temperature 150 °C
7.4 Thermal Information
TPS92515
THERMAL METRIC® HVSSOP UNIT
10 PINS
Roia Junction-to-ambient thermal resistance 56.2 °CIW
Rojctop) Junction-to-case (top) thermal resistance 44.7 °C/W
Ross Junction-to-board thermal resistance 321 °CIW
Wit Junction-to-top characterization parameter 15 °CIW
ViR Junction-to-board characterization parameter 318 °CIW
Roic(bot) Junction-to-case (bottom) thermal resistance 5.3 °C/W

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

application report, SPRA953.
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7.5 Electrical Characteristics
Viy =40V, —40°C £ T, £ 150°C, Voo is referenced to SW pin, unless otherwise specified.

PARAMETER TEST CONDITION MIN TYP MAX UNIT
PEAK CURRENT COMPARATOR
Viaps = VCC 224 240 251 mV
Vest V\N— Vesn peak current threshold
Viapy = 2.2V 2115 220 2235 mV
AapJ V\apj to Viny — Vesn threshold gain [ 0.1 £ Vipp;£2.2V 0.1 VIV
lesn ngljrrrreer?tt sense pin, input bias 5 0 LA
toeL CSN pin falling delay CSN fall to SW fall 75 130 ns
tLes Minimum ON-time Minimum pulse width 75 195 275 ns
SYSTEM CURRENTS
leq Operating current Not switching, Viaps = Vvce 0.85 15 mA
INTEGRATED N-Channel MOSFET AND DRIVER
ITDJRQ"%VOE 200mA, Vgoor =5V, 260 500
| %Rg_?_\évozoczoomA’ Vgoor =5V, 290 600
Rps(on) FET ON-resistance mQ
Iprn-sw = 200mA, Vgoor = 3.5V, 310 500
T;=25°C
%Rg-i\évof CZOOmA, Veoor = 3.5V, 310 650
IDRN-sW(0ff) FET leakage current Vprn-sw =6V, Vew =0V 10 HA
VBOOT-UVLO Dj/i‘;g%?; d""here gate drive is Voo falling 2.0 2.8 35 VvV
VBooT-UvLoghys) | BOOT pin UVLO Hysteresis 125 mV
looEwvLo) | e doWn from SWwhen PWM by tow, Vgoor =5V, Vew =8V 100 130 pA
Ipp(oon ;lglcgg;v{} from SW when Vgoot ?VSVIQ/I/ high, Vgoot < BOOT-UVLO, Vgw 5 7 mA
BOOT-UVLO =
lgooT 0 BOOT pin quiescent current Vgoor =5.5V,0V<Vgy <65V 60 90 HA
VCC/REFERENCE REGULATOR
VCC Regulated pin voltage lvcc(exy < 500 A 4.8 5.0 5.2 \Y
VCCpo Drop out voltage lvcc(exy < 500 A 0.1 0.2 \Y
VCCyvio VCC undervoltage lockout Falling threshold, V,y =10 V 4.0 4.2 4.4 Y
VCCuVLO_hys ?]/)?Sfetjéls(?servoltage lockout 0.22 v
lvecqLivy VCC regulator current limit VCC shorted to GND 14 19 23 mA
VINyvLo VIN UVLO Falling Threshold 4.65 4.90 5.15 \%
VINGyLO hys VIN UVLO Hysteresis 150 190 225 mv
OFF-TIMER
Vot OFF-time threshold 0.95 1.00 1.05 \%
to(off) Corf threshold Corr to SW rising delay 68 120 ns
toFF(max) Maximum OFF-time 230 ps
PWM/UVLO (Enable)
IpwM(uvio) PWM/UVLO pin current VpwM(uvio) = 9-5 V 10 nA
VpwM(uvio) PWM/UVLO pin threshold PWM pin rising 0.95 1.0 1.05 \%
Vewmiohys | PWM/UVLO pin hysteresis t?]ilesrﬁ;ze between rising and falling 50 100 150 mv
. PWM pin rising to SW pin rising 75 130 ns
tpwM(uvio) PWM/UVLO pin delay - - - -
PWM pin falling to SW pin falling 100 170 ns
lpwM(uvio-hys) PWM/UVLO hysteresis current VewM(uvio) = 2 V -25 -20 -15 pA
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Electrical Characteristics (continued)

Viy =40V, -40°C < T, £ 150°C, Vpgor is referenced to SW pin, unless otherwise specified.

THERMAL SHUTDOWN

Tsp

Thermal shutdown temperature

175

Tsp(hyst)

Thermal shutdown hysteresis

10

°C
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7.6 Typical Characteristics

T, = Tp = 25°C unless otherwise specified. Characteristics are identical for TPS92515x and TPS92515HVx. V|\ >42 V curves

apply to TPS92515HVx only.
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Figure 3. Vcc vs. Junction Temperature
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Typical Characteristics (continued)

T, =T, = 25°C unless otherwise specified. Characteristics are identical for TPS92515x and TPS92515HVx. Vy >42 V curves
apply to TPS92515HVx only.
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8 Detailed Description

8.1 Overview

The TPS92515 is an internal N-channel MOSFET (monolithic NFET) hysteric control, buck regulator. Hysteretic
operation allows a high control bandwidth and is ideal for shunt FET and LED matrix applications (series LED
switched network). The high-side differential current sense with low adjustable threshold voltage via a 10:1
divider, provides an excellent method for regulating output current while maintaining high system efficiency. The
device uses a controlled OFF-time (COFT) architecture to allow the converter to operate in both continuous
conduction mode (CCM) and discontinuous conduction mode (DCM) with no external control loop compensation,
and provides an inherent cycle-by-cycle current limit.

The adjustable current sense threshold provides the capability for analog dimming the LED current over the full
range and the PWM dimming input allows for high-frequency PWM dimming control requiring no external
components. Configuration options allow for easy implementation of external shunt FET dimming. See also the
OFF-Timer, Shunt FET Dimming or Shunted Output Condition section.

The device does not internally limit the maximum attainable average LED current. It does have a thermal limit
based on the maximum junction temperature. The maximum junction temperature is a function of the system
operating points (efficiency, ambient temperature, thermal management), component choices, and switching
frequency. This functionality allows the device to provide constant currents up to 1 A in a wide variety of
applications and up to 2 A in a smaller sub-set of applications. This simple regulator contains all the features
necessary to implement a high-efficiency, versatile, high-performance LED driver.

8.2 Functional Block Diagram

R
J + l AN\ VIN
IADJ |: -
24V R
CSN
10R
— ] — Jom
— VCC LEB Thermal
] - vee —» UVLO
vee I:_I Regulator ®7 Shutdown |
p— |
Thermal - 4@: |'_ !
o Shutdown 3 g
v Gate ! Internal |
20 pA I N-channel FET| |
s@ T | o o] u
SwW
PWM |: 3 Control \|>_ I :I
1.0V —|- 7| Logic Boot
] UVLO §
l [ | eooT
corr[ ] . 3 ) } L]
L 10V _ 5mA <¢>1oo A
EI— Gate
— 250-ps (max)
off-time
VCCuyvio - —
= PWM i
LT
GND
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8.3 Feature Description

8.3.1 General Operation

The TPS92515 operates using a peak-current, constant OFF-time as described in Figure 11. Two states dictate
the high-side FET control. The switch turns on and stays on until the programmed peak current is reached. The
peak current is controlled by monitoring the voltage across the sense resistor. When the voltage drop is higher
than the programmed threshold, the peak current is reached, and the switch is turned OFF, which initiates the
OFF-time period. A capacitor on the COFF pin is then charged through a resistor connected to the output. When
the COFF pin voltage reaches the 1-V (typical) threshold, the OFF-time ends. The COFF pin capacitor resets
and the main switch turns ON, and the next cycle begins.

A
Viab3 an_d Rsense The Inductance Zgﬁ :}\S/?Laegse%fz:tnﬁzr:‘qzr#
adjust (L) and torr define the peak to peak inductor
the peak inductor Alpp iopl
current i rippie

| Alipp = (Viep *torr ) / L

I.-peak = [ Viaps /10 ]/ Rsense

>t

—— toN— P& toFp———— P

Figure 11. Hysteretic Operation

Although commonly referred to as constant OFF-time, the OFF-time control voltage is normally derived from the
output voltage. This connection ensures constant peak-to-peak ripple. To maintain a constant ripple over various
input and output voltages, the converter OFF-time becomes shorter or longer resulting in a change in frequency.
If the input voltage and output voltage are relatively constant, the frequency also remains constant. If either the
input voltage or the output voltage changes, the frequency changes. For a fixed input voltage, the device
operates at the maximum frequency at 50% duty cycle and the frequency reduces as the duty cycle becomes
shorter or longer. A graphical representation is shown in Figure 12. For a fixed output voltage (V gp), the
frequency is always the maximum at the highest input voltage as shown in Figure 13.
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Feature Description (continued)
A A

Frequency (Hz)
Frequency (Hz)

|
} .

0 Vin/2 Maximum 65
Output Voltage (V) Input Voltage (V)
Fixed input voltage Fixed LED voltage

Figure 12. Frequency vs LED Output Voltage Figure 13. Frequency vs Input Voltage (Vj\)

By making the OFF-time proportional to the output voltage, it is possible to illustrate how V gp can be removed
from the output current equation. When V gp >> Vet , the output ripple can be defined as shown in Equation 1.

Al pp = (Vigp X dt)/L

where
+ dtis defined by the OFF-timer 1)

Cdv _ Core(1V) _ CorrRorr (1V)

dt =

i { Vieo } Vieo
Rorr @
Substitute dt in Equation 1 to create Equation 3.
LED
Al = vdt = Viepdt — Vieo _ COFFROFF(]'V)
L-PP L L L L @)
Vians
lep = 10 CorrRore(1V)
I:zSENSE 2L (4)

When V gp >= 10 V, use the | gp calculation Equation 4. The Detailed Design Procedure section describes a
design example that uses the more detailed equation. A V,gp > 10 V ensures a linear charging ramp below 1 V.
If V ep <=10 V, use Equation 5 that considers the exponential charging characteristic.

V,
Viaps Vieo | “RorrCorr {In {1_ OFTH
10 LED

SENSE 2L

| =
LED R

L _ ®)

Because the control method relies on thresholds to control the main switch, offsets and delays must also be
considered when examining the output accuracy. The | gp equation can be expanded to include these error
sources as shown in Equation 6. | gp equations include several passive components, so it is important to
consider the tolerance of each component. The Vst ofset Parameter is the variation in the Vgt threshold
between the typical and maximum or minimum values as defined in the Electrical Characteristics table.
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Feature Description (continued)
V | VOFT
IADJ i(V . ) VLED _ROFFCOFF nil- v +tD(OFF)
| —|_10 CST_Offset + (Min = Vieo)(toeL) _ LED
LED —
Rsense L 2L
L J (6)

8.3.2 Current Sense Comparator

A comparator, two resistors and a current source create a peak current detection circuit block. See the
Functional Block Diagram for details. A current source controlled by V|ap; draws a current across a resistor in
series with a comparator, forcing a proportional offset. The resistor in the current source (10 R) and in series with
the comparator (R) are sized with a 10:1 ratio. This ratio allows for a practical voltage range of operation for the
IADJ pin and maintains a small current sense voltage for low losses and less impact on efficiency.

The ON cycle begins with the offset in place via IADJ across the resistor R at the VIN pin. When the current rises
enough to create a voltage across the sense resistor to match the offset, the comparator trips. The end of the
ON-time period starts an OFF-time cycle.

Trace resistance can have an impact on accuracy, so care should be used when routing the traces to VIN and
CSN from the sense resistor. Because the sense resistor value is typically in milli-ohms, use a short kelvin
connection to CSN and place the sense resistor as close as possible to VIN.

8.3.3 OFF Timer

The converter OFF-time is controlled via the COFF pin. The output voltage charges a capacitor to 1 V through a
resistor creating a delay. Deriving the OFF-time from the output voltage creates a ramp representing the inductor
current. If the output voltage cannot be used, another voltage fixed source may be implemented to create a truly
constant OFF-time. However, this configuration reduces output current accuracy. When the device is first
enabled (when VCC rises above the VCC undervoltage lockout threshold) the pull-down on the COFF pin is
disabled, allowing a voltage to build up on the COFF capacitor. At the same time, the maximum off timer begins.
If the voltage source is sufficiently above the 1-V threshold, the ramp becomes linear and approximates the
inductor current. If the 1-V nominal COFF threshold is reached, or the COFF capacitor charge time duration is
greater than toprmaxy (Maximum OFF-time timer expires), a switching cycle starts.

The timer reaches the maximum OFF-time during start-up when the output is completely discharged or when
shunt FET dimming and the shunt FET shunts the output for the required period.

Equation 7 calculates Ropr for a desired OFF-time.

tore

Rore = v
~Corr [In {l_ VOFTH
LED 7

8.3.4 OFF-Timer, Shunt FET Dimming or Shunted Output Condition

The OFF-time is derived from the output voltage to create a constant inductor ripple. A constant inductor ripple
ensures linearity when dimming. When the dimming method selected requires the output to be shorted, (shunt
FET or Switched Matrix approach) it is necessary to derive the OFF-time ramp from an alternate source. When
the output is shunted, the output voltage becomes very low and possibly less than the 1 V OFF-timer threshold
voltage. If this occurs, the off timer is not able to trip and the OFF-time reaches the maximum OFF-time before
the switch is turned on again. The system is able to operate in this mode, but constant inductor current ripple and
linear shunt-FET dimming is not possible. To avoid this situation, VCC can be used as a parallel source to
charge the COFF capacitor and maintain a constant ripple even when the output is shorted. This ensures precise
dimming linearity. Refer to Figure 14 for connection information.

It is not recommended to apply power to the OFF-timer circuitry while the VIN pin is not powered. The device
includes an internal diode between the COFF pin and the VCC pin. If the COFF pin receives power with no input
voltage (V,y) applied, VCC pin voltage could inadvertently be pulled up and cause the device to attempt
operation. This attempt could negatively affect the application if this operation is not desired.
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Feature Description (continued)

Selecting the value for Roer, is a two-step process.
The first step is to compute the OFF-time required when the output is shunted (torr-shunt)-
torr-shunt = M
Varunt +(0.7)
where
*  Vguunt is the output voltage when the shunt device or LED Matrix device is ON (8)

The second steps is to compute Roer, USINg (torr-shunt)-

_tOFF—Shunt

Rorrz = 1
Corr X In{l— {ﬂ
Vee 9)

The value of Rorr; becomes the previously calculated value of Rope.

The result of these calculations produce an inductor current that maintains the same DC value when shunted or
when not shunted as shown in Figure 15.

T B
VLED ¢ I
E )
— i — @ 500V @ :500mA ] [400us T(250MS/s || @B 7 5.30V
Chl: PWM Signal Time: 400 ps/div
Ch4: Inductor current No Output Capacitor

Figure 14. Shunt Dimming COFF Connection Figure 15. Shunt FET Dimming with Optimized
Inductor Current

8.3.5 Internal N-channel MOSFET

Integrated in the TPS92515 is a low on-resistance (Rps(n) N-channel MOSFET. The resistance specified in the
Electrical Characteristics table for the drive voltage and temperature is important to consider because the actual
on-resistance for a given operating point affects efficiency and the transition point into drop-out when operating at
high currents. A sensing element for thermal shutdown circuitry has been located close to the internal FET to
better assist in part protection.

8.3.5.1 Drop-Out

The TPS92515 can operate safely even when the input voltage enters the drop-out region. As Vy approaches
Viep, Al_pp falls to a level much lower than during normal operation. Because the average output current is
based on Equation 10, as Al _pp becomes smaller, the average current tends to increase. The amount of increase
depends on the value of Al _pp used in the design. If drop-out performance is a concern, performance can be
improved by lowering the Al_pp design parameter.

I ep= ILpeak — (AlLpp/2) (10)
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Feature Description (continued)
8.3.6 VCC Internal Regulator and Undervoltage Lockout (UVLO)

The device incorporates a linear regulator to generate the 5-V (typ) Vcc voltage. The V¢ output voltage is
monitored to implement undervoltage lockout (UVLO) protection. The UVLO thresholds are fixed and cannot be
adjusted. The device has been designed to supply current for the device operation as well as additional power
for external circuitry. If a 5-V rall is required in an application, the device can allow up to 500 YA to be drawn in
addition to the device load. A capacitance of 1 uF or 2 10x the BOOT capacitance to a maximum of 10 pF is
recommended.

The device requires adequate input decoupling in order to lower AV,y.pp ripple for the best V¢ supply voltage
performance. AV y.pp Must not exceed 10% of the input voltage V,y or 2 V, whichever is lower.

8.3.7 Analog Adjust Input

The analog adjust pin (IADJ) provides the reference for the peak current trip point. Through the use of an internal
10:1 divider, a wider range and finer control of the peak current sense threshold is created. For example,
applying 2.2 V to the IADJ pin creates a 220-mV, peak-current-sense trip point. The lower sense voltage also
lowers the power (VZ/R) losses at the sense resistor. There is a practical lower limit to the IADJ pin voltage
choice due to circuit non-idealities. For example, using V|5p; = 0.5 V results in a sense voltage of 50 mV, which
does not allow accurate operation.

8.3.7.1 IADJ Pin Clamp

The IADJ pin incorporates an internal 2.4-V clamp. An area of inaccuracy in the clamp knee point voltage
requires the designer to consider how to mitigate this situation when selecting an IADJ pin voltage. The most
accurate method is to apply 2.2 V to the IADJ pin, which allows it to remain below the clamp knee-point voltage
area. If an accurate, external, 2.2-V (or lower) reference is not available, use the next most accurate control
method which is the internal clamp. The least accurate method uses a resistor divider on the VCC pin. The
Analog and PWM Dimming - Normalized Results and Comparison section includes measured analog dimming
results.

8.3.7.2 IADJ Pin Clamp Characteristic

Figure 16 shows the clamping characterization. Figure 28 shows an application measurement. The translation is
straightforward, with the exception of the knee-point voltage area. For voltages <2.2 V, the internal VIN to CSN
peak current sense voltage equals V5p;/10. For voltages = 2.4 V the voltage equals 240 mV. For the area 2.2 <
V\aps< 2.4 the voltage approximates V,,p3/10, but varies slightly more than the other regions of operation.

N

3

fE 220_ ...............

o

i Lower Limit of

@ Knee

&

« 100+

<

o)

o
T T T 1
1 2.2 3 5.5

Viaps (V)

Figure 16. IADJ Pin Internal Clamp Characteristic
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Feature Description (continued)
8.3.7.3 Analog Adjust (IADJ Pin) Control Methods

This section describes several analog adjust (IADJ) control methods configurations.

Table 2. IADJ Pin Connection Schematics

FIGURE IADJ PIN CONNECTION
Figure 17 IADJ pin tied directly to the VCC pin using the internal 2.4-V clamp.
Figure 18 IADJ pin tied through a voltage divider to the VCC pin allowing a lower peak current sense voltage
Figure 19 IADJ pin tied through a resistor and thermistor divider, implementing thermal foldback function.
Figure 20 IADJ pin is connected to a micro controller. A GPI/GPIO is connected to a filter to create an analog adjust voltage.
Figure 21 IADJ pin connection to implement a soft-start sequence
Figure 22 IADJ pin is connected to a precision reference. This configuration yields the highest accuracy.

TPS92515 TPS92515

Figure 17.

TPS92515

Figure 19.

TPS92515

External
% Reference

Figure 21. Figure 22.

8.3.7.4 |ADJ Control Method Notes

Connecting the 1ADJ pin directly to VCC is simple and is the most accurate stand-alone implementation.

Using a resistor divider circuit can lower the sense voltage and improve efficiency if the converter output
currents are high. The trade-off is an increased variation in the peak trip voltage. Note that there are also
practical limitations to how low the sense voltage can be and maintain a reasonable accuracy.
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» The simple thermal foldback method sizes the divider to set the IADJ voltage above 2.4 V. This method uses
the internal clamp when thermal foldback is not required and sets the IADJ voltage below 2.4 V when
foldback is required. Match the temperature characteristic of the thermistor to the second resistor in the
divider. As an alternative, use a positive temperature coefficient (PTC) thermistor as the upper resistor in the
divider.

» By using a micro-controller to control the timing output, the duty cycle can be controlled and the voltage can
be filtered and connected to the IADJ pin. Use a filter pole of 1/10th the micro-controller control pin output
switching frequency, or use R = 1 kQ and C = 4.7 pF as a starting point.

* Simply add a capacitor to the IADJ pin and size the R-C constant to produce the desired soft-start time.
Consider the maximum current is reached when V|ap; = 2.4 V.

e To achieve the highest accuracy, use an external, high-precision reference and power it from the TPS92515
VCC if required. A 1% or 2% Zener diode, TL431 device, or an existing precision reference circuit can be
used.

8.3.8 Thermal Protection

The TPS92515 device incorporates thermal protection circuitry. If the TPS92515 thermal pad is not soldered, or
not soldered correctly, the device reaches the thermal shutdown temperature prematurely. Use X-ray inspection
or some other means to verify the device thermal pad soldering to ensure correct assembly.

Two internal sensing elements ensure proper temperature measurement across the die. One sensing element is
located near the internal FET. The other sensing element is located near the V¢ regulator. Power dissipation the
FET and internal regulator contribute the most to device temperature rise.

When the device temperature reaches the thermal shut-down level at the FET sense point, the high-side FET
and internal regulator become disabled and switching stops. When thermal shut-down temperature is reached at
the regulator sense point, the V¢ regulator becomes disabled, and switching stops when V¢ falls below the
VCCyyo level. In both cases, after the device lowers 10°C (typical) from the trip temperature, normal operation
resumes.

8.3.8.1 Maximum Output Current and Junction Temperature

As with all power converter controllers and regulators, practical limits to specification maximums must be
considered for each application. For example, it is not possible to operate the TPS92515 with a switching
frequency of 1 MHz, output current of 2 A, at an ambient temperature of 125°C and stay within operating limits.
Conversion factors and environment must be considered. This section describes two conversion scenarios with
different operating conditions that would result in approximately the same junction temperature. In each case all
of the power loss factors combine to develop the device junction temperature.

Figure 24 describes a design with half the output current and a lower switching frequency compared to that
shown in Figure 23. However, the design shown in Figure 24 has a higher ambient temperature, higher V,y and
an additional external V¢ load, resulting in similar junction temperature. Table 3 lists trade-offs and impact on
temperature. In general, applications requiring high current (2 A) or a high switching frequency (> 1 MHz) provide

reduced maximum ambient temperature levels.

ILep = 500 mA Ta =125°C
lep=1A Vin=14V fSW = 300 kHz External Vee load = 500 HA
fsw = 500 kHz Tp=85°C VN =60V

Figure 23. Power Balanced Figure 24. Power Unbalanced
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Table 3. Device Junction Temperature Factors
FACTOR AFFECT ON TEMPERATURE AND TRADE-OFFS
Ta Ambient temperature An increase in the ambient temperatre will increase the junction temperature by the same amount.
A higher input voltage results in more power developed across the internal regulator resulting in
VN Input voltage higher internal losses. A higher voltage often yields a larger step-down conversion and lower
efficiency.
. - 2 : . .
lLep LED current A higher LED output current results in higher power (I°R) losses in current carrying elements like the

internal MOSFET.

Current used to supply additional loads external to the TPS92515 device draw from the internal
lvec(ext External V¢ current regulator. More external current results in an increased junction temperature. When an external
source supplies the BOOT current internal power dissipation decreases.

Each time the internal FET is turned ON and OFF, current must flow from VCC to the gate driver.
fsw Switching frequency The current drawn by a switching gate approximately equals the gate charge times the switching
frequency. Power loss associated with the switching edge transitions also increase with frequency.

Switching conversions requiring difficult conversions (small duty cycles) have higher overall losses.
These losses increase the overall temperature of the application and the device temperature.

n Efficiency

8.3.9 Junction Temperature Relative Estimation

The dominant power loss factors predict the junction temperature. These equations offer an estimate of device
temperature for the use of considering different conversion scenarios. By adding the losses and using the device
thermal impedance, a temperature can be predicted. In this case we consider losses internal to the device:
Conduction loss in the MOSFET, an estimate of switching losses and I, losses.

T esimate = ':PLOSSCOND +Poss,, t (lcae +1eg) ™ VIN:| * O+ Ty (11)

By expanding the terms an estimate can be calculated using Equation 12. Equation 12 is a good prediction in a
design and layout similar to the orderable EVM. If other sources of heat rise are located near the TPS92515 the
device temperature will also rise accordingly.

T) estimate = |:|:|:|I_ED2X 0.6 x \<I}ED:|+|:(O.5 X Viy X | gp X 60E °x fSW))X 1-2:|+|:(3E_9X fow +1E_3)* V|N:|:|X 56'2:|+TAmbiem
IN

(12)

8.3.10 BOOT and BOOT UVLO

The TPS92515 contains circuitry to ensure proper operation of the internal MOSFET. Typically a capacitor tied to
the switchnode (SW pin) and a diode connected to the VCC supply powers the BOOT pin. Each time the diode
conducts current, a path is created from the VCC pin to charge the BOOT capacitor. The connection allows the
BOOT capacitor to float with the switch-node voltage and internal FET source. Anytime the main switching diode
conducts current, the switch-node falls to a diode drop below ground. This creates a path for the boot capacitor
to be charged in approximately 150 ns or less. A typical BOOT capacitance of 0.1 uF can maintain the ON-state
of the FET for approximately 5 ms. This timing allows conversion duty-cycles of >> 99%. Anytime the BOOT
voltage reaches a level that does not allow proper FET turn-on, the high-side FET will be turned off.

Although the internal VCC regulator typically supplies power to the BOOT drive circuitry, that power can be
supplied by a suitable external source. Use this configuration to save power dissipation in the device and to
lower the junction temperature. Ensure the external source does not exceed 5 V and that it can supply an
adequate average current equal to or greater than 3 x 107 x fgy,.

8.3.10.1 Start-Up, BOOT-UVLO and Pre-Charged Condition

If a pre-charge condition occurs (a voltage exists on the output at turn-on) a resulting undervoltage lockout of the
BOOT pin activates an internal, 5-mA (typical) pulldown. The pulldown reduces the time required to bring the
output voltage low enough to charge the BOOT capacitor and begin operation. The device activates this strong
pulldown any time undervoltage lockout of the BOOT pin occurs. However, in most situations the diode turn-on
does most of the work to lower the switch node voltage. The pulldown will not act as a synchronous FET.
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Figure 25. BOOT and PWM Pull-Downs

8.3.11 PWM (UVLO and Enable)

If PWM dimming or ON/OFF control is not needed in the application, the pin should be tied to VCC. The pin must
be tied above 1V if operation is desired.

PWM dimming can be achieved using the PWM pin. A signal above 1 V (typical) and below 900 mV (typical)
when measured at the PWM pin should be used. Standard PWM frequency ranges can also be used (100 Hz to
2 kHz). When using higher frequencies the delays from PWM to gate turn ON and turn OFF can begin to limit the
achievable duty cycle.

For example, the PWM to gate delay (turn on + turn off = 100 ns) and the time to slew the switchnode up and
down (approximately 100 ns) total approximately 200 ns.

For example, if a 10 kHz PWM frequency is desired having a period of 100 ps, the minimum duty cycle is 200
ns/100 pus = 0.2%. This is sometimes referred to as "500:1 dimming". As the PWM signal width becomes smaller,
the converter ON and OFF time are eventually controlled by the PWM input signal directly. For example, if the
PWM ON-time is shorter than the converter natural demanded ON-time, the PWM signal itself becomes the
control signal for the high-side switch. The PWM pin activates a weak pulldown, as shown in Figure 25. Because
the PWM pin is also UVLO (undervoltage lockout and device enable), when pulled low it is necessary to ensure
the output is 100% OFF. The high-side FET driver has a small leakage path to the output. Although very small
(<<100pA), theLEDs could glow if the current was not eliminated. The 100-pA (typical) pulldown is activated and
held ON while PWM is low and ensures no light output.

8.3.11.1 Using PWM for UVLO (Undervoltage Lockout) Protection

When the PWM pin exceeds the 1-V (typical) threshold, the device activates a 100-mV (typical) fixed hysteresis
and an adjustable hysteresis based on an internal current source (Ipwmuvio-hys))- This functionality provides noise
immunity to the PWM control and adjustability to the UVLO hysteresis. The two thresholds can be designed as
described in the UVLO Programming Resistors section.

8.3.11.1.1 UVLO Programming Resistors

The value of resistors R2 and R3 establish the undervoltage lockout level as shown in Figure 26. Include a small
level of capacitance (approximately 0.1 pF) at the UVLO pin for noise immunity. If the application does not
require drop-out operation (operation when Vy approximates V,gp) program a UVLO level allows no switching to
occur until there is adequate input voltage available.
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Figure 26. UVLO Programming Resistors

Select the desired amount of voltage hysteresis and the desired turn-ON threshold (V\n.rise THRESHOLD)- Because
of the small amount of fixed-voltage hysteresis and fixed-hysteresis current, some combinations of turn-ON and
turn-OFF thresholds are not possible. If the calculation results in values that are zero or negative, the
combinations selected are not possible. After selecting a turn-ON point and desired amount of voltage hysteresis
(VuysT) Use Equation 13 and Equation 14 to calculate R3 and R2.

B VHYST_|:O'1 X VIN—RISE_THRESHOLD:I

s =
20uA X |:VIN—RISE_THRESHOLD - 1] (13)

R, = [VIN—RISEiTHRESHOLD - 1})( Rs (14)

8.3.11.2 Using PWM for Digitally Controlled Enable

If using the PWM pin as to provide and enable function, ensure the signal edge rate is adequate (< 100 ns) when
measured at the device PWM pin to prevent the device from turning ON and turning OFF when the level
transitions through the 1-V threshold region. If the edge is too slow or if the high level is not adequately above
the 1-V threshold, a small capacitor may be required on the PWM pin to avoid multiple turn-ON and turn-OFF
cycles when passing through this region.

8.3.11.3 UVLO: VIN, VCC and BOOT UVLO

The TPS92515 contains 3 internal under voltage lock-outs which must be satisfied for the device to operate: VIN
UVLO ensures adequate voltage to power the high-side comparator. VCC UVLO ensures internal rails are
adequate for the device to function, and BOOT UVLO ensures proper high-side FET operation and smooth
dropout operation. All of the UVLO's operate independently and automatically. Under normal operation they do
not require any specific user attention.

8.3.11.4 Analog and PWM Dimming - Normalized Results and Comparison

When the PWM applied signal is less than the switching cycle period and falls during an OFF-time it has no
impact on the current for that cycle as the switch is already OFF. This situation can be avoided by increasing the
switching frequency. Shunt FET PWM dimming avoids this issue. Current adjustment that maintains a constant
ripple when shunted (see the OFF-Timer, Shunt FET Dimming or Shunted Output Condition section), creates a
linear relation to the PWM shunt FET duty cycle and the average output current. Shunt FET PWM dimming can
out-perform PWM dimming as characterized in Figure 27 through Figure 29, but is more complicated to
implement.

Another impact on linearity can occur when using the analog dimming function. Discontinuous conduction mode
(DCM) occurs when the inductor current reaches 0 A during each cycle,. When the device enters DCM, the
output current is no longer the peak current minus half the ripple. The linear range can be extended by lowering
the ripple, Al _pp. If the system is being digitally controlled, the applied IADJ pin voltage can be adjusted when it
is known the DCM operation occurs. In either case, a lower limit is eventually reached when the measured peak
threshold voltage is approximately < 50 mV. At this point, the offset error becomes a significant portion of the
peak current trip point voltage being measured.
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Figure 29. Analog Dimming Performance (Log Scale)
8.4 Device Functional Modes
This device has no additional functional modes.
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9 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.

9.1 Application Information

The TPS92515 buck current regulator is suitable for implementing step-down LED drivers. This section presents
a simplified design process for an LED driver with the following specifications:

» Buck converter topology

* Input voltage: 65V

* Output voltage: 22 V (7 LEDS)

e Output current 1 A

Use the following design procedure to select component values for this and similar buck applications.

9.2 Typical Application

VIN
65 V (max)

TPS92515

1 | COFF IADJ | 10

LED+

Y

Copyright © 2016, Texas Instruments Incorporated

Figure 30. TPS92515 BUCK LED Driver

9.2.1 General Design Procedure
This procedure includes the fundamental design equations required for a TPS92515 buck converter design.

9.2.1.1 Calculating Duty Cycle
Start with an efficiency of n estimation of 0.9.
— VLED

Viy X1

where

Vour = Viep (15)

9.2.1.2 Calculate OFF-Time Estimate
Equation 16 uses the switching period T to derive the OFF-time (togr) .
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Typical Application (continued)
1
torr = f—X [1— Dj
SwW
derived from:
o T=[torr + ton = [tore+ (D x T)] and
L T = 1/fSW (16)

9.2.1.3 Calculate OFF-Time Resistor Rogr

Select a Coer between 100 pF and 1 nF. The preferred value is 470 pF. The EC table specifies the OFF-time
threshold (Vopr) at 1 V.

Lorr

Rore = Corr [In[l— %ﬂ

17)
9.2.1.4 Calculate the Minimum Inductance Value
Where Al,_pp is in Amperes. For example, a 1-A solution with 20% inductor ripple: set Al__pp = 0.2A
L= Vieo X toer
Al _pp (18)

When selecting the inductor, ensure the ratings for both peak and average current are adequate. Equation 19
calculates the peak inductor current.

|:\/IADJ:|

PEAK=
Rsense (29)

9.2.1.5 Calculate the Sense Resistance

Always use the highest V|5p; voltage the application allows without exceeding 5.5 V. The device clamps any
higher value to a level 2.4 V. See also the Analog Adjust Input for details.

Vians
10

R ==
SENSE I:AIL—PP:I
lep +
2 (20)
9.2.1.6 Calculate Input Capacitance
NOTE
Input voltage ripple (AV|y.pp) Must not exceed 10% of the input voltage (V,\) or 2 V,
whichever is lower.
For example, V,y =50 V, 50 x 0.1 =5 V; the maximum AV,y.pp remains 2 V.
1
| ep X [f - tOFF:|
Cinomin = =
AV pp (1)

9.2.1.7 Calculate Output Capacitance

Because current is being regulated and is continuous, no output capacitance is required to supply the load and
maintain output voltage. This regulation helps when designing a high-frequency PWM dimming on the LED load.
When no output capacitor is used, the same design calculations for Al pp also apply to Al gp_pp.
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Typical Application (continued)

A capacitor placed in parallel with the LED load can be used to reduce Al gp.pp While keeping the same average
current through both the inductor and the LED load. With an output capacitor, the inductance can be lowered,
making the magnetic smaller and less expensive. Alternatively, the circuit can be run at lower frequency with the
same inductor value, improving the efficiency and increasing the maximum allowable average output voltage. A
parallel output capacitor is also useful in applications where the inductor or input voltage tolerance is poor.
Adding a capacitor that reduces Al gp.pp to Well below the target provides headroom for changes in inductance or
V |y that might otherwise push the maximum Al gp_pp t00 high.

3.9

3.8 —
3.7 el

3.6 ,/
35 /

34
3.3

3.2 /
31 /

3.0
0

FORWARD VOLTAGE (V)

300 600 900 1200 1500
FORWARD CURRENT (mA)

Figure 31. Calculating Dynamic Resistance rp from LED Characteristics.

Determine the output capacitance by establishing the desired Al gp.pp and the LED dynamic resistance, rp.
Calculate the dynamic resistance as the slope of the LED exponential DC characteristic at the nominal operating
point as shown in Figure 31. Simply dividing the forward voltage by the forward current at the nominal operating
point results in an incorrect value that is between 5 times and 10 times too high. Calculate total dynamic
resistance for a string of n LEDs connected in series as the dynamic resistance of one device multiplied by n.
Use Equation 22 and Equation 23 to estimate Al gp.pp When using a parallel capacitor:

Al 1
— L-PP —
Al gp pp = and Zg =-——
1+ -0 7 lsw'-o
Z. (22)
c [AIL—PP - AILED—PP]
o= Al [ 27 |t
Lep-pp | “7lsw | b (23)
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Typical Application (continued)
9.2.2 Design Requirements
Table 4 shows the design parameters for an example Buck LED driver application.
Table 4. Design Parameters
PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX | UNIT

INPUT CHARACTERISTICS

Vin Input voltage range 30 65 65 \%
Vuwvo Input UVLO setting 29 \%
Vuvio-HysT Input UVLO hysteresis 4

OUTPUT CHARACTERISTICS

VELED LED forward voltage 3.14159 \%

n Number of LEDs in series 7

VL ED Output voltage LED+ to LED- 22 \%
ILeD Output current 1000 mA
Pmax Maximum output power 22 25 w
SYSTEMS CHARACTERISTICS

Al gppi-pk  LED current ripple 10%

Al pk-pk Inductor current ripple 45%

AV|n.pp Input voltage ripple 2 \%
fsw Switching frequency 580 kHz

9.2.3 Detailed Design Procedure

This procedure describes the fundamental component selections for the design specifications noted in
Equation 17.

9.2.3.1 Calculating Duty Cycle

Solve for D: Vout = Vi ep- Assume a target efficiency of 90%. (n = 0.9)
D= Vieo = 22 =0.37=37%
ViyXn 65x0.9 (24)

9.2.3.2 Calculate OFF-Time Estimate
Equation 25 uses the switching period T to derive the OFF-time (togr) -

1 1
t =—X|1-D|=——x|1-.376 |=1.076 us
OFF Tt [1-0)= gonrz XL ] #
where
o T=toret ton
d t0|:|:+ (D X T), and T = 1/fSW (25)

9.2.3.3 Calculate OFF-Time Resistor Rore

Select a Coer between 100 pF and 1 nF. The preferred value is 470 pF. The EC table specifies the OFF-time
threshold (Voer) at 1 V.

t 1.076
ROFF = OFF v = el 1 = 4921ZQ
Cope [.n[l_ Tﬂ ~470p[In[1- % || o6
9.2.3.4 Calculate the Inductance Value
this example uses a 1-A solution with 45% inductor ripple. Set Al _pp = 0.45A
24 Submit Documentation Feedback Copyright © 2016, Texas Instruments Incorporated
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Vieo X tope _ 22 X 1.0764 _ 52,4
Al _pp 1.0 x .45

where
* AIL_pp isin A (27)

When selecting an inductor ensure the ratings for both peak and average current are adequate. Typically an
inductance value of at least the calculated value or higher would be selected. For example, most cases use 56
MH or 68 puH given the 52 uH calculation. However, in this example size and efficiency are a concern and the
application allows for the use of an output capacitor. Because a value of 52 pH not close to any common values,
and output capacitance is allowed, 47 pH is selected. 47 pH has a lower winding resistance (DCR) for the same
case size.

9.2.3.5 Calculate the Sense Resistance

Always use the highest V|,p; voltage that the application allows. Do not exceed 5.5 V. A value higher than 2.4 V
is clamped to 2.4 V. Refer back to Analog Adjust Input for details.

Vians
10

Rsense = =
Al 0.45
| eo +7[ Lpe ] 1.0 +7[ ]
2 2 (28)
9.2.3.6 Calculate Input Capacitance
NOTE
Inductor ripple current (AV,y.pp) Must not exceed 10% of the input voltage (Vi\) or 2 V,
whichever is lower.
For example, V,y =65V, 65 x 0.1 = 6.5 V; the maximum AV y.pp remains 2 V.
1 1
ILED X|-—= tOFF 1x - 1076#
fow 580k
Cinomi 2 2 > 324nF
AVIN—PP 2 (29)
9.2.3.7 Verify Peak Current for Inductor Selection
When selecting in inductor consider these three specifications.
» the required inductance
» the average current rating
» the peak current rating
Equation 30calculates the peak current rating
|:\/IADJ :l |:24:|
10 10
ILpeak- = =1.22A
RSENSE 19602 (30)
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9.2.3.8 Calculate Output Capacitance

3.9
3.8 ——

3.7
3.6 /
35 = /

34
3.3

3.2 /
31 /

3.0
0

FORWARD VOLTAGE (V)

300 600 900 1200 1500
FORWARD CURRENT (mA)

Figure 32. Calculating Dynamic Resistance rpfrom LED Specifications

Solve for rp, using the slope of the tangent line, then multiply by the number of LEDs.

= 22383 _ hro20x7-1.550
15-06 (31)

Substitute the value of rp with other parameters to solve for the required minimum output capacitor to meet the
required LED ripple current level:

N [AlL_pp = Aligp pp | _ [0.45-0.15] s 354 nE
Algp pp| 27 fgy |1, 0.15] 27 580k | 1.55 32)

9.2.3.9 Calculate UVLO Resistance Values
Consider the rising threshold of VIN to be 29 V and the hysteresis to be 4 V, calculate R2 and R3 to create the
desired operation:

B VHYST_I:O'l X VIN—RISE_THRESHOLD:' B 4—[0-1 X 29]

R, = — 19640

20uA X |:VIN—RISE_THRESHOLD _1] 20uA X [29 _1] (33)
R, =[ Vix rise_hresror —1]X Ry =[29-1]x 1964 = 54.9kQ 3

The final schematic is shown in Figure 33 and performance curves in Application Curves:
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ViN Vee
65 V (max)
TPS92515 leg <
1 | COFF IADJ | 10 *
V
L DNP < DNP =
VCC R2
- - 54.9kQ
ND PWM | 9
¢ j_ CiN R3
0.1puF < 2kQ
BOOT ¢
CSN — <IN — ——
2.2 uF - -
DRN |
PAD
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Figure 33. Application Schematic

9.2.4 Application Curves
Buck LED driver example: Voyt =22 V (7 LEDS), oyt =1 A

100 1.2 TekPrevu
96 — 1.17
\\
92 1.14
|
88 111
g 84 1.08
= <
§ 80 105 ¢
3 / i
= | =
& 76 | 1.02 T i TI  WRIPRL s NP
B
72 0.99
[
68 | — Efficiency 0.96
— leo (@ s0.0v B 2.00V @ 200mAv_ @ 1200mA_J[1.00ps 1[2.50Gs/s || @ » 28.0V]
64 0.93 Ch1: SW Voltage; Ch2: VIN Ripple Voltage (AC Coupled);
Ch3: I gp.pp; Ch4: Inductor current;
60 0.9 Time: 1 ps/div
30 35 40 45 50 55 60 65 Figure 35. Normal Operation
Vin (V)
VLED =22V IOUT =10A
Figure 34. Efficiency and Output Current vs. Input Voltage
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Chl: SW Voltage; Ch2: VIN (DC Coupled);
Ch4: Inductor current;
Time: 8 ps/div
Figure 38. First 15 SW Node Pulses at Turn-On

Tek Prevu Tek Prevu
HMM R
@ l
> - e PP
(@ s0.0V @ 100V @ 1200mA__)[1.00ms T[1ooms/s | @ * 28.0V) (@ 500V @ 100V = _ @ +200mA J[1 ooms ][I0.0MS/_S Jﬁ% Ey 27.0vJ
(o value Mean  Min Max Std Dev |00 78" 100k points
gﬂi IS‘éV Vto'tage CTZU:’/'L'\:)(BC Coug'fd)t tained Ch1: SW Voltage; Ch2: VIN (DC Coupled):
Ti ri uc/c(;jlf curren esigned imit attained. Ch4: Inductor current; UVLO designed limit attained.
ime: L ms/div Fi 36.S T . Time: 1 ms/div
igure 36. Startup Transient Figure 37. Shut-Down Transient
Tek Prevu Tek stop
Moy
AL A 4 A s
\ \\ \ | / ‘ '
\
’ MUUWMWW‘.——.—
e 55 Wl | [ e w5 579 Wl

Ch1l: SW Voltage; Ch2: PWM pin;
Ch4: Inductor current;
Time: 10 ps/div
Figure 39. PWM Dimming: 250Hz, 0.25% Duty Cycle
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Tekstop

Tekstop

f\N’\W\MVWWW\_‘

Figure 42. Shunt FET Dimming - Optimized Inductor
Current Waveform

i e
(@ 500V @ 200V .¢500r;1A )[10.0;15 ][z.socs_/s J[ 2 5 1.xovJ (@ 500V @ 200V .¢500r;1A )[1.00ms ][WOMS_IS J[ 2 5 1.xovJ
ﬁ Value Mean Min Max std Dev | 3.08% 1M points ﬁ Value Mean Min Max Std Dev | J.08 % 1M points

Ch1: SW Voltage; Ch2: PWM pin; Ch1: SW Voltage; Ch2: PWM pin;
Ch4: Inductor current; Ch4: Inductor current;
Time: 10 ps/div Time: 1 ms/div
Figure 40. PWM Dimming: 250Hz, 1% Duty Cycle Figure 41. PWM Dimming: 250Hz, 50% Duty Cycle
10
i
i
’ 4
d
1
(@ s.00v @ (500mA (2 20.0us 1(250MS/s | @ 7 5.30V)
Ch1: PWM Signal
Ch4: Inductor current; Al_pp Maintained
Time: 20 ps/div
(@ s.00v 250M5/5

@ 1500mA ) (400ps
1M points

J[ ]F. T 3.00vJ
Chl1: PWM Signal
Ch4: Inductor current; OFF-time reaching Maximum OFF-Time
Time: 400 ps/div
Figure 43. Shunt FET Dimming - Non-Optimized Inductor
Current

9.3 Dos and Don'ts

Dos

Don'ts

Check soldering of thermal pad in production

Check device case and junction temperature during and after
prototyping of any solution.

Copyright © 2016, Texas Instruments Incorporated
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10 Power Supply Recommendations

The TPS92515 was designed with the consideration of two main input source possibilities; direct from battery or
from the output of a boost stage. For either application, ensure input voltage ripple requirements are met. The
input ripple must go no higher than 10% of the input voltage to a maximum of 2 V.

10.1 Input Source Direct from Battery

Operation direct from battery has been considered when designing the TPS92515. The device ratings are such
that load dump and other battery voltage excursions should not exceed the ratings of the device. When the
battery voltage drops, the device's ability to run in to drop-out and various UVLO controls ensure a controlled
recovery and no device damage. The BOOT UVLO protection allows duty cycles over 99%.

10.2 Input Source from a Boost Stage

The TPS92515 maximum input voltage of 65 V makes it a suitable second stage buck regulator for a variety of
applications and LED output configurations. For an average LED forward voltage of 3.5 V, and allowing for some
headroom below the 65-V maximum input, the TPS92515 can successfully control up to 17 LEDs connected in
series.

11 Layout

11.1 Layout Guidelines

The performance of any switching converter depends as much upon the layout of the PCB as the component
selection. Following a few simple guidelines maximizes noise rejection and minimizes the generation of EMI
within the circuit.

Figure 44 shows a sample layout and the associated current loops.

« Discontinuous currents are the type of current most likely to generate EMI, therefore care should be taken
when routing these paths.

— The main path for discontinuous current contains the input capacitor (Cyy), the recirculating diode (D1), the
internal MOSFET (DRN pin to SW pin), and the sense resistor (Rsgnse) shown as LOOP2. Make LOOP2
as small as possible.

— Make the connections between all three components short and thick to minimize parasitic inductance. In
particular, the switch node (where L1, D1 and the SW pin connect, shown as LOOP1) should be only
large enough to connect the components without excessive heating from the current it carries.

« The IADJ, COFF, CSN and VIN pins are all high-impedance control inputs, therefore minimize the loops
containing these high impedance nodes. The most sensitive loop contains the sense resistor (Rsensg) Place
the sense resistor as close as possible to the CSN and VIN pins to maximize noise rejection.

» Place the OFF-time capacitor (connected from the COFF pin to ground) close to the COFF and GND pins to
maximize noise rejection.

» If external resistors are used to bias the IADJ pin, they should also be placed close to the IADJ and GND pins
and could be decoupled with a small capacitor.

* In some applications the LED load can be far away (several inches or more) from the device, or on a
separate PCB connected by a wiring harness. When an output capacitor is used and the LED load is large or
separated from the main converter, the output capacitor should be placed close to the LEDs to reduce the
effects of parasitic inductance on the AC impedance of the capacitor.
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11.2 Layout Example

—» Minimize discontinuous current loops

Components close to Device
o  Ground plane + thermal vias

AN GND
A Wy, T

| % LOOP1 TPS92515

| 1 0000 10 PWM

: COFF 99209 IADJ o _nnr.
| | P *
Lo VCC fo oiPwM|2 - ° GND

s IN
s 8

! GND o VIN po . . ° VIN

' 7

| BOOT CSN

: ° ° \ <4—— Kelvin Connection to

ol ‘ 0099 6 3 Rsense
LED+| ¢ SwW gggg DRN
< DAP y
LOOP2
v
Figure 44. TPS92515 Layout Example

Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 31

Product Folder Links: TPS92515 TPS92515-Q1 TPS92515HV TPS92515HV-Q1



13 TEXAS
INSTRUMENTS
TPS92515, TPS92515-Q1, TPS92515HV, TPS92515HV-Q1

SLUSBZ6A —APRIL 2016—REVISED AUGUST 2016 www.ti.com

12 Device and Documentation Support

12.1 Documentation Support
12.1.1 Related Documentation

12.1.1.1 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

PARTS PRODUCT FOLDER SAMPLE & BUY D-I-gggl\,\/llg:l\?TLS S-glj:('l?\ll_vsAgE ggl?/li/l%?ﬂ-ll}g\‘(
TPS92515 Click here Click here Click here Click here Click here
TPS92515-Q1 Click here Click here Click here Click here Click here
TPS92515HV Click here Click here Click here Click here Click here
TPS92515HV-Q1 Click here Click here Click here Click here Click here

12.2 Receiving Notification of Documentation Updates

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

12.3 Community Resources

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

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

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

12.4 Trademarks
E2E is a trademark of Texas Instruments.

12.5 Electrostatic Discharge Caution

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

12.6 Glossary

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

13 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)

TPS92515DGQR ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 15NX Samples

TPS92515DGQT ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 15NX Samples
TPS92515HVDGQR ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 15PX
TPS92515HVDGQT ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 15PX

TPS92515HVQDGQRQ1 ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40 to 125 15QX Samples

TPS92515HVQDGQTQ1 ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 150X Samples

TPS92515QDGQRQ1 ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 150X Samples

TPS92515QDGQTQ1 ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 150X 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: 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.
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® | ead 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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 TPS92515, TPS92515-Q1, TPS92515HV, TPS92515HV-Q1 :
o Catalog: TPS92515, TPS92515HV

o Automotive: TPS92515-Q1, TPS92515HV-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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GENERIC PACKAGE VIEW
DGQ 10 PowerPAD™ HVSSOP - 1.1 mm max height

3 x 3, 0.5 mm pitch 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.
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PACKAGE OUTLINE

DGQO0010E PowerPAD ™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

PIN 11D

AREA

1]

— 8x[0.5] —
EmT
— 2X
— |
M

3.1
29 |
NOTE 3
| |
5| ="
6
! 0.27 o
10X 047
8] 3;4. [ Jo.080) [c[A® [BO | 1.1 MAX
NOTE 4
/
: [ \ 0.23
[ | ] ! \[ 0.13 1P
| ) Jj
N T
. SEE DETAIL A
EXPOSED
THERMAL PAD
4
 — 1%
— —
1 GAGE PLANE
19 — I— -
— — J—}7
X' 07 X
1 ———1 :ls 0°-8 T 0:4 0.05
y ’ DETAIL A
1.83 TYPICAL

4221816/A 08/2015

NOTES:

-

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.

(&0 wWiN

. 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.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-187, variation BA-T.
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EXAMPLE BOARD LAYOUT

PowerPAD ™ - 1.1 mm max height

DGQO010E

PLASTIC SMALL OUTLINE

(22) —=
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OPENING
SEE DETAILS
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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 SLMAO02 (www.ti.com/lit/sima002) and SLMAO004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PowerPAD ™ - 1.1 mm max height
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0.1 2.05 X 2.35
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0.150 1.67 X 1.92
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SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES
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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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