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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
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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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Figure 7. Leading-Edge Blanking Time vs. Junction Figure 8. EVM Configuration Result
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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.
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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
