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6 Pin Configuration and Functions

DGQ (HVSSOP) Package
Top View
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Pin Functions

PIN
TYPE® DESCRIPTION

NAME NO.

BOOT 1 o A bootstrap capacitor is required between BOOT and PH. If the voltage on this capacitor is below the
minimum required by the output device, the output is forced to switch off until the capacitor is recharged.
Error amplifier output, and input to the output switch current comparator. Connect frequency compensation

COMP 8 o g
components to this pin.

GND 9 G Ground.
Analog current adjust pin. The voltage applied to this pin will set the current sense (ISENSE pin) voltage.

IADJ 6 | The range of the ADJ pin is 180 mV to 1.8 V and the corresponding ISENSE pin voltage is the IADJ pin
voltage divided by 6.

ISENSE 7 | Inverting node of the transconductance (gy) error amplifier.

PDIM 4 | PWM dimming input pin. The duty cycle of the PWM signal linearly controls the average output current of the
converter.

PH 10 (0] The source of the internal high-side MOSFET.

PowerPAD | PAD GND pin must be electr_|ca||y connected to the exposed pad directly beneath the device on the printed circuit
board for proper operation.
Resistor timing and external clock. An internal amplifier holds this pin at a fixed voltage when using an
external resistor to ground to program the switching frequency. If the pin is pulled above the PLL upper

RT/CLK 5 | threshold, a mode change occurs and the pin becomes a synchronization input. The internal amplifier is
disabled and the pin becomes a high impedance clock input to the internal PLL. If the clocking edges stop,
the internal amplifier is re-enabled and the mode returns to the resistor-programmed function.

UVLO | Adjustable undervoltage lockout. Set with resistor divider from VIN.

VIN P Input supply voltage, 4.5V to 42V or 4.5V to 60V for the HV version.

(1) 1= Input, O = Output, P = Supply, G = Ground

Copyright © 2015, 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
VIN (TPS92513HV) -0.3 65
VIN (TPS92513) -0.3 45
Input voltage PDIM, UVLO -0.3 5 Vv
BOOT (PH + 8)
ISENSE, IADJ, COMP -0.3 3
RT/CLK -0.3 3.6
PH (TPS92513HV) -0.6 65
Output voltage PH (TPS92513) -0.6 45 \%
PH, 10-ns Transient -2
Voltage Difference PAD to GND +200 mV
Source Current PH Current Limit A
Sink current VIN Current Limit A
BOOT 1 mA
T, Operating junction temperature -40 150 °C
Tsg  Storage temperature —65 150 °C

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

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM),ESD stress voltage ) +2000 \Y
V(Esp) Electrostatic discharge - 2
Charged-device model (CDM), ESD stress voltage ? +500 \Y%

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as +2 kV may actually have higher performance.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 250-V CDM is possible with the necessary precautions. Pins listed as £500 V may actually have higher performance.

7.3 Recommended Operating Conditions

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

MIN MAX UNIT
VIN Input voltage (TPS92513HV) 4.5 60 v
Input voltage (TPS92513) 4.5 42
¢ Switching frequency range using RT mode 100 2000 KH
z
sw Switching frequency range using CLK mode 300 2000
}g'“;RT Minimum RT/CLK input pulse width for switching frequency synchronization 51 ns
LK
T, Operating junction temperature -40 125 °C
4

Copyright © 2015, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS92513, TPS92513HV
ZHCSDRO —APRIL 2015

7.4 Thermal Information

TPS92513
THERMAL METRIC® TPS92513HV UNIT
DGQ (10 PINS)

Rgia Junction-to-ambient thermal resistance 66.7
Raic(top) Junction-to-case (top) thermal resistance 45.8
Rgip Junction-to-board thermal resistance 37.5 CAN
Wit Junction-to-top characterization parameter 1.8
Wig Junction-to-board characterization parameter 37.1
Raic(bot) Junction-to-case (bottom) thermal resistance 154

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

7.5 Electrical Characteristics

—40°C = T; £ 125°C, Vyn = 12V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE (VIN)
VINyviLo VIN undervoltage lockout threshold No voltage hysteresis, rising and falling 2.94 \%
lvinsD Shutdown supply current Vuvio =0V, 45V V<42V (60 V for HV) 115 HA
lvin Non-switching supply current ?grs'f_'N\f)E =220mV, 4.5V < Vyp <42V (60 V 337 407 pA
UNDER VOLTAGE LOCKOUT (UVLO)
VuviLo UVLO threshold voltage Rising threshold 1.12 1.22 1.30 \Y
. Vyuvio = 1.5 V (device enabled) 3.97
UVLO pin source current - - HA
Vuvio =1 V (device disabled) 1.05
ANALOG CURRENT ADJUST (Viap3: Visense)
ViaDJ IADJ clamp voltage lapy = 1 PA 18 \Y
liapg = 100 pA 2.77
Viapy = 1.2V, Ty = 25°C to 125°C 191 200 210
Viapy = 0.18 V, T = 25°C to 125°C 214 30.0 40.0
Current sense voltage
V|SENSE liapg =1 pA, T3 = 25°C to 125°C 285 300 309 mV
liapg = 100 pA, T3 = 25°C to 125°C 286 300 309
Current sense voltage level 180 mV £ Vjpp; £ 1.8V V|apJ/6
HIGH-SIDE MOSFET (BOOT, PH)
. Vyin=4.5V, (Veootr — VpH) =3.5V 255
Rps(on) On-resistance mQ
(VBooT — VpH) =6 V 220 375
VgooT BOOT-PH voltage VPDIM = 3V 6 \Y
IsooT BOOT-PH current VPDIM = 0V, (VgooTt — VpH) = 5V 93.9 HA
Rising threshold 2.25 2.81
VBooTuv BOOT-PH under voltage lockout - \%
Falling threshold 1.42 1.99
toN(min) Minimum on time Vecomp =0 140 ns
ERROR AMPLIFIER (ISENSE, COMP)
Input bias current Visense = 200 mV 20 nA
OM(ea) Transconductance gain x'?g;::lf\\/ 180 mV < Visense < 220 mV, 331 HANV
DC gain Viapg = 1.2V, Visense = 0.2V 10 kviv
Bandwidth 2.7 MHz
Source/sink current x:gz; :51;222)/0' r\rlliozli golmv\} +28 HA
CURRENT LIMIT
Current limit threshold 6 A

Copyright © 2015, Texas Instruments Incorporated
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Electrical Characteristics (continued)

—40°C £ T, £ 125°C, Vy\ = 12V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
THERMAL SHUTDOWN
Tsp Thermal shutdown 165 .
Thermal shutdown hysteresis 20 c
TIMING RESISTOR AND EXTERNAL CLOCK (RT/CLK)
Vgt RT/CLK regulated voltage Rrt = 200 kQ 474 500 513 mV
fsw Switching frequency Vyin = 6 V, Rgt = 200 kQ 447 557 648 | kHz
RT/CLK high threshold Vyn=6V 1.49 181 \Y
RT/CLK low threshold Vyn =6V 0.63 1.02 \%
PWM DIMMING (PDIM)
leDIM PDIM source current Vppim =0 1.04 HA
Vi High-level input voltage 1.34 1.45 v
Vi Low-level input voltage 0.79 0.88
7.6 Timing Requirements
MIN NOM MAX UNIT
TIMING RESISTOR AND EXTERNAL CLOCK (RT/CLK)
RT/CLK falling edge to PH rising Me_asurgd at 500 kHz with RT 921 ns
edge delay resistor in series, Vyy =6 V
Phase loop (PLL) lock-in time fsw = 500 kHz 100 us
PWM DIMMING (PDIM)
trisE Rising propagation delay 305
tFALL Falling propagation delay 535 ns

WX © 2015, Texas Instruments Incorporated
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7.7 Typical Characteristics
VIN = 24V, Unless otherwise specified
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5 o 8
86 3 1.49
84 1.48
82
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15 20 25 30 35 40 45 50 55 60 10 15 20 25 30 35 40 45 50 55 60
Input Voltage (V) Input Voltage (V)
1.5 A LED Current 4 LEDs in Series Viapy = 1.8V 1.5 A LED Current 3 LEDs in Series Viaps = 1.8 V
fSW =570 kHz VOUT =13.1V VOUT =99V
1. Efficiency vs Input Voltage 2. Line Regulation
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3. Switching Frequency vs RT Resistor 4. Switching Frequency vs RT Resistor
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0 0 /
0 02 04 06 038 1 12 14 16 18 0 10 20 30 40 50 60 70 80 90 100
IADJ Voltage (V) PDIM Duty Cycle (%)
1.5 A LED Current 3 LEDs in Series 1.5 A LED Current 3 LEDs in Series Viapy =18V
Voutr =99V 250 Hz PWM Frequency Voutr =99V
5. LED Current vs IADJ Voltage 6. LED Current vs PDIM Duty Cycle
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Typical Characteristics (T X)

VIN = 24V, Unless otherwise specified
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9. Shutdown Input Current vs Junction Temperature

10. Shutdown Input Current vs Input Voltage
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8 Detailed Description

8.1 Overview

The TPS92513 is a high voltage, up to 1.5-A, step-down (buck) regulator with an integrated high-side N-channel
MOSFET. To improve performance during line and load transients the device implements a constant frequency,
peak-current mode control which reduces output capacitance and simplifies external frequency compensation
design. The wide switching frequency of 100 kHz to 2000 kHz allows for efficiency and size optimization when
selecting the output filter components.

8.2 Functional Block Diagram

14A 2.94A

VIN |
| oo | 2] v

Thermal
Shutdown
R SEEm———
BOOT
4 A Charge
uvLO + Shutdown =
- Logic ]
1| BOOT
[ L
comMmpP BOOT
UVLO
Error .
Amplifier PWM
ISENSE COMP S M + Comparator R R —
Y . Logic and ™ |"<
PWM Latch © L
S
A Current
Sense
>
; [10] PH

&

Slope illator
Compensation with PLL GND

RT/CLK

8.3 Feature Description

8.3.1 Undervoltage Lockout and Low Power Shutdown (UVLO Pin)

The TPS92513 contains an internal under-voltage lockout circuit on the VIN pin of the device. However, this
internal UVLO is for device protection only and does not contain hysteresis. The UVLO pin of the device should
always be used to set the minimum VIN voltage that the circuit operates at. This level should be set using the
minimum input voltage expected for the application with a minimum setting of 4.5 V.

The UVLO pin has an internal pull-up current source of 1 pA (I11) that will provide a default ON state in the event
the UVLO pin is left floating (not recommended). When the UVLO pin voltage exceeds 1.22 V (Vgy), an
additional 2.9 pA of hysteresis current is added (see 11). This additional current provides the input voltage
hysteresis. Use 23\ 1 to set the external hysteresis (Vyuys) for the input voltage. Use A3 2 to set the input
rising start voltage, Vstart- When the UVLO pin is pulled low, the internal regulators are shut down, the device
enters a low-power shutdown mode and the compensation capacitor on the COMP pin, Ccowp, IS discharged.

RN © 2015, Texas Instruments Incorporated 9
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Feature Description (3T )
TPS92513
VIN
Py 2 Py
11
R1
1pA
UVvVLO
3 +
Resp 1.22V -
R2 ; Ven
11. Adjustable Undervoltage Lockout (UVLO)
i JHys (Ven — (1< Resp )~ hys xResp * Vsrarr
lhys > VeEn (1)
. RIX (Ven - (Reso * (1+hivs )))
Vhys = Vstart — VsToP 3)
RESD = 10 kQ (4)

8.3.2 Adjustable Switching Frequency (RT/CLK Pin)

The switching frequency of the TPS92513 is adjustable over a wide range from 100 kHz to 2 MHz by placing a
resistor, Rgt, on the RT/CLK pin. The RT/CLK pin voltage is typically 0.5 V and must have a resistor to ground to
set the switching frequency. To determine the timing resistance for a given switching frequency, use 23 5 or
the curves in 3 or 4. To reduce the solution size one typically sets the switching frequency as high as
possible, but tradeoffs of the supply efficiency, maximum input voltage and minimum controllable on time should
be considered. The minimum controllable on time, tonminy, limits the maximum operating input voltage.

206033
Rer (kQ) = 1,092
(fsw)  (kHz) ®)
206033 \5%2)
fsw =| 5— =
Rg7(kQ) (6)

8.3.3 Synchronizing the Switching Frequency to an External Clock (RT/CLK Pin)

The RT/CLK pin can be used to synchronize the regulator to an external system clock by connecting a square
wave to the RT/CLK pin through the circuit network as shown in B 12. The square wave amplitude must
transition lower than 0.63 V and higher than 1.81 V on the RT/CLK pin and have an on-time greater than 51 ns
and an off-time greater than 100 ns. The synchronization frequency range is 300 kHz to 2 MHz. The rising edge
of the PH is synchronized to the falling edge of RT/CLK pin signal. The internal oscillator provides default
switching frequency set by connecting the resistor from the RT/CLK pin to ground should the synchronization
signal turn off.

10 MR © 2015, Texas Instruments Incorporated
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Feature Description (3T )

It is required to AC couple the synchronization signal through a 470 pF ceramic capacitor and a 4 kQ series
resistor to the RT/CLK pin. The series resistor reduces PH jitter in heavy load applications when synchronizing to
an external clock and in applications which transition from synchronizing to RT mode. The first time the RT/CLK
pin is pulled above the CLK threshold the device switches from the RT resistor frequency to PLL mode. The
internal 0.5 V voltage source is removed and the CLK pin becomes high impedance as the PLL starts to lock
onto the external signal. Since there is a PLL on the regulator, the switching frequency can be higher or lower
than the frequency set with the external resistor. The device transitions from the resistor mode to the PLL mode
and then increases or decreases the switching frequency until the PLL locks onto the CLK frequency within 100
microseconds.

When the device transitions from the PLL to resistor mode, the switching frequency slows down from the CLK
frequency to 150 kHz, then reapplies the 0.5 V voltage and the resistor then sets the switching frequency. It is
not recommended that a system transition from PLL mode to resistor mode repeatedly during operation. When
the PLL loses the external clock input the default 150 kHz switching frequency creates long on-times, which
result in higher inductor ripple currents. This can lead to inductor saturation if the system is not designed to
operate at this frequency.

TPS92513

470 pF  4kQ RT/CLK
Phase-Lock
S Loop (PLL)

RRT

12. Frequency Synchronization

8.3.4 Adjustable LED Current (IADJ and ISENSE Pins)

The LED current can be set, and controlled dynamically, by using the IADJ pin of the TPS92513. A= 7 shows
the relationship between the voltage applied to IADJ (V,ap;) and the regulation setpoint at the ISENSE pin. 2% 8
shows how to calculate the value of the current setting resistor (R,sgnse) from the ISENSE pin to ground for the
desired LED current.

\Y/
Visense = U;DJ

(7)
Visense
| e (8)

The IADJ pin voltage range is 0 V to 1.8 V and is internally clamped at 1.8 V. If analog current adjustment will
not be used, the IADJ pin can be connected to VIN through a resistor for a default ISENSE voltage of 300 mV.
This resistor should be sized so that the current into the IADJ pin is limited to 100 pA or less at the maximum
input voltage. A precision reference between 0 V and 1.8 V can also be used on IADJ to control the ISENSE
voltage. If no external voltage source is available, the IADJ pin can be tied to the RT/CLK pin either directly or
using a resistor divider to generate a voltage between 0 V and 500 mV. If a resistor divider is used off the
RT/CLK pin to generate the IADJ voltage it will introduce a parallel resistance with the RT resistor. High value
resistors are recommended in that case and the parallel combination must be used to calculate the switching
frequency. The current sense voltage is most accurate with IADJ voltages between 180 mV and 1.8 V for a
dimming range of 10:1. Below 180 mV the TPS92513 dims well but may have more variation between circuits.
Due to internal offsets pulling IADJ to 0 V will not result in a current sense voltage of 0 V. Some small current will
continue to run unless the PDIM pin is pulled low or the device is disabled using the UVLO pin. Analog dimming

Risense =

MR © 2015, Texas Instruments Incorporated 11
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Feature Description (3T )

is also most accurate when the device is in continuous conduction mode (CCM). If the highest accuracy possible
is desired during analog dimming, size the inductor so that 1/2 the peak-to-peak inductor ripple is less than the
minimum LED current to remain in CCM. The IADJ pin should be decoupled with a 10 nF capacitor to ground. A
1 kQ resistor should be used between the ISENSE pin and R;sense to protect the pin in the event Riggnse Opens
or there is a transient due to one or more LEDs shorting.

8.3.5 PWM Dimming (PDIM Pin)

The TPS92513 incorporates a PWM dimming input pin, which directly controls the enable/disable state of the
internal gate driver. When PDIM is low, the gate driver is disabled. The PDIM pin has a 1 pA pull-up current
source, which creates a default ON state when the PDIM pin is floating. When PDIM goes low, the gate driver
shuts off and the LED current quickly reduces to zero. A square wave of variable duty cycle should be used and
should have a low level below 0.79 V and a high level of 1.45 V or above.

The TPS92513 uses a sample-and-hold switch on the error amplifier output. During the PDIM off-time the COMP
voltage remains unchanged. Also, the error amplifier output is internally clamped low. These techniques help the
system recover to its regulation duty cycle quickly. The dimming frequency range is 100 Hz to 1 kHz and the
minimum duty cycle is only limited in cases where the BOOT capacitor can discharge below its under-voltage
threshold of 2 V (VIN is within 2 V of the total output voltage).

8.3.6 External Compensation (COMP Pin)

The TPS92513 error amplifier output is connected to the COMP pin. The TPS92513 is a simple device to
stabilize and only requires a capacitor from the COMP pin to ground (Ccomp)- A 0.1 WF capacitor is
recommended and will work well for most all applications. If an application requires faster response to input
voltage transients, a capacitor as small as 0.01 pF will work for most applications if needed. The overall system
bandwidth can be approximated using 223\ 9.

BW = gM(ea)
2nxCeomp 9)

8.3.7 Overcurrent Protection

Overcurrent can be the result of a shorted sense resistor or a direct short from VOUT to GND. In either case, the
voltage at the ISENSE pin is zero and this causes the COMP pin voltage to rise. When Vcoup reaches
approximately 2.2 V, it is internally clamped and functions as a MOSFET current limit. The TPS92513 limits the
MOSFET current to 6 A (typical). If the shorted condition persists, the TPS92513 junction temperature increases.
If it increases above 165°C, the thermal shutdown protection is activated.

8.3.8 Overtemperature Protection

The TPS92513 includes a thermal shutdown circuit to protect the device from over-temperature conditions. The
device can overheat due to high ambient temperatures, high internal power dissipation, or both. In the event the
die temperature reaches 165°C the device will shut down until the die temperature falls 20°C at which point it will
turn back on.

12 MR © 2015, Texas Instruments Incorporated
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8.4 Device Functional Modes

8.4.1 Start-Up

To reduce inrush current and to keep the regulator in control during all startup conditions the TPS92513 employs
a startup mode that behaves differently than during normal operation (regulation mode). The UVLO conditions
must be satisfied before the TPS92513 is allowed to switch. When the UVLO pin is held low the device enters a
low-power shutdown mode, and some internal circuits are deactivated to conserve power. When UVLO returns
high these circuits are enabled, which results in a delay of approximately 50 ps (typical) before switching starts.
During start-up the TPS92513 operates in a minimum pulse width mode which is an open-loop control. At the
start of each switching cycle the internal oscillator initiates a SET pulse. The high-side MOSFET turns on with a
minimum pulse width of 140 ns (typical), independent of the COMP voltage. The device does not pulse skip.
While operating in minimum pulse width mode, the LED bypass capacitor is being charged causing an in-rush
current. Also, the COMP voltage begins to rise as the error amplifier output current charges the compensation
capacitor. When the COMP voltage reaches approximately 0.7 V, the error amplifier is ensured to be out of
saturation and to have sufficient gain to regulate the loop. The TPS92513 then transitions from minimum pulse
width mode to regulation mode. During regulation mode the error amplifier is now in closed-loop control of the
system. The gain of the error amplifier quickly increases the duty cycle, which causes the output voltage to
increase. Once the output voltage approaches the forward voltage of the LED string, the LED current quickly
begins to increase until it reaches regulation.

There is a slight delay from the time the VIN and EN UVLO conditions are satisfied until the time the error
amplifier has control of the feedback loop. This delay is a result of the time it takes COMP to charge the
compensation capacitor to 0.7 V. This delay can be approximated as shown in 23 10.

0.7V
28 pA (10)

toeLay = Ccomp *

The peak inrush current, lpgak, can be calculated to a first order approximation using 23 11 and the value of
the output capacitor, Coyr.

Vin X ton(min) % fsw

I =
PEAK 3
Co +Risense
ouT (11)

8.4.2 Minimum Pulse Width and Limitations

The TPS92513 is designed to output a minimum pulse width during each switching cycle of 140 ns (typical). The
control loop cannot regulate the system to an on-time less than this amount, and it does not skip pulses. When
attempting to operate below the minimum on-time the system loses regulation and the LED current increases.
This puts a practical limitation on the system operating conditions, as shown in 243 12.

Viy = Vour
fsw * ton(min) (12)

Where Vgyt equals the forward voltage of the LED string plus the reference voltage V|sense-

The system can avoid this operating condition by limiting the maximum input voltage as shown in 2% 12. If the
input voltage cannot be limited due to application, then the switching frequency can be lowered, or the output
voltage increased. This region of operation typically occurs with high input voltages, high operating frequencies,
and low output voltages.

8.4.3 Maximum Duty Cycle and Bootstrap Voltage (BOOT)

The TPS92513 requires a small 0.1 pF ceramic capacitor between the BOOT and PH pins to provide the gate
drive voltage for the high-side MOSFET. The BOOT capacitor is refreshed when the high-side MOSFET turns
off, and the freewheeling rectifier diode conducts. A ceramic capacitor with an X7R or X5R dielectric and a
minimum voltage rating of 10 V is recommended.

RN © 2015, Texas Instruments Incorporated 13
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Device Functional Modes (T R)

The TPS92513 is designed to operate up to 100% duty cycle as long as the BOOT to PH voltage is greater than
at least 2 V. If the BOOT capacitor voltage drops below 2 V, then the BOOT UVLO circuit turns off the MOSFET,
which allows the BOOT capacitor to be recharged. The current required from the BOOT capacitor to keep the
MOSFET on is quite low. Therefore, many switching cycles occur before the BOOT capacitor is refreshed. In this
way, the effective duty cycle of the converter is quite high.

Attention must be taken in maximum duty cycle applications which experience extended time periods with little or
no load current such as during PWM dimming. When the voltage across the BOOT capacitor falls below the 2 V
UVLO threshold, the high-side MOSFET is turned off, but there may not be enough inductor current to pull the
PH pin down to recharge the BOOT capacitor. The high-side MOSFET of the regulator stops switching because
the voltage across the BOOT capacitor is less than 2 V. The output capacitor then decays until the difference
between the input voltage and output voltage is greater than 2 V, at which point the BOOT UVLO threshold is
exceeded, and the device starts switching again until the desired output current is reached. This operating
condition persists until the input voltage and/or the load current increases. It is recommended to adjust the VIN
stop voltage, Vstop, to be greater than the BOOT UVLO trigger condition at the minimum load of the application
using the adjustable UVLO feature.

8.4.4 Thermal Shutdown and Thermal Limitations

The TPS92513 is a high current density device in a small package. Therefore; it is not capable of providing the
full 1.5 A of output current under all conditions without the die reaching the thermal shutdown temperature. To
ensure the device will not get too hot the package power dissipation should be calculated and used in
conjunction with the device Thermal Information to estimate the maximum die temperature for a given
application. The total device power dissipation can be closely approximated using the following equations:

D= Vour
VIN (13)
2
PD(sw) =Dx RDS(on) *l gp (14)
z (15)
Pocac) = 0.73x107% x foy x VIN? x| gp, (16)
Prot = Posw) +Poga) + Poac) 17)

Where each are in Watts and

» D is the maximum duty cycle (at minimum input voltage)

»  Vour is the LED stack voltage plus the reference voltage V|sense

*  Ppsw is the power dissipated in the MOSFET

*  Ppg) is the power dissipated by the internal circuitry

* Ppac) are the approximate AC losses due to the MOSFET transitions
» Pqo7 is the total device dissipation

14 MR © 2015, Texas Instruments Incorporated
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9 Application and Implementation

x

/:

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

This section describes power component selection not discussed in the Feature Description section.

9.1.1 Inductor Selection

The value of the buck inductor impacts the peak-to-peak ripple-current amplitude. The peak inductor current is
used in current mode control and to maintain a good signal to noise ratio it is recommended that the peak-to-
peak ripple current (Izr 23 18) is greater than 75 mA for dependable operation. This allows the control system to
have an adequate current signal even at the lowest input voltage. 223\ 18 calculates the value for the buck
inductance given the minimum ripple current of Iz = 75 mA. Enter the lowest input voltage and the highest output
voltage to yield the maximum inductance value.

L - Vour (VIN=Vour)
IR x VIN x fSW (18)

Calculate the maximum inductor value for the particular application and choose the next lowest standard value
for applications requiring low ripple current. Choose a lower value for size sensitive applications that can tolerate
higher LED current ripple or use larger output capacitors. With the chosen value the user can calculate the actual
inductor current ripple using 23 19.

Vour *(VIN-Vour)
LXVINXfSW (19)

IRIPPLE =

The inductor RMS current and saturation current ratings must be greater than those seen in the application. This
ensures that the inductor does not overheat or saturate. During power-up, transient conditions, or fault
conditions, the inductor current can exceed its normal operating current. For this reason, the most conservative
approach is to specify an inductor with a saturation current rating equal to or greater than the converter current
limit. This is not always possible due to application size limitations. The peak inductor current and the RMS
current equations are shown in A=, 20 and 225 21.

lriPPLE
I pEAk =lLED + >

(20)

2
[ = 2 + IRIPPLE
L_RMS —4|'LED 12 1)

9.1.2 Input Capacitor Selection

The TPS92513 requires a high-quality ceramic, type X5R or X7R, input decoupling capacitor of at least 2 puF of
effective capacitance per 1 A of output current. Ceramic capacitance tends to decrease as the applied dc voltage
increases. This depreciation must be accounted for to ensure that the minimum input capacitance is satisfied. In
some applications, additional capacitance is needed to provide bulk energy storage such as high current PWM
dimming applications. The input capacitor voltage rating must be greater than the maximum input voltage and
have a ripple current rating greater than the maximum input current ripple of the converter. The RMS input ripple
current is calculated in 23 22, where D is the duty cycle (output voltage divided by input voltage). The
maximum RMS input ripple current can be calculated by using the minimum input voltage for the application.

In_rms = lLep xy/Dx(1-D) (22)
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The input capacitance (C,y) is inversely proportional to the input ripple voltage of the converter. The peak-to-peak
input ripple voltage can be calculated as shown in 23 23. Additionally, this equation can be used to solve for
the required input capacitance to keep the input ripple voltage to a defined limit.

Cin x fsw (23)

AVIN=

9.1.3 Output Capacitor Selection

During start-up, the TPS92513 uses the discharged output capacitor as a charging path for the BOOT capacitor.
In order to ensure that the BOOT capacitor charges and that the converter begins switching immediately, the
value of the output capacitor should be 10 times larger than the BOOT capacitor. If the BOOT capacitor is 0.1
WUF, then the minimum output capacitor should be 1 pF for the fastest startup time. If the output capacitor is
chosen to be a smaller value or none at all, then the BOOT capacitor can charge through the LED string itself.
However, this method of charging the BOOT capacitor will result in longer startup times.

The output capacitor also reduces the high-frequency ripple current through the LED string. Various guidelines
disclose how much high-frequency ripple current is acceptable in the LED string. Excessive ripple current in the
LED string increases the RMS current in the LED string, and therefore the LED temperature also increases. First,
calculate the total dynamic resistance of the LED string (R, gp) using the LED manufacturer’'s data sheet. Second,
calculate the required impedance of the output capacitor (Zpoy1) given the acceptable peak-to-peak ripple current
through the LED string, Al gp. lrippLe IS the peak-to-peak inductor ripple current as calculated previously in
Inductor Selection. Third, calculate the minimum effective output capacitance required. Finally, increase the
output capacitance appropriately due to the derating effect of applied dc voltage. See 2% 24, A3 25, and 2%
26.

Rieo=2YE . # of LEDs
Al
F (24)
Zeour = RiepxAlep
lrippLE — AlLED (25)
1
Cout =
2xmxfgy x Zeout (26)

9.1.4 Rectifier Diode Selection

The rectifier diode conducts the inductor current only during the high-side MOSFET off-time. The rectifier diode
must have a reverse voltage rating greater than the maximum input voltage and a current rating greater than the
peak inductor current. A Schottky diode is recommended for highest efficiency and optimal performance. The
package size chosen for the rectifier diode must be capable of handling the power dissipation of the diode. The
diode power dissipation is equal to the average diode current times the diode forward voltage, Vi. See 23 27
and A% 28.

Ib_ave =lLep(1-D) @7)

Poiope =Ib_ave * V¢ (28)

When calculating the diode average current, the worst case duty cycle, D, for the diode should be used. D should
be calculated using the maximum input voltage for the application in this case.

9.1.5 Output Protection Clamp (Optional)

In the event of an output open circuit during normal operation the output voltage will rise up to the input voltage.
This is a safe operating mode provided the output capacitor can sustain the voltage without damage. However,
the inductor will still have energy stored at the moment of the event. This can cause significant ringing between
the inductor and output capacitor that can shoot higher than VIN. To prevent this, a single Schottky diode from
Vout to VIN can be used to clamp the ringing. This diode should be rated for at least 500 mA and have a voltage
rating greater than or equal to the voltage rating of the rectifier diode. A zener diode across the output capacitor
can also be used to clamp the output voltage to a lower level. The output will clamp at the zener voltage plus the
ISENSE voltage since when the zener begins to conduct it will pull the ISENSE pin up and reduce the duty cycle.
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9.2 Typical Application

The TPS92513 is a switching regulator designed to provide tight current regulation and high performance over a
wide range of conditions. The following application is a design example for a wide input voltage range, high
current regulator.

13 shows the schematic for the wide input voltage range converter with the design requirements below. A
detailed design procedure to calculate various component values follows.

CBOOT
0.01 pF 10 MQ 0.1pF
I L
L 33 uH
ViN ~ ~
R1 Y
é 176 kQ D Cour -7
4.7 uF P
Ci -7
10 uF
— 1kQ %
7] A .
R2 p—
R
19.3 kQ Ccowp Rrt A |;E55E
0.1uF | 200kQ 05 W

13. High Current, Low LED Current Ripple Buck Converter

9.3 Design Requirements

* VINrange of 12 V to 48 V

* UVLO set to 12 V with 0.8 V hysteresis

» 3 LED output, 9.7 V stack, Vot =10 V

* 1.5A LED current (at V\sense = 300 mV for best accuracy)
» Switching frequency of 570 kHz

* LED current ripple of 10 mA or less

MR © 2015, Texas Instruments Incorporated 17
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9.4 Detailed Design Procedure

This section provides a detailed design procedure for selecting the component values for the application with the
given design requirements.

9.4.1 Standard Component Selection

Choose a 0.1 pF ceramic capacitor with a 10 V or greater rating for Cooup and Cgoor. Connect 1ADJ to VIN
through a 10 MQ resistor to clamp it at 1.8 V and provide an ISENSE voltage regulation point of 300 mV.
Connect a 10 nF capacitor from IADJ to ground. Connect ISENSE to R;sensg) through a 1 kQ resistor.

9.4.2 Calculate UVLO Resistor Values

Using 23 1 and A= 2 the UVLO resistors R1 and R2 can be calculated using A= 29, 243 30, and the
following parameters:

* Vstarr =12V

i VSTOP =11.2V

i VHYS =08V

0.8x(1.22 V- (1 pAx10 kQ))-2.9 pA <10 kQx 12 V
R1= =175 kQ
29 uAx1.22V (29)

Choose the closest standard 1% value of 176 kQ for R1. This value can then be used to calculate the value of
R2 as shown in A% 30.

174 kQx(1.22 V- (10 kQx (1 pA +2.9 pA))) 19.2 kQ

R2=
(112V =122 V)+ (1 pA +2.9 pA)x (174 kQ +10 kQ) (30)

Choose the closest standard 1% value of 19.3 kQ for R2.

9.4.3 Calculate the RT Resistor Value (Rgy)
The desired switching frequency is 570 kHz, so the value of Rgr can be calculated using 23 5 as shown in 23

= 31.
Rrr (kQ)= % =201.6 kQ
(570) (31)

Choose the closest standard 1% value of 200 kQ for Rgt.

9.4.4 Calculate the ISENSE Resistor Value (Rgsenskg)

This design uses a V| gense Voltage of 300 mV and the desired LED current (I, gp) is 1.5 A. Given these values the
sense resistor value can be calculated using 2= 8 as shown in 2% 32.

300 mV
ISENSE = — -, =0-2Q

1.5A (32)

0.2 Q is a standard 1% resistor value. The power dissipation is V,sgnse Multiplied by | gp, in this case 0.45 W.
Choose a 0.5 W or greater resistor.

9.4.5 Calculate the Inductor Value and Operating Parameters (L)

For this application, low LED ripple current is important. One way to reduce LED ripple current is to reduce
inductor ripple current. For this low ripple current application, the maximum inductor value (minimum 75 mA
current ripple Ig) will be calculated and the next lower value will be used. The maximum inductor value can be
calculated using 23 18 as shown in 23 33.

__fovx@2v-tov)
T 75 mAx12Vx570 kHz oM (33)

Choose the next lowest standard value of 33 pH. Now the actual inductor current ripple, the peak inductor
current, and the RMS inductor current can be calculated using A= 19, 243 20, and A3 21 as shown in 23
34, A% 35, and 2= 36.
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Detailed Design Procedure (#T R)
10 V><(12 V-10 V)

[ = =89 mA

RIPPLE ™ 33 uiHx 12 V x 570 kHz (34)

L peax=15A+ 88mA _ 4 544 o5
2

I_rwis =\/1.5A2 +% =1.5002A o6

The inductor chosen should have a saturation current rating higher than I, pgak @and a DC current rating higher
than I, rus. -

9.4.6 Calculate the Minimum Input Capacitance and the Required RMS Current Rating (C\)

Given a minimum of 2 pF of capacitance for every 1 A of LED current, a 1.5 A design would require a minimum
of 3 uF. To account for ceramic capacitor tolerances and capacitance drops due to bias voltage this capacitance
should be at least doubled. Higher values will also give better overall performance. Choose a 10 pF capacitor
with a voltage rating of 50 V or greater. Using A3 13, 2% 22, and 23 23 the user can calculate the RMS
current rating required for the capacitor and the resulting input voltage ripple as shown in 23 38 and 43\ 39.
D:m =0.83
12V (37)

I|N_RMS :1.5AX 083><(1—083):056A (38)

1.5 Ax0.83x (1 —10.83)
=37 mV
10 uF x570 kHz (39)

AVIN =

9.4.7 Calculate the Output Capacitor Value (Coyt)

The required output capacitor value to get the required LED ripple current can be calculated by first determining
the dynamic resistance of the LEDs used, R, gp, by using the forward voltage versus forward current graph in the
manufacturer’s datasheet. Place a tangent line on the curve at the forward current required to get the slope and
the corresponding AV and AF. For this design example, the R gp is 0.22 Q per LED. So the total R gp is 0.22 Q
X 3, or 0.66 Q. Then find the required output impedance, Zcout, Using A3 25 as shown in 23 40. Using the
required Zcoyt calculate the minimum output capacitance using 23\ 26 as shown in 23 41.

0.66Qx 10mA
Zooyr = 208x1IMA _(; h8350
COUT “89mA —10mA (40)
1
Cout= _ 3.344F
OUT =5 . = 570kHZ x 0.0835Q2 " (1)

Choose a 4.7 puF ceramic capacitor with a X5R or X7R dielectric and 16 V or greater voltage rating.

9.4.8 Calculate the Diode Power Dissipation (D)

The maximum input voltage is 48 V, so a 60 V or greater Schottky diode should be used for this application.
Calculate the required current rating and power dissipation to size the diode correctly. This should be done at the
maximum input voltage since that is where the diode conducts for the most time and will have the highest power
dissipation. The duty cycle, D, at the maximum input voltage is 10 V/48 V, or 0.208. Using this duty cycle and 2
3 27 calculate the average diode current, Iy ave, as shown in A3 42. Then calculate the diode power
dissipation, Ppjopg, Using 23 28 as shown in 23 43.

Ib_ave =1.5Ax(1-0.208)=1.19 A "
Poiope =119 Ax0.7 V =0.833 W )

The power dissipation calculation is assuming a diode forward voltage drop, Vg, of 0.7 V. If a diode with a
different forward drop is chosen the calculation should be re-done. Choose a Schottky diode with a 1.5 A or
greater current rating that can dissipate at least 1 W of power.
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9.5 Application Curves

v U
= ' =
) PDIM S PDIM
> >
N N
f/—”
= >
el K=l
2 \ <
1S LED Current . E LED Current
o e - r—— o — = N
3 3
Time = 40 ps/div Time = 1 ms/div
14. 1% Duty Cycle, 250 Hz PWM Dimming 15. 50% Duty Cycle, 250 Hz PWM Dimming

PDIM

2 V/div

LED Current

500 mA/div

Time = 1 ms/div

16. 99% Duty Cycle, 250 Hz PWM Dimming

10 Power Supply Recommendations

Use any DC output power supply with a maximum voltage high enough for the application. The power supply
should have a current limit of at least 3A.
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11 Layout

The TPS92513 requires a proper layout for optimal performance. The following section gives some guidelines to
ensure a proper layout.

11.1 Layout Guidelines

An example of a proper layout for the TPS92513 is shown in B 17. Creating a large GND plane under the
integrated circuit (IC) for good electrical and thermal performance is important.

» The GND pin of the device must connect to the GND plane directly beneath the IC.

» Thermal vias can be used to connect the topside GND plane to additional printed-circuit board (PCB) layers
for heat spreading and more solid grounding.

» The input capacitors must be located as close as possible to the VIN pin and the GND plane and should be
tied to a solid backside ground plane using multiple vias.

» The compensation components must be located as close as possible to the COMP and GND pins in order to
minimize noise sensitivity.

« The PH trace must be kept as short as possible to reduce the possibility of radiated noise/EMI.

» The ISENSE node should be kept as short as possible and shielded from noise.

« The RT/CLK pin is sensitive and its routing must be kept as short as possible.

e In higher current applications, routing the load current of the current-sense resistor to the junction of the input
capacitor and rectifier diode GND node may be necessary. The easiest way to accomplish this is to use a
backside ground plane and arrays of vias to connect the top side ground connections solidly to the backside
plane. This steers the high current away from the sensitive RT/CLK to GND connection.

» If possible, the current loop created when the internal MOSFET is on should be in the same direction as the
current loop when the internal MOSFET is off and the schottky diode is conducting. This will prevent magnetic
field reversal, reduce radiated noise, and simplify EMI filtering.

11.2 Layout Example

LED+

]
GND -
Y f | I N I
‘ o
CBOOT -
Cin T —I— o—FH—c — Cout

° =
El: BOOT P T ‘
VIN I_ - - — 1 R\SENSE
s s L : N0 [T cow AWV [-]
[ LED-
wiol  Jcome[ T+
A I
Ruwo — — T psense T HAWM——
| ‘ Re
R RT/CLK IADJ
UVLO }
Rrr
AN Roos
GND
% THERMAL/POWER VIA

17. Layout Example
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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 ©) (415)
(6)
TPS92513DGQR ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 92513 Samples
TPS92513DGQT ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 92513 m
TPS92513HVDGQR ACTIVE HVSSOP DGQ 10 2500 RoHS & Green NIPDAUAG Level-1-260C-UNLIM -40to 125 513H
TPS92513HVDGQT ACTIVE HVSSOP DGQ 10 250 RoHS & Green NIPDAUAG Level-1-260C-UNLIM -40 to 125 513H

@ 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

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

® | 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
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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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
DGQO0010D PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE
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PowerPAD is a trademark of Texas Instruments.

NOTES:

[N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. 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

DGQO0010D PowerPAD™ - 1.1 mm max height
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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 SLMAOO02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGQO0010D PowerPAD™ - 1.1 mm max height
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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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