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TPS92511 500-mA, 65-V Common Anode Constant Current Buck LED Driver Without
External Current Sensing Resistor

1 Features

*  Wide Input Voltage Range: 4.5 V to 65 V

* Requires NO External Current Sensing Resistor
» Requires NO External Loop Compensation

e Ease of Use, Needs Minimum 5 Components
* 1000:1 Contrast Ratio Feasible

» Single Layer PCB Feasible

» Can Work as High Voltage Buck Regulators

» Can Work as Linear Current Shunt Regulators
» Integrated Low-side N-channel MOSFET

e LED Current Programmable up to 0.5 A

» Typically +3.6% LED Current Accuracy

» Switching Frequency Programmable From 50 kHz
to 500 kHz

» Current Limit Protection

» VCC Under-voltage Lock-out

* Thermal Shutdown Protection

e Support Analog Dimming and Thermal Foldback

* Power Enhanced SOIC-8 Exposed Thermal Pad
Package (HSOP-8)

2 Applications

» High Power LED Driver
* Architectural Lighting

» Office Troffer

* Automotive Lighting

e MR-16 LED Lamp

Simplified Application
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3 Description

The TPS92511 is an easy to use 65V constant
current buck converter for driving a single LED string
with current up to 0.5A and efficiency up to 95%.
Only 5 external components are required for basic
operation and single layer PCB layout is feasible
because of the integration of a N-MOSFET, no
external current sensing resistor, no external
compensation and the proper terminal assignment. A
high-value external resistor programs the LED current
so that fine tuning of the LED current can be
achieved. Another high-value external resistor
programs a constant switching frequency from 50kHz
to 500kHz. EMI design becomes easier as a result of
constant switching frequency. The TPS92511
provides a wide input voltage range from 4.5V to
65V. By adding simple external circuits, the device
can handle applications with even higher input
voltages.

The TPS92511 employs a proprietary control scheme
to regulate the LED current without the need of
sensing the LED current directly. It applies a floating
buck topology with a low-side N-channel power
MOSFET, which does not need boot-strapping
capacitor. For multiple channel systems, the floating
buck topology together with the proprietary control
scheme allows a common-anode connection of the
LED strings without an external current sensing
network. This significantly reduces the number of
wiring and as well as overall manufacturing cost.

The TPS92511 has very fast PWM dimming response
time. For example, if the switching frequency is 500
kHz, the minimum DIM pulse width is 6us and the
dimming frequency is 150Hz, a contrast ratio of more
than 1000:1 can be achieved.

The TPS92511 is available in the Power Enhanced
SOIC-8 exposed thermal pad package.

Device Information®
PACKAGE BODY SIZE (NOM)
HSOP (8) 4.89mm x 3.90mm

PART NUMBER
TPS92511

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

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

DDA (SO THERMAL PAD) PACKAGE

8 PINS
(TOP VIEW)
vcc 1 811 VIN
PGND 2 713 X
IADJ 3 611 DM
GND 4 511 Fs

Pin Functions

PIN
DESCRIPTION
NAME NO.
DIM 6 PWM Dimming Control. Apply logic level PWM signal to this pin dims the LED string. This pin is internally pulled up.
S 5 Switching Frequency Setting. An external resistor Rgs connecting the FS pin to ground programs the switching
frequency from 50 kHz to 500 kHz.
GND 4 Analog Signal Ground.
IADJ 3 Average LED Current Setting. An external resistor Rjap; connecting the IADJ pin to ground programs the average
LED current.
LX 7 Integrated MOSFET Drain. Internally connected to the drain of the integrated MOSFET. Connect this pin to the
output inductor and anode of the Schottky diode.
PGND 2 Power Ground. Must be connected to the GND pin for normal operation. The PGND and GND pins are not internally
shorted.
vCe 1 Internal Regulator Output. Typically regulated to 5.4 V. Connect a capacitor of larger than 1 pF between the VCC
and GND pins.
VIN 8 Input Voltage. Supply pin to the device. The input voltage range is from 4.5 V to 65 V.
Thermal pad Thermal Connection Pad. Connect to a ground plane for heat dissipation.

Copyright © 2014, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings @
Unless otherwise specified, T; = T, = 25°C
MIN NOM MAX UNIT

VIN to GND -0.3 65 \Y

VIN to GND (Transient) -0.3 67 \%

LX to PGND -0.3 65 \Y
Pin voltage range LX to PGND (Transient) -3(2ns) 67 \%

FS, IADJ to GND -0.3 5 \Y

DIM to GND -0.3 6 \Y

VCC to GND -0.3 7 \Y,
Temperature range Operating junction temperature range, T, -40 Imﬁ;‘?gé’ °C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is intended to be functional. For specified specifications and test conditions, see the Electrical Characteristics.

6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -65 150 °C
Vesp @ Human Body Model (HBM) ESD stress voltage @ 15 kv
Charged Device Model (CDM) ESD stress voltage ® 15 kv

(1) Electrostatic discharge (ESD) to measure device sensitivity and immunity to damage caused by assembly line electrostatic discharges in
to the device.

(2) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturing with a standard ESD control process.

(3) Level listed above is the passing level per EIA-JEDEC JESD22-C101. JEDEC document JEP157 states that 250-V CDM allows safe
manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
VN Supply voltage range 4.5 65 \%
Ta Operating free air temperature -40 125 °C
T; Operating junction temperature -40 125 °C

6.4 Thermal Information

TPS92511
THERMAL METRIC® DDA UNIT
8 PINS

Rgia Junction-to-ambient thermal resistance 59.9
Raictop Junction-to-case (top) thermal resistance 59.1
Rgip Junction-to-board thermal resistance 30.6 AW
Wit Junction-to-top characterization parameter 11.0
Wig Junction-to-board characterization parameter 30.5
Rgicbot Junction-to-case (bottom) thermal resistance 4.2

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

4 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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6.5 Electrical Characteristics

Unless otherwise specified, -40°C £ T; = T, £ 125°C, V| =48 V

PARAMETER CONDITIONS MIN TYP  MAX| UNIT
SYSTEM
|IN-DIM-HIGH VIN Operating Current 45V <V)y£65V, Rapy =3 kQ, Vpuy = High 2.8 3.15| mA
liN-DIM-LOW VIN Standby Current 45V V<65V, Rap; =3 KkQ, Vpy = Low 23 27| mA
I x-OFF LX Pin Current Main switch turned OFF, V| x = V|y =65V 0.1 1.0| pA
Vs = 4.6V, Riapy = 3 kQ, Ta = 25°C 484 502 520| mA
VEs = 4.6V, Riapy = 3 kQ 477 502  528| mA
Ves = 4.6V, Rjap; = 6 kQ, Ty = 25°C 236 249 262| mA
ILep Average LED Current
Ves = 4.6V, Rjap; = 6 kQ 233 249 268| mA
VEs = 4.6V, Riapy = 10 kQ, Tx = 25°C 138 149 160 mA
VEs = 4.6V, Riapy = 10 kQ 133 149  166| mA
V\aDJ IADJ Pin voltage 1.224 1.25 1.278 \%
VpiM-oN DIM Pin Upper Threshold Vpm Increasing 0.85 1.0 1.25 \%
VpIM-OFF DIM Pin Lower Threshold Vpm Decreasing 0.44 \%
VpIM-HYS DIM Pin Threshold Hysteresis 325 mV
fsw Switching frequency Rgs = 20 kQ 450 500 550 | kHz
ton(min) Minimum On-time 250 400| ns
INTERNAL REGULATOR
Ve VCC Regulated Output Voltage Cycc =1 pF, no load 4.7 5.4 6.0 \%
Cvcc =1 WF, Viy = 4.5V, 2 mA load 3.7 41 v
Vce-uvLo-oN VCC UVLO Upper Threshold Vcc rising 3.50 3.75 4.00 \%
Vce.uvio-orf~ VCC UVLO Lower Threshold Vcc falling 3.05 \%
Vcc.uvio-Hys ~ VCC UVLO Hysteresis 275 mV
INTEGRATED MOSFET
Rix Resistance Across LX and GND Main Switch Turned ON, Tp = 25°C 1.4 2.15 Q
THERMAL SHUTDOWN
Tsp Thermal shutdown temperature T; Rising 165 °C
Tsp-HYs Thermal shutdown hysteresis T, Falling 10
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Typical Characteristics

Unless otherwise specified, all curves are taken at V,y = 48V with configuration in the application circuit for driving 12 LEDs
with I gp = 0.5A and fgy, = 300 kHz as shown in this datasheet, and T, = 25°C.
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Typical Characteristics (continued)

Unless otherwise specified, all curves are taken at V,y = 48V with configuration in the application circuit for driving 12 LEDs
with I gp = 0.5A and fgy, = 300 kHz as shown in this datasheet, and T, = 25°C.
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Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 7

Product Folder Links: TPS92511



13 TEXAS
INSTRUMENTS
TPS92511

SNVS901A —_MARCH 2014—REVISED MAY 2014 www.ti.com

7 Detailed Description

7.1 Overview

The TPS92511 is an easy to use constant current buck converter for driving a single LED string with current up
to 0.5A and efficiency up to 95%. Only 5 external components are required for basic operation and single layer
PCB layout is feasible because of the integration of a N-MOSFET, no external current sensing resistor, no
external compensation and the proper pin assignment. A high-value external resistor programs the LED current
so that fine tuning of the LED current can be achieved. Another high-value external resistor programs a constant
switching frequency from 50kHz to 500kHz. As a result of constant switching frequency, EMI design becomes
easy. The TPS92511 provides a wide input voltage range from 4.5V to 65V. By adding simple external circuits,
it can handle applications with even higher input voltages.

The TPS92511 employs a proprietary Pulse-Level-Modulation (PLM) control scheme under continuous
conduction mode (CCM) to regulate the LED current without the need of sensing the LED current directly. It
applies a floating buck topology with a low-side N-channel power MOSFET, which does not need boot-strapping
capacitor, so that driving LED string under drop-out conditions and very high input voltages are feasible. For
multiple channel systems, the floating buck topology without external current sensing network together with the
proprietary control scheme allows a common-anode connection of the LED strings without external current
sensing network. This saves high-side current sensing wirings for separate driver boards and LED board
systems and significantly reduces the number of wiring, which can lower overall manufacturing cost.

The TPS92511 has very fast PWM dimming response time. There is almost no delay between the DIM pin
voltage rising edge and the start of the LED current conduction, so it can dim down to nearly zero current. In
order to maintain good dimming linearity, the minimum LED current pulse width is suggested to be three
switching cycles. For example, if the switching frequency is 500 kHz, the minimum DIM pulse width is 6us and
the dimming frequency is 150Hz, a contrast ratio of more than 1000:1 can be achieved.

8 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Pulse Level Modulation (PLM) Control

A proprietary Pulse-Level-Modulation (PLM) control method is used in the TPS92511. It can regulate the
average LED current by sensing only the inductor current at the on-period (Figure 13). The integrated MOSFET
and the sensing and control circuits in the TPS92511 implement the whole PLM control internally so the control
does not suffer from tolerance and noise issues that may be coming from external components. As compared
with the conventional method which regulates average LED current by sensing the current over the entire
switching cycle, the power dissipation on the sensing circuit in PLM is much lower. For example, consider a duty
cycle of 0.5, the power dissipation on current sensing in PLM can be reduced by half. PLM requires no external
loop compensation circuit. Besides, the accuracy of the regulated LED current is high (typically £3.5% in the
TPS92511).

Current

:

Time

Figure 13. Waveforms of a Floating Buck LED Driver with PLM

7.3.2 Pulse Level Modulation (PLM) Operaion Principles

The Pulse-Level-Modulation is a patented method to ensure an accurate average output current regulation
without the need of direct output current sensing. Figure 13 shows the current waveforms of a typical buck
converter under steady state, where, 1.4 is the inductor current and |, is the current flowing into the LX pin. For a
buck converter operating in steady state, the mid-point of the RAMP portion of I, ; equals to the average value of
I.1 and hence the average LED current I gpavg)- In short, by regulating the mid-point with respect to a precise
reference level, PLM achieves LED current regulation by sensing the main MOSFET current solely, instead of
the entire cycle of I .

7.3.3 PLM Control enable Common-Anode Low-Side Sensing (CALS)Technique to Save Wiring

For multi-channel systems with separated driver boards and LED array boards, the Pulse-Level-Modulation
(PLM) control scheme enable Common-Anode Low-Side Current Sensing to save inter-board wirings. Figure 14
shows a conventional configuration with a Low-side switching and High-Side Current Sensing. For an n channel
system with separated driver and an LED array boards, 2n inter-board wirings are required. For example, an
128-channel system needs 256 inter-board wirings, which implies a high material and manufacturing cost.
Figure 15 shows the PLM configuration with Low-side switching and Low-Side Current Sensing. A Common-
Anode configuration is used for the LED array board. As shown in the figure, an n channel system with separated
driver and LED array boards requires only n+1 inter-board wirings. For an 128-channel system, only 129 inter-
board wirings are required. The wiring cost is cut by half, and the cost of the end product can be reduced.
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Feature Description (continued)
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resistor 1

LED Driver 1

Figure 14. Conventional Configuration with Low-Side Switching and High-Side Current Sensing Requires
2xn Inter-Board Wirings
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Figure 15. PLM Configuration with Common-Anode Low-Side Switching Requires n+1 Inter-Board
Wirings
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Feature Description (continued)

7.3.4 Internal Regulator

The TPS92511 integrates an internal voltage regulator for powering internal circuitry. For stability, an external
capacitor Cycc of at least 1 pyF should be connected between the VCC and PGND pins The output of the internal
regulator V¢ is 5.4V when V), is larger than 6V. If V| is lower than 6V, V.c decreases. The TPS92511 will

trigger the VCC under-voltage lock-out if V. falls below typically 3.5V. V¢ can be used to bias external circuits
subject to a loading of maximum 2 mA, while it has a short circuit current limit at typically 16 mA.

7.3.5 Setting The Switching Frequency

The switching frequency fs,, of the TPS92511 is programmable in the range of 50 kHz to 500 kHz by a single
resistor Rgg connecting the FS pin and ground. The following equation shows the relationship between fg,, and
REs:
6
fou = 10x10 KHz
Res )

Figure 16 plots fg,, against Res. Table 1 shows values of Rgg for commonly used switching frequencies.

500
450 \
400
350 \

¥ 300 \
X

j 250

200
N
150 N
N

100
e —
20 40 60 80 100 120 140 160 180 200

Res (k)

Figure 16. Switching Frequency vs Rgg

Table 1. Commonly Used fgy And Reg

fsw (kHz) Rrs (kQ)
50 200
100 100
300 33.2
500 20

7.3.6 Setting The LED Current

The LED current | gp of the TPS92511 is programmable by a single resistor Rjxp; connecting the IADJ pin and
ground. The IADJ pin is internally biased to 1.25 V. Equation 2 shows the relationship between I gp and Rapy:

1500
RiabJ )

To ensure stability, Rjap; must be less that 30 kQ, implying a minimum | gp of 50 mA can be programmed. The
tolerance of I gp of 150 mA is shown in the ELECTRICAL CHARACTERISTICS. Larger tolerance should be
expected for lower | gp. Figure 17 plots |, gp against Rjxp;. Table 2 shows values of Rjap; for commonly used |, gp.

12 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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Figure 17. LED Current vS gjap;

Table 2. Commonly Used | gp And Rjap;

ILep (MA) Riaps (k)
150 10
350 4.32
500 3.01

7.3.7 Integrated MOSFET

The TPS92511 integrates a N-channel power MOSFET, the drain of which is connected to the LX pin. When the
integrated MOSFET is turned on, the resistance across the LX and GND pins is typically 1.4Q. The integrated
MOSFET has a fixed current limit of 1.2A to protect the application circuit during critical operation conditions like
short circuit of the LED string. Once the limit is hit, the integrated MOSFET turns off immediately for 34 ps to let
the inductor discharge.

The minimum on-time of the integrated MOSFET is 400 ns. It may be hit at a high switching frequency and a
high Vn/V ep ratio. Once hit, the | gp regulation may be affected. In the worst case, | gp may be boost up to a
level higher than the programmed value, and the LED string and/or the inductor may be damaged as a result.
Hence, it is recommened that the ratio between Vy and V| gp should be designed under the following constraint:

MLED 5 400ns fow
VIN ®3)
7.3.8 Inductor Selection

Operating in the continuous conduction mode (CCM) is required in the TPS92511 application circuit. In the CCM,
considering the on-period, the peak-to-peak inductor current ripple (2Al, ;) is shown in Equation 4.

oAl = ton (Vin ~ Viep)

Ly @
Because
V,
LED _ tonfSW
Vin (5)

L, can be a function of V|, Vi ep, fsw and Al_; as shown in Equation 6 .

L, — (Vin = Vieo Mieb

The value of L, is selected by designers with the consideration of all above parameters. The minimum L,
calculated by the following equation is a good starting point for designing L;:

Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 13
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Ly > 1HO T ResRiapg
108 @)

The following table shows some typical examples of using Rgs and R5p; to estimate the minimum L;:

Table 3. Estimation Of Minimum L4 Using Rgs And Rjap;

Res (kQ) Riapy (KQ) Es“mate"(u'\f")"'m”m L1 | Recommended L; (uH)
100 10 1000 1000
332 3.01 100 100
20 432 86 100
20 3.01 60 68

To maintain the CCM, Al; must be smaller than the average LED current |l gpayg). Hence, the minimum
inductance used is:

(Vin = Viep Miep
2l Ep(avg) Vinfsw ®)

Lymin) =

In the absence of output capacitors, the TPS92511 can maintain a continuous | gy throughout the entire
switching cycle because in such case the inductor current is the same as |, gp (floating buck topology operating in
the CCM). However, the LED peak current must not exceed the rated current of the LED. The peak LED current
can be found by the following equation:

(Vin = Vieo Miep
2L1Vinfsw )

ILED(peak) = ILED(avg) +

7.3.9 Integrated MOSFET Current Limit

The current limit of the integrated MOSFET is internally fixed at 1.2A to protect the LED string, the inductor and
the integrated MOSFET from overdriven. Once triggered, the integrated MOSFET turns off immediately for 34 ps
to let the inductor to discharge. The triggering of the current limit cycles repetitively until all overdriven conditions
disappear.

7.3.10 PWM Dimming Control

The TPS92511 implements PWM dimming by applying a PWM dimming signal to the DIM pin. A low input
applying to the DIM pin disables the switching of the integrated MOSFET, and as a result discharges the inductor
and then turns off the LED string. To turn on the LED string, the DIM pin should be connected to high or left open
(since it is internally pulled high by a current of typically 40 pA and 90 pA when the DIM pin is low and high
respectively). The PWM dimming frequency is recommended to be lower than 0.1fg,, to ensure normal operation.

7.3.11 Analog Dimming

Analog dimming can be implemented by injecting a current to Rjap; (Figure 18) and as a result reduces the
current of the IADJ pin, l5p3, Which is controlled internally by the TPS92511 to bias the voltage on the IADJ pin to
be 1.25V. If the CCM can be maintained, the minimum l,p; can achieve 15 pA, which refers to an I gp of 18
mMA. If lapy is further decreased, I gp may not follow due to the presence of the minimum on-time of the
integrated MOSFET. If the CCM cannot be maintained, | gp can still decrease monotonically with I5p;. However,
if good line and load regulations are required, the CCM should be maintained by using a large inductance.

14 Submit Documentation Feedback Copyright © 2014, Texas Instruments Incorporated
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® ViN
4.5V-
TPS92511 ~a
NN 65VDC
[ )
VCC VIN LED string i ILED
| |
PGND LX b1 L1 ~ | ©n
[ [ ™
IADJ DIM
I I 1 PWM dimming signal
GND FS
I | %RFS

Figure 18. Circuit Configuration for Analog Dimming

7.3.12 High Voltage Buck Configuration

The TPS92511 can handle applications with an input voltage higher than 65V, which is the maximum Vy of the
recommended operating condition of the TPS92511, by adding an external high voltage N-channel MOSFET to
the application circuit as shown in Figure 19. PWM dimming can be implemented in this circuit without additional
efforts, and analog dimming is also feasible by referencing to additional circuits shown in Figure 18.

e VsuppLY
High
~a
Jx Voltage

DC
VBias D1 e i
8V-25VDC High Voltage LED string ¢ | ILep
Switching
Diode ~a
~a
e
TPS92511 L High Voltage
Cin N-MOSFET
— VCC VIN
C | [ D2
_l=vee PGND LX
| |
IADJ DIM PWM dimming signal
R | |
A GND FS
| | % Res
Figure 19. Circuit Configuration for Very High Voltage Buck
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 15

Product Folder Links: TPS92511



13 TEXAS
INSTRUMENTS

TPS92511
SNVS901A —~MARCH 2014—REVISED MAY 2014 www.ti.com

7.3.13 Thermal Foldback

Thermal foldback is useful to prevent over-temperature of LEDs during operation by sensing the temperature of
LEDs and, if the sensed temperature is high, reducing |, gp to decrease the power and as well as the temperature
of LEDs. Thanks to the feature of analog dimming, thermal foldback can be implemented by embedding a
negative temperature coefficient (NTC) resistor, Rytc, into a circuit as shown in Figure 20. When the sensed
temperature increases, Ry7c decreases and thus the emitter current of Q4 increases to reduce |, gp by means of
analog dimming. The resistor Rg can adjust the loop gain of the thermal foldback control loop, which should be
high enough to avoid oscillation and maintain stability.

? ViN
4.5V-
TPS92511 -
< 65VDC
°
vece VIN LED string § L ILED
PGND LX Cin
Y
|ADJ < L
IADJ DIM
RiaDJ SND e PWM dimming signal

Figure 20. Circuit Configuration for Thermal Foldback

7.3.14 EMI Consideration

Conductive and radiative EMI can be major concerns for lighting applications. The TPS92511 application circuit
can be designed for the EN 55022 class B standard by adding a few external components, as shown in
Figure 21. The input filter which consists of an inductor L, and two capacitors C\, and C,y3 takes care of the
conductive EMI, while the output capacitor C,gp and the ferrite bead FB; which inserts between the LX pin and
D, take care of the radiative EMI.

I 2
>~ S
10 pH | asv
| |
Dy - ad | |
100V . £1 |
LED R
TPS92511 # 1 = Qi i'LED ——Cn | ——Cin3 ——Cin2 !
50V 21 2.2 uF 2.2 uF 2.2 uF |
FB; § : woov | | 100v 100V |
VCC VIN 1000 @ e — — = ] N
100 MHz
L1
PGND LX = = =
1 IADJ DIM dimming
— Cvce signal
1uF
16v GND FS
Figure 21. Circuit Configuration with EMI Design Consideration
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7.4 Device Functional Modes

7.4.1 Operation with V|y <4.5V (minimum V)

For the typical application circuit, when the input voltage drops so that the VCC voltage regulator is under drop-
out mode, and the VCC voltage drops below the “VCC UVLO Lower Threshold” (typically 3.48V), the switching of
the main MOSFET is stopped, and the LED current will become zero. At the same time, the voltages of both the
FS and IADJ pins will become zero .

When the input voltage increases from zero and the VCC voltage is increased to cross over the “WCC UVLO
Upper Threshold” (typically 3.75V), the voltages on the FS and IADJ pins will rise to their regulation voltage
(typically 1.25V), the switching of the main MOSFET is started upon the DIM pin voltage is HIGH, and the LED
current will ramp up to its preset value set by Rap;.

7.4.2 Operation with DIM control

For the typical application circuit, when the VCC voltage is not under UVLO condition, the switching of the main
MOSFET is enabled and the LED current is conducted if the DIM pin voltage is higher than the “DIM Pin Upper
Threshold” (typically 1V).

Alternaltively, the switching is disabled and the LED current is cut off if the voltage of the DIM pin is lower than
the “DIM Pin Lower Threshold” (typically 0.675V).

7.4.3 Linear Mode

When the VCC voltage is not under UVLO condition and the voltage on the FS pin is forced to be higher than
4.2V but lower than 5V, the switching of the main MOSFET is disabled, and the TPS92511 is working in the
Linear Mode. In the Linear Mode, if the voltage on the DIM pin is higher than the “DIM Pin Upper Threshold”
(typically 1V), the TPS92511 will regulate the LX pin in-going current according to the preset value set by Rjap;-
Alternatively, if the voltage on the DIM pin is lower than the “DIM Pin Lower Threshold” (typically 0.675V), the LX
pin will open and its in-going current will become zero.

Below is the simple configuration to have the TPS92511 working as a linear current shunt regulator.

® VIN
4.5V-
Ny 65VDC
TPS92511 . L
Vcc . L4
T LED string e v I gp
‘ VCC VIN *
[ [ a C
C ~a IN
_L=vee PGND LX B
| | PWM dimming si 1
g signal
IADJ pm| |
Vv
Rios GND FS I AN I

Figure 22. Circuit Configuration for Working as a Linear Current Shunt Regulator
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8 Application and Implementation

8.1 Application Information

The TPS92511 is an LED driver which provides a regulated output current to drive a single string of LED with the
forward voltage lower than the input voltage. The following procedures design a TPS92511 application circuit
with an input voltage of 48V, driving an LED string of 38V at an LED current of 0.5A. The switching frequency is
300 kHz.

8.2 Typical Application

8.2.1 TPS92511 LED driver for 12 LEDs at 0.5A

_‘ ‘— Vin
48V
¥
TPS92511 y 9 i LLED —
2A > i 2.2 4F
o 100V
VCC VIN — 3
I I L1 4
PGND LX =
100 pH
! I PWM
. . |ADJ DIM d_imming
— Cvce signal
1uF I I
16V L
gRIADJ GND FS
3.01 kO | |
Rrs
33.2kQ

Figure 23. Application Circuit of TPS92511 (fg = 300 kHz and I gp = 0.5A)
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Typical Application (continued)
8.2.1.1 Design Requirements

Table 4. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 43V to 53V
LED current 0.5A

LED string forward voltage 38V
Operating frequency 300 kHz

8.2.1.2 Detailed Design Procedure

Cin : The function of the input capacitor C,y is to reduce the input voltage ripple. Ceramic capacitors are
recommended owing to the concern of product lifetime. A 100V 2.2 pyF ceramic capacitor is selected in this
circuit.

Cvcc : The capacitor on the VCC pin provides noise filtering and stabilizes the internal regulator. It also prevents
false triggering of the VCC UVLO. Cyc is recommended to be a 1 yF good quality and low ESR ceramic
capacitor.

D, : The diode D, should have a reverse voltage larger than V,y in the floating buck topology. In this circuit, a
100V diode is selected.

Res and Rjapy @ In this circuit, the switching frequency and LED current are designed to be 300 kHz and 0.5A.
From Table 1 and Table 2, Rgg is 33.2 kQ and Rp; is 3.01 kQ.

L, : The selection of inductor mainly affects the inductor current ripple. In this circuit, we design the peak to peak
inductor current ripple to be 50% of I gp, i.e. 0.25A. From (6), L, is calculated to be 106 pH, and a 100 pH
inductor is selected.

Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 19
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8.2.1.3 Application Curves

100 | 5
o 4
90 - 3
—~ 80 |—Tr— g 2
S = § 1
g 7 s LSS
Q (=)
2 LLEDs g, 1LEDs §—7
TR ———3LEDs g ———3LEDs N
e 7 LEDS S 2 | =7 LEDs
5 s 10 LEDS -3 | w10 LEDs
12 LEDs 4 12 LEDs
19 LEDs 19 LEDs
40 5
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Vin (V) Vin (V)
Figure 24. Efficiency vs V|y Figure 25. LED Current Regulation vs V)y
1
: «
Vix + H\I
[l I I L oo P \f o L ettt
ILED ......................................
|LED
E> E>
| 20.0V M|1.60us Al Ch2 L 370V chi| 50.0V I 50.0 V M|1()=0us Al Chl 75 340V
Ch4[ 200maA Q& Ch4[ 200mA Q&
1#[9.800 % [10.00 %

Figure 26. Steady State Operation

Figure 27. Power Up

@3

Sl 200V &ch2 500V

Chd|_ 200mA Q&

M[4.00us| A Ch1 & 1.08V

W[10.00 %

Figure 28. PWM Dimming (Vpm Rising)

I —
Vix
2
/ A4
/1 / W, /
/ / e / / /
=)
&l VA AR
il 2,00V ®8Ch2 500V uM4.00us] A Chl v 1.08V

Ch4[ 200mA O8]
60.20 %

Figure 29. PWM Dimming (Vp Falling)
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- Vom . . + A : : Vo 4
PP I
24 Vix zF v
LX
ILep : : : |
LED
@i 306V RCha S50.0v  uM1.00ms A Ch1 £ 1.08V O 200V %Ch2 50.0V_&M2.00us| Al Chl £ 800my
Ch4| 200ma Q8| Chd[ 200mA Q8|
10.00 % 5.600%

Figure 31. PWM Dimming (9 ps dimming pulse) (fsw =

Figure 30. PWM Dimming (fpjm = 1 kHz, 50% Duty Cycle
9 9 (fom y Cycle) 500kHz, L = 68 pH)

9 Power Supply Recommendation

This device is designed to operate from an input voltage supply range between 4.5 V and 65 V. The input supply
should be well regulated. If the input supply is located more than a few inches from the TPS92511 application
board, additional bulk capacitance may be required in addition to the input capacitor. A ceramic capacitor with a

value of 2.2 yF is a typical choice.
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10 Layout

10.1 Layout Guidelines
» The PCB layout of the TPS92511 application circuit plays an important role in optimizing the performance.

» The external components should be placed as close to the TPS92511 as possible to minimize resistance and
parasitic inductance of copper traces.

» For example, D; and L, should be near the LX pin, and Cycc should be near the VCC pin, and the connecting
copper traces are short and thick.

» The exposed pad of the TPS92511, which is internally connected to the die substrate, should be connect to a
ground plane, and the plane should be extended as much as possible on the same copper layer around the
TPS92511.

» Using numerous vias beneath the exposed pad to dissipate heat to another copper layer is also a good
practice.

10.2 Layout Example

GND VIN, LED+ LED-

I
¥

D1 1

CVCC

OO

]
OO
o Xo) :—ODIM

Rians : :_g

[

Res

Figure 32. TPS92511 Board Layout

10.2.1 Thermal Consideration

W;r (shown in session 6.4 Thermal Information) is a relatively small value for package with exposed pad since
most of the heat is dissipated through the exposed pad to the copper plate of the PCB (assuming optimized PCB
layout), relatively little heat goes to the top of the device. The top of the device mold compound temperature is
physically close to the device junction temperature.

For example, a 30W output TPS92511 end system at 95% power efficiency (can be estimated from the efficiency
curves of Figure 13), power loss is 1.6W. Assuming all the heat is generated from the TPS92511 (which is true
for high V| gp), and assuming half of the heat generated is dissipated through the top of the device. Now Wy is
11 °C/W, the device junction temperature is estimated to be higher than the package’s top-surface temperature
by 11 x 1.6 x 0.5 = 8.8 (°C). If the package top-surface temperature is measured to be 90 °C (for example by an
IR camera), the device junction temperature is around 99 °C, which is within the 125°C maximum junction
temperature requirement with margin.
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11 Device and Documentation Support

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

11.2 Electrostatic Discharge Caution

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

11.3 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

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)
TPS92511DDA ACTIVE SO PowerPAD DDA 8 95 ROHS & Green SN Level-3-260C-168 HR ~ -40 to 125 92511
TPS92511DDAR ACTIVE SO PowerPAD DDA 8 2500 RoOHS & Green SN Level-3-260C-168 HR ~ -40 to 125 92511

® 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
o O &|( Bo W
el |
\ © Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ |
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 0O O0O0 Sprocket Holes
| |
I I
Sl I ——
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS92511DDAR SO DDA 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
PowerPAL
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92511DDAR SO PowerPAD DDA 8 2500 356.0 356.0 36.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| - I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS92511DDA DDA HSOIC 8 95 495 8 4064 3.05
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’ PACKAGE OUTLINE
) PowerPAD™ SOIC - 1.7 mm max height

PLASTIC SMALL OUTLINE

DDAO0OOSA

_ ox[127]
Jo— —
oX ]
5.0
4.8 [3.81]
NOTE 3 h
T :
0.51 T
B] 40 o1 —= 1.7 MAX L
3.8 [ [0.250) [c]A[B] '
NOTE 4
1'/.>\~.
e | 025 1\
\ :J[ L /k 4"
/\SEE DETAIL A
s 5
EXPOSED
THERMAL PAD
2.34 ]
2.24 GAGE PLANE
— ] ;
- s st
‘ DETAIL A
2.34 TYPICAL
2.24

4218825/A 05/2016
PowerPAD is a trademark of Texas Instruments.

NOTES:

-

. 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 MS-012.

(S0 wWiN

i3 Texas
INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DDAOOOSA PowerPAD™ SOIC - 1.7 mm max height

PLASTIC SMALL OUTLINE

(2.95) —=
NOTE 9

SOLDER MASK
(2.34) DEFINED PAD
SOLDER MASK
OPENING
8X (1.55) T—_‘ SEE DETAILS
]

E -4 (2.24)

] |
! |
! I
! |
! I
! i
! T
! |
: ;
! |
I
oo iyt T (1.3) SOLDERMASK
! I
| | |
| [ I
| | ‘
| I |
I I
! I
I ‘ |
! |
I
! |

TYP OPENING
| I S———

- 4.9
T b,

R0.05) TYP T J
o e —
$0.2) TYP ! ‘ SYMM ! I METAL COVERED
(02) | ¢ | | BY SOLDER MASK
VIA | |
| ayTYe - - ‘
fe——— (54) 4—1
LAND PATTERN EXAMPLE
SCALE:10X
=— 0.07 MAX =— 0.07 MIN
ALL AROUND ALL AROUND
— ’k 777777777 ‘\
| | : :
SOLDER MASK METAL SOLDER MASK \METAL UNDER
OPENING OPENING SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4218825/A 05/2016

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 SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
PowerPAD™ SOIC - 1.7 mm max height

DDAOOOSA
PLASTIC SMALL OUTLINE
(2.34)
BASED ON
0.125 THICK
STENCIL (R0.05) TYP

8X (1.55) T—T
8X (0.6) —

oo 1 L1 e
BASED ON

7777T77 ] T T T 0425 THICK

I E [I] STEi\ICIL

6X (1.27)

SEE TABLE FOR
DIFFERENT OPENINGS

¢
FOR OTHER STENCIL
(5.4) THICKNESSES

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

METAL COVERED
BY SOLDER MASK ‘

SCALE:10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.62 X 2.62
0.125 2.34 X 2.34 (SHOWN)
0.150 2.14 X 2.14
0.175 1.98 X 1.98

4218825/A 05/2016

NOTES: (continued)
11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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