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TPS92561 Phase-Dimmable, Single-Stage Boost Controller for LED Lighting
1 Features 3 Description

The TPS92561 device is a boost controller for LED
1• Simple Hysteretic Control

lighting applications utilizing high-voltage, low-current• Compact Solution and Simple Bill Of Materials LEDs. A boost converter approach to lighting
• Naturally Dimmable TRIAC and Reverse Phase applications allows the creation of the smallest

Dimmers volume converter possible and enables high
efficiencies beyond 90%. The device incorporates a• Implements LED Drive Circuits Capable of High
current sense comparator with a fixed offset enabling>90% Efficiency, >0.9 Power Factor, and <20%
a simple hysteretic control scheme free of the loopTHD compensation issues typically associated with a boost

• Programmable Output Over-voltage Protection converter. The integrated OVP and VCC regulator
• Overtemperature Shutdown further simplify the design procedure and reduce

external component count.• VCC Undervoltage Lockout
• 8-Pin VSSOP (MSOP) With Exposed Pad Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)2 Applications
TPS92561 HVSSOP (8) 3.00 mm × 3.00 mm

• Off-Line TRIAC Dimmable Applications
(1) For all available packages, see the orderable addendum at

• Off-Line Non-Dimmable Lamps the end of the data sheet.
• Lamps Requiring the Highest Efficiency and

Lowest BOM Cost
• Industrial and Commercial Solid State Lighting

Typical Application Schematic

1

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.

http://www.ti.com/product/TPS92561?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS92561?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS92561?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS92561?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS92561?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/tps92561?qgpn=tps92561
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5 Pin Configuration and Functions

DGN Package
8-Pin HVSSOP

Top View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.

Gate driver output pin. Connect to the gate terminal of the low-side N-channel power FET.GATE 1 O For off-line applications, use a gate resistance of ≥ 75 Ω.
Gate driver return. Connect to the source terminal of the low-side, N-channel power FET. By

SRC 2 I connecting SRC to the FET source, switching current spikes are not passed through the
sense resistor.
Gate driver power rail. Connect a 0.47-µF minimum decoupling capacitor from this pin toVCC 3 O SRC pin.
LED current sense pin. Current sense input. For off-line applications, connect to SEN and

SEN 4 I the current sensing resistor through an R-C filter with a time constant similar to the converter
switching frequency.

GND 5 — Ground. Connect to the system ground plane.
LED current adjust pin. Converter reference. Can be connected to the converter rectified ACADJ 6 I for high power factor, or to the LED output voltage for improved line regulation.

OVP 7 I Overvoltage. Connect to resistor divider from VOUT (LED+) to detect overvoltage.
Power supply of the integrated circuit (IC). Connect to an appropriate voltage source toVP 8 I provide power for the IC. (VP ≤ 42 V) See Example Circuits for example diagrams.
Solder to printed circuit board (PCB) with or without thermal vias to enhance thermal

PowerPAD — — performance. Although it can be left floating, TI recommends to connect the PowerPAD™ to
GND.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
SRC, SEN, ADJ, OVP –0.3 5

Pin voltage range (2) VP –1 45 V
VCC –0.3 12

Tstg Storage temperature –60 150
°C

TJ Junction temperature Internally Limited

(1) Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under “recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to network ground terminal.
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6.2 ESD Ratings
VALUE UNIT

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) (2) ±1500ElectrostaticV(ESD) Vdischarge Charged-device model (CDM), per JEDEC specification JESD22-C101 (3) ±1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) ESD testing is performed according to the respective JESD22 JEDEC standard.
(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VP Supply voltage 6.5 42 V
TJ Operating junction temperature –40 125 °C

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

TPS92561
THERMAL METRIC (1) DGN (HVSSOP) UNIT

8 PINS
RθJA Junction-to-ambient thermal resistance 65.3 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 64.8 °C/W
RθJB Junction-to-board thermal resistance 44.8 °C/W
ψJT Junction-to-top characterization parameter 3.9 °C/W
ψJB Junction-to-board characterization parameter 44.6 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance 13.2 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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6.5 Electrical Characteristics
over recommended operating conditions with –40°C ≤ TJ ≤ 125°C. VCC = 12 V. CVCC = 0.47 µF

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY
IIN VP operating current 6.5 V < VVP < 42 V 0.5 1 1.6 mA
VCC REGULATOR

ICC ≤ 10 mA
CVCC = 0.47 µF 7.75 8.35 8.95
12 V < VVP < 42 V
ICC = 10 mA

VCC VCC regulated voltage CVCC = 0.47 µF 5.42 5.92 6.42 V
VVP = 6.5 V
ICC = 0 mA
CVCC = 0.47 µF 2
VVP = 2 V
VCC = 0 VICC-LIM VCC current limit 20 34 56 mA6.5 V < VVP < 42 V

VCC-UVLO-UPTH VCC UVLO rising threshold 5 5.44 5.85 V
VCC-UVLO-LOTH VCC UVLO falling threshold 4.68 5.07 5.46 V
MOSFET GATE DRIVER

With respect to SRC
VGATE-HIGH Gate driver output high Sinking 100 mA from GATE 8 8.71 9.41 V

Force VCC = 9.5 V
With respect to SRCVGATE-LOW Gate driver output low 10 180 350 mVSourcing 100 mA to GATE

tRISE VGATE rise time CGATE = 1 nF across GATE and SRC 37
tFALL VGATE fall time CGATE = 1 nF across GATE and SRC 30

ns
tRISE-PG-DELAY VGATE low-to-high propagation delay CGATE = 1 nF across GATE and SRC 91
tFALL-PG-DELAY VGATE high-to-low propagation delay CGATE = 1 nF across GATE and SRC 112
CURRENT SOURCE AT ADJ PIN
IADJ-STARTUP Output current of ADJ pin at start-up VADJ < 90 mV 14 20 26 µA
CURRENT SENSE AMPLIFIER

VSEN – VADJ
VSEN-UPPER-TH VSEN upper threshold over VADJ VADJ = 0.2 V 17.6 29.3 41

VGATE at falling edge
VSEN – VADJ mVVSEN-LOWER-TH VSEN lower threshold over VADJ VADJ = 0.2 V –40.7 –29.1 –17.5
VGATE at rising edge

VSEN-HYS VSEN hysteresis (VSEN-UPPER-TH – VSEN-LOWER-TH) 40.9 60 75.9
VSEN-OFFSET VSEN offset with respect to VADJ (VSEN-UPPER-TH + VSEN-LOWER-TH) / 2 –4 –0.1 4
OUTPUT OVERVOLTAGE PROTECTION (OVP)

Output overvoltage detection upperVOVP-UPTH VOVP increasing, VGATE at falling edge 1.11 1.19 1.27 Vthreshold
VOVP-HYS Output overvoltage detection hysteresis VOVP-UPTH – VOVP-LOTH 15 44 80 mV
THERMAL SHUTDOWN
TSD Thermal shutdown temperature TJ rising 165

°C
TSD-HYS Thermal shutdown temperature hysteresis TJ falling 30
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6.6 Typical Characteristics
VP = VP_NOM = 12 V

Figure 1. VP BIAS Current (Non-Switching) vs Temperature Figure 2. VCC Voltage vs Temperature

Figure 3. VCC UVLO vs Temperature Figure 4. VSEN Switching Thresholds vs Temperature

Figure 5. VSEN Hysteresis vs Temperature Figure 6. OVP Rising Threshold vs Temperature
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7 Detailed Description

7.1 Overview
The TPS92561 device is a boost controller for phase cut dimmer compatible LED lighting applications. The
device incorporates a current sense comparator with a fixed offset, allowing the construction of a hysteretic, off-
line converter suitable for driving LEDs in a wide variety of applications.

The inductor peak-to-peak current ripple follows the device reference, the ADJ pin voltage (VADJ), and is bounded
by the SEN pin hysteresis (VSEN-HYS). By using a voltage divider from the rectified AC voltage, the inductor
current can be made to follow the line closely and create conversions which result in high power factor and low
THD. Boost converters also have an advantage when TRIAC dimming because of their inherent ability to draw
continuous current from the line. This eliminates the need for additional hold current circuitry as the converter
itself can draw power until the zero crossing point is reached. The continuous input current of a boost also
reduces the input EMI filter requirements.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Basics of Operation
The main switch is turned on and off when the SEN comparator reaches trip points in a window around the ADJ
reference. In cycle 1, the main switch is on until the current reaches the turn off threshold. In cycle 2, the switch
is kept off until the turn on threshold is reached. In Figure 7, VSEN-UPPER_TH and VSEN-LOWER-TH are assumed to be
their typical value of 30 mV.
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Feature Description (continued)

Figure 7. Basics of Hysteretic Boost Operation
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Feature Description (continued)
7.3.2 Sample Scope Capture
The main inductor current varies in a window around the ADJ reference voltage:

Figure 8. TPS92561 Operation Waveform (1 ms/div)
Yellow: ADJ Voltage (50 mV/div) Blue: RSENSE Voltage (50 mV/div)

7.3.3 Output Current Control (ADJ, SEN)
The TPS92561 power stage design follows two rules:
1. Output current is determined by the ADJ reference voltage, the sense resistor selected, and the converter

operating points, VIN and VLED.
2. Output frequency is determined by the inductance value and the SEN pin hysteresis VSEN. For off-line

applications, the effective hysteresis must be increased using an R-C filter on the SEN pin.

Because the TPS92561 device does not have leading edge blanking, the SEN pin filter must be used to obtain
consistent operation. The SEN pin filter is typically set using an R-C with a corner frequency close to the desired
switching frequency. Leading edge blanking was not implemented to allow high-frequency operation in other non-
off-line applications.

At start up (VADJ < 90 mV) a small current is supplied to the VADJ divider to ensure a reference is available to
begin converter switching. When the ADJ voltage is above 90 mV, the current source is shut off.

7.3.4 Overcurrent Protection
The TPS92561 device inherently limits the main switch current, but cannot implement output short circuit
protection because of the converter (boost) topology. To implement LED short-circuit protection in a boost
converter requires a blocking switch or other means to open the path to the output, which adds significant cost
and complexity to the solution and is not commonly used. An input fuse should be used as output overcurrent
protection.

7.3.5 Overvoltage Protection (OVP)
Overvoltage protection is implemented using a resistor voltage divider to the output. Note that the output voltage
is high (> 200 V) so the resistor divider should contain a high (> 1 MΩ) value. Also use a small cap on OVP.

First pick a value for R18, for example 1.6 MΩ and select the desired overvoltage protection voltage VOVP. Using
the VOVP-UPTH value (1.19 V, typical) the trip point can then be computed using:
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Feature Description (continued)

(1)

Figure 9. Overvoltage Protection Circuit

When the OVP trip point is reached the converter shuts off until the OVP voltage drops below the level controlled
by the OVP hysteresis, VOVP-HYS (44 mV, typical). After OVP is reached, switching begins again when VLED falls
to the restart voltage (one VOVP-HYS term ignored):

(2)

7.3.6 VCC Bias Supply and Start-Up
The TPS92561 device can be configured to obtain bias power in several different configurations: AUX winding
from the main inductor (see Figure 13), a linear regulator from the input rectified AC (see Figure 14), or a linear
regulator from the output LED voltage (see Figure 15). A linear regulator can be constructed from a resistor, a
Zener diode, and a N-Channel MOSFET. Each configuration has benefits and trade-offs.

Table 1. VCC Bias Power Configurations
BIAS CONFIGURATION DESCRIPTION

Highest efficiency bias choice
Coupled inductor bias with Requires a custom magnetic, which can range in cost similar to an off-the-shelf single coil inductorlinear regulator start-up

Method to start the TPS92561 device (linear) still required, however, can be undersized for start-up condition(see Figure 13)
only. VCCUVLO has not been engineered to support resistive start-up methods.
Lowest efficiency bias choice because output voltage is higher than input
Ensures fast output turn off due to bias draining output capacitorLinear regulator from

output Aids dimming performance under deep dimming, a stable bias is always available
(see Figure 14) Lower capacitance value required at VP pin, output capacitor is doubling as VP capacitor

Can be supplemented with charge pump bias circuit to achieve higher efficiency
Better efficiency performance than linear regulator derived from outputLinear regulator from input

(see Figure 15) Higher VP capacitor value required

7.3.7 VCC and VP Connection
A bias voltage with a maximum of 42 V is connected to the VP pin to supply the internal 8.3 V (typical) VCC
linear regulator. This voltage is also used to drive the main FET gate. Use a FET with a gate threshold at least
750 mV below the VCC voltage. The VCC capacitor ground must be placed at the SEN pin. This ensures the
SEN voltage is free of switching spikes that occur at the edge of each switching cycle.
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Figure 10. TPS92561 Bias, SRC, and CVCC Connection

7.4 Device Functional Modes
There are no additional functional modes for this device.
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8 Application and Implementation

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

8.1 Application Information

8.1.1 Setting the Output Current
Using the desired ADJ reference voltage, the input current can be calculated using Equation 3.

where
• VADJ can be DC, rectified AC derived, or other source. (3)

If VADJ is derived from a voltage divider from the input rectified AC, we can solve for the R9 resistor divider value
based on, for example, a VADJ voltage of 150 mV, an R17 value of 374 Ω, and the average value of the sine
wave:

(4)

Figure 11. TPS92561 ADJ Connection

To find the RSENSE value, where ƞ is the converter efficiency, assume 0.9.

(5)

8.1.2 Selecting an Inductance
The TPS92561 device is hysteretic. Therefore, switching transitions are based on the sensed current in the
inductor. There is no direct control of the switching frequency other then the relationship of the comparator
hysteresis to the inductor ripple. A typical switching frequency of an off-line converter using a rectified AC
injected reference could vary up to 50 kHz over a line cycle. This creates a spread-spectrum effect and helps
reduced conducted EMI.

A typical line injected (using a divided down rectified AC as the reference) hysteretic boost converter reaches the
peak switching frequency when VLED = 2 × VRECTIFIED AC, or when the duty cycle D = 0.5. We call this operating
point VIN-FSW-PK. Use this voltage as the typical operating point for the design equations. Solve for the VIN-FSW-PK
term based on Equation 6.
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Application Information (continued)

(6)

Select the approximate highest desired frequency (for example, fSW-PK of 65 kHz could be used), then design the
SEN pin filter with corner frequency equal to fSW-PK. The filter and the internal hysteresis define the inductor ripple
for a given inductance. This has the effect of increasing the SEN pin hysteresis VSEN-HYS-2 to approximately 140
mV. Select a C12 value between 1000 and 4700 pF. Solve for the resistor R12 in the filter based on Equation 7.

(7)

Figure 12. Current Sense

With the effective hysteresis, calculate the inductor peak-to-peak, ΔiL-PP ripple current using:

(8)

To find the converter inductance, L, substitute into:

(9)

To further aid in the converter design, see the TPS92561 design tool (SLUC517).

8.1.3 Important Design Consideration: Diode in Parallel With Sense Resistance
Figure 12 shows a diode in use in parallel with the RSENSE resistor. The diode clamps the SEN pin voltage when
the boost converter is first powered up. Because a boost converter utilizes a diode connected to the output, the
output capacitor is charged immediately when power is applied.

CAUTION
The current charging the output capacitor when VIN is applied flows through the sense
resistors, and if it is not clamped by the diode, can exceed the TPS92561 SEN pin
rating, which may damage the device.

8.1.4 Gate Driver Operation
An additional aid to converter operation and radiated EMI is to slow the main FET switching speed. This can be
accomplished by adding a resistor in series with the FET gate. A fast turn off diode across the resistor could also
be implemented to improve efficiency. For off-line designs, use a gate resistance value ≥ 75 Ω.
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Application Information (continued)
As in all power converters grounding and layout are key considerations. Give careful attention to the layout of the
sense resistors, GND pin, VCC, and SRC connections, as well as the FET Gate and Source connections. All
should follow short and low-inductance paths. For examples, see the TPS92561 EVM User's Guide, Using the
TPS92561 Off-Line Boost LED Driver (SLUUAU9).

8.1.5 Output Bulk Capacitor
The required output bulk capacitor, CBULK, stores energy during the input voltage zero crossing interval and limits
the twice the line frequency ripple component flowing through the LEDs. Equation 10 describes the calculation of
the output capacitor value.

where
• RLED is the dynamic resistance of LED string
• ILED(ripple) is the peak-to-peak LED ripple current
• fL is line frequency (10)

RLED is found by computing the difference in LED forward voltage divided by the difference in LED current for a
given LED using the manufacturer’s VF versus IF curve. For more details, see application report, AN-1656 Design
Challenges of Switching LED Drivers (SNVA253).

In typical applications, the solution size becomes a limiting factor and dictates the maximum dimensions of the
bulk capacitor. When selecting an electrolytic capacitor, manufacturer recommended de-rating factors should be
applied based on the worst case capacitor ripple current, output voltage, and operating temperature to achieve
the desired operating lifetime.

8.1.6 Phase Dimming
After following the design procedure for a TPS92561 non-dimming design, the creation of a TRIAC dimmer
compatible design only requires the addition of an input snubber (R-C), as shown in Figure 15. Ideally, a
capacitor value of 3× the input filter capacitance would be implemented to ensure sufficient damping of the input
filter resonance. However, capacitance values as low as 2× tested successfully. If the input voltage is used to
provide the converter reference, dimming occurs naturally with the decreasing ADJ set point and decreased
power transfer due to shorter line-cycle conduction times.

8.1.7 Example Circuits
Target LED lamp applications include:
• A-15, A-19, A-21, A-23
• R-20, R-25, R-27, R-30, R-40
• PS-25, PS-30, PS-35
• BR-30, BR-38, BR-40
• PAR-20, PAR-30, PAR-30L
• MR-16, GU-10
• G-25, G-30, G-40

Applications also include: fluorescent replacement, recessed (canister) type lighting replacement, and new LED-
specific lighting form factors.
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Application Information (continued)

Figure 13. Offline Boost Configuration With Auxiliary Winding and Linear Regulator for Start-Up

Figure 14. Offline Boost With Linear Regulator from Input Rectified AC
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Application Information (continued)

Figure 15. Offline Boost With Linear Regulator from VLED+,THD Improvement Resistor, Peak Power Limit
Circuit, EMI Filter, and Snubber for TRIAC Dimming

Figure 16. Closed-Loop Regulated E-Transformer Compatible, Non-TRIAC Dimmable Boost for AR111
and MR16 Lamps
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8.2 Typical Applications

8.2.1 Offline Boost Schematic for Design Example

Figure 17. Offline Boost Schematic

8.2.1.1 Design Requirements
• RMS Input Voltage: VIN-RMS
• LED Stack Voltage: VLED
• LED Current: ILED
• LED String Total Dynamic Resistance: RLED
• LED Ripple Current: ILED(ripple)
• Maximum Switching Frequency: fSW-PK
• Over-voltage Protection Level: VOVP
• Approximate Efficiency: η

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Set the LED Current

8.2.1.2.1.1 Calculate ADJ Pin Resistors

Calculate the ADJ pin resistors by choosing an ADJ voltage and a value for R17. R9 can then be calculated
using Equation 11.

(11)

8.2.1.2.1.2 Calculate the Current Sense Resistor

The current sense resistor RSENSE can be calculated with Equation 12.

(12)

8.2.1.2.1.3 Calculate the SEN Pin Series Resistance

The series resistance between the SEN pin and RSENSE can be calculated by choosing a value of C12 and using
Equation 13.
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Typical Applications (continued)

(13)

8.2.1.2.2 Calculate OVP Pin Resistors

The OVP pin resistor values can be calculated by choosing a high value for R18 (in the MΩ range) and
calculating the value for R19 with Equation 14.

(14)

The output voltage falling voltage level for re-start can then be calculated using Equation 15.

(15)

8.2.1.2.3 Calculate Inductor Value and Ripple Current

The inductor ripple current is based on the value of RSENSE. The ripple current can be found using Equation 16.

(16)

The input voltage where the maximum switching frequency occurs (VIN-FSW-PK) is required for calculating the
inductor value and can be found using Equation 17.

(17)

Now the inductor value can be calculated using the simplified Equation 18.

(18)

8.2.1.2.4 Calculate the Output Capacitor Value

The minimum output capacitor required to meet the LED current ripple requirements can be found using
Equation 19.

(19)

In this equation fL is the rectified line frequency or double the native line frequency.
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Typical Applications (continued)
8.2.2 11-W, 120-VAC Input, 225-V Output, Offline Boost Design Example

Figure 18. 11 W, 120-VAC Input, 225-V Output, Offline Boost Schematic

8.2.2.1 Design Requirements
• VIN-RMS = 120 V, 60 Hz
• VLED = 225 V
• ILED = 50 mA
• RLED = 80 Ω
• ILED(ripple) ≤ 25 mA
• fSW-PK = 65 kHz
• VOVP = 250 V
• Approximate Efficiency: η = 0.9

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Set the LED Current

8.2.2.2.1.1 Calculate ADJ Pin Resistors

Calculate the ADJ pin resistors by choosing an ADJ voltage and a value for R17. Choose an ADJ voltage of 150
mV and a low value of 374 Ω for R17 to get a reasonable value for R9. R9 can then be calculated using
Equation 20.

(20)

Choose the nearest standard value of R9 = 267kΩ.

8.2.2.2.1.2 Calculate the Current Sense Resistor

The current sense resistor RSENSE can be calculated with Equation 21.

(21)

Choose the nearest standard value of RSENSE = 1.43 Ω.
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Typical Applications (continued)
8.2.2.2.1.3 Calculate the SEN Pin Series Resistance

The series resistance between the SEN pin and RSENSE can be calculated by choosing a value of 2.2 nF for C12
and using Equation 22.

(22)

Choose the nearest standard value of R12 = 1.1 kΩ.

8.2.2.2.2 Calculate OVP Pin Resistors

The OVP pin resistor values can be calculated by choosing a value for R18 of 1.6MΩ and calculating the value
for R19 with Equation 23.

(23)

Choose the nearest standard value of R19 = 7.68kΩ. The output voltage falling voltage level for re-start can then
be calculated using Equation 24.

(24)

8.2.2.2.3 Calculate Inductor Value and Ripple Current

The inductor ripple current is based on the value of RSENSE. The ripple current for this application can be found
using Equation 25.

(25)

The input voltage where the maximum switching frequency occurs (VIN-FSW-PK) is required for calculating the
inductor value and can be found using Equation 26.

(26)

Now the inductor value can be calculated using the simplified Equation 27.

(27)

Choose the next highest standard inductor value of L = 10mH.

8.2.2.2.4 Calculate the Output Capacitor Value

The minimum output capacitor required to meet 25mA LED current ripple can be found using Equation 28.

(28)

In this equation fL is the rectified line frequency of 120 Hz. Choose the next highest standard capacitor value of
CBULK = 22µF.
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Typical Applications (continued)
8.2.2.3 Application Curve

Figure 19. Efficiency vs Input Voltage

9 Power Supply Recommendations
Use an AC power supply capable of 120-VAC and at least 12 W of output power.
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10 Layout

10.1 Layout Guidelines
The VP input capacitor, OVP resistors, and ADJ resistors/capacitor should be placed as close to the IC as
possible. The VCC capacitor, GATE resistor, and SEN capacitor should also be placed close to the device.
Minimize the switching node area (connection between Q, L, and D) and keep the discontinuous current
switching path as short as possible. This includes the loop formed by Q, RSENSE, and the diode D. The ground
connections for the TPS92561, the SEN filter capacitor, and RSENSE should all be tide closely together with a
solid ground plane.

10.2 Layout Example

Figure 20. Layout Recommendation
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation
For related documentation see the following:
• Using the TPS92561 Off-Line Boost LED Driver, SLUUAU9.
• AN-1656 Design Challenges of Switching LED Drivers, SNVA253.

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

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

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

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

11.4 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

11.5 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

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

Copyright © 2013–2015, Texas Instruments Incorporated Submit Documentation Feedback 23

Product Folder Links: TPS92561

http://www.ti.com/product/tps92561?qgpn=tps92561
http://www.ti.com
http://www.ti.com/lit/pdf/SLUUAU9
http://www.ti.com/lit/pdf/SNVA253
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSCD1C&partnum=TPS92561
http://www.ti.com/product/tps92561?qgpn=tps92561


PACKAGE OPTION ADDENDUM

www.ti.com 10-Dec-2020

Addendum-Page 1

PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TPS92561DGN ACTIVE HVSSOP DGN 8 80 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR -40 to 125 92561

TPS92561DGNR ACTIVE HVSSOP DGN 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR -40 to 125 92561

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI 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.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) 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.

 
(6) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI and TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

http://www.ti.com/product/TPS92561?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS92561?CMP=conv-poasamples#samplebuy


PACKAGE OPTION ADDENDUM

www.ti.com 10-Dec-2020

Addendum-Page 2

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TPS92561DGNR HVSSOP DGN 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION

www.ti.com 5-Jan-2022

Pack Materials-Page 1



*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPS92561DGNR HVSSOP DGN 8 2500 366.0 364.0 50.0
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TUBE

*All dimensions are nominal

Device Package Name Package Type Pins SPQ L (mm) W (mm) T (µm) B (mm)
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4225482/A
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PACKAGE OUTLINE
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PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE
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1

4

5

8

0.13 C A B

PIN 1 INDEX AREA

SEE DETAIL  A

0.1 C

NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. 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. 
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
5. Reference JEDEC registration MO-187.
 

PowerPAD is a trademark of Texas Instruments.
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EXAMPLE BOARD LAYOUT

0.05 MAX
ALL AROUND

0.05 MIN
ALL AROUND

8X (1.4)

8X (0.45)

6X (0.65)

(4.4)

(R0.05) TYP

(2)
NOTE 9

(3)
NOTE 9

(1.22)

(0.55)
( 0.2) TYP

VIA

(1.57)

(1.89)

PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE

4225480/B   12/2022

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

TM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 15X

SYMM

SYMM

1

4
5

8

SOLDER MASK
DEFINED PAD

METAL COVERED
BY SOLDER MASK

SEE DETAILS

9

15.000

METALSOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
OPENING

EXPOSED METALEXPOSED METAL

SOLDER MASK DETAILS

NON-SOLDER MASK
DEFINED

(PREFERRED)

SOLDER MASK
DEFINED
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EXAMPLE STENCIL DESIGN

8X (1.4)

8X (0.45)

6X (0.65)

(4.4)

(R0.05) TYP

(1.57)
BASED ON

0.125 THICK
STENCIL

(1.89)
BASED ON

0.125 THICK
STENCIL

PowerPAD   VSSOP - 1.1 mm max heightDGN0008G
SMALL OUTLINE PACKAGE

4225480/B   12/2022

1.33 X 1.600.175
1.43 X 1.730.15

1.57 X 1.89 (SHOWN)0.125
1.76 X 2.110.1

SOLDER STENCIL
OPENING

STENCIL
THICKNESS

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.
 

TM

SOLDER PASTE EXAMPLE
EXPOSED PAD 9:

100% PRINTED SOLDER COVERAGE BY AREA
SCALE: 15X

SYMM

SYMM

1

4 5

8

METAL COVERED
BY SOLDER MASK

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES



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 TI 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. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI 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 TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Revision History
	5 Pin Configuration and Functions
	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings
	6.3 Recommended Operating Conditions
	6.4 Thermal Information
	6.5 Electrical Characteristics
	6.6 Typical Characteristics

	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 Feature Description
	7.3.1 Basics of Operation
	7.3.2 Sample Scope Capture
	7.3.3 Output Current Control (ADJ, SEN)
	7.3.4 Overcurrent Protection
	7.3.5 Overvoltage Protection (OVP)
	7.3.6 VCC Bias Supply and Start-Up
	7.3.7 VCC and VP Connection

	7.4 Device Functional Modes

	8 Application and Implementation
	8.1 Application Information
	8.1.1 Setting the Output Current
	8.1.2 Selecting an Inductance
	8.1.3 Important Design Consideration: Diode in Parallel With Sense Resistance
	8.1.4 Gate Driver Operation
	8.1.5 Output Bulk Capacitor
	8.1.6 Phase Dimming
	8.1.7 Example Circuits

	8.2 Typical Applications
	8.2.1 Offline Boost Schematic for Design Example
	8.2.1.1 Design Requirements
	8.2.1.2 Detailed Design Procedure

	8.2.2 11-W, 120-VAC Input, 225-V Output, Offline Boost Design Example
	8.2.2.1 Design Requirements
	8.2.2.2 Detailed Design Procedure
	8.2.2.3 Application Curve



	9 Power Supply Recommendations
	10 Layout
	10.1 Layout Guidelines
	10.2 Layout Example

	11 Device and Documentation Support
	11.1 Documentation Support
	11.1.1 Related Documentation

	11.2 Community Resources
	11.3 Trademarks
	11.4 Electrostatic Discharge Caution
	11.5 Glossary

	12 Mechanical, Packaging, and Orderable Information



