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AN-2205 LM25118 Evaluation Board

1 Introduction

The LM25118 Evaluation Board is designed to provide the design engineer with a fully functional,
Emulated Current Mode Control, buck-boost power converter to evaluate the LM25118 controller IC. The
evaluation board provides a 12V output with 3A of output current capability. The evaluation board’s wide
input voltage range is from 42V to 5V, with operation down to 3V with some component changes. The
evaluation board operates at 300 kHz, a good compromise between conversion efficiency, tradeoffs
between buck and buck-boost mode requirements, and converter size. The printed circuit board consists
of 4 layers with 2 ounce copper top and bottom, and 1 ounce copper on internal layers. The board is
constructed with FR4 material. This user' guide contains the evaluation board schematic, bill-of-materials
(BOM) and a quick setup procedure. For more complete circuit and design information, see the
LM25118/LM25118Q Wide Voltage Range Buck-Boost Controller (SNVS726) data sheet and quick start.

2 IC Features
• Integrated High and Low Side Driver

• Internal High Voltage Bias Regulator

• Wide Input Voltage Range: 5V to 42V

• Emulated Current Mode Control

• Single Inductor Architecture

• VOUT Operation below and above VIN

• Single Resistor Sets Oscillator Frequency

• Oscillator Synchronization Capability

• Programmable Soft-Start

• Ultra Low (<10 µA) Shutdown Current

• Enable Input

• Wide Bandwidth Error Amplifier

• Adjustable Output Voltage 1.23V-38V

• 1.5% Feedback Reference Accuracy

• Thermal Shutdown

• No VIN to VOUT Connection during Fault Protection

3 Package

HTSSOP-20EP (Exposed Pad)

4 Application Circuit

See the detailed LM25118EVAL schematic at Figure 9.

All trademarks are the property of their respective owners.
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Figure 1. Efficiency

Figure 1 illustrates the efficiency of the converter vs. input voltage and output current. These curves
highlight the high efficiency of the converter, especially considering the simplicity of design offered by a
non synchronous implementation. Note the discontinuity in the curves at approximately 17V and 13V
which represent mode transition boundaries. The lower efficiencies in the buck-boost region reflect
additional losses at higher input and inductor currents. The decrease in efficiency at higher input voltages
represents higher switching losses.

The performance of the evaluation board is as follows:
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• Input Range: 42V to less than 5V at Full Current

• Operation to 3V at Reduced Current and Appropriate Adjustments*

• Output Voltage: 12V

• Output Current: 0 to 3A

• Frequency of Operation: 300 kHz

• Board Size: 3.45 X 2.65 inches

• Load Regulation: 1%

• Line Regulation: 0.1%

• Over-Current Limiting

• Operation with VIN Greater or Less than Vout

*Operation at full current to around 3V is possible with current limit sense resistor, UVLO threshold, and
corresponding Cramp adjustment. Additional input capacitance may be required. For more details, see the
LM25118/LM25118Q Wide Voltage Range Buck-Boost Controller (SNVS726) data sheet.

5 Air Flow

Prolonged operation without airflow at low input voltage and at at full power will cause the MOSFET’s and
Diodes to overheat. A fan with a minimum of 200 LFM should always be provided. Figure 2 illustrates the
temperature rise of various components with no airflow. The ambient was 25°C, and VIN was 8V.

Figure 2. Temperature vs Load Current With No Airflow – 25°C Ambient

6 Powering Up

Connecting the IC’s enable pin to ground will allow powering up the source supply with a minimal output
load. Set the current limit of the source supply to provide about 1.5 times the anticipated wattage of the
load. Note that input currents become very high at low input voltages, which requires an appropriate input
supply. As you remove the connection from the enable pin to ground, immediately check for 12 volts at the
output.

A quick efficiency check is the best way to confirm that everything is operating properly. If something is
amiss, you can be reasonable sure that it will affect the efficiency adversely. Few parameters can be
incorrect in a switching power supply without creating losses and potentially damaging heat.
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7 Over Current Protection

The evaluation board is configured with over-current protection. The output current is limited to
approximately 4.5 amps in the buck-boost mode The 4.5A value allows for component tolerances to
specify a 3A output current. Note this current will be almost double, or about 7 amps in buck mode (Vin
greater than 17 volts) due to the difference in peak inductor currents in the two different modes. However,
a hard short will trigger the hiccup mode of current limit as illustrated in Figure 3. In this mode, the
average output current will be less than .2 amps.

Figure 3. Short Circuit Current

8 VCCX

A place for a jumper between VOUT and VCCX is provided on the PC board. If operation below about 6
volts is required, connect the jumper to allow VCCX to power the converter (the exact voltage depends on
the gate drive requirements of the switching FETs). The converter does require a minimum VIN of 5V to
initially start. When running, the input voltage can decrease to below 5V at reduced current with VCCX
connected to VOUT. Note that this design uses a current limit value to specify a full 3A of output current at
a minimum VIN of 5V. For operation lower than 5V, the current limit resistor, UVLO threshold, and ramp
capacitor must be re-calculated. Caution: make sure the input supply can source the required input
current. Operation at low VIN at full power may overheat and damage the MOSFET’s and Diodes supplied
on the board. Note there is a limit of 14 volts applied to VCCX. Never exceed this value if operating VCCX
from an external source, or operating the board with Vout greater than 12 volts. To prevent oscillation,
connect and additional 100uF or greater electrolytic capacitor across Vin for input voltages less than 5
volts.

9 Mode Transition

With Vout set at 12 volts, the LM25118 applications board will operate in the buck mode with VIN greater
than about17 volts. As VIN is reduced below 17 volts, the converter begins to operate in a soft buck-boost
mode. As VIN is decreased below 14 volts, the converter smoothly transitions to a pure buck-boost mode.
This method of mode transition insures a smooth, glitch free operation as VIN is varied over the transition
region.
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Figure 4. Mode Transition

Figure 4 illustrates soft mode transition. The boost switch pulse-width is relatively narrow compared to the
buck switch waveform. The boost switch pulse-width will gradually increase as VIN decreases, and will
eventually match and lock to the buck switch waveform. At this point, the converter enters full buck-boost
operation.

10 Typical Waveforms

CH1: VSW = 20V/div
CH2: Q1 = 20V/div
CH3: Q2 = 10V/div
CH4: IL = 5A/div

Figure 5. Vin = 10V, Iout = 1A, illustrating Buck-Boost Operation
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CH1: VSW = 20V/div
CH2: Q1 = 20V/div
CH3: Q2 = 10V/div
CH4: IL = 2A/div

Figure 6. Vin = 18V, Iout = 3A Illustrating Buck Operation

CH2: VOUT = 0.1V/div
CH4: IOUT = 1A/div

Figure 7. Transient Response

CH1: VIN = 10V/div
CH2: VOUT = 10V/div
CH3: VCC = 5V/div
CH4: UVLO = 5V/div

Figure 8. Start-Up Waveforms
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11 Evaluation Board

Figure 9. Evaluation Board Schematic
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Table 1. Bill of Materials

ID Description Mfgr Part Number Manufacturer

C1, C2, C3, C4, Capacitor, MLCC, 2.2μF, 100V, ±20%, C4532X7R2A225M TDKC5 X7R, 1812

Capacitor, MLCC, 0.1μF, 100V, ±10%, Murata Electronics NorthC6, C16, C17 GRM188R72A104KA35DX7R, 0603 America

Capacitor, Polymer Aluminum, 180μF,C7, C8 APXH160ARA181MJ80G United Chemi-Con16V, ±20%, SMD

Capacitor, MLCC, 47μF, 16V, ±10%, Murata Electronics NorthC9, C10 GRM32ER61C476KE15LX5R, 1210 America

Capacitor, MLCC, 0.47μF, 25V, ±10%,C11, C12 12063C474KAT2A AVX CorporationX7R, 1206

Capacitor, MLCC, 0.1µF, 100V, ±10%,C13 C0805C104K1RACTU KemetX7R, 0805

C14 Not Installed N/A N/A

Capacitor, MLCC, 2200pF, 100V, ±10%, Murata Electronics NorthC15 GRM188R72A222KA01DX7R, 0603 America

Capacitor, MLCC, 330pF, 100V, ±5%, Murata Electronics NorthC18 GRM1885C2A331JA01DNP0, 0603 America

C19 Not Installed N/A N/A

Capacitor, MLCC, 1µF, 25V, ±10%, X7R, Murata Electronics NorthC20, C21 GRM219R71E105KA88D0805 America

D1 Not Installed N/A N/A

D2 Diode, Schottky, 35V, 5A, DPAK MBRD1035CTLT4G ON Semiconductor

D3 Diode, Schottky, 100V, 20A, TO-263AB VB40100C-E3/4W Vishay/General Semiconductor

J1, J2,J3, J4 Terminal, Turret, Double, .109"L Brass 1503-2K Keystone Electronics

Inductor, Shielded E Core, Ferrite, 10μH,L1 SER2915H-103KL Coilcraft18A, 1.86mΩ, SMD

MOSFET N-Channel, 75V, 28A, PPAK,Q1, Q2 SI7148DP Vishay/SiliconixSOIC-8

R1 Not Installed N/A N/A

Resistor, 75.0kΩ, 0.125W, ±1% ThickR2 CRCW080575K0FKEA Vishay/DaleFilm, 0805

Resistor, 1.00MΩ, 0.125W, ±1% ThickR3 CRCW08051M00FKEA Vishay/DaleFilm, 0805

R4 Resistor, 0.0Ω, 0.25W, Thick Film, 1206 CRCW12060000Z0EA Vishay/Dale

R5 Resistor, 0.0Ω, 0.10W, Thick Film, 0603 CRCW06030000Z0EA Vishay/Dale

Resistor, 15mΩ, 2W, ±2%,Thin Film,R6 RL7520WT-R015-G Susumu-USA3008

R7 Not Installed N/A N/A

Resistor 2.67kΩ, 0.10W, ±1%, Thick Film,R8 CRCW06032K67FKEA Vishay/Dale0603

Resistor, 10.0Ω, 0.10W, ±1%,Thick Film,R9 CRCW060310R0FKEA Vishay/Dale0603

Resistor, 10.0kΩ, 0.10W, ±1%, ThickR10 CRCW060310K0FKEA Vishay/DaleFilm, 0603

Resistor, 29.4kΩ, 0.10W, ±0.1%, ThinR11 RT0603BRD0729K4L YageoFilm, 0603

Resistor, 16.2kΩ, 0.10W, ±1%, ThickR12 CRCW060316K2FKEA Vishay/DaleFilm, 0603

R13 Not Installed N/A N/A

Resistor, 309Ω,0.10W, ±1%, Thick Film,R14 CRCW0603309RFKEA Vishay/Dale0603

TP1, TP9 Test Point, PC Multi- Purpose, Black 5011K Keystone Electronics

TP2 Test Point, PC Multi- Purpose, Red 5010K Keystone Electronics
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Table 1. Bill of Materials (continued)

ID Description Mfgr Part Number Manufacturer

TP3,TP4, TP7, Test Point, PC Multi- Purpose, White 5012K Keystone ElectronicsTP8

U1 IC, PWM, HTSSOP 20 LM25118 Texas Instruments
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12 Printed Circuit Board Layout

Figure 10. LM25118MH Connection Diagram

Figure 11. Top Layer as Viewed from Top
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Figure 12. Copper Layer 1 (Top) as Viewed from Top

Figure 13. Copper Layer 2 (Mid-Layer 1) as Viewed from Top
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Figure 14. Copper Layer 3 (Mid-Layer 2) as Viewed from Top

Figure 15. Copper Layer4 (Bottom) as Viewed from Top
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Figure 16. Bottom Layer as Viewed from Top

Figure 17. Drill Guide and Board Dimensions as Viewed from Top
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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