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Introduction

The LM5140-Q1 High Density evaluation module helps designers to evaluate the operation and
performance of the LM5140-Q1 synchronous buck controller. The EVM operates over the input voltage
range of 3.8 V to 42 V. The EVM provides two independent outputs, a 3.3-V output with a maximum load
current of 5 A, and a 5-V output with a maximum load current of 5 A. The device offers configurability and
can be setup to switch at 440 kHz or 2.2 MHz.

1.1 Features and Performance
The EVM supports the following features and performance capabilities:
• The LM5140-Q1 is qualified to AEC-Q100 grade 1 (-40ºC to +125ºC operating junction temperature)
• VIN 3.8 V to 42 V (EVM)
• Two outputs:

– VOUT1 fixed 3.3 V, 5 V, or adjustable from 1.5 V to 15 V
– VOUT2 fixed 5 V, 8 V, or adjustable from 1.5 V to 15 V

• Shutdown Mode IQ: 9 µA
• Low IQ Standby: 35 µA typical (1-channel in regulation, no load)
• The outputs can be synchronized to an external clock
• A SYNC output
• A fixed 2.2 MHz, or 440-kHz oscillator frequency
• EN1 enables Output 1
• EN2 enables Output 2
• Hiccup Mode for sustained overload
• Independent power good (PG1 and PG2) signals
• Gate drive with slew rate control for reduced EMI
• Diode Emulation or forced pulse-width modulation (FPWM)

Table 1-1 contains the electrical performance data for this EVM.

Table 1-1. Electrical Performance

PARAMETER TEST CONDITION MIN TYP MAX UNIT
INPUT CHARACTERISTICS

Input Voltage
3.3-V Output 3.8 42

V
5-V Output 5.5 42

OUTPUT CHARACTERISTICS
Output Voltage 1 ILOAD = 5 A 3.267 3.3 3.333 V
Output Current 5 A
Output Voltage 2 ILOAD = 5 A 4.95 5.0 5.05 V
Output Current 5 A
SYSTEM CHARACTERISTICS
Switching Frequency 2 2.2 2.4 MHz

Full Load Efficiency VIN = 12 V, VOUT1 = 3.3 V at 5 A, VOUT2 = 5 V
at 5 A 84%
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Setup

This section describes the input and output connections to the LM5140-Q1 HD EVM and other functional
settings.

Table 2-1 lists the jumpers and test point descriptions.

Table 2-1. Jumpers and Test Points

PIN NAME DESCRIPTION COMMENTS
J1-1 The + (positive) VIN power for the EVM.
J1-2 The - (negative) VIN power for the EVM.
J5-1 EN1- Enable VOUT1
J5-2
J5-3 EN1 Disable VOUT1 Factory default setting
J6-1 EN2-Enable VOUT2
J6-2
J6-3 EN2-Disable VOUT2 Factory default setting
J7-1 FPWM
J7-3 DEMB Factory default setting
TP1 Output 1 regulated output voltage.
TP2 Output 1 ground (GND) connection.

TP3 PG1 an open collector output which goes low if VOUT1 is outside of the
regulation window. Monitor for PG1

TP6 SYNC_OUT a TTL level output signal 180º out of phase of HO1.

TP8 PG2 an open collector output which goes low if Vout1is outside of the
regulation window Monitor for PG2

TP9 Output 2 regulated output voltage for the converter.
TP10 Output 2 ground (GND) connection.
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Setup Input and Loads

3.1 Input and Output
The input voltage range for the EVM is 3.8 V to 42 V. The EVM output 1 is configured for 3.3V and is
rated for 5-A continuous, output 2 is 5 V, and is rated for 5-A continuous.

3.2 Enabling the Outputs
To enable VOUT1 place a header from J5-1 to J5-2, to enable VOUT2 place header from J6-1 to J6-2.
The EVM outputs can be enabled before or after VIN has be applied.
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Test Equipment

4.1 Power Supply
The power supply should be capable of 50 V / 10 A.

4.2 Electronic Loads
The electronic load should be capable of 10 V / 10 A used in Constant Current Mode.

4.3 Meters
A current meter is required to measure the input current accurately. The maximum current rating of the
meter should be carefully considered. The input current can be as high as 7.5 A with both outputs at full
load at the minimum input voltage. The output voltage should be monitored with a voltage meter capable
of monitoring up to 10 V.

4.4 Oscilloscope
A oscilloscope and 10x probe with at least 20-MHz bandwidth is required.

4.5 Airflow
Full rated power should never be attempted without providing the specified 200 CFM of air flow over the
evaluation board. This can be provided by a stand-alone fan.
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Test Setup and Procedure

Please read the LM5140-Q1 data sheet (SNVSA02) before using the EVM. A typical LM5140-Q1 test
bench setup is shown in Figure 5-1. The power supply and loads should be capable of handling the input
and output voltage and current rating of the board. Prior to applying power to the EVM, make sure that
jumpers J5, J6, and J7 are set to the correct positions, refer to Table 2-1.
1. Connect the power and ground connections VIN (J1-1) and GND (J1-2) to the power supply.
2. Connect an ammeter in series with the positive input, if needed.
3. Connect a DVM from TP1 (+) to TP2 (-).
4. Connect a DVM from TP9 (+) to TP10 (-).
5. Connect a resistive load or an electronic load across terminals (VOUT1) TP1 (+) and GND (TP2).
6. Connect a resistive load or and electronic load across terminals (VOUT2) TP9 (+) and GND (TP10-).
7. An ammeter can be inserted in series with the loads to observe the load current.
8. Refer to Table 2 for the jumper setting to enable VOUT1 and VOUT2.
9. With the load initially set to no load, set the power supply to 12 V and turn on the power supply. Check

for VOUT1 3.3 V and VOUT2 5 V at the output.
10. Once the output is at the expected target (12 V), increase the load gradually within the operating

range.

Figure 5-1. EVM Connections
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Test Data Performance and Curves

The following curves are presented for reference. Actual field data may differ for the curves. Actual
performance data can be affected by measurement technique, equipment settings, and environmental
conditions.

6.1 Efficiency
The efficiency measurements (Figure 6-1 and Figure 6-2) were made with VOUT1 and VOUT2 enabled
and with the same load current, operating at 2.2 MHz.

Figure 6-1. Efficiency in FPWM, VIN 12 V

Figure 6-2. Efficiency in DEMB, VIN 12 V
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6.2 Voltage Regulation

Figure 6-3. Voltage Regulation 3.3-V Output

Figure 6-4. Voltage Regulation 5-V Output

6.3 Low VIN Start-Up (3.8 V)
The Low VIN start-up test (Figure 6-5) run with VOUT 1 enabled (3.3 V) with a 4-A load, VOUT2 disabled.

Figure 6-5. 3.8 V Start-Up

http://www.ti.com
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6.4 CISPR 25 Class 5
Figure 6-6 and Figure 6-7 illustrate CISPR Class 5 limits with 12-V input, 5 A at 3.3-V and 5 A at 5-V
outputs, 2.2 MHz, resistive loads, CISPR 25 CE setup.

Figure 6-6. CISPR 25 Class 5 Peak Detection 150 kHz to 30 MHz

Figure 6-7. CISPR 5 Average Detection 150 kHz to 30 MHz

http://www.ti.com
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6.5 Cold Crank
Cold Crank Start-Up, Vout1 enabled (3.3 V) with a 4-A load, VOUT2 (5 V) disabled.

Figure 6-8. Cold Crank Start-Up

6.6 Bode Plot
The Bode Plot (Figure 6-9) VIN 12 V, VOUT1 (3.3 V) with a 5-A load, VOUT2 was disabled. The phase
margin is 90 degrees and the gain margin is –20 dB.

Figure 6-9. Bode Plot 3.3-V Output, 5-A Load

The Bode Plot (Figure 6-10) VIN 12 V, VOUT (5 V) with 5-A load, VOUT1 was disabled. The phase
margin is 90 degrees and the gain margin is –24 dB.

Figure 6-10. Bode Plot 5-V Output, 5-A Load

http://www.ti.com
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6.7 Transient Response
The transient response test, Figure 6-11, VOUT1 enabled, operating at 2.2 MHz, and VOUT2 disabled.
The load step from 0.6 A to 5 A, the output undershoot and overshoot 100 mV.

Figure 6-11. 3.3-V Output Transient Response 0.6 A to 5 A

The transient response test, Figure 6-12, VOUT1 enabled, operating at 2.2 MHz, and VOUT2 disabled.
The load was step from 3 A to 5 A, the output overshoot and undershoot 50 mV.

Figure 6-12. 3.3-V Output Transient Response 3 A to 5 A

The transient response test, Figure 6-13, VOUT2 enabled, operating at 2.2 MHz, and VOUT1 disabled.
The load was step from 0.6 A to 5 A, the output overshoot and undershoot 120 mV.

Figure 6-13. 5-V Output Transient Response 0.6-A to 5-A Load

The transient response test, Figure 6-14, VOUT2 enabled, operating at 2.2 MHz, and VOUT1 disabled.
The load was step from 3 A to 5 A, the output undershoot and overshoot 180 mV.

http://www.ti.com
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Figure 6-14. 5-V Output Transient Response 3-A to 5-A Load

6.8 PWB Board Temperature
VIN 12 V, 3.3 V at 5 A, 5 V at 5 A

Figure 6-15. Thermal Image PWB Bottom Side

Figure 6-16. Thermal Image PWB Top Side

http://www.ti.com
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Design Files

7.1 Schematics
To download the schematics for each board, see the design files at http://www.ti.com/tool.

Figure 7-1. Schematic LM5140HD EVM
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Design Files

7.2 Bill of Materials
To download the Bill of Materials for each board, see the design files at http://www.ti.com/tool.

Table 7-1. BOM LM5140HD EVM

ITEM QTY REFERENCE VALUE PART DESCRIPTION MANUFACTURER MANUFACTURER
PART NUMBER

PCB
FOOTPRINT

1 1 SVA — Printed Circuit Board Any SV5140HD —

2 1 C1, C2, C21, C29,
C42, C43 0.1 µF CAP, CERM, 0.1 µF, 100V,

±10%, X7R, 0603 MuRata GRM188R72A104
KA35D 0603

3 6 C3 0.1 µF CAP, CERM, 0.1 μF, 100 V,
±10%, X7R, 0805 Kemet C0805C104K1RA

CTU 0805

4 1 C5, C7, C39 82 µF
CAP, Aluminum Polymer, 82 μF,
16 V, ±20%, 0.03 Ω,
D6.3xL5.8mm SMD

Wurth Elektronik 875105344009 D6.3xL5.8mm

5 3 C6 10 µF CAP, CERM, 10 μF, 63 V, ±10%,
X7R, 1210 MuRata GRM32ER71J106

KA12L 1210

6 1 C8, C38 47 µF CAP, CERM, 47 µF, 16V, ±15%,
X5R, 1206 TDK C3216X5R1C476

M160AB 1206

7 2 C9, C37 33 PF CAP, CERM, 33 pF, 100 V, ±5%,
C0G/NP0, 0603 AVX 06031A330JAT2A 0603

8 2 C10 47 µF CAP, AL, 47 μF, 50 V, ±20%, 0.3
Ω, SMD Panasonic EEE-FC1H470P SMT Radial G

9 1 C11, C13 1 µF CAP, CERM, 1 µF, 100V, ±20%,
X7R, 1206 TDK C3216X7R2A105

M160AA 1206

10 2 C14, C15, C16,
C33, C34, C35 2.2 µF CAP CER 2.2 µF 100V 10% X7R

1206 Samsung CL31B225KCHSN
NE

1206 (3216
Metric)

11 6 C17, C18, C23,
C25, C31, C32 0.01 µF CAP, CERM, 0.01 μF, 100 V,

±20%, X7R, 0603 TDK C1608X7R2A103
M 0603

12 6 C19 22 PF CAP, CERM, 22 pF, 50 V, ±5%,
C0G/NP0, 0603 Kemet C0603C220J5GA

CTU 0603

13 1 C20, C28 0.068 µF CAP, CERM, 0.068 μF, 25 V,
±10%, X7R, 0603 MuRata GRM188R71E683

KA01D 0603

14 2 C22, C24 2.2 µF CAP, CERM, 2.2 μF, 10 V, ±20%,
X5R, 0603 Kemet C0603C225M8PA

CTU 0603

15 2 C26 0.47 µF CAP, CERM, 0.47 µF, 100V,
±10%, X7R, 0805 MuRata GRM21BR72A474

KA73L 0805

16 1 C27 0.1 µF CAP, CERM, 0.1 μF, 50 V, ±10%,
X7R, 0603 MuRata GRM188R71H104

KA93D 0603

17 1 C30 47 pF CAP, CERM, 47 pF, 50 V, ±5%,
C0G/NP0, 0603 Kemet C0603C470J5GA

CTU 0603

18 1 D1, D4 70 V Diode, Schottky, 70 V, 1A, SMA Diodes Inc. B170-13-F SMA

19 2 D2, D3 60 V Diode, Schottky, 60 V, 1 A, SOD-
323F NXP Semiconductor PMEG6010CEJ,11

5 SOD-323F

20 2 H1, H2, H3, H4 — Bumpon, Hemisphere, 0.44 X
0.20, Clear 3M SJ-5303 (CLEAR) Transparent

Bumpon

21 4 J1 — TERM BLOCK 2POS 5mm, TH Phoenix Contact 1729018 10x10x8.1 mm

22 1 J2, J4 — TEST POINT SLOTTED .118",
TH Keystone 1040 Test point, TH

Slot Test point

23 2 J5, J6, J7 — Header, 2.54 mm, 3x1, Tin, TH Samtec TSW-103-07-T-S Header, 2.54
mm, 3x1, TH

24 3 L1 3.6 µH
Inductor, Shielded, Metal
Composite, 3.6 μH, 8.6 A,
0.00525 Ω, SMD

Wurth Elektronik 7447798360 10.2 x 6.4 x
10.2mm

25 1 L2 1.5 µH
Inductor, Shielded Drum Core,
Ferrite, 1.5 μH, 7.85 A, 0.01 Ω,
SMD

Coilcraft MSS1038-152NLB MSS1038

26 1 L3 2.5 µH
Inductor, Shielded Drum Core,
Ferrite, 2.5 μH, 6.65 A, 0.01 Ω,
SMD

Coilcraft MSS1038-252NLB MSS1038

27 1 Q1, Q2, Q3, Q4 60 V MOSFET, N-CH, 60 V, 5.6 A,
PowerPAK 1212 Vishay-Siliconix SI7414DN-T1-E3 PowerPAK 1212

28 4 R1, R26 100 k RES, 100 k, 1%, 0.125 W, 0805 Vishay-Dale CRCW0805100KF
KEA 0805

http://www.ti.com
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Table 7-1. BOM LM5140HD EVM (continued)

ITEM QTY REFERENCE VALUE PART DESCRIPTION MANUFACTURER MANUFACTURER
PART NUMBER

PCB
FOOTPRINT

29 2 R3, R10, R15,
R20, R25 0 RES, 0, 5%, 0.1 W, 0603 Yageo America RC0603JR-070RL 0603

30 5 R4 0.007 RES, 0.007, 1%, 1 W, 0612 Susumu Co Ltd PRL1632-R007-F-
T1 0612

31 1 R5 1 RES, 1.0 Ω, 5%, 0.25W, 1206 Vishay-Dale CRCW12061R00J
NEA 1206

32 1 R6, R23 49.9 RES, 49.9, 1%, 0.1 W, 0603 Vishay-Dale CRCW060349R9F
KEA 0603

33 2 R7, R21 10 k RES, 10.0 kΩ, 1%, 0.1W, 0603 Yageo America RC0603FR-
0710KL 0603

34 2 R9, R12, R13,
R16, R17, R19 10 RES, 10.0, 1%, 0.1 W, 0603 Yageo America RC0603FR-

0710RL 0603

35 6 R11 6.49 k RES, 6.49 k, 1%, 0.1 W, 0603 Vishay-Dale CRCW06036K49F
KEA 0603

36 1 R14 0 RES, 0 Ω, 5%, 0.1W, 0603 Yageo America RC0603JR-070RL 0603

37 1 R18 10 k RES, 10.0 k, 1%, 0.1 W, 0603 Yageo America RC0603FR-
0710KL 0603

38 1 R24 0.009 RES, 0.009, 1%, 1 W, 0612 Susumu Co Ltd PRL1632-R009-F-
T1 0612

39 1 SV5140HD
Thermal Transfer Printable
Labels, 0.650" W x 0.200" H -
10,000 per roll

Brady THT-14-423-10
PCB Label
0.650"H x
0.200"W

40 1 TP1, TP2, TP9,
TP10 Triple Terminal, Turret, TH, Triple Keystone 1598-2 Keystone1598-2

41 4 TP3, TP6, TP8 SMT Test Point, Miniature, SMT Keystone 5015 Testpoint_Keysto
ne_Miniature

42 3 U1
Wide Input Range Dual
Synchronous Buck Controller,
RHA0040C

Texas Instruments LM5140RHA RHA0040C

43 1 C4, C40, C41 82 µF
CAP, Aluminum Polymer, 82 μF,
16 V, ±20%, 0.03 Ω,
D6.3xL5.8mm SMD

Wurth Elektronik 875105344009 D6.3xL5.8mm

44 0 C12, C36 1000 pF CAP, CERM, 1000 pF, 100 V,
±5%, C0G/NP0, 0805 TDK C2012C0G2A102J 0805

45 0 R8, R22 1 RES, 1.00, 1%, 0.5 W, 1206 Stackpole Electronics
Inc. CSR1206FK1R00 1206
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7.3 Layout Prints
To download the layout prints for each board, see the design files at http://www.ti.com/tool.

Figure 7-2. EVM Top Layer Silkscreen

Figure 7-3. EVM Top Copper Layer

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVU521
http://www.ti.com/tool


Layout Prints www.ti.com

18 SNVU521–July 2016
Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated

Design Files

Figure 7-4. EVM Middle Layer 1

Figure 7-5. EVM Middle Layer 2
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Figure 7-6. Bottom Layer Silkscreen

Figure 7-7. EVM Bottom Copper Layer
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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
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