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LMZ31710, LMZ31707 and LMZ31704
Simple Switcher® Power Module Evaluation Module

The LMZ31710EVM-001, LMZ31707EVM-002 and LMZ31704EVM-003 evaluation modules are designed
as an easy-to-use platform that facilitates an extensive evaluation of the features and performance of the
Simple Switcher® power module. This guide provides information on the correct usage of the EVM and an
explanation of the numerous test points on the board.
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1 Description

This EVM features the LMZ31710 (10-A), LMZ31707 (7-A), or LMZ31704 (4-A), synchronous buck power
module configured for operation with typical 5-V and 12-V input bus applications. The output voltage can
be set to one of seven popular values by using a configuration jumper. In similar fashion, the switching
frequency can be set to one of seven values with a jumper. The full output current rating of the device can
be supplied by the EVM. Input and output capacitors are included on the board to accommodate the entire
range of input and output voltages. Monitoring test points are provided to allow measurement of efficiency,
power dissipation, input ripple, output ripple, line and load regulation, and transient response. Control test
points are provided for use of the PWRGD, Inhibit/UVLO, synchronization, and slow-start/tracking features
of the LMZ317xx device. The EVM uses a recommended PCB layout that maximizes thermal performance
and minimizes output ripple and noise.

2 Getting Started

Figure 1 highlights the user interface items associated with the EVM. The polarized PVin Power terminal
block (TB1) is used for connection to the host input supply and the polarized Vout Power terminal block
(TB2) is used for connection to the load. These terminal blocks can accept up to 16-AWG wire. The
polarized Vbias terminal block (TB3) is used along with the Vin select jumper (P1) when optional split
power supply operation is desired. Refer to the LMZ317xx datasheet for further information on split power
supply operation.

Figure 1. LMZ317xxEVM User Interface

The PVin Monitor and Vout Monitor test points located near the power terminal blocks are intended to be
used as voltage monitoring points where voltmeters can be connected to measure PVin and Vout. The
voltmeter references should be connected to any of the four PVin/Vout Monitor Grounds test points
located between the power terminal blocks. Do not use these PVin and Vout monitoring test points as the
input supply or output load connection points. The PCB traces connecting to these test points are not
designed to support high currents.

The PVin Scope and Vout Scope test points can be used to monitor PVin and Vout waveforms with an
oscilloscope. These test points are intended for use with un-hooded scope probes outfitted with a low-
inductance ground lead (ground spring) mounted to the scope barrel. The two sockets of each test point
are on 0.1 in centers. The scope probe tip should be connected to the socket labeled PVin or Vout, and
the scope ground lead should be connected to the socket labeled PGND.
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The Controls test points located directly below the device are made available to test the features of the
device. Any external connections made to these test points should be referenced to the Control Ground
test point located along the bottom of the EVM. Refer to the Test Points Descriptions section of this guide
for more information on the individual control test points.

The Vout Select jumper (P3) and Fsw Select jumper (P2) are provided for selecting the desired output
voltage and appropriate switching frequency. Before applying power to the EVM, ensure that the jumpers
are present and properly positioned for the intended output voltage. Refer to Table 1 for the recommended
jumper settings. Always remove input power before changing the jumper settings.

Once the jumper settings have been confirmed, configure the host input supply to apply the appropriate
bus voltage listed in Table 1 and confirm that the selected output voltage is obtained.

Table 1. Output Voltage and Switching Frequency Jumper Settings

Vout Select Fsw Select PVin Bus Voltage

5.0 V 1 MHz 12 V

3.3 V 750 kHz 5 V or 12 V

2.5 V 750 kHz 5 V or 12 V

1.8 V 500 kHz 5 V or 12 V

1.2 V 300 kHz 5 V or 12 V

0.9 V 250 kHz 5 V or 12 V

0.6 V 200 kHz 5 V or 12 V

3 Test Point Descriptions

Twelve wire-loop test points and two scope probe test points have been provided as convenient
connection points for digital voltmeters (DVM) or oscilloscope probes to aid in the evaluation of the device.
A description of each test point follows:

Table 2. Test Point Descriptions (1)

PVIN Input voltage monitor. Connect DVM to this point for measuring efficiency.

VOUT Output voltage monitor. Connect DVM to this point for measuring efficiency, line regulation,
and load regulation.

AGND Input and output voltage monitor grounds (located between terminal blocks). Reference the
above DVMs to any of these four analog ground points.

PVIN Scope (J1) Input voltage scope monitor. Connect an oscilloscope to this set of points to measure input
ripple voltage.

VOUT Scope (J2) Output voltage scope monitor. Connect an oscilloscope to this set of points to measure output
ripple voltage and transient response.

PWRGD Monitors the power good signal of the device. This is an open drain signal that requires an
external pullup resistor if monitoring is desired. A 10-kΩ to 100-kΩ pullup resistor is
recommended. PWRGD is high if the output voltage is within 92% to 107% of its nominal
value.

INH/UVLO Connect this point to control ground to inhibit the device. Allow this point to float to enable the
device. An external resistor divider can be connected between this point, control ground, and
Vin to adjust the UVLO of the device.

RT/CLK Connects to the RT/CLK pin of the device. An external clock signal can be applied to this
point to synchronize the device to an appropriate frequency.

SS/TR Connects to the internal slow-start capacitor of the device. An external capacitor can be
connected from this point to control ground to increase the slow-start time of the device. This
point can also be used as for tracking applications.

SYNC_OUT This output provides a clock signal that is 180º out of phase with the PH node of the device
and can be used to synchronize other devices.

AGND Control ground (located along bottom of EVM). Reference any signals associated with the
control test points to this analog ground point.

(1) Refer to the LMZ317xx datasheet for absolute maximum ratings associated with above features.
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4 Operation Notes

In order to operate the EVM using a single power supply, the Vin Select jumper (P1) must be in the
default PVIN-VIN position shown in Figure 1. In this position, the PVin and Vin pins of the device are
connected together. The UVLO threshold of the EVM is approximately 4 V with 0.15 V of hysteresis. The
input voltage must be above the UVLO threshold in order for the device to startup. After startup, the
minimum input voltage to the device must be at least 4.5 V or (Vout + 0.7 V), whichever is greater. The
maximum operating input voltage for the device is 17 V. Refer to the LMZ317xx datasheet for further
information on the input voltage range, UVLO operation, and optional split power supply operation for
operating with PVin as low as 2.95 V when using an external Vbias supply.

After application of the proper input voltage, the output voltage of the device will ramp to its final value in
approximately 1.2 ms. If desired, this soft-start time can be increased by adding a capacitor to the SS/TR
test point as described above. Refer to the LMZ317xx datasheet for further information on adjusting the
soft-start time.

Table 1 lists the recommended switching frequencies for each of the Vout selections. These
recommendations cover operation over a wide range of input voltage and output load conditions. Several
factors such as duty cycle, minimum on-time, minimum off-time, and current limit influence selection of the
appropriate switching frequency. In some applications, other switching frequencies might be used for
particular output voltages, depending on the above factors. Refer to the LMZ317xx datasheet for further
information on switching frequency selection, including synchronization.

The EVM includes input and output capacitors to accommodate the entire range of input and output
voltage conditions. The actual capacitance required will depend on the input and output voltage conditions
of the particular application, along with the desired transient response. In most cases, the required output
capacitance will be less than that supplied on the EVM. Refer to the LMZ317xx datasheet for further
information on the minimum required I/O capacitance and transient response.

The LMZ317xx operates in pulse skip mode at light currents to improve light load efficiency (LLE mode).
At output voltages of less than 1.5 V, the pulse skipping may cause the output to rise when there is no
load to discharge the energy. A minimum load of 600 µA or less, depending on Vout, is required to keep
the output voltage within regulation. For the worst case condition of Vout = 0.6 V, a 1-kΩ resistor would
provide a required minimum load of 600 µA. If the application requires an additional load to meet the
minimum load requirement, the additional load could be connected external to the EVM or installed in the
R16 position on the underside of the EVM. Refer to the LMZ317xx datasheet for further information on
LLE mode and determining the required minimum load.

5 Performance Data

Figure 2 through Figure 9 demonstrate the LMZ31710EVM performance with Vout = 1.8 V and
Fsw = 500 kHz. For data regarding the LMZ31707 and the LMZ31704 please see the product data sheet.

Figure 2. LMZ31710EVM Efficiency Figure 3. LMZ31710EVM Power Dissipation
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Figure 4. LMZ31710EVM Load Regulation Figure 5. LMZ31710EVM Line Regulation

Figure 6. LMZ31710EVM Output Ripple Figure 7. LMZ31710EVM Output Ripple Waveforms

Figure 8. LMZ31710EVM Transient Response Figure 9. LMZ31710EVM Startup Waveforms
Waveforms
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6 Schematic

Figure 10 is the schematic for this EVM.

Figure 10. LMZ317xxEVM Schematic
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7 Bill of Materials

Table 3 is the BOM for the EVM.

Table 3. LMZ317xxEVM Bill of Materials

-001 -002 -003 RefDes Value Description Size Part Number Mfg

3 3 3 C1, C3, C5 22uF Capacitor, Ceramic, 25V, X5R, 10% 1210 GRM32ER61E226K Murata

3 3 3 C2, C4, C6 100uF Capacitor, Ceramic, 6.3V, X5R, 20% 1210 GRM32ER60J107M Murata

1 1 1 C7 100uF Capacitor, Polymer, 25V, 20% 6.3mm EEH-ZA1E101XP Panasonic

1 1 1 C8 220uF Capacitor, Polymer, 10V, 20% D3L 10TPE220ML Sanyo

1 1 1 C9 0.1uF Capacitor, Ceramic, 25V, X7R, 10% 0805 Std Std

1 1 1 C10 4.7uF Capacitor, Ceramic, 25V, X5R, 10% 0805 GRM21BR61E475K Murata

2 2 2 J1,J2 310-43-102-41-001000 Header, Female, 1x2 socket, 0.1" centers 0.100 inch x 1 x 2 310-43-102-41-001000 Mill-Max

1 1 1 P1 PEC03SAAN Header, Male, 1x3 pin, 0.1" centers 0.100 inch x 1 x 3 PEC03SAAN Sullins

2 2 2 P2, P3 PEC07DAAN Header, Male, 2x7 pin, 0.1" centers 0.100 inch x 2 x 7 PEC07DAAN Sullins

0 0 0 P4, P5 PEC02SAAN (not populated) Header, Male, 1x2 pin, 0.1" centers 0.100 inch x 1 x 2 PEC02SAAN Sullins

0 0 0 R1 optional (user-defined) Resistor, Chip, 1/16W, 1% 0402 Std Std

0 0 0 R2 optional (user-defined) Resistor, Chip, 1/16W, 1% 0402 Std Std

1 1 1 R3 52.3k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R4 63.4k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R5 90.9k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R6 169k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R7 487k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R8 1M Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R9 2.87k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R10 1.43k Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R11 715 Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R12 453 Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R13 316 Resistor, Chip, 1/16W, 1% 0603 Std Std

1 1 1 R14 196 Resistor, Chip, 1/16W, 1% 0603 Std Std

0 0 0 R15 0 (not populated) Resistor, Chip, 1/10W, 1% 0805 Std Std

0 0 0 R16 1k (not populated) Resistor, Chip, 1/10W, 1% 0805 Std Std

2 2 2 TB1,TB2 ED120/2DS Terminal Block, 2-pin, 15A, 5.1mm 0.40 x 0.35 inch ED120/2DS OST

1 1 1 TB3 ED555/2DS Terminal Block, 2-pin, 6A, 3.5mm 0.27 x 0.25 inch ED555/2DS OST

2 2 2 TP1,TP2 5010 Test Point, Red, Wire Loop, Thru Hole 0.125 x 0.125 inch 5010 Keystone

5 5 5 TP3, TP4, TP5, TP6, TP9 5011 Test Point, Black, Wire Loop, Thru Hole 0.125 x 0.125 inch 5011 Keystone

5 5 5 TP7, TP8, TP10, TP11, TP13 5012 Test Point, White, Wire Loop, Thru Hole 0.125 x 0.125 inch 5012 Keystone

0 0 0 TP12, TP14 --- Test Point, Internal --- --- ---

1 0 0 U1 LMZ31710RVQ Sync Buck, 2.95V to 17V Input, 10A Output 10x10x4.3 mm QFN LMZ31710RVQ TI

0 1 0 U1 LMZ31707RVQ Sync Buck, 2.95V to 17V Input, 7A Output 10x10x4.3 mm QFN LMZ31707RVQ TI

0 0 1 U1 LMZ31704RVQ Sync Buck, 2.95V to 17V Input, 4A Output 10x10x4.3 mm QFN LMZ31704RVQ TI

3 3 3 --- --- Shunt, Black 0.100 inch x 1 x 2 929950-00 3M

4 4 4 --- --- Bumpon, Hemisphere, Black 0.44 Dia. x 0.20 inch SJ-5003 3M
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Table 3. LMZ317xxEVM Bill of Materials (continued)
-001 -002 -003 RefDes Value Description Size Part Number Mfg

1 1 1 --- --- PCB, 2" x 4" x 0.062" 2 x 4 x 0.062 inch PWR195 Any

1 1 1 --- --- Label 1.25 x 0.25 inch THT-13-457-10 Brady
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8 PCB Layout

Figure 11 through Figure 16 show the PCB layouts of the EVM.

Figure 11. LMZ317xxEVM Topside Component Layout

Figure 12. LMZ317xxEVM Bottom-Side Component Layout
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Figure 13. LMZ317xxEVM Layer 1 Copper

Figure 14. LMZ317xxEVM Layer 2 Copper
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Figure 15. LMZ317xxEVM Layer 3 Copper

Figure 16. LMZ317xxEVM Layer 4 Copper
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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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