User’s Guide

TPS6291x Step-Down Converter Evaluation Module User's
Guide

Wip TEXAS INSTRUMENTS

ABSTRACT

The TPS6291xEVM-077 (BSR077) facilitates the evaluation of the TPS6291x 2-A and 3-A pin-to-pin compatible
Low Noise ( < 20 yVrums) and Low Ripple ( < 10 yVrms) buck converters in small 2-mm by 2-mm QFN packages.
The BSR077-003 uses the 3-A TPS62913 to output a 1.2-V output voltage from input voltages between 3 V

and 17 V. The BSR077-002 uses the 2-A TPS62912 to output a 3.3-V output voltage from input voltages up to
17 V. Due to its extremely low noise, the TPS6291x is a high-efficiency alternative to low-dropout (LDO) linear
regulators in noise-sensitive circuits, such as data converters, clocks, and amplifiers in telecom infrastructure,
medical, test and measurement, and aerospace and defense applications.
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1 Introduction

The TPS6291x family of devices are Low Noise, Low Ripple, synchronous, step-down converters in a small 2- x
2- x 1-mm QFN package. Two different devices in this family support 2 A or 3 A of output current.

1.1 Performance Specification
Table 1-1 and Table 1-2 provides a summary of the TPS6291xEVM-077 performance specifications.
Table 1-1. TPS62913EVM-077 Performance Specification Summary

Specification Test Conditions MIN TYP MAX Unit
Input Voltage JP2 open or across 1 MHz and S-CONF 3 12 17 \Y
Output Voltage Setpoint 1.2 \
Output Current 0 3 A
S-CONF (R4) Setting 1 MHz with SYNC available, no spread 52.3 kQ

spectrum, output discharge enabled

Table 1-2. TPS62912EVM-077 Performance Specification Summary

Specification Test Conditions MIN TYP MAX Unit
Input Voltage 3.5 12 17 V
Output Voltage Setpoint 3.3 \Y
Output Current 0 2 A
S-CONF (R4) Setting 2.2 MHz with SYNC available, no spread 27.4 kQ

spectrum, output discharge enabled

1.2 Modifications

The printed-circuit board (PCB) for this EVM is designed to accommodate some modifications by the user.
Additional input and output capacitors can be added. Also, the input voltage at which the IC turns on can be
adjusted with two resistors, the soft start time and low frequency noise filtering can be changed, a feedforward
capacitor can be added, and the switching frequency, output discharge setting, and spread spectrum setting can
be changed. Finally, the loop response can be measured. See the device data sheet for details of the various
settings.

1.2.1 Input and Output Capacitors

C14 is provided for an additional input capacitor. This capacitor is not required for proper operation but can be
used to reduce the input voltage ripple.

C15, C17, and C18 are provided for additional bulk output capacitors. These capacitors are not required for
proper operation but can be used to reduce the output voltage ripple. The total output capacitance must
remain within the recommended range in the data sheet for proper operation. C16 and C19 are provided for
high-frequency bypass capacitors.

1.2.2 Configurable Enable Threshold Voltage

With JP1 removed, R6 and R7 can be installed to set a user-selectable input voltage at which the IC turns on.
1.2.3 NR/SS Capacitor

C9 sets the soft start time and the low frequency noise filtering. This capacitor can be changed to set other soft
start times and noise filtering levels.

1.2.4 Feedforward Capacitor

C13 is provided as a feedforward capacitor (Cgg). Installing this capacitor can reduce the low-frequency noise,
especially for higher output voltages.
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1.2.5 S-CONF Resistor

R4 selects the switching frequency, spread spectrum, output discharge, and clock synchronization settings. This
resistor can be changed and JP2 also selects different settings.

1.2.6 Loop Response Measurement

The loop response can be measured with simple changes to the circuitry. First, install a 49.9-Q resistor across
R5's pads on the back of the PCB and install a 0-Q resistor across R8's pads on the back of the PCB. The pads
are spaced to allow installation of a 0603-sized resistors. Second, cut the trace on the bottom layer below the
added 49.9-Q resistor. Figure 1-1 shows these changes. Third, cut the short section of trace on the top layer
between the via on pin 3 and C4. Figure 1-2 shows this change. Lastly, replace the ferrite bead (FB1) with a
0-Q resistor. The second LC filter must be removed to break the complete feedback loop and measure the loop
response. With these changes, an AC signal (10-mV, peak-to-peak amplitude recommended) can be injected
into the control loop across the added 49.9-Q resistor. Figure 3-2 shows the results of this test.

Figure 1-1. Loop Response Measurement Modification (Bottom Layer)
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Figure 1-2. Loop Response Measurement Modification (Top Layer)

1.2.7 Single LC Filter Operation

For applications which do not require the lowest output voltage ripple, the TPS6291x may be operated without
the second LC filter. To operate with a single LC filter, replace FB1 with a 0-Q resistor. C6 and/or C8 may

be removed to reduce the amount of output capacitance. The total output capacitance must remain within the
recommended range in the data sheet for proper operation.
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2 Setup

This section describes how to properly use the EVM.

2.1 Input/Output Connector Descriptions

J1,Pin1and 2 -V
J1, Pin 3 and 4 — S+/S-
J1, Pin 5 and 6 — GND

J2,Pin1and 2 -
Vout_FILT

J2, Pin 3 and 4 — S+/S-
J2, Pin 5 and 6 — GND
J3 - PG/GND

J4 - VOUT Rlpple
Measurement

J5 — Vout_FILT Ripple
Measurement

JP1 - EN/SYNC

JP2 - S-CONF

JP3 — PG Pullup Voltage

Positive input connection from the input supply for the EVM.
Input voltage sense connections. Measure the input voltage at this point.
Return connection from the input supply for the EVM.

Filtered output voltage connection

Output voltage sense connections. Measure the output voltage at this point.
Output return connection
The PG output is on pin 1 of this header with a convenient ground on pin 2.

Use this SMA connector to measure the output voltage ripple before the second
LC filter.

Use this SMA connector to measure the output voltage ripple after the second LC
filter.

EN/SYNC pin input jumper. Place the supplied jumper across ON and EN to turn
on the IC. Place the jumper across OFF and EN to turn off the IC. Remove the
jumper to set a configurable enable threshold voltage with R6 and R7.

With the jumper removed, a clock signal can be applied on JP1 to synchronize
the IC's switching. To allow the IC to accept the applied SYNC signal, the jumper
on JP2 needs to be removed before applying the input voltage.

S-CONF pin input jumper. Place the supplied jumper across 2.2 MHz and S-
CONF to operate the IC with a 2.2-MHz switching frequency without spread
spectrum or output discharge. Place the jumper across 1 MHz and S-CONF to
operate the IC with a 1-MHz switching frequency without spread spectrum or
output discharge. Remove the jumper to operate the IC with the S-CONF settings
set by R4 and to allow clock synchronization.

Note
Set the JP2 jumper position before enabling the IC. Changing JP2 after
enabling the IC has no effect.

Note
When using the 2.2-MHz setting, ensure that the input voltage and
output voltage do not violate the minimum on-time in the device data
sheet.

PG pin pullup voltage jumper. Place the supplied jumper on JP3 to connect the
PG pin pullup resistor to Vgyt. Alternatively, the jumper can be removed and a
different voltage can be supplied on pin 2 to pull up the PG pin to a different level.
This externally applied voltage should remain below 18 V.
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2.2 Ripple Measurement Setup

The extremely low noise and low ripple levels of the TPS6291x necessitate a low-noise test setup for accurately
measuring the output voltage ripple. The SMA connectors, J4 and J5, should be used to measure the output
voltage ripple, before and after the second LC filter. Do not use a normal 10x oscilloscope probe with a
high-impedance termination to the oscilloscope. Instead, connect the SMA connector directly to the oscilloscope
with a coaxial (coax) cable through a DC blocker. A DC blocker enables the use of the smallest V/div setting

on the oscilloscope to view the ripple. To prevent noise pickup and block reflections on the coax cable, the
oscilloscope should be set to full bandwidth (BW) and DC coupling with a 50-Q termination.

Figure 2-1 and Figure 2-4 show the correct measurement settings and output voltage ripple result, while Figure
2-2, Figure 2-3, Figure 2-5, and Figure 2-6 show common measurement methods and settings that cannot
accurately measure the very low output voltage ripple. The measurements in Appendix A show the higher ripple
that results when the inductor is not installed in its low-noise orientation.

1.0 Stop
250K 3 Edge

VIN=12V, Voyr =12V, loyr = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure 2-1. Output Voltage Ripple, Measured at J4

VIN=12V, Vour =1.2V, loyt = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure 2-2. Output Voltage Ripple, Measured across C4 With 1x Probe
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c2

VIN=12V, Voyur =1.2V, loyt = 1000 mA, JP2 Open, Full BW, AC Coupling, High-Impedance Termination Without DC Blocker

Figure 2-3. Output Voltage Ripple, Measured Across C4 With 10x Probe

S S S S U s s

VIN=12V, Vour =1.2V, loyr = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure 2-4. Output Voltage Ripple, Measured at J5
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VIN=12V, Vour =1.2V, loyt = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure 2-5. Output Voltage Ripple, Measured Across C7 With 1x Probe

VIN=12V, Vour =12V, lgyr = 1000 mA, JP2 Open, Full BW, AC Coupling, High-impedance Termination Without DC Blocker

Figure 2-6. Output Voltage Ripple, Measured Across C7 With 10x Probe
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3 Test Results

The TPS6291xEVM-077 was used to take all the data in the TPS6291x data sheet. See the device data sheet
for the performance of this EVM.

Figure 3-1 shows the thermal performance of the EVM. "Spot" shows the temperature of the PCB. Figure 3-2
shows the loop response measurement.

Figure 3-1. Thermal Performance (Viy =12V, Voutr = 1.2 V, loyt = 3000 mA, JP2 Open)
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Figure 3-2. Loop Response Measurement (Viy =12V, Voyutr = 1.2 V, loyt = 3000 mA, JP2 open)
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4 Board Layout

This section provides the EVM board layout and illustrations in Figure 4-1 through Figure 4-6. The Gerbers are
available on the EVM product page. Revision B of the PCB just added a pin 1 indicator for the inductor, in the
silkscreen, to ensure that the inductor is assembled with the lowest-noise polarity.

o
P

Figure 4-1. Top Assembly

() o
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Figure 4-2. Top Layer

10 TPS6291x Step-Down Converter Evaluation Module User's Guide SLVUBX2B — AUGUST 2020 — REVISED MAY 2021
Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com/tool/TPS62913EVM-077
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVUBX2B&partnum=TPS62913EVM-077

13 TEXAS

INSTRUMENTS
www.ti.com Board Layout
Figure 4-3. Internal Layer 1
Figure 4-4. Internal Layer 2
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Figure 4-6. Bottom Layer (Mirrored)
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5 Schematic and Bill of Materials

This section provides the EVM schematic and bill of materials (BOM).
5.1 Schematic

Figure 5-1 and Figure 5-2 illustrate the EVM schematics.
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Figure 5-2. TPS62912EVM-077 Schematic
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6 Bill of Materials
Table 6-1 lists the BOM for this EVM.
Table 6-1. TPS6291xEVM-077 Bill of Materials
-002 -003 Refference Value Description Package Part Number Manufacturer
Designator
1 1 C1 2200pF CAP, CERM, 2200 pF, 50 V, +/- 10%, X7R 0402 GRM155R71H222KA01D | muRata
2 2 C2,C3 10uF CAP, CERM, 10pF, 25V, +/- 10%, X7S 0805 C2012X7S1E106K125AC | TDK
5 5 C4, C5,C6,C7,C8 22uF CAP, CERM, 22 pF, 10V, +/- 20%, X7S 0805 C2012X7S1A226M125AC | TDK
1 1 Cc9 0.47uF CAP, CERM, 0.47 pF, 25V, +/- 10%, X7R 0603 C1608X7R1E474K080AE |TDK
1 1 C10 47uF CAP, TA, 47 pF, 35V, +/- 10%, 0.3 Q 7343-43 T495X476K035ATE300 Kemet
2 2 C11, C12 470pF CAP, CERM, 470 pF, 50 V, +/- 5%, COG/NPO 0402 GRM1555C1H471JA01D |muRata
1 1 FB1 Ferrite bead, 8.5-Q at 100 MHz, 4mQ DCR, 8A 0603 BLE18PS080SN1 muRata
1 1 L1 2.2uH Inductor Power Shielded Wirewound 2.2uH 20% 4 x4 mm XGL4030-222MEC Coilcraft
Composite 8.7A 13.5mQ DCR
0 1 R1 2.43kQ RES, 2.43kQ, 1%, 0.1 W 0603 Std Std
1 0 R1 15.4kQ RES, 15.4 kQ, 1%, 0.1 W 0603 Std Std
1 1 R2 4.87kQ RES, 4.87 kQ, 1%, 0.1 W 0603 Std Std
1 1 R3 10.0kQ RES, 10.0 kQ, 1%, 0.1 W 0603 Std Std
1 0 R4 27.4kQ RES, 27.4 kQ, 1%, 0.1 W 0603 Std Std
0 1 R4 52.3kQ RES, 52.3kQ, 1%, 0.1 W 0603 Std Std
1 0 U1 TPS629121 3V to 17V, 2A Low Noise (20 pVrus) and Low Ripple |2 x 2 mm TPS62912RPUR Texas Instruments
(200 pVpp) buck converter
0 1 U1 TPS62913" 3V to 17V, 3A Low Noise (20 pVrus) and Low Ripple |2 x 2 mm TPS62913RPUR Texas Instruments
(200 pVpp) buck converter

The TPS6291xEVM-077 may be populated with TPS6291x (U1) devices that do not contain the correct top-side markings on the top of the device
itself. These devices are still fully-tested TPS6291x devices.
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A Ripple Measurements With Mis-oriented Inductor

This section shows the output ripple measurement results when the inductor is not installed in its low-noise
orientation. This was the case on the Revision A EVMs.

c2

VIN=12V, Vour =1.2V, loyt = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure A-1. Output Voltage Ripple, Measured at J4

25.0k3

VIN=12V, Vour =12V, loyr = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure A-2. Output Voltage Ripple, Measured across C4 With 1x Probe
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S

VIN=12V, Voyur =1.2V, loyt = 1000 mA, JP2 Open, Full BW, AC Coupling, High-Impedance Termination Without DC Blocker

Figure A-3. Output Voltage Ripple, Measured Across C4 With 10x Probe

c2

VIN=12V, Vour =1.2V, loyr = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure A-4. Output Voltage Ripple, Measured at J5
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imebase  0.00ps

VIN=12V, Vour =1.2V, loyt = 1000 mA, JP2 Open, Full BW, DC Coupling, 50-Q Termination With DC Blocker

Figure A-5. Output Voltage Ripple, Measured Across C7 With 1x Probe

VIN=12V, Vour =12V, lgyr = 1000 mA, JP2 Open, Full BW, AC Coupling, High-impedance Termination Without DC Blocker

Figure A-6. Output Voltage Ripple, Measured Across C7 With 10x Probe
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