User’s Guide

TPS53014 Buck Controller Evaluation Module User's
Guide

Wi} TEXAS INSTRUMENTS

Table of Contents
B L] 4 Yo [UTe3 AT o TSRS 2
b 0 L= TT ol ] o T o PSRRI
2.1 Typical Applications
2.2 Features

3 Electrical Performance SPpecCifiCatioNs. ..o e e e e e et aeeaeaanes 3
BT 41T T 1 o USSP 4
L =) ST (0] o TSP 5
Lo B =T A =T [ o] 4= 0 | SO PP SPPP 5
5.2 RECOMMENAEA TEST SBIUP ... .uiiiiiiiiiitiiie ettt e e e e ettt e e e e et e ee e s atbeeeeeseasssaeeeeeeasnsaeeeeesansbeseeeseanssseeeesaannsaneens 6
(o0 o1 o1 To 11 ] = 1 oY TP T SRR 6
6.1 ENAbI/DISable SWItCN ST ... ..ottt e e bt e e ettt s bt e e e bt e e e bt e s b e e e nbe e e ena e e aneee s 6
A =053 L e Te=Te [ Y SRRSO 7
7.1 Line/Load Regulation and Efficiency Measurement ProCeAUIE.............uiiii ittt a e e ea e e 7
A 1 o) N 1= o] 01 €3 PSRRI 7
7.3 EQUIPMENT SRULAOWN........oeiiiiiieiiee ettt e et e e e e ettt e e e ssta et e e e s assbaeeeeeeassseeeaeeaasssaeeeeeannsseeeeasaanssseeaesassnsaeeeeeannsees 7
8 Performance Data and Typical CharacteriStiC CUIVES.................ccooiiiiiiiiiiii e e e e es 8
S Tt I Tt 1= oY PSP USURPPPR 8
I oY= Lo B = Te (U] =1 o o FO RSP PRTSSPPPPPRIN 8
8.3 LIiNE REGUIATION. ... ettt e e e ettt e e e e ekt et e e e e aassteeeeeesntbeeee e e e s beaeeeeeassseeeeeesnsbeeeeesanssaeeaeeennnsaneens 9
R o= Lo =T g1 o | S TSRS 9
RO 011 01U g ] o] o] L= RS PRRRRT 10
8.6 SWITCHING NOGE...... .. ittt e ettt e e e et bt e e e e e saete et e e e saataeeeeeeaasssaeeeeeaansbaeeeeesansseeeeeeeannssnneeesansenes 11
A =g T= o] (SIS =T o L o TP 12
BRI 1T o) [ USSP 12
e I I =Y g = I L E- o = TSRS PPPRP 13
9 EVM Assembly Drawing and PCB LayOuUL..................oooiiiiiiiiiiii ettt ettt e e e st e e e e e s e e e e e e sntaeeeeesensnees 14
0 LISt OFf IMAtEIIalS..........oooieiiiiii ettt h et e e bt e et et e e sttt esa bt e e ettt e e eabe e e sabe e e e anbe e e eaneeeabeeeeas 17
1 REVISION HISTONY ... oottt e e e e ettt e e e e e e ata et eee e e aaeeeeeeeassbeeee e e s ntaeeeeeeasseeeeeeeanssaeeeesesnnsaneaeeaan 17
SLUU943A — MAY 2012 — REVISED DECEMBER 2021 TPS53014 Buck Controller Evaluation Module User's Guide 1

Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLUU943
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUU943A&partnum=

13 TEXAS
INSTRUMENTS

Introduction www.ti.com

1 Introduction

The TPS53014EVM-126 evaluation module (EVM) presents an easy-to-use reference design for a typical point-
of-load application in a standalone module using the TPS53014 controller in cost-sensitive applications.

2 Description

The TPS53014EVM-126 provides the user with a convenient way to evaluate the TPS53014 D-CAP2™ mode
control in a cost sensitive application. Providing a 1.05-V output at up to 8 A from a loosely regulated 12-V (8
V — 22 V) source, the TPS53014EVM-126 is designed to demonstrate the TPS53014 in a typical point-of-load
application while providing a number of test points to evaluate the performance of the TPS53014.

2.1 Typical Applications

» Point-of-load regulations in low-power systems for a wide range of applications
— Digital TV power supply

Network home terminals

Digital set top box (STB)

DVD player/recorder

— Game consoles and others

2.2 Features
The TPS53014EVM-126 features:

+ D-CAP2™ mode control
— Fast transient response
— No external parts required for loop compensation
— Compatible with ceramic output capacitors
» Auto-skip Eco-mode™ for high efficiency at light load
» 500-kHz switching frequency
» Adjustable soft start
* Non-sinking pre-biased soft start
» Cycle-by-cycle overcurrent limit
» Overcurrent, overvoltage, undervoltage, and overtemperature protections
» Convenient test points for probing critical waveforms
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3 Electrical Performance Specifications
Table 3-1. TPS53014EVM-126 Electrical Performance Specifications

PARAMETER TEST CONDITIONS | miN | TYP | MAX | UNITS

Input Characteristics
Voltage range VN 8.0 12 \%
Maximum input current ViNn=12V, loyt=8 A 0.9 A
No load input current ViNn=12V, lgyt=0A 0.6 mA
Output Characteristics
Output voltage 1.05 \%
Output voltage regulation Setpoint accuracy —2%

(VIN=12V, louT =8 A)

Line regulation 1%

(Vin=8.0V =22V, Ioyr=8A)

Load regulation 1.5%

(Vin=12V, lopyt=0A-8A)
Output voltage ripple ViNn=12V, loyt=8A 20 mVpp
Output load current 0 A
Overcurrent limit ViN=12V 11
Systems Characteristics
Switching frequency 500 kHz
Peak efficiency ViN=12V, gyt =3.2A 86.5%
Full load efficiency ViN=12V, loyr=8.0A 81.4%
Operating temperature 25 °C
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4 Schematic
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Figure 4-1. TPS53014EVM-126 Schematic
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5 Test Setup
5.1 Test Equipment

Voltage Source:
* VIN: The input voltage source, V,y, should be a 0-V to 30-V variable DC source capable of supplying 2 Apc.
Connect VIN to J1 as shown in Figure 5-2.

Multimeters:

* V1:VIN at TP1 (VIN) and TP2 (GND), 0-V to 30-V voltmeter
* V2:VOUT at TP7 (VOUT) and TP8 (GND)

* A1:V)yinput current, 0-Apc to 2-Apc Ammeter

Output Load: The output load should be an electronic constant resistance mode load capable of 0 Apc to 8 Apc
at1.05 V.

Oscilloscope: A digital or analog oscilloscope can be used to measure the output ripple. The oscilloscope
should be set for the following:

* 1-MQ impedance

* 20-MHz bandwidth

* AC coupling

* 1-ps/division horizontal resolution

» 50-mV/division vertical resolution

Test points TP7 and TP8 can be used to measure the output ripple voltage by placing the oscilloscope probe tip
through TP7 and holding the ground barrel on TP8 as shown in Figure 5-1. Using a leaded ground connection
may induce additional noise due to the large ground loop.

Metal Ground Barrel L
Ay 3
\ e L
. ) o
=l B //) et
,// 3 /-//
Probe Tip — V?{ i
\/ ‘I /‘ :‘ \ ///
o
5F =
TP7 TP8

Figure 5-1. Tip and Barrel Measurement for VOUT Ripple

Fan: Some of the components in this EVM may approach temperatures of 85°C during operation. A small
fan capable of 200 LFM to 400 LFM is recommended to reduce component temperatures while the EVM is
operating. The EVM should not be probed while the fan is not running.

Recommended Wire Gauge:

* VIN to J1: The recommended wire size is 1x AWG #16 per input connection, with the total length of wire less
than four feet (2 feet input, 2 feet return).

* J2to LOAD: The minimum recommended wire size is 1x AWG #16, with the total length of wire less than
four feet (2 feet output, 2 feet return)
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5.2 Recommended Test Setup

Figure 5-2 is the recommended test setup to evaluate the TPS53014EVM-126. Working at an ESD workstation,
make sure that any wrist straps, bootstraps, or mats are connected referencing the user to earth ground before
power is applied to the EVM.

FAN

BN

Enable RB TP9 TP9 TP5TP5 TP3ITP3 TP4 TP4
St pe  Coution G EN  VREGS
Disable R6 Hot o C4 13 5=
s1 Surface R°2= = EEE b O
R2 | = < cn Cn R
VIN Q1 =~ ?5 u ®icw c10 'é 'g
=4 P e g2
J = & 0 TP1 1 a% ut E% Ri Eﬁ *
TP7
il i = o m TP7
[ w1 | \":_.-m @ g e < © ;‘CIE Rg._ i [ e
T | 0], i L1 @ @ o yp I~ ® Losp +
- . |C12RD 02 Qoo 1.05V @ \‘_..."
TPrTP2 1P6 TP6 "I_@ BA #
Ji GND "R SR - .
VIN: 8V - 22V Q e o = =
TP10 ’ T G0 = 7
EXAS
P
i INSTRUMENTS
GND PWRI26 Rev. A

Figure 5-2. TPS53014EVM-126 Recommended Test Setup

Input Connections:

» Prior to connecting the DC input source VIN, it is advisable to limit the source current from VIN to 2-A
maximum. Make sure VIN is initially set to 0 V and connected to J2 as shown in Figure 5-2.

* Connect a current meter A1 between VIN and J1 to measure the input current.

* Connect a voltmeter V1 at TP1 (VIN) and TP2 (GND) to measure the input voltage.

Output Connections:

» Connect Load to J2 and set load to constant resistance mode to sink 0 Apc before VIN is applied.

» Connect a voltmeter V2 at TP7 (VOUT) and TP8 (GND) to measure the output voltage.

Other Connections: Place a fan as shown in Figure 5-2 and turn on, making sure air is flowing across the EVM.

6 Configurations

6.1 Enable/Disable Switch S1

The TPS53014EVM-126 is equipped with a switch (S1) to drive the EN pin of the TPS53014. When S1 is
in the Enable position, EN is connected to VIN, and the TPS53014 is enabled and generates a regulated

1.05-V output. When S1 is in the Disable position, EN is connected to GND, and the TPS53014 enters a high
impedance output state.

Default setting: Set S1 to the Disabled position to disable the controller
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7 Test Procedure

7.1 Line/Load Regulation and Efficiency Measurement Procedure

b~ O o o

0. Decrease load to 0 A.
1. Decrease VINto 0 V.

7.2 List of Test Points

Set up the EVM as described in Section 5 and Figure 5-2.

Ensure Load is set to constant resistance mode and to sink 0 Apc.
Ensure the switch S1 is set per Section 6.

Increase VIN from 0 V to 12 V. Using V1 to measure VIN voltage.

Set the switch S1 to Enable position to enable the controller.

Use V2 to measure VOUT voltage, A1 to measure VIN current.

Vary load from 0 Apc to 8 Apc. Vout should remain in load regulation.
Vary V,y from 8.0 V to 22 V. Vgyt should remain in line regulation.
Set the switch S1 to Disable position to disable the controller.

Table 7-1. Test Point Functions

TEST POINTS NAME DESCRIPTION
TP1 VIN Input voltage
TP2 GND GND
TP3 VREG5 Output of 5-V linear regulator
TP4 SS Soft-start ramp voltage
TP5 EN Enable pin
TP6 SW Switching node
TP7 VOUT Output voltage
TP8 GND GND
TP9 GND GND
TP10 GND GND
7.3 Equipment Shutdown
1. Shut down VIN.
2. Shut down Load.
3. Shut down FAN.
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8 Performance Data and Typical Characteristic Curves
Figure 8-1 through Figure 8-11 present typical performance curves for TPS53014EVM-126.
8.1 Efficiency
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Figure 8-1. Efficiency
8.2 Load Regulation
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Figure 8-2. Load Regulation
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8.3 Line Regulation

1.1
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1.02 IOUT=8A [ |
1
8 10 12 14 16 18 20 22
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Figure 8-3. Line Regulation
8.4 Load Transient
Tek  Stopped = _ A2 Aoys 11 Apr 1217:45:50

PR 126
Lioadd Transient

Test condition: 12Yin, 1.05Yout, DA4-54

CH1: MOUT

CHz: 10UT

ch1  SO0mY % Bw chz S04 o M 100ps ZEMSE  400nsht
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Figure 8-4. Output Load 0-A to 8-A Transient (12-V V|, 1.05-V Vgyr)
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8.5 Output Ripple

Tek  Etopped B Acis 01 bay 12 11:20:50
PWR12E Test condition: 12%in, 1.05Yout, 04
Ripple
CH1: Yot
.'_
Ch1 50.0rm4 W Bw M 10.0ps 125MS) 8 .0nzdat
4 Chl - 0.0OY

Figure 8-5. Output Ripple at No Load (12-V V|, 1.05-V Vgu1, 0 A)

Tek  Preview 476 Acys ) 11 Apr 12 17:00:47
PARIZE Test condition: 12Vin, 1.05%out, 8
ot Ripgle
CH1: YouT

e V7 i W i Pt W e i Vi YT Y

Ch1 50.0mY N Bw M 2.0ps 125MSkE 3.0nzpt
A Chl o Z.0mY

Figure 8-6. Output Ripple at Full Load (12-V V|y, 1.05-V VouT, 8 A)
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8.6 Switching Node

Tek  Etopped 315 Acys

PWR126
Ssitch Moce

CHz: 5

23 Apr 12 15:06:25

Test condition: 12Yin, 1.05Yout, 04

Chz 5.0%

M 10.0ps 25035 40.0nsdt
A Che o~ 108Y

Figure 8-7. Switching Node at No Load (12-V V|, 1.05-V Vgoyr, 0 A)

Tek  Stopped 42 Acys

PYWR1ZE
Saitch Mode

CHZ: S

23 Apr 12 14:59:52

Test condition: 12%in, 1.05Yout, G4

ST

Chz 5.0

M 40.0nz 5.0GSE T 16.0pzpt
A Ch2 o~ 7.5Y

Figure 8-8. Switching Node at Full Load (12-V V), 1.05-V VgyT, 8 A)
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8.7 Enable Start-Up
Tek  Preview  Sample = 0 Acys ) 11 Apr 12 15:08:56
TRSSI014EYI- 126 - Test condition: 12¥in, 1.05%out, S
Startup i
CH1: ¥IM .
1+
CH3: 55
Jer
CH4: YOUT b2
-
oh1  100Y  Bw ohz  100Y  Bw M 400ps B2SKSE 1 Rpsqn
Chi  1.0% B Chd  200mY  Bw & Chd - 128mY
Figure 8-9. Start-Up Waveform (12-\/ VIN! 1.05-V VOUT! 8-A IOUT)
8.8 Disable
Tek  Run Sample 4 Ao 11 Apr 12 16:28:13
TRISI0T4EVII- 126 Teat condition: 12¥in, 1.05Yout, 34
Dizakile i
EH1: %M
1% CHZ: EM
9wt
CH3: 55
S-I.
CH4: yOUT *”
ch1  100Y  Bw chz  100Y  Bw M Z00ps 1.25MSk  S00nsht
chd  20v B ché  10v B & Chd -~ SEOmY
Figure 8-10. Shutdown Waveform (1 2-V VIN! 1.05-V VOUT! 8-A IOUT)
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8.9 Thermal Image

Figure 8-11. Thermal Image (22-V V|, 1.05-V Vgyr, 8-A loyT, no Air Flow)

Note

The hottest spot is the surface of snubber resistor and power MOSFET, not the surface of TPS53014
controller device.
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9 EVM Assembly Drawing and PCB Layout

The following figures (Figure 9-1 through Figure 9-5) show the design of the TPS53014EVM-126 printed circuit
board. The EVM has been designed using a 4-layer, 2-ounce copper circuit board.

Enable R8 TP9 TP9 TPS{ TPS |TP3TP3 | TP4 TP4
S1 R8 Caution “GND \
Disable WR? Hot o C4 c‘1‘3 B <
51 Surface =2 = S <
= Tenen L%
VIN Q ~ L u *Ic10 c10 5 5
-+ TPV 1Pt =2 f% AR se
S 8E Ql R3&O& T
5 8 2 vouT TP7
n| |3 383 ?
_ U |ssi5gl «
paP2 (2R @2 T 176
i GND ft— 85 -
VIN: 8V - 22V u 1pg P8 i o
TP10. ’. = GND - =
EXAS
TR0 INSTRUMENTS
GND PWR126 Rev. A

Figure 9-1. TPS53014EVM-126 Top Layer Assembly Drawing (Top View)

Figure 9-2. TPS53014EVM-126 Top Copper (Top View)
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Figure 9-3. TPS53014EVM-126 Layer 2 (Top View)

Figure 9-4. TPS53014EVM-126 Layer 3 (Top View)
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Figure 9-5. TPS53014EVM-126 Bottom Layer (Top View)
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10 List of Materials
The EVM components list according to the schematic shown in Figure 4-1.
Table 10-1. TPS53014EVM-126 List of Materials
QTY REF DES DESCRIPTION PART NUMBER MFR

3 C1,C2,C3 Capacitor, ceramic, 35V, X5R, 20%, 10 yF, 1210 Std Std

0 C4 Capacitor, ceramic, 35V, X7R, 10%, 1 pF, 0603 Std Std

1 C5 Capacitor, ceramic, 10 V, X7R, 10%, 0.1 pF, 0603 Std Std

2 Ce, C7 Capacitor, ceramic, 10 V, X5R, 20%, 22 pF, 1206 Std Std

0 C8, C9 Capacitor, ceramic, 10 V, X5R, 20%, 22 pF, 1206 Std Std

1 c10 Capacitor, ceramic, 10 V, X7R, 10%, 0.01 yF, 0603 Std Std

1 C11 Capacitor, ceramic, 10 V, X7R, 10%, 4.7 pF, 0603 Std Std

1 C12 Capacitor, ceramic, 50 V, X7R, 10%, 1000 pF, 0603 Std Std

1 C13 Capacitor, ceramic, 50 V, X7R, 10%, 0.1 pF, 0603 Std Std

1 D1 Diode, Schottky, 10 mA, 30 V, SOD523 BAT54XV2T1 On Semi

2 J1, J2 Connector, 15 A, 300 V, male 2 pole, 5.08 mm, 9 mm x 12 |ED120/2DS On Shore Tech
mm

1 L1 Inductor, 11 A, 6 mQ, +20%, 1.5 pH, 6.6 mm x 7 mm PCMB065T-1R5MS Cyntec
nM128FET’ N-channel, 30 V, 13 A, 11.8 mQ, SON, 5 mm x 6 CSD17507Q5A

2 a1, a2 MOSFET, N-channel, 30 V, 14 A, 9.0 mQ, SON, 5 mm x 6 T
mm ’ ’ ' ' ’ ’ CSD17551Q5A

1 R1 Resistor, chip, 1/10 W, 1%, 8.66 kQ, 0603 Std Std

1 R2 Resistor, chip, 1/10 W, 1%, 10.0 Q, 0603 Std Std

1 R3 Resistor, Chip, 1/10 W, 1%, 23.7 kQ, 0603 Std Std

0 R4 Resistor, chip, 1/10 W, 1%, 100 kQ, 0603 Std Std

1 R5 Resistor, chip, 1/10 W, 1%, 5.11 Q, 0603 Std Std

2 R6, R8 Resistor, chip, 1/10 W, 1%, 1.00 kQ, 0603 Std Std

1 R7 Resistor, chip, 1/10 W, 1%, 2.05 Q, 0603 Std Std

1 R9 Resistor, chip, 1/4 W, 1%, 3.01 Q, 0805 Std Std

1 R10 Resistor, chip, 1/10 W, 1%, 15.4 kQ, 0603 Std Std

1 R11 Resistor, chip, 1/10 W, 1%, 140 Q, 0603 Std Std

1 S1 Switch, on-none-on, 0.28 inch x 0.18 inch G12AP-RO NKK

4 TP1, TP3, TP6, |Test point, red, thru hole, 0.125 inch x 0.125 inch 5010 Keystone

TP7
4 TP2, TP8, TP9, |Test point, black, thru hole, 0.125 inch x 0.125 inch 5011 Keystone
TP10

2 TP4, TP5 Test point, white, thru hole, 0.125 inch x 0.125 inch 5012 Keystone

1 U1 IC, Single Synchronous Step-Down Controller, VSSOP TPS53014DGS TI

1 - PCB, 2.4 inch x 1.5 inch x 0.062 inch PWR126 Tl

(1)

11 Revision History

The CSD17551Q5A can be used as alternate part to the CSD17507Q5A.

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision * (May 2012) to Revision A (December 2021) Page
» Updated the numbering format for tables, figures, and cross-references throughout the document. ................ 2
o Updated the USEr's QUIAE tItle...........oooeiriiiiice e e e e e e e e e e e e e e e e e e e e e e e s 2
o Edited USEr'S QUIAE fOr CIAMLY.......cccii it e e e e e e e e e e b e e e e e e e eeeeeeeeananbsbaeeeeess 2
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