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TPS4030x 3-V to 20-V Input, Voltage Mode, Synchronous Buck Controller
1 Features 3 Description

Input Voltage Range From 3 V to 20 V

300-kHz (TPS40303), 600-kHz (TPS40304), and
1.2-MHz (TPS40305) Switching Frequencies

High- and Low-Side FET Rpg(oy) Current Sensing

Programmable Thermally Compensated OCP
Levels

Programmable Soft Start

600-mV, 1% Reference Voltage
Voltage Feed-Forward Compensation
Supports Prebiased Output

Frequency Spread Spectrum

Thermal Shutdown Protection at 145°C

10-Pin 3-mm x 3-mm VSON Package With
Ground Connection to Thermal Pad

Create a Custom Design Using the TPS4030x
With the WEBENCH® Power Designer

Applications

POL Modules

Printers

Digital TVs

Telecom

USB Type-C Wall Receptacles

The TPS4030x is a family of cost-optimized
synchronous buck controllers that operate from 3-V to
20-V input. The controller implements a voltage-mode
control architecture with input-voltage feed-forward
compensation that responds instantly to a change in
input voltage. The switching frequency is fixed at
300 kHz, 600 kHz, or 1.2 MHz.

The frequency spread-spectrum (FSS) feature adds
to the switching frequency, significantly reducing the
peak EMI noise and making it much easier to comply
with EMI standards.

The TPS4030x offers design with a variety of user-

programmable functions, including soft start,
overcurrent protection (OCP) levels, and loop
compensation.

OCP level may be programmed by a single external
resistor connected from the LDRV pin to circuit
ground. During initial power on, the TPS4030x enters
a calibration cycle, measures the voltage at the LDRV
pin, and sets an internal OCP voltage level. During
operation, the programmed OCP voltage level is
compared to the voltage drop across the low-side
FET when it is on to determine whether there is an
overcurrent condition. The TPS4030x then enters a
shutdown and restart cycle until the fault is removed.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS40303
TPS40304 VSON (10) 3.00 mm x 3.00 mm
TPS40305

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Simplified Application Diagram
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5 Pin Configuration and Functions

DRC Package
10-Pins VSON
Top View

FB COMP PGOOD EN/SS VDD

Thermal Pad

BOOT HDRV SW LDRV/ BP
oC

Pin Functions

PIN
/0 DESCRIPTION
NAME NO.
Gate drive voltage for the high-side N-channel MOSFET. A 0.1-uF capacitor (typical) must be connected
BOOT 6 I | between this pin and SW. For low input voltage operation, an external schottky diode from BP to BOOT is
recommended to maximize the gate drive voltage for the high-side.
Output bypass for the internal regulator. Connect a low ESR bypass ceramic capacitor of 1 yuF or greater from
BP 10 (¢} S
this pin to GND.
COMP 4 Output of the error amplifier and connection node for loop feedback components.
Logic level input which starts or stops the controller via an external user command. Letting this pin float turns
the controller on. Pulling this pin low disables the controller. This is also the soft-start programming pin. A
capacitor connected from this pin to GND programs the soft-start time. The capacitor is charged with an
EN/SS 5 | internal current source of 10 pA. The resulting voltage ramp of this pin is also used as a second non-inverting
input to the error amplifier after a 0.8 V (typical) level shift downwards. Output regulation is controlled by the
internal level shifted voltage ramp until that voltage reaches the internal reference voltage of 600 mV — the
voltage ramp of this pin reaches 1.4 V (typical). Optionally, a 267-kQ resistor from this pin to BP enables the
FSS feature.
FB 5 | Inverting input to the error amplifier. In normal operation, the voltage on this pin is equal to the internal
reference voltage.
HDRV 7 O | Bootstrapped gate drive output for the high-side N-channel MOSFET.
Gate drive output for the low-side synchronous rectifier N-channel MOSFET. A resistor from this pin to GND
LDRV/OC 9 O |is also used to determine the voltage level for OCP. An internal current source of 10 pA flows through the
resistor during initial calibration and that sets up the voltage trip point used for OCP.
PGOOD 3 Open-drain power good output.
Sense line for the adaptive anti-cross conduction circuitry. Serves as common connection for the flying high-
SW 8 . h
side FET driver.
VDD 1 | Power input to the controller. Bypass VDD to GND with a low ESR ceramic capacitor of at least 1-pF close to
the device.
Ground connection to the controller. This is also the thermal pad used to conduct heat from the device. This
GND Thermal | | connection serves a twofold purpose. The first is to provide an electrical ground connection for the device.
Pad The second is to provide a low thermal impedance path from the device die to the PCB. This pad should be
tied externally to a ground plane.
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

VDD -0.3 22 \Y

SW -3 27 \Y

SW (< 100-ns pulse width, 10 pJ) -5 \%
BOOT -0.3 30 \%
HDRV -5 30 \%
BOOT-SW, HDRV-SW (differential from BOOT or HDRV to SW) -0.3 7 \%
COMP, PGOOD, FB, BP, LDRV, EN/SS -0.3 7 \Y
Operating junction temperature, T, -40 145 °C
Storage temperature, Tgyg -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other condition beyond those included under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods of time may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
V(Esp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
VDD  Input voltage 3 20 \%
T; Operating junction temperature -40 125 °C
6.4 Thermal Information
TPS4030x
THERMAL METRIC® DRC (VSON) UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 44.3 °C/W
Roactop) Junction-to-case (top) thermal resistance 56.1 °C/IW
RgiB Junction-to-board thermal resistance 19.2 °C/W
Vot Junction-to-top characterization parameter 0.7 °C/W
AL} Junction-to-board characterization parameter 19.4 °C/W
Roacbot) Junction-to-case (bottom) thermal resistance 5.5 °C/W
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

4 Submit Documentation Feedback Copyright © 2009-2018, Texas Instruments Incorporated

Product Folder Links: TPS40303 TPS40304 TPS40305


http://www.ti.com/product/tps40303?qgpn=tps40303
http://www.ti.com/product/tps40304?qgpn=tps40304
http://www.ti.com/product/tps40305?qgpn=tps40305
http://www.ti.com
http://www.ti.com/product/tps40303?qgpn=tps40303
http://www.ti.com/product/tps40304?qgpn=tps40304
http://www.ti.com/product/tps40305?qgpn=tps40305
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS964D&partnum=TPS40303
http://www.ti.com/lit/pdf/SPRA953

13 TEXAS

INSTRUMENTS

www.ti.com

TPS40303, TPS40304, TPS40305

SLUS964D —NOVEMBER 2009—-REVISED MARCH 2018

6.5 Electrical Characteristics
T, =-40°C to 125°C, Vypp = 12V, all parameters at zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOLTAGE REFERENCE
. T;=25°C,3V<Vypp <20V 597 600 603
Veg FB input voltage mV
—40°C < T;<125°C,3V <Vypp<20V 594 600 606
INPUT SUPPLY
Vvpp Input supply voltage range 3 20 \%
IDDgp Shutdown supply current Veniss < 0.2V 70 100 HA
IDDg Quiescent, nonswitching Let EN/SS float, Veg = 1 V 2.5 35 mA
ENABLE/SOFT START
\im High-level input voltage, EN/SS 0.55 0.7 1 \%
VL Low-level input voltage, EN/SS 0.27 0.3 0.33 \%
Iss Soft-start source current 8 10 12 HA
Vss Soft-start voltage level 0.4 0.8 1.3 \%
BP REGULATOR
Vgp Output voltage lgp = 10 mA 6.2 6.5 6.8 \%
Voo \F;:sjulator dropout voltage, Vypp — lsp = 25 MA, Vypp = 3 V 70 110 mv
OSCILLATOR
TPS40303 270 300 330| kHz
fsw PWM frequency TPS40304 3V<Vypp<20V 540 600 660 | kHz
TPS40305 1.02 1.20 1.38| MHz
Veavp® Ramp amplitude Vypp/6.6  Vypp/6 Vypp/5.4 \%
fmobp Modulation frequency 25 kHz
PWM
TPS40303 90%
Dyax @ Maximum duty cycle | TPS40304 |Veg=0V, 3V <Vypp<20V 90%
TPS40305 85%
tongmin) Minimum controllable pulse width 70| ns
) ) HDRYV off to LDRV on 25 35
tbeaD Output driver dead time ns
LDRYV off to HDRV on 25 30
ERROR AMPLIFIER
Gewp @ Gain bandwidth product 10 24 MHz
Aol D Open loop gain 60 dB
s :ar:g)ut bias current (current out of FB Veg = 0.6 V 75 nA
leaop Output source current Veg =0V mA
leaom Output sink current Veg =1V
PGOOD
Vov Ezegg%ck upper voltage limit for 655 675 700
Vv Egegg%ck lower voltage limit for 500 525 550 mV
VpGD-HYST PGOOD hysteresis voltage at FB 25 40
Rpep PGOOD pulldown resistance Veg =0V, lrg =5 mA 30 70 Q
lpaDLK PGOOD leakage current \5/50 mv < \5/F\;‘ <655mv, 10 20| WA
PGOOD =
(1) Ensured by design. Not production tested.
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Electrical Characteristics (continued)

T; =-40°C to 125°C, V,pp = 12 V, all parameters at zero power dissipation (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
OUTPUT DRIVERS
RHpHI High-side driver pullup resistance Veoot — Vsw =5V, lyprv = =100 mA 0.8 15 25 Q
RupLo High-side driver pulldown resistance |Vgoot — Vsw =5V, lpprv = 100 mA 0.5 1 2.2 Q
R pHi Low-side driver pullup resistance IL.prv = =100 mA 0.8 15 25 Q
RipLo Low-side driver pulldown resistance | I pry = 100 mA 0.35 0.6 1.2 Q
turise @ High-side driver rise time CLoap = 5 nF 15 ns
tueal @ High-side driver fall time 12 ns
tirise @ Low-side driver rise time 15 ns
tipa @ Low-side driver fall ime 10 ns
OVERCURRENT PROTECTION
tPSSC(min)(l) Elll:(r:]lljrlr:um pulse time during short 250 ns
tanr @ tSir\;]vie}ch leading-edge blanking pulse 150 ns
VocH OC threshold for high-side FET T;=25°C 360 450 580 mV
locseT OCSET current source T;=25°C 9.5 10 10.5 HA
V. p-cLavp Maximum clamp voltage at LDRV 260 340 400 mV
VocLos ;)igecglrznﬁarator offset voltage for low- T,= 25°C _8 8 mv
VoeLpro® Elrzo_lgrammable OC range for low-side T,= 25°C 12 300 mv
Vire® Qo high-side andlow-sie) 3000 ppm
torr OC retry cycles on EN/SS pin 4 Cycle
BOOT DIODE
VpEwD Bootstrap diode forward voltage | lgooT =5 MA 0.8 \%
THERMAL SHUTDOWN
Ti50® Junction shutdown temperature 145 °C
Tison® Hysteresis 20 °C
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TPS4030x is a family of cost-optimized synchronous buck controllers providing high-end features to
construct high-performance DC-DC converters. Prebias capability eliminates concerns about damaging sensitive
loads during start-up. Programmable overcurrent protection levels and hiccup overcurrent fault recovery
maximize design flexibility and minimize power dissipation in the event of a prolonged output short. The
Frequency Spread Spectrum (FSS) feature reduces peak EMI noise by spreading the initial energy of each
harmonic along a frequency band, thus giving a wider spectrum with lower amplitudes.

7.2 Functional Block Diagram

10mA 0.6 VREF +12.5%
Soft Start —m SS ]
| | | +—» FB
ENss [ 2] : ' | 0
| SD 0.6 VREF -12.5%
Fault I
Clock Controller Boot
. Y +——o0Cc | HDRV
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8P [10 l » BP I _‘ .
comp [4] Calibration Spread Clock Anti-Cross BP
Circuit Spectrum Conduction
Oscillator PWM | | and \I\
Logic Prebias [9 LDRVIOC
" [5_| < 1111 Circuit /_
| >~ PWM —
. =
+
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o Thermal oc ()
— 750 RV 2>
000 [3_| . Shutdown Threslhold N
| L Setting
E Fault Controller _I__ i
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7.3 Feature Description

7.3.1 Voltage Reference

The 600-mV band gap cell is internally connected to the noninverting input of the error amplifier. The reference
voltage is trimmed with the error amplifier in a unity gain configuration to remove amplifier offset from the final
regulation voltage. The 1% tolerance on the reference voltage allows the user to design a very accurate power

supply.
7.3.2 Enable Functionality, Start-Up Sequence and Timing

After input power is applied, an internal current source of 40 PA starts to charge up the soft-start capacitor
connected from EN/SS to GND. When the voltage across that capacitor increases to 0.7 V, it enables the internal
BP regulator followed by a calibration. The total calibration time is about 1.9 ms. See Figure 13. During the
calibration, the device performs in the following way. It disables the LDRV drive and injects an internal 10-pA
current source to the resistor connected from LDRV to GND. The voltage developed across that resistor is then
sampled and latched internally as the OCP trip level until one cycles the input or toggles the EN/SS.
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Feature Description (continued)

2.0
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Calibration
1.6 <4 Time
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S /
5 /
Qo
£
1 0.8
Z - 0.7V / /
0.4 4
/ Vss INT
0 1

t-Time - ms UDG-09159

Figure 13. Start-Up Sequence and Timing

The voltage at EN/SS is internally clamped to 1.3 V before and/or during calibration to minimize the discharging
time once calibration. The discharging current is from an internal current source of 140 pA and it pulls the voltage
down to 0.4 V. The discharging current then initiates the soft-start by charging up the capacitor using an internal
current source of 10 pA. The resulting voltage ramp on this pin is used as a second noninverting input to the
error amplifier after an 800 mV (typical) downward level-shift; therefore, actual soft-start does not occur until the
voltage at this pin reaches 800 mV.

If EN/SS is left floating, the controller starts automatically. EN/SS must be pulled down to less than 270 mV to
ensure that the chip is in shutdown mode.

7.3.3 Soft-Start Time

The soft-start time of the TPS4030x is user programmable by selecting a single capacitor. The EN/SS pin
sources 10 pA to charge this capacitor. The actual output ramp-up time is the amount of time that it takes for the
10 pA to charge the capacitor through a 600-mV range. There is some initial lag due to calibration and an offset
(800 mV) from the actual EN/SS pin voltage to the voltage applied to the error amplifier.

The soft-start is done in a closed-loop fashion, meaning that the error amplifier controls the output voltage at all
times during the soft-start period and the feedback loop is never open as occurs in duty cycle limit soft-start
schemes. The error amplifier has two non-inverting inputs, one connected to the 600-mV reference voltage, and
the other connected to the offset EN/SS pin voltage. The lower of these two voltages is what the error amplifier
controls the FB pin. As the voltage on the EN/SS pin ramps up past approximately 1.4 VV (800-mV offset voltage
plus the 600 mV reference voltage), the 600-mV reference voltage becomes the dominant input and the
converter has reached its final regulation voltage.

The capacitor required for a given soft-start ramp time for the output voltage is given by Equation 1.
|
Css :[ =S thss
Vs

e Cggis the required capacitance on the EN/SS pin. (F)

e lgg is the soft-start source current (10 pA).

e Vg is the feedback reference voltage (0.6 V).

e tgsis the desired soft-start ramp time (s). (1)
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Feature Description (continued)
7.3.4 Oscillator and Frequency Spread Spectrum (FSS)

The oscillator frequency is internally fixed. The TPS40303 operating frequency is 300 kHz, the TPS40304
operating frequency is 600 kHz, and the TPS40305 operating frequency is 1.2 MHz.

Connecting a resistor with a value of 267 kQ +10% from BP to EN/SS enables the FSS feature. When the FSS is
enabled, it spreads the internal oscillator frequency over a minimum 12% window using a 25-kHz modulation
frequency with triangular profile. By modulating the switching frequency, side-bands are created. The emission
power of the fundamental switching frequency and its harmonics is distributed into smaller pieces scattered
around many sideband frequencies. The effect significantly reduces the peak EMI noise and makes it much
easier for the resultant emission spectrum to pass EMI regulations.

7.3.5 Overcurrent Protection

Programmable OCP level at LDRYV is from 6 mV to 150 mV at room temperature with 3000 ppm temperature
coefficient to help compensate for changes in the low-side FET channel resistance as temperature increases.
With a scale factor of 2, the actual trip point across the low-side FET is in the range of 12 mV to 300 mV. The
accuracy of the internal current source is +5%. Overall offset voltage, including the offset voltage of the internal
comparator and the amplifier for scale factor of 2, is limited to +8 mV.

Maximum clamp voltage at LDRV is 340 mV to avoid turning on the low-side FET during calibration and in a
prebiased condition. The maximum clamp voltage is fixed and it does not change with temperature. If the voltage
drop across Rgcser reaches the 340-mV maximum clamp voltage during calibration (no Rpcser resistor
included), it disables OC protection. Once disabled, there is no low-side or high-side current sensing.

OCP level at HDRYV is fixed at 450 mV with 3000-ppm temperature coefficient to help compensate for changes in
the high-side FET channel resistance as temperature increases. OCP at HDRV provides pulse-by-pulse current
limiting.

OCP sensing at LDRYV is a true inductor valley current detection, using sample and hold. Equation 2 can be used
to calculate Rpocset:

lp_p
louT(max) - ( > j] *Rps(on) ~ VocLos

R =
OCSET 2 « IOCSET

e locser is the internal current source.

*  VocLos IS the overall offset voltage.

* lpp is the peak-to-peak inductor current.

*  Rps(n) is the drain to source ON-resistance of the low-side FET.

*  lout(may iS the trip point for OCP.

*  Rocser is the resistor used for setting the OCP level. 2)

To avoid overcurrent tripping in normal operating load range, calculate Rocget USing the equation above with:
* The maximum Rpg(on) at room temperature

* The lower limit of Vocos (-8 mV) and the lower limit of Igcset (9.5 pA) from the Electrical Characteristics
table.

e The peak-to-peak inductor current lp_p at minimum input voltage

Overcurrent is sensed across both the low-side FET and the high-side FET. If the voltage drop across either FET
exceeds the OC threshold, a count increments one count. If no OC is detected on either FET, the fault counter
decrements by one count. If three OC pulses are summed, a fault condition is declared which cycles the soft-
start function in a hiccup mode. Hiccup mode consists of four dummy soft-start timeouts followed by a real one if
overcurrent condition is encountered during normal operation, or five dummy soft-start timeouts followed by a
real one if overcurrent condition occurs from the beginning during start. This cycle continues indefinitely until the
fault condition is removed.
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Feature Description (continued)
7.3.6 Drivers

The drivers for the external high-side and low-side MOSFETs can drive a gate-to-source voltage of Vgp. The
LDRYV driver for the low-side MOSFET switches between BP and GND, while the HDRV driver for the high-side
MOSFET is referenced to SW and switches between BOOT and SW. The drivers have nonoverlapping timing
that is governed by an adaptive delay circuit to minimize body diode conduction in the synchronous rectifier.

7.3.7 Prebias Start-Up

The TPS4030x contains a circuit to prevent current from being pulled from the output during start-up in the
condition the output is prebiased. There are no PWM pulses until the internal soft-start voltage rises above the
error amplifier input (FB pin), if the output is prebiased. Once the soft-start voltage exceeds the error amplifier
input, the controller slowly initiates synchronous rectification by starting the synchronous rectifier with a narrow
on time. The controller then increments that on time on a cycle-by-cycle basis until it coincides with the time
dictated by (1-D), where D is the duty cycle of the converter. This approach prevents the sinking of current from
a prebiased output, and ensures the output voltage start-up and ramp to regulation is smooth and controlled.

7.3.8 Power Good

The TPS4030x provides an indication that output is good for the converter. This is an open-drain signal and pulls
low when any condition exists that would indicate that the output of the supply might be out of regulation. These
conditions include the following:

e Vg is more than £12.5% from nominal.
» Soft-start is active.
» A short-circuit condition has been detected.

NOTE
When there is no power to the device, PGOOD is not able to pull close to GND if an
auxiliary supply is used for the power good indication. In this case, a built-in resistor
connected from drain to gate on the PGOOD pulldown device makes the PGOOD pin look
approximately like a diode to GND.

7.3.9 Thermal Shutdown

If the junction temperature of the device reaches the thermal shutdown limit of 145°C, the PWM and the oscillator
are turned off and HDRV and LDRYV are driven low. When the junction cools to the required level (125°C typical),
the PWM initiates soft-start as during a normal power-up cycle.
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7.4 Device Functional Modes
7.4.1 Modes of Operation

7.4.1.1 UVLO

In UVLO, VDD is less than UVLO_ON, the BP6 regulator is off, and the HDRV and LDRV are held low by
internal passive discharge resistors.

7.4.1.2 Disable

Disable is forced by holding SS/EN below 0.4 V. In disable, the BP6 regulator is off, and both HDRV and LDRV
are held low by passive discharge resistors.

7.4.1.3 Calibration

Each enable of the TPS4030X3/4/5 devices requires a calibration which lasts approximately 2 ms. During
calibration the TPS40303/4/5 devices LDRV and HDRYV are held off by their respective pulldown drivers while the
device configures as detailed in Enable Functionality, Start-Up Sequence and Timing.

7.4.1.4 Converting

When calibration completes, the TPS40303/4/5 devices ramp their reference voltage as described in Soft-Start
Time, and the states of the LDRV and HDRYV drivers are dictated by the COMP pin to regulate the FB pin equal
to the internal reference.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS4030x is a family of cost-optimized synchronous buck controllers providing high-end features to
construct high-performance DC-DC converters. Prebias capability eliminates concerns about damaging sensitive
loads during start-up. Programmable overcurrent protection levels and hiccup overcurrent fault recovery
maximize design flexibility and minimize power dissipation in the event of a prolonged output short. Frequency
Spread Spectrum (FSS) feature reduces peak EMI noise by spreading the initial energy of each harmonic along
a frequency band, thus giving a wider spectrum with lower amplitudes.

8.2 Typical Applications

8.2.1 Using the TPS40305 for a 12-V to 1.8-V Point-of-Load Synchronous Buck Regulator
Figure 14 shows 12-V to 1.8-V at 10-A synchronous buck application using the TPS40305 switching at 1200 kHz.

VIN VIN
R3 c2
422 B20pF Lcs _+C11
R6 c4 T3300F 8V - 14V
220K 3300pF D 2 x 1ouf | 330u oo
w—| g 02 L
R4 4% CSD1641@Q5A =
10.0K RS _”cs— y L R10 c6 G
4.99K
99 15epF - GND 2 10enF S
R8 ={FB BOOT 5 VW——]— 0.4uH
1 100K COMP HDRV — vout
4 7 A
z{PGOOD SWig — vouT
Z[EN/SS  LDRV/OC| D
PGOOD VIN —L 1 vDD BP - o1
TPS40305DRC % 1
en/ss c7 Ut cs IRl 5 I3¥ Copt632205 T2 0 ™
1uF 1uF 3,74K
c1 SII
3.3nF L
= GND
<L 17 1
! Connect SGND ond PGND with o 1@mil trace =
Copyright © 2017, Texas Instruments Incorporated
Figure 14. TPS40305 Design Example Schematic
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Typical Applications (continued)
8.2.1.1 Design Requirements
For this example, follow the design parameters listed in Table 1.

Table 1. Design Example Electrical Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VN Input voltage 8 14 \%
ViN(ripple) Input ripple loutr=10 A 0.6 \%
Vout Qutput voltage OA<IoyT<10A 1.764 1.800 1.836 \%

Line regulation 8VsVy=s14V 0.5%

Load regulation OA<IoyT<10A 0.5%
VRIPPLE Qutput ripple loutr=10 A 36 mV
VovER Qutput overshoot lout falling from 7 Ato 3 A 100 mV
VUNDER Output undershoot lout rising from3 Ato 7 A 100 mV
lout Output current 45V<sVysh5V 0 10 A
tss Soft-start time Vin=12V 15 ms
lscp Short-circuit current trip point 13 15 A
fsw Switching frequency 1200 kHz

Size 1 in?

The bill of materials for this application is shown in Table 2. The efficiency, line, and load regulation from boards
built using this design are shown in Figure 14. Gerber files and additional application information are available
from the factory.

Table 2. Design Example List of Materials

SIEESﬁET\IiNF%i QTY VALUE DESCRIPTION SIZE PART NUMBER MFR
C1 1 3.3nF Capacitor, Ceramic, 10 V, X7R, 20% 0603 Std Std
Cc2 1 820 pF Capacitor, Ceramic, 25 V, X7R, 10% 0603 Std Std
C3 1 150 pF Capacitor, Ceramic, 25 V, X7R, 10% 0603 Std Std
C4 1 3300 pF Capacitor, Ceramic, 25 V, X7R, 10% 0603 Std Std
C5 1 1.0 pF Capacitor, Ceramic, 10 V, X7R, 20% 0805 Std Std
C6 1 100 nF Capacitor, Ceramic, 16 V, X7R, 20% 0603 Std Std
Cc7 1 1 uF Capacitor, Ceramic, 25 V, X7R, 20% 0805 Std Std
Cc8 2 10 pf Capacitor, Ceramic, 25 V, X7R, 10% 1210 Std Std
Ci11 1 330 pF Capacitor, Aluminum, 25 V, £+20%, 160 mQ 0.328 x 0.390 inch EEVFK1E331P Panasonic
C12 2 22 uF Capacitor, Ceramic, 6.3 V, X5R, 20% 0805 Std Std
L1 1 0.32 pH Inductor, SMT, 17 A 0.268 x 0.268 inch PG0083.401 Pulse
Q1 1 MOSFET, N-Channel, 25V, 97 A, 4.6 mQ QFN-8 POWER CSD16322Q5 TI
Q2 1 MOSFET, N-Channel, 25V, 59 A, 9.6 mQ QFN-8 POWER CSD16410Q5A Tl
R3 1 422 Q Resistor, Chip, 1/16W, 1% 0603 Std Std
R4 1 10.0 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R5 1 4.99 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R6 1 2.20 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R8 1 100 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R10 1 2Q Resistor, Chip, 1/16W, 1% 0603 Std Std
R11 1 3.74 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
Ul 1 IC, 3-V to 20-V sync. 1.2-MHz Buck controller DRC10 TPS40305DRC TI
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8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS4030x devicse with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyut), and output current (Igyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

8.2.1.2.2 Selecting the Switching Frequency

To achieve the small size for this design, the TPS40305, with fg,, = 1200 kHz, is selected for minimal external
component size.

8.2.1.2.3 Inductor Selection (L1)
Synchronous buck power inductors are typically sized for approximately 30% peak-to-peak ripple current (Igppig)
Given this target ripple current, the required inductor size can be calculated in Equation 3.

_UNmax ~Vour  Vour 1 _14V-18V 18V 1

L= =471nH

0.3% lour Vimay  fsw  0.3x10A 14V 1200 kHz -
Selecting a standard 400-nH inductor value, solve for Igpp e = 3.5 A
The RMS current through the inductor is approximated by Equation 4.
2 2 2 2 2 2
IL(rms) = \/IL(an) + %2 IR|PPLE = \/IOUT + %2|R|PPLE = \/10 + %235 =10.05A (4)

8.2.1.2.4 Output Capacitor Selection (C12)

The selection of the output capacitor is typically driven by the output transient response. Equation 5 and
Equation 6 overestimate the voltage deviation to account for delays in the loop bandwidth and can be used to
determine the required output capacitance.

| | xL  ean? xL
TRAN < AT = TRAN « TRAN _ TRAN

|
Vover < =
Court Cour  Vour  Vour *xCourt (5)
2
VUNDER < raN | 7 - lRAN | lRANXL lrran” xL
ouT Coutr Vin—Vour  (Vin —Vour )xCourt ©)

If Vinmin) > 2 X Vour, use overshoot (Equation 5) to calculate minimum output capacitance. If Viyminy < 2 X Vour,
use undershoot (Equation 6) to calculate minimum output capacitance.

hRrANmax) XL 42 x400nH
(VOUT )X VOVER 1.8x100mV

CouTt(min) = S5uF

™

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated by Equation 8.
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VRIPPLE(total) ~ [IRIPPLE ]
ESRucw = VRIPPLE(total) ~ VRIPPLE(cap) 8xCoyt *fsw
MAX = =
IRIPPLE IRiIPPLE
36mV — 3.5A
8x35uF x1200kHz
=7mQ

3.5A ®)
Two 0805, 22-pF, 6.3-V, X5R ceramic capacitors are selected to provide more than 35 pF of minimum
capacitance and less than 7 mQ of ESR (2.5 mQ each).
8.2.1.2.5 Peak Current Rating of Inductor

With output capacitance, it is possible to calculate the charge current during start-up and determine the minimum
saturation current rating for the inductor. The start-up charging current is approximated by Equation 9.

VOUT XCOUT _ 18VX2><22]JF —0.053A

IL(peak) = IOUT(maX) + %IR”DPLE + ICHARGE =10A+ % x3.5A+0.053A=11.8A

lcHARGE =

(10)

Table 3. Inductor Requirements

SYMBOL PARAMETER VALUE UNIT
L Inductance 400 nH
I (rms) RMS current (thermal rating) 10.05 A
I (peak) Peak current (saturation rating) 11.8 A

A PGO0083.401, 400-nH inductor is selected for its small size, low DCR (3.0 m) and high-current handling
capability (17-A thermal, 27-A saturation).
8.2.1.2.6 Input Capacitor Selection (C8)

The input voltage ripple is divided between capacitance and ESR. For this design Vgippigcap) = 150 mV and
VRippLEEsr) = 150 mV. The minimum capacitance and maximum ESR are estimated by Equation 11.

lLoap * Vout 10%x1.8V

NN =\ ppLE(cap) * Vin < faw  150mV x 8V x 1200kHz " a
V,
ESRyax = RIPP1LE(esr) _ 150mV 12.7mO
lLoap + JolrippLe  11.75A (12)
The RMS current in the input capacitors is estimated by Equation 13.
IRMS(Cin) =l oaDp X +/D x (1 - D) =10A x \/0.225 x(1-0.225) =4.17 ArRms 43)

Two 1210, 10-pF, 25-V, X5R ceramic capacitors with approximately 2-mQ of ESR and a 2.5-A RMS current
rating each are selected. Higher voltage capacitors are selected to minimize capacitance loss at the DC bias
voltage to ensure the capacitors allow sufficient capacitance at the working voltage.

8.2.1.2.7 MOSFET Switch Selection (Q1 and Q2)

Reviewing available TI NexFET MOSFETSs using TI's NexFET MOSFET selection tool, the CSD16410Q5A and
CSD163220Q5 5-mm x 6-mm MOSFETS are selected.

These two FETs have maximum total gate charges of 5 nC and 10 nC, respectively, which draws 18 mA at 1.2
MHz from the BP regulator, less than its 50 mA minimum rating.
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8.2.1.2.8 Bootstrap Capacitor (C6)
To ensure proper charging of the high-side FET gate, limit the ripple voltage on the boost capacitor to less than
50 mV.

CBOOST ZZOXQGZ =20x5nC =100nF (14)

8.2.1.2.9 VDD Bypass Capacitor (C7)

Per the TPS40305 Electrical Characteristics specifications, select a 1.0-uyF X5R or better ceramic bypass
capacitor for VDD.

8.2.1.2.10 BP Bypass Capacitor (C5)

As listed in the Electrical Characteristics, a minimum of 1.0-uF ceramic capacitance is required to stabilize the
BP regulator. To limit regulator noise to less than 10 mV, the value of the bypass capacitor is calculated in
Equation 15.

CBP =100 x MAX(QG1,QG2 ) (15)

Because QL is larger than Q2, and the total gate charge of Q1 is 10 nC, a BP capacitor of 1.0 uF is calculated. A
standard value of 1.0 pyF is selected to limit noise on the BP regulator.

8.2.1.2.11 Short-Circuit Protection (R11)

The TPS40305 uses the negative drop across the low-side FET at the end of the OFF time to measure the
inductor current. Allowing for 30% over maximum load and 20% rise in Rpsn)o1 for self-heating, the voltage drop
across the low-side FET at current limit is given by Equation 16.
= 1 = 1 -

VOC - (1 _3)( ILOAD_ §|R|PPLE)X 1 _2)( RDS(on)Q1 - (1 3 X1O A_E 35 A)X 1 2 X46 mQ - 621 mV (16)
The TPS40305 internal temperature coefficient helps compensate for the Rpgn) temperature coefficient of the
MOSFET, so the current limit programming resistor is selected by Equation 17.
_ Voc —VocLos(min) _ 62.1mV -

(8MV) _ 369 ka = 3.74 kQ
2*locsET(min) 2x9.5mA 17)

Rcs

8.2.1.2.12 Feedback Divider (R4, R5)

The TPS40305 controller uses a full operational amplifier with an internally fixed 0.600-V reference. R4 is
selected between 10 kQ and 50 kQ for a balance of feedback current and noise immunity. With R4 set to 10 kQ,
The output voltage is programmed with a resistor divider given by Equation 18.

Veg xR4  0.600V x10.0kQ)
Vour -Veg 1.8V -0.600V

R5 = =5.0kQ ~ 4.99kQ

(18)

8.2.1.2.13 Compensation: (C2, C3, C4, R3, R6)

Using the TPS40k Loop Stability Tool for 100-kHz bandwidth and 60° phase margin with a R4 value of 10.0 kQ,
the following values are returned.

. C2=C_1=820pF
. C3=C_3=150pF
« C4=C_2=23300pF
« R3=R 2=422Q

e R6=R_3=220kQ
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8.2.1.3 Application Curves
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8.2.2 A High-Current, Low-Voltage Design Using the TPS40304

For this 20-A, 12-V to 1.2-V design, the 600-kHz TPS40304 was selected for a balance between small size and
high efficiency.

IVIN
o D|5 J1vin
8V — 14V
cé 3 Qf Lcia ¢ c3
R2 4| f} =
150K 680pF 1 . c7 G ! CSD16410Q5A 1Quf 1Quf '330uF GND
'G1ND 20 100nF 5123 T
FB BOOTHe——WA———]— L1 =
R4 COMP HDR\ 0.3uH
10,0K ~ RV
PGOOD swig (vouT]
EN/SS LDRvV/0C ) Dls 02 “our
R7 VDD BP T. (6321
10.0K TPS4@304DRC e RS 4 501632105 + €8 | cg —Lcip 2 1.2V @ 20A
1 ut ci1 G T 1
uF —PUF 4.02K o123 220uF | 47uF | 47uF T 5ionp
J; l

i

1

Connect SGND and PGND with o 1@mil trace =
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Figure 18. TPS40304 Design Example Schematic

8.2.2.1 Design Requirements
For this example, follow the design parameters listed in Table 4.

Table 4. Design Example Electrical Characteristics

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT

VN Input voltage 8 14 \%
ViNripple Input ripple lout=20 A 0.5 \%
Vourt Output voltage OA<lpyr=20A 1.164 1.200 1.236 \Y

Line regulation 8VsVy=s14V 0.5%

Load regulation OA<Ioyt<20A 0.5%
VRIPPLE Output ripple lout=20 A 36 mV
VovER Output overshoot 5A<Ioyt<15A 100 mV
VUNDER Output undershoot 5A<Ioyt<15A 100 mV
lout Output current 8VsVys14V 0 20 A
tss Soft-start time Vin=12V 15 ms
Iscp Short-circuit current trip point 26 A
fsw Switching frequency 600 kHz

Size 15 in?

8.2.2.2 Detailed Design Procedure

8.2.2.2.1 Selecting the Switching Frequency

To achieve the small size for this design the TPS40304, with fg, = 600 kHz, is selected for minimal external
component size.

8.2.2.2.2

Inductor Selection (L1)

Synchronous buck power inductors are typically sized for approximately 30% peak-to-peak ripple current (Igppg)

Given this target ripple current, the required inductor size can be calculated in Equation 19.

L o Vinmax) = Vout . Vour

1 14V -1.2V 1.2V 1
= X X

VIN(max) I:SW -

0.3x20A 14V 600kHz

Selecting a standard 300-nH inductor value, solve for Igppe = 6 A

= 305nH

(19)

20
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The RMS current through the inductor is approximated by Equation 20.
2 2 2 2 _ 2 2 =
I rms =\/|Lavg + YolripPLE = \/IOUT + Vo lRippLE = \/20 + },6° =20.07 A (20)

8.2.2.2.3 Output Capacitor Selection (C12)

The selection of the output capacitor is typically driven by the output transient response. Equation 21 and
Equation 22 overestimate the voltage deviation to account for delays in the loop bandwidth and can be used to
determine the required output capacitance.

2
raN | a7 _ fRaN  ran XL bran” xL

Vover < =
Court Cour  Vour  Vour xCout 1)
2
ViunDER < Ran o o7 = lTRAN | RANXL rran” xL
Cout Coutr Vin—Vour  (Vin—Vour )xCourt 22)

If Vinminy > 2 X Vour, Use overshoot (Equation 21) to calculate minimum output capacitance. If Viymin) < 2 X Vour,
use undershoot (Equation 22) to calculate minimum output capacitance.

2
c _ ranmax)” L 10? x300nH _ 2504F

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated by Equation 24.

VRIPPLE(total) — (IRlPPLE ] 36mV —( 6A
VRIPPLE(TotaI) - VRIPPLE(CAP) (total) | g x Cout xFsw 8 x 250uF x 600kHz

ESR = = = J =5.2mQ
max lRipPLE lRipPLE 6A

(24)

Two 47-pF and one 220-pF capacitors are selected to provide more than 250 pF of minimum capacitance and
5.2 mQ of ESR.

8.2.2.2.4 Peak Current Rating of Inductor

With output capacitance, it is possible to calculate the charge current during start-up and determine the minimum
saturation current rating for the inductor. The start-up charging current is approximated by Equation 25.

Vour *Cour 1.2 V(2x47 uF +220 uF)

lcHARGE = Tes = 15ms =0.251A 5)
IL_peak = louT(max)+ J2IRiPPLE + IcHARGE = 20 A+ 5 x 6 A +0.2512 A = 23.25 A (26)

Table 5. Inductor Requirements

PARAMETER VALUE UNIT
L Inductance 300 nH
I (rms) RMS current (thermal rating) 20.07 A
I (peak) Peak current (saturation rating) 23.25 A
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8.2.2.2.5 Input Capacitor Selection (C8)

The input voltage ripple is divided between capacitance and ESR. For this design Vgppigcap) = 150 mV and
VRippLEEesr) = 150 mV. The minimum capacitance and maximum ESR are estimated by Equation 27.

o loap * Vour - 20>1.2V = 33.3uF
INmin) = o) < Vin % Fow  150mV x 8V x 600kHz 27)
ESR.. . - VRPPLEESR) _150mV_. .
MAX =1 an + lepe | 23A (28)

The RMS current in the input capacitors is estimated by Equation 29.
lrms _oin= lLoap xJDx (1-D) =20 A=/ 0.15%(1-0.15) = 7.14 Arms 29)

Three 1210, 10-pF, 25-V, X5R ceramic capacitors are selected. Higher voltage capacitors are selected to
minimize capacitance loss at the DC bias voltage to ensure the capacitors allow sufficient capacitance at the
working voltage.

8.2.2.2.6 MOSFET Switch Selection (Q1 and Q2)

Reviewing available TI NexFET MOSFETSs using the TI NexFET MOSFET selection tool, the CSD16410Q5A and
CSD163210Q5 5-mm x 6-mm MOSFETS are selected.

These two FETs have maximum total gate charges of 5 nC and 10 nC, respectively.

8.2.2.2.7 Bootstrap Capacitor (C6)

To ensure proper charging of the high-side FET gate, limit the ripple voltage on the boost capacitor to less than
50 mV.

Caoost = 20x Qg = 205 nC =100 nF -

8.2.2.2.8 VDD Bypass Capacitor (C7)
Per the TPS40304 data sheet, select a 1.0-uF X5R or better ceramic bypass capacitor for VDD.

8.2.2.2.9 BP Bypass Capacitor (C5)

Per the TPS40304 data sheet, a minimum 1.0-uF ceramic capacitance is required to stabilize the BP regulator.
To limit regulator noise to less than 10 mV, the value of the bypass capacitor is calculated in Equation 31.

Because Q2 is larger than Q1, and the total gate charge of Q2 is 10 nC, a BP capacitor of 1.0 pF is calculated. A
standard value of 1.0 uF is selected to limit noise on the BP regulator.

8.2.2.2.10 Short-Circuit Protection (R11)

The TPS40304 uses the negative drop across the low-side FET at the end of the OFF time to measure the
inductor current. Allowing for 30% over maximum load and 20% rise in Rps(n)1 for self-heating, the voltage drop
across the low-side FET at current limit is given by Equation 32.

Voc = (1.3% ILoap — 4 hippie )% 1:2x Rpsongz = (1.3x 20 A= 1 6 A)x1.2x4.6 mQ = 127 mV
(32)

The TPS40304 internal temperature coefficient helps compensate for the MOSFET Rpgen temperature
coefficient, so the current limit programming resistor is selected by Equation 33.

Voc ~Voctosmin) _ 127 mV—-(-8mV) __ .
2xlocseT(min) 2x9.5 uA (33)

Res =
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8.2.2.2.11 Feedback Divider (R4, R5)

The TPS40304 controller uses a full operational amplifier with an internally fixed 0.6-V reference. R4 is selected
between 10 kQ and 50 kQ for a balance of feedback current and noise immunity. With R4 set to 10 kQ, The
output voltage is programmed with a resistor divider given by Equation 34.

VegxR4  0.600 Vx10.0 kQ

R7 = =10 kQ
Vour - Veg 1.2V -0.600 V (34

8.2.2.2.12 Compensation: (C2, C3, C4, R3, R6)

Using the TPS40k Loop Stability Tool for 100-kHz bandwidth and 60° phase margin with a R4 value of 10.0 kQ,
the following values are returned.

« C4=680pF
« C5=100pF

. C6=680pF

e R1=10kQ

e R2=15kQ
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8.2.2.3 Application Curves
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8.2.3 A Synchronous Buck Application Using the TPS40303
Figure 22 shows a 3.3-V/5-V/12-V to 0.6-V at 10-A synchronous buck application using the TPS40303 switching

at 300 kHz.
J
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[ﬁz lalelolal
" e s DI ct L2 LlesLloca Locs
o= k MBRO530
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8.2.3.1

Design Requirements

For this example, follow the design parameters listed in Table 6.

Copyright © 2017, Texas Instruments Incorporated

Figure 22. TPS40303 Design Example Schematic

Table 6. Design Example Electrical Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VN Input voltage 3.3 14 \%
Vinripple Input ripple lour=10 A 0.6 \%
Vout Output voltage 0A<lopyt<10A 0.582 0.6 0.618 \%
Line regulation 3VsVys14Vv 0.5%
Load regulation 0A<lopyt<10A 0.5%
VRIPPLE Output ripple lour=10 A 12 mV
Vover Output overshoot B3AZIguTS7A 100 mVv
VUNDER Output undershoot 3AZIgyTS7A 100 mV
lout Output current 33VsVy=s14V 0 10 A
tss Soft-start time Viy=12V 15 ms
Iscp Short-circuit current trip point 13 15 A
Efficiency ViN=12V, lgyt=5A 84%
fsw Switching frequency 300 kHz
Size 15 in?
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8.2.3.2 Detailed Design Procedure

8.2.3.2.1 Selecting the Switching Frequency

To achieve the small size for this design the TPS40303, with fgy = 300 kHz, is selected for minimal external
component size.

8.2.3.2.2 Inductor Selection (L1)
Synchronous buck power inductors are typically sized for approximately 30% peak-to-peak ripple current (Ig;ppLg)

Given this target ripple current, the required inductor size can be calculated in Equation 35.

L:VIN(max)_VOUTX Vour 1 _14V-06V 0.6V 1

x X =638nH
03 X IOUT VIN(max) FSW 03 X 1 OA 14V SOOKHZ

(35)
Selecting a standard 600-nH inductor value, solve for Igpp g = 3.2 A

The RMS current through the inductor is approximated by Equation 36.
s = \/lLav92 + MolRippLE” = \/IOUT2 + YolrippLe” = \/1 0% + }4,3.2% =10.04A (36)

8.2.3.2.3 Output Capacitor Selection (C12)

The selection of the output capacitor is typically driven by the output transient response. Equation 37 and
Equation 38 overestimate the voltage deviation to account for delays in the loop bandwidth and can be used to
determine the required output capacitance.

2
AN | a7 = lRaN  lran XL bran” xL

Vover <
Court Cour  Vour  Vour *xCourt 37)
2
VUNDER < raN | 7 lRAN | bRANXL lrran” xL
Cout Coutr Vin—Vour  (Vin —Vour )xCour (38)

If Vinminy > 2 X Vour, Use overshoot (Equation 37) to calculate minimum output capacitance. If Viymin) < 2 X Vour,
use undershoot (Equation 38) to calculate minimum output capacitance.

c _ lTRAN(MAX)2 xL 4% x 600 nH
OUTMINY = (Vour) x Vover ~ 0.6x100 mV

=160 uF
(39)

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated by Equation 40.

VRIPPLE(total —[IRIPPLE) 36 mV—[L j
ESR . - VRIPPLE(Total) ~ VRIPPLE(CAP) _ (tot2) | 8x Coyr xFow _ 8x160 uF= 300 kHz) _ 8.6 mO
e IriPPLE IriPPLE 3.2A (40)

Two 560-uF capacitors are selected to provide more than 160-puF of minimum capacitance and less than 8.6 mQ
of ESR.
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8.2.3.2.4 Peak Current Rating of Inductor

With output capacitance, it is possible to calculate the charge current during start-up and determine the minimum
saturation current rating for the inductor. The start-up charging current is approximated by Equation 41.

VOUT X COUT _ 0.6 V(2 x560 lJ.F)

| = =0.448 A
CHARGE
Tss 1.5ms (41)
Table 7. Inductor Requirements
PARAMETER VALUE UNIT

L Inductance 600 nH

I (rms) RMS current (thermal rating) 10.04 A

I (peak) Peak current (saturation rating) 12.05 A

8.2.3.2.5 Input Capacitor Selection (C8)

The input voltage ripple is divided between capacitance and ESR. For this design Vgippigcap) = 150 mV and
VRippLEEesn) = 150 mV. The minimum capacitance and maximum ESR are estimated by Equation 43.

CIN(min) = = =40.4 uF
VRIPPLE(CAP) xViyxFgwy 150 mV x 3.3 Vx 300 kHz 43)
_ VRIPPLE(ESR) _150mV
=S R = loap + BlrippLe  11.6A 13 me (44

The RMS current in the input capacitors is estimated by Equation 45.

IRMS_C|N = ILOAD XJDX (1—D) = 10 A X 02)((1 —02) = 4 Arms (45)

Five 1210, 10-pF, 25-V, X5R ceramic capacitors with approximately 2-mQ of ESR and a 2.5-A RMS current
rating each are selected. Higher voltage capacitors are selected to minimize capacitance loss at the DC bias
voltage to ensure the capacitors allow sufficient capacitance at the working voltage.

8.2.3.2.6 MOSFET Switch Selection (Q1 and Q2)

Reviewing available TI NexFET MOSFETs using the TI NexFET MOSFET selection tool, the CSD16323Q3 and
CSD16323Q3 5-mm x 6-mm MOSFETSs are selected. These two FETs have maximum total gate charges of 8.4
nC.

8.2.3.2.7 Bootstrap Capacitor (C6)

To ensure proper charging of the high-side FET gate, limit the ripple voltage on the boost capacitor to less than
50 mV.

Choost =20xQgq =20%x8.4nC =100 nF )
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8.2.3.2.8 VDD Bypass Capacitor (C7)

Per the TPS40305 Electrical Characteristics specifications, select a 1.0-uF X5R or better ceramic bypass
capacitor for VDD.

8.2.3.2.9 BP Bypass Capacitor (C5)

Per the TPS40303 data sheet, a minimum 1.0-uF ceramic capacitance is required to stabilize the BP regulator.
To limit regulator noise to less than 10 mV, the value of the bypass capacitor is calculated in Equation 47.

Cgp =100xMAX(Qg1,Qg2) (47)

Because both Q1 and Q2’s are the same, total gate charge is 8.4 nC, a BP capacitor of 0.84 pF is calculated. A
standard value of 1.0 uF is selected to limit noise on the BP regulator.

8.2.3.2.10 Short-Circuit Protection (R11)

The TPS40305 uses the negative drop across the low-side FET at the end of the OFF time to measure the
inductor current. Allowing for 30% over maximum load and 20% rise in Rps(on)1 for self-heating, the voltage drop
across the low-side FET at current limit is given by Equation 48.

Voc = (1.3%l.oap — 3 hipple ) X 1-2xRpsonaz = (1.3x10A - 23.2A)x1.2x 4.4mQ = 60mV
(48)

The TPS40305 internal temperature coefficient helps compensate for the MOSFET's Rpgen) temperature
coefficient, so the current limit programming resistor is selected by Equation 49.

Voc — VocLos(min) _60mV-(-8mV) _ 36 kO
2xlocseT(min) 2x9.5 pA (49)

Res =

8.2.3.2.11 Feedback Divider (R4, R5)

The TPS40305 controller uses a full operational amplifier with an internally fixed 0.600-V reference. R5 is
selected between 10 kQ and 50 kQ for a balance of feedback current and noise immunity. With R5 set to 10 kQ,
the output voltage is programmed with a resistor divider given by Equation 50. Because the feedback voltage is
equal to output voltage, low-side voltage divider resistor is not needed.

W Vour — Ves (50)

8.2.3.2.12 Compensation: (C2, C3, C4, R3, R6)

Using the TPS40k Loop Stability Tool for 100-kHz bandwidth and 60° phase margin with a R5 value of 10 kQ,
the following values are returned.

+ C8=10nF

e Cl14 =270 pF

e C15=4.7nF

+ R6=274kQ

e R3=1kQ
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8.2.3.3 Application Curves

A typical efficiency graph for this design example using the TPS40303 is shown in Figure 23.The typical line and
load regulation this design example using the TPS40303 is shown in Figure 24
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Figure 25. Total System Bode

9 Power Supply Recommendations

These devices are designed to operate from an input voltage supply between 3 V and 20 V. This input supply
should remain within the input voltage supply range. This supply must be well regulated.
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10 Layout

10.1 Layout Guidelines

For MOSFET or Power Block Layout, follow the layout recommendations provided for the MOSFET or Power
Block selected.

Connect VDD to VIN as close as possible to the drain connection of the high-side FET to avoid introducing
additional drop which could trigger short-circuit protection.

Place VDD and BP to GND capacitors within 2 mm of the device and connected to the Thermal Pad (GND).
The FB to GND resistor should connect to the thermal tab (GND) with a minimum 10-mil wide trace.

Place VOUT to FB resistor within 2 mm of the FB pin.

The EN/SS-to-GND capacitor must connect to the thermal tab (GND) with a minimum 10-mil-wide trace. It
may share this trace with FB to GND.

If a BJT or MOSFET is used to disable EN/SS, place it within 5 mm of the device.

If a COMP to GND resistor is used, place it within 5 mm of the device.

All COMP and FB traces should be kept minimum line width and as short as possible to minimize noise
coupling.

Do not route EN/SS more than 20 mm from the device.

If multiple layers are used, extend GND under all components connected to FB, COMP and EN/SS to reduce
noise sensitivity.

HDRYV and LDRYV should provide short, low inductance paths of 5 mm or less to the gates of the MOSFETSs or
Power Block.

No more than 1 Q of resistance should be placed between HDRV or LDRV and their MOSFET or Power
Block gate pins.

LDRV / OC to GND Current Limit Programming resistor may be placed on the far side of the MOSFET if
necessary to ensure a short connection from LDRYV to the gate of the low-side MOSFET.

The BOOT to SW resistor and capacitor should both be placed within 4 mm of the device using a minimum of
10-mil-wide trace. The full width of the component pads are preferred for trace widths if design rules allow.

If via must be used between the HDRV, SW and LDRV pins and their respective MOSFET or Power Block
connections, use a minimum of two vias to reduce parasitic inductance

Refer to the Land Pattern Data for the preferred layout of thermal vias within the thermal pad.

It is recommended to extend the top-layer copper area of the thermal pad (GND) beyond the package a
minimum 3 mm between pins 1 and 10 and 5 and 6 to improve thermal resistance to ambient of the device.
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10.2 Layout Example
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Figure 28. Bottom Internal Copper Layout Figure 29. Bottom Copper Layer
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS4030x devices with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V,y), output voltage (Voyut), and output current (Igyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
11.3 Documentation Support

11.3.1 Related Documentation

These references, design tools and links to additional references, including design software, may be found at
http://power.ti.com

1. Additional PowerPAD™ information may be found in Applications Briefs (SLMA002) and (SLMAQO04).

2. Under The Hood Of Low Voltage DC/DC Converters — SEM1500 Topic 5 — 2002 Seminar Series

3. Understanding Buck Power Stages in Switchmode Power Supplies, (SLVA057), March 1999

4. Designing Stable Control Loops — SEM 1400 — 2001 Seminar Series

11.4 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 8. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY Do corARE N
TPS40303 Click here Click here Click here Click here Click here
TPS40304 Click here Click here Click here Click here Click here
TPS40305 Click here Click here Click here Click here Click here

11.5 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.
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11.6 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.7 Trademarks

E2E is a trademark of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.8 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.9 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS40303DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU | NIPDAUAG Level-2-260C-1 YEAR  -40 to 125 0303 Samples
TPS40303DRCT ACTIVE VSON DRC 10 250 RoHS & Green NIPDAU | NIPDAUAG Level-2-260C-1 YEAR  -40to 125 0303 Samples
TPS40304DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 0304
TPS40304DRCT ACTIVE VSON DRC 10 250 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 0304
TPS40305DRCR ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU | NIPDAUAG Level-2-260C-1 YEAR  -40 to 125 0305 Samples
TPS40305DRCT ACTIVE VSON DRC 10 250 RoHS & Green NIPDAU | NIPDAUAG Level-2-260C-1 YEAR  -40to 125 0305 Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS40303DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS40303DRCT VSON DRC 10 250 180.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS40304DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS40304DRCT VSON DRC 10 250 180.0 12.5 3.3 3.3 1.1 8.0 12.0 Q2
TPS40305DRCR VSON DRC 10 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS40305DRCT VSON DRC 10 250 180.0 12.5 3.3 3.3 11 8.0 12.0 Q2
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
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/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS40303DRCR VSON DRC 10 3000 853.0 449.0 35.0
TPS40303DRCT VSON DRC 10 250 210.0 185.0 35.0
TPS40304DRCR VSON DRC 10 3000 338.0 355.0 50.0
TPS40304DRCT VSON DRC 10 250 338.0 355.0 50.0
TPS40305DRCR VSON DRC 10 3000 338.0 355.0 50.0
TPS40305DRCT VSON DRC 10 250 338.0 355.0 50.0
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4226193/A
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DRC0010J

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

f

1.0
0.8

.

|

0.05J‘

SEATING PLANE

0.00
la— 1.65+0.1 —»]
2X (0.5) 02)
— 0.2) TYP
EXPOSED |
THERMAL PAD | ﬂ | 4% (0.25) r
T |
; [
TAS N |
D) i ]
2X 11 SYMM
=T - — 13- 2.4+0.1
— > ‘ ]
. = | et
8X HE 0.30
- { — 10X g
PIN1ID YMM
(OPTIONAL) ¢ 05 & —H—Lrug';% CCA B
10X o3 :

4218878/B 07/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e (1.65) ——=

o

10X (0.6) ‘
|
1 1 x |
10X (0.24) T Cb
|
11
|

SYMM (2.4)

¢— 1-O-— %T (3.4)
8xEE!3 | CD J
L H-£5
|
|
|

(R0.05) TYP ‘ \
|
(0.2) VIA ‘ |
TYP ‘ J ‘ |
\ (0.25)
! (0.575) L
1 e
L— (2.8) —J
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
' ALL AROUND
ALL AROUND I“ EXPOSED METAL
EXPOSED METAL e -
\‘\‘ ‘
/
SBENIN MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISEIEIFIe\l II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4218878/B 07/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e 2X (1.5) ——=

T |
SYMM

EXPOSED METAL

1ox (0.6)

\
|
‘L / 10
T (1.53)
10X (0.24) —

~

S\‘(LME’ T ’*@ @44[_4'_# -
8X (0.5) i |

%EB»

5

(R0.05) TYP i I
i 4% (0.34)
|
[

!
|
|
|
R N
&
T

ﬁl—# 4X (0.25)

|
|
|
|
|
(28) .

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218878/B 07/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com
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