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5 Pin Configuration and Functions

VIN|:1. 6/ _]FB
sw [ ||2 5/ ] EN
GND [ |3 4l ] PG

B 5-1. 6-Pin SOT563 DRL Package (Top View)

Z 5-1. Pin Functions

Pin Type(® Description
Name NO.
VIN 1 P Input voltage supply pin. Connect the input decoupling capacitors between VIN and GND.
SW 2 P Switch node pin. Connect the output inductor to this pin.
GND 3 G GND pin for the controller circuit and the internal circuitry.
PG 4 A Open-drain power-good indicator.
EN 5 A Enable control input. Driving EN high enables the converter.
FB 6 A Converter feedback input. Connect to output voltage with a feedback resistor divider.

(1) A= Analog, P = Power, G = Ground
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6 Specifications
6.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VIN -0.3 18
FB, EN, PG -0.3 6
Pin voltage(@ GND -0.3 0.3 \Y
SW -2 18
SW (transient < 20 ns) -55 20
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgig -55 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to the network ground pin.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001("), all pins +2000
V(esp) Electrostatic discharge - V
Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +500

(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

Over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

VIN 3 17
FB, EN, PG -0.1 5.5

Pin voltage GND -0.1 0.1 \%
Si -1 17
SW (transient < 20 ns) -5 18

Output current lout 0 4 A
Operating junction temperature, T, -40 125

Temperature °C
Storage temperature, Tgy -40 150
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6.4 Thermal Information

DRL (SOT-563
THERMAL METRIC(") ( ) UNIT
6 PINS
Roa @ Junction-to-ambient thermal resistance 137.4 °C/W
:'\3’)9 JA_effective | jynction-to-ambient thermal resistance on EVM board 74 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 58.8 °C/W
R Junction-to-board thermal resistance 29.8 °C/W
VT Junction-to-top characterization parameter 1.3 °C/wW
LT Junction-to-board characterization parameter 294 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

(2) The value of R 4a given in this table is only valid for comparison with other packages and can not be used for design purposes. These
values were simulated on a standard JEDEC board. These values do not represent the performance obtained in an actual application.

(3)  This Ry ya_effective is tested on TPS564252EVM board (2 layer, copper thickness is 2-0z) at Viy = 12 V, Vout =5 V, loyt = 4A, Tp =
25°C.

6.5 Electrical Characteristics
T,= -40°C to 125°C, V|y = 12 V (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
INPUT SUPPLY VOLTAGE
ViN Input voltage range ViN 3 17 V
\l;leor:i)jr?, Ven =5V, Vg = 0.65 V, non-switching, ECO 100 uA
i VIN supply current ll;lgcl:o,\jdv,e\r/;g: 5V, Vg = 0.65 V, non-switching, 370 uA
\l:l;;ci)::, Ven =5V, Veg = 0.65 V, non-switching, OOA 370 VA
liNSDN VIN shutdown current No load, Vgy =0V 2 MA
uvLO
Rising threshold 2.80 2.92 3.00 \Y
Vin_uvLo {Efe"'sthuor;ge“’o'tage lockout e lling threshold 260 272 280 V
Hysteresis 200 mV
FEEDBACK VOLTAGE
T,=25°C 594 600 606 mV
VREF FB voltage
Ty= -40°C to 125°C 591 600 609 mV
INTEGRATED POWER MOSFETS
Roson s | High-side MOSFET on- Ty=25°C,Vin =5V 55.0 mQ
- resistance T,=25°C, V=3V () 67.5 mQ
Roson 15| -oW-side MOSFET on- Ty=25°C,Vin =5V 24.3 mQ
- resistance T,=25°C,ViN=3V 30.2 mQ
SWITCHING FREQUENCY
fsw Switching frequency T;=25°C, Voyr=3.3V 600 kHz
tonginy (P Minimum on time T,=25°C 60 ns
torruing P [Minimum off time Vg =05V 110 ns
LOGIC THRESHOLD
VENH EN threshold high level Rising enable threshold 1.15 1.19 1.25 V
VENL EN threshold low level Falling disable threshold 0.90 1.00 1.10 \Y
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6.5 Electrical Characteristics (continued)
Ty = -40°C to 125°C, V|y = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

VENHYS EN hystersis Hysteresis 190 mV
Ren EN pulldown resistor 2 MQ
CURRENT LIMIT
locL Ls Overcurrent threshold Valley current set point 4.1 5.5 6.7 A
Inoc {\:jgsr:lglz overcurrent 17 24 238 A
SOFT START
tss Internal soft start time 1.6 ms
OUTPUT OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
Vovp OVP trip threshold Vg rising 110% 115%  120%
tovpoLY OVP prop deglitch 24 us
Vuvp UVP trip threshold Vg falling 55% 60% 65%
tuvPpLy UVP prop deglitch 220 us
tuvpPEN Hiccup enable delay time UVP detect 14 ms
POWER GOOD

FB falling, PG from high to low 80% 85% 90%

FB rising, PG from low to high 85% 90% 95%
VpGTH Power good threshold

FB falling, PG from low to high 105%  110%  115%

FB rising, PG from high to low 110% 115% 120%
Vec(oL) \Ii’oclﬁtgéréoutput low-level lo = 4 mA 0.4 Vv
oy | e e unen v - v 1
toom) rI?’izihdelay going from low to 1 ms
- IIZ\CIEV delay going from high to 8 us
THERMAL SHUTDOWN
Tson ! Shutdown temperature 155
Torenay Thermal shutdown threshold Hysteresis 20 °C

(1)  Specified by design
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6.6 Typical Characteristics

T,= -40°C to 125°C, V|y = 12 V (unless otherwise noted)

120 480
110 440
///_
100 — —1 400 — =
— // /
< < ]
2 9 2 360 —
= s
80 320
70 280
60 240
40 20 0 20 40 60 80 100 120 140 40 20 0O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
&l 6-1. TPS564252 Quiescent Current & 6-2. TPS564257 Quiescent Current
480 1.22
440 1.21
400 — = 1.2
3 360 e g 1.19 — ~
g —| =
a g
320 1.18
280 1.17
240 1.16
-40 -20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
A 6-3. TPS564255 Quiescent Current 6-4. Enable On Threshold Voltage
1.11 34
g
32 /
1.08 /
30 v
1.05 o i
— P
= < 28 v
o £
5 1.02 =
= L « 26 ,/
g \\\ =
0.99 % 24
™ [=]
= 1
0.96 22 =
20 7
0.93
40 20 0 20 40 60 80 100 120 140 18
Junction Temperature (°C) 40 20 0 20 40 60 80 100 120 140
& 6-5. Enable Off Threshold Voltage Junction Temperature (°C)
Kl 6-6. Low-Side RDS(ON)
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6.6 Typical Characteristics (continued)

T,= -40°C to 125°C, V|y = 12 V (unless otherwise noted)
80 0.603
v
75 //
0.602
70 /
E //
65 0.601
g pd s %
2 60 5
3 e 4 Y //
& 55 > / <
« /
%0 0.599 /
YV
45
40 0.598
40 20 0 20 40 60 80 100 120 140 0 200 20 40 60 8, 00 120 140
Junction Temperature (°C) unction Temperature (°C)
A& 6-7. High-Side Ros(oN) &l 6-8. VREF Voltage
700 800
650 — | 720
T 550 II // 7 560
~3 i ] X 480 II;
5 °00 / / 5 /
g / / g 400 1/
S 450 { g v
> Z 320
o / o /)
C 400 W 540 // | |
i — Vout=1.05V | // || — Vout=1.05V | ]
350 7 7 — Vout=3.3V | 160 ;/ — Vout=3.3V |
/ / — Vout=5V [ 4 — Vout=5vV  H
300 T T T | 80 # I
250 I N 0 —T 1| [T 11
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0.001 0005 002 00501 02 05 1 2 34
Vin(V) lout(A)
&l 6-9. Frequency vs Input Voltage, & 6-10. TPS564252 Frequency vs Loading,
lour=4A Vin=12V
700 1000 } 1
|
650 700 - =
500
600 /7
— = 300 /
N N 74
T
5:5, 550 X 200 ///
>
g i //
2 500 S //
[)
=} > 100
g 450 3
2 w 70 Vo4
400 — Vout=1.05V 50 —— Vout=1.05V
— Vout=3.3V = — Vout=3.3V
350 — Vout=5V 30 — Vout=5V
200 \ 20 RER
0 05 ] 15 5 25 3 35 4 0.001 0005 002 00501 02 05 1 234
' T jout(d) ' lout(A)
& 6-11. TPS564257 Frequency vs Loading, Bl 6-12. TPS564255 Frequency vs Loading,
Vin=12V Vin=12V
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6.6 Typical Characteristics (continued)

T,= -40°C to 125°C, V|y = 12 V (unless otherwise noted)

100% 100%
90% L ___%f
80 oAO) //—“__/ ! —T \\ 90% |~ —’___.A\
/ LA ] o o N
70% vl 80% b N
ol 70% /|
60% | / VA4
> / > 60% / /
g 50% 3 ViV
.2 QD 509% / /
S S / f
5 o 5 o vayali
. : 30% 7 / /
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o A4 — Vin=6V
— Vin=12V 10% // /’ — Vin=12V
1T A1
0% [T 1 o E==1 A ———
0.001 0.005 0.02 0.05 0.1 0.2 05 1 2 34 0.001 0.005 0.02 0.05 0.1 0.2 05 1 2 34
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& 6-13. TPS564252 Efficiency at 1.05 Voyr with a 1.5-u H 6-14. TPS564257 Efficiency at 1.05 Voyt with a 1.5-uH
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Al 6-15. TPS564255 Efficiency at 1.05 Voyt with a 1.5-uH A 6-16. TPS564252 Efficiency at 3.3 Voyr with a 3.3-1 H
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A 6-17. TPS564257 Efficiency at 3.3 Voyr with a 3.3-uH B 6-18. TPS564255 Efficiency at 3.3 Vour with a 3.3-u H
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6.6 Typical Characteristics (continued)

T,= -40°C to 125°C, V|y = 12 V (unless otherwise noted)
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Kl 6-19. TPS564252 Efficiency at 5 Voyr with a 4.7-u H Inductor
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& 6-20. TPS564257 Efficiency at 5 Voyr with a 4.7-u H Inductor
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El 6-21. TPS564255 Efficiency at 5 Voyr with a 4.7- 1 H Inductor
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Al 6-22. TPS564252 Efficiency at 10 Vgyt with a 6.8- 1 H Inductor
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A 6-23. TPS564257 Efficiency at 10 Voyt with a 6.8- 1 H Inductor
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Bl 6-24. TPS564255 Efficiency at 10 Voyr with a 6.8- 1 H Inductor
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7 Detailed Description
7.1 Overview

The TPS56425x is a 4-A integrated FET synchronous buck converter that operates from 3-V to 17-V input
voltage and 0.6-V to 10-V output voltage. This device also integrates the bootstrap capacitor in an internal IC,
which is helpful for easy layout. The device employs a D-CAP3 control mode that provides fast transient
response with no external compensation components and an accurate feedback voltage. The proprietary D-
CAP3 control mode enables low external component count, ease of design, and optimization of the power
design for cost, size and efficiency. The topology provides a seamless transition between CCM operating mode
at higher load condition and DCM operation mode at lighter load condition.

The Eco-mode version allows the TPS564252 to maintain high efficiency at light load. The FCCM version allows
the TPS564257 to maintain a fixed switching frequency and lower voltage output ripple. The OOA version allows
the TPS564255 to prevent audio noise generation. The TPS56425x is able to adapt to both low equivalent series
resistance (ESR) output capacitors such as POSCAP or SP-CAP, and ultra-low ESR ceramic capacitors.
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7.2 Functional Block Diagram

F8 [6

UV threshold — ¢

QV threshold — =

VREF

+

PWM

Compensation

Internal

Internal VCC

SS

Internal SS

EN [5]

185°C 20°C | [

PG[4]|——

EN Threshold

+

+

7
VREGOK L[ 292v/
v 272V

VIN

\

i

THOK

\

Control Logic

e On/Off time

e Minimum On/Off

e Light load

¢ OCP/OVP/UVP/TSD
o Soft-Start

o PG

|_
I
|_

Internal —s
BST

LDO

Internal
VCC

-

3

A

| NOCL

-

7.3 Feature Description
7.3.1 PWM Operation and D-CAP3™ Control Mode

GND

The main control loop of the buck is an adaptive on-time pulse width modulation (PWM) controller that supports
a proprietary D-CAP3 control mode. The D-CAP3 control mode combines adaptive on-time control with an
internal compensation circuit for pseudo-fixed frequency and low external component count configuration with
both low-ESR and ceramic output capacitors. The device is stable even with virtually no ripple at the output. The

TPS56425x also includes an error amplifier that makes the output voltage very accurate.

At the beginning of each cycle, the high-side MOSFET is turned on. This MOSFET is turned off after an internal
one-shot timer expires. This one-shot duration is set proportional to the output voltage, Voyt, and is inversely
proportional to the converter input voltage, V|y, to maintain a pseudo-fixed frequency over the input voltage
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range, hence, it is called adaptive on-time control. The one-shot timer is reset and the high-side MOSFET is
turned on again when the feedback voltage falls below the reference voltage. An internal ripple generation circuit
is added to reference voltage to emulate the output ripple, enabling the use of very low-ESR output capacitors
such as multi-layered ceramic caps (MLCC). No external current sense network or loop compensation is
required for D-CAP3 control mode.

7.3.2 Eco-mode Control

The TPS564252 is designed with advanced Eco-mode to maintain high light-load efficiency. As the output
current decreases from heavy load condition, the inductor current is also reduced and eventually comes to point
that its ripple valley touches zero level, which is the boundary between continuous conduction and discontinuous
conduction mode. The rectifying MOSFET is turned off when the zero inductor current is detected. As the load
current further decreases, the converter runs into discontinuous conduction mode. The on time is kept almost the
same as it was in continuous conduction mode so that it takes longer time to discharge the output capacitor with
smaller load current to the level of the reference voltage. This makes the switching frequency lower, proportional
to the load current, and keeps the light load efficiency high. Use the below equation to calculate the transition
point to the light load operation loyT() current.

1 . (Mn — Vour) x Vour

lout) =

7.3.3 Soft Start and Prebiased Soft Start

The TPS56425x has an internal fixed 1.6-ms soft-start time. The EN default status is low. When the EN pin
becomes high, the internal soft-start function begins ramping up the reference voltage to the PWM comparator.

If the output capacitor is prebiased at start-up, the devices initiate switching and start ramping up only after the
internal reference voltage becomes higher than the feedback voltage, Vgg. This scheme makes sure that the
converter ramps up smoothly into the regulation point.

7.3.4 Overvoltage Protection

The TPS56425x has the overvoltage protection feature. When the output voltage becomes higher than the OVP
threshold, the OVP is triggered with a 24- s deglitch time. Both the high-side MOSFET and the low-side
MOSFET drivers are turned off. When the overvoltage condition is removed, the device returns to switching.

7.3.5 Large Duty Operation

The TPS56425x can support large duty operations up to 97% by smoothly dropping down the switching
frequency. When V |\ / Voyt < 1.6 and Vgg is lower than internal Vrgr, the switching frequency is allowed to
smoothly drop to make tgy extended to implement the large duty operation and improve the performance of the
load transient. Please refer frequency test waveform in 6-9. The minimum switching frequency is limited to
approximately 200 kHz.

7.3.6 Current Protection and Undervoltage Protection

The output overcurrent limit (OCL) is implemented using a cycle-by-cycle valley detect control circuit. The switch
current is monitored during the off state by measuring the low-side FET drain-to-source voltage. This voltage is
proportional to the switch current. To improve accuracy, the voltage sensing is temperature compensated.

During the on time of the high-side FET switch, the switch current increases at a linear rate determined by the
following:

* Vi

* Vour

* On-time

* Output inductor value

During the on time of the low-side FET switch, this current decreases linearly. The average value of the switch

current is the load current, lgyt. If the monitored valley current is above the OCL level, the converter maintains a
low-side FET on and delays the creation of a new set pulse, even the voltage feedback loop requires one, until

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 13

Product Folder Links: TPS564252 TPS564255 TPS564257
English Data Sheet: SLUSEQ6


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps564252?qgpn=tps564252
https://www.ti.com.cn/product/cn/tps564255?qgpn=tps564255
https://www.ti.com.cn/product/cn/tps564257?qgpn=tps564257
https://www.ti.com.cn/cn/lit/pdf/ZHCSP84
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSP84A&partnum=TPS564252
https://www.ti.com.cn/product/cn/tps564252?qgpn=tps564252
https://www.ti.com.cn/product/cn/tps564255?qgpn=tps564255
https://www.ti.com.cn/product/cn/tps564257?qgpn=tps564257
https://www.ti.com/lit/pdf/SLUSEQ6

13 TEXAS
TPS564252, TPS564255, TPS564257 INSTRUMENTS
ZHCSP84A - DECEMBER 2022 - REVISED MAY 2023 www.ti.com.cn

the current level becomes OCL level or lower. In subsequent switching cycles, the on time is set to a fixed value
and the current is monitored in the same manner.

There are some important considerations for this type of overcurrent protection. The load current is higher than
the overcurrent threshold by one half of the peak-to-peak inductor ripple current. Also, when the current is being
limited, the output voltage tends to fall as the demanded load current can be higher than the current available
from the converter, which can cause the output voltage to fall. When the FB voltage falls below the UVP
threshold voltage, the UVP comparator detects it and the device shuts down after the UVP delay time (typically
220 us) and restarts after the hiccup wait time (typically 14 ms). After the device enters the hiccup cycling, the
hiccup on time is typically 2.2ms.

When the overcurrent condition is removed, the output voltage returns to the regulated value.

The TPS564257 is a FCCM mode part. In this mode, the device has negative inductor current at light loading.
The device has NOC (negative overcurrent) protection to avoid too large negative current. NOC protection
detects the valley of inductor current. When the valley value of inductor current exceeds the NOC threshold, the
device turns off the low-side FET then turns on the high-side FET. When the NOC condition is removed, the
device returns to normal switching.

Because the TPS564257 is a FCCM mode port, if the inductance is so small that the device trigger NOC, it
causes the output voltage to be higher than target value. The minimum inductance is identified as /7 £ 2.

Vour
L= 2 X Frequency X NOC(pyjn) 2)

7.3.7 Undervoltage Lockout (UVLO) Protection

UVLO protection monitors the internal regulator voltage. When the voltage is lower than UVLO threshold voltage,
the device is shut off. This protection is a non-latch protection.

7.3.8 Thermal Shutdown

The device monitors the temperature of itself. If the temperature exceeds the threshold value, the device is shut
off. This protection is a non-latch protection.

7.4 Device Functional Modes
7.4.1 Eco-mode Operation

The TPS564252 operates in Eco-mode, which maintains high efficiency at light loading. As the output current
decreases from heavy load conditions, the inductor current is also reduced and eventually comes to a point
where the rippled valley touches zero level, which is the boundary between continuous conduction and
discontinuous conduction mode. The rectifying MOSFET is turned off when the zero inductor current is detected.
As the load current further decreases, the converter runs into discontinuous conduction mode. The on time is
kept almost the same as it was in continuous conduction mode so that it takes longer time to discharge the
output capacitor with smaller load current to the level of the reference voltage. This action makes the switching
frequency lower, proportional to the load current, and keeps the light load efficiency high.

7.4.2 FCCM Mode Operation

The TPS564257 operates in forced CCM (FCCM) mode, which keeps the converter operating in continuous
current mode during light load conditions and allows the inductor current to become negative. During FCCM
mode, the switching frequency is maintained at an almost constant level over the entire load range, which is
suitable for applications requiring tight control of the switching frequency and output voltage ripple at the cost of
lower efficiency under light load.

7.4.3 OOA Mode Operation

The TPS564255 is designed with Out-of-Audio™ (OOQA) feature that keeps switching frequency above the
audible frequency region at light load or no load conditions. Once the converter determines that there is no
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switching for longer than 30us, it turns on the low-side MOSFET which brings VFB lower than internal VREF and
initiates a new Ton cycle. This ensures that the switching frequency doesn’ t go lower than 25kHz typical.
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8 Application and Implementation

&L
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The device is a typical buck DC/DC converter that is typically used to convert a higher DC voltage to a lower DC
voltage with a maximum available output current of 4 A. The following design procedure can be used to select
component values for TPS56425x. Alternately, the WEBENCH Power Designer software can be used to
generate a complete design. The WEBENCH Power Designer software uses an iterative design procedure and
accesses a comprehensive database of components when generating a design. This section presents a
simplified discussion of the design process.

8.2 Typical Application

The application schematic in ¥ 8-1 was developed to meet the requirements in 3 8-1. This circuit is available
as the evaluation module (EVM). The sections provide the design procedure.

8-1 shows the TPS56425x 5-V to 17-V input, 1.05-V output converter schematic.
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K] 8-1. Schematic

8.2.1 Design Requirements
% 8-1 shows the design parameters for this application.

# 8-1. Design Parameters

Parameter Conditions MIN TYP MAX Unit
Vout Output voltage 1.05 \Y
lout Output current 4 A
AVourt Transient response gl.g\;vAra_tes.G-A load step, 0.8-A/ s 3% x Vour \%
VN Input voltage 5 12 17 \Y
VouT(ripple) Output voltage ripple CCM condition 10 mV
Fsw Switching frequency 0.6 MHz
Ta Ambient temperature 25 °C

8.2.2 Detailed Design Procedure
8.2.2.1 Custom Design with WEBENCH® Tools

Click here to create a custom design using the TPS564252 device with the WEBENCH® Power Designer.
Click here to create a custom design using the TPS564257 device with the WEBENCH® Power Designer.
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Click here to create a custom design using the TPS564255 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) 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.
8.2.2.2 Output Voltage Resistors Selection

The output voltage is set with a resistor divider from the output node to the FB pin. Tl recommends using 1%
tolerance or better divider resistors. Start by using 77 f£3{ 3 to calculate Voyr.

To improve efficiency at very light loads, consider using larger value resistors. If the values are too high, the
regulator is more susceptible to noise and voltage errors from the FB input current are noticeable. Use a 10-k @
resistor for Rg to start the design.

R
VOUT=0'6X<1+R_:> 3)

8.2.2.3 Output Filter Selection

The LC filter used as the output filter has a double pole at /5 #£x{ 4. In this equation, Coyr uses its effective
value after derating, not its nominal value.

1

fp =
2nyLoyr x Cour 4)

For any control topology that is compensated internally, there is a range of the output filter it can support. At low
frequency, the overall loop gain is set by the output set-point resistor divider network and the internal gain of the
device. The low frequency phase is 180°. At the output filter pole frequency, the gain rolls off at a - 40 dB per
decade rate and the phase drops has a 180 degree drop. The internal ripple generation network introduces a
high-frequency zero that reduces the gain roll off from -40 dB to - 20 dB per decade and leads the 90 degree
phase boost. The internal ripple injection high-frequency zero is about 66kHz. The inductor and capacitor
selected for the output filter is recommended such that the double pole is located approximately 20kHz, so that
the phase boost provided by this high-frequency zero provides adequate phase margin for the stability
requirement. The crossover frequency of the overall system is usually targeted to be less than one-third of the
switching frequency (fsy). For high output voltage condition, TI recommends to use 10-100pF feedforward
capacitor(C7 in & 8-1) for enough phase margin.

% 8-2. Recommended Component Values

Recomme Typical Coyt
Output Voltage . Typical Coyt (1 F) nded Category Typical C7
V) R4 (kQ) | RS(kQ) | Typical L1 (1 H) Nominal Value Range Cout (pF)
(1F)
0.6 0 10.0 1.2 66-154 66 MLCC, 0805, 10V —
1.05 7.5 10.0 1.5 44-66 44 MLCC, 0805, 10V —
2.2 26.0 10.0 2.2 22-88 44 MLCC, 0805, 10V 90
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# 8-2. Recommended Component Values (continued)

Recomme Typical Coyt
Outpu:\);oltage R4 (kQ) | R5(kQ) | Typical L1 (uH) N;I’:Inp;:‘caall \2?3; % 1; ELe rcl:iz: Category Typ(i;:; C7
(F)
3.3 45.0 10.0 3.3 22-88 44 MLCC, 0805, 10V 30
5 220.0 30.0 4.7 22-88 44 MLCC, 0805, 10V 30
10 470 30.0 6.8 44-88 44 MLCC, 0805, 16V 36

The inductor peak-to-peak ripple current, peak current, and RMS current are calculated using 771230 5, 7220
6, and /5#£30 7. Generally, TI recommends the peak-to-peak ripple current to be 20% - 50% of output average
current for a comprehensive benefit of efficiency and inductor volume. The inductor saturation current rating
must be greater than the calculated peak current and the RMS or heating current rating must be greater than the
calculated RMS current.

Vour Vinwaxy — Vout

llp_p =

VIN(MAX) Lo x fsw (5)

I
Il =l + =P
PEAK O ) (6)

/ 1 2
Lo@us) = lo” + 5 p-p
(RMS) 12 )

For this design example, the calculated peak current is 4.545 A and the calculated RMS current is 4.146 A. The
inductor used is 74437349015 with 8-A rated current and 14.5-A saturation current.

The capacitor value and ESR determines the amount of output voltage ripple. The TPS56425x are intended for

use with ceramic or other low-ESR capacitors. Use 7723\ 8 to determine the required RMS current rating for the
output capacitor.

Vout * (Vin = Vour)
\/E X V|N X LO X fSW (8)

lcorms) =

For this design, two MuRata GRM21BR61A226ME44L 22-uF output capacitors are used. The typical ESR is 2
m Q each. The calculated RMS current is 0.32 A and each output capacitor is rated for 4 A.

8.2.2.4 Input Capacitor Selection

The TPS56425x requires an input decoupling capacitor and a bulk capacitor is needed depending on the
application. Tl recommends a ceramic capacitor over 10 yF for the decoupling capacitor. TI recommends an
additional 0.1-yF capacitor from the VIN pin to ground to provide high frequency filtering. The capacitor voltage
rating must be greater than the maximum input voltage.
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8.2.3 Application Curves

The following data is tested with V|y =12V, Vout = 1.05 'V, Ta = 25°C, unless otherwise specified.

800 800
720 760
640 = 720
/
T 560 / s 680
£ 480 [/ 2 640 ——==— — =
> —
8 400 1 g 600
g / g
g 320 / & 560
frn R Ry AN - i
240 % —_— x!n:gx 520 — Vin=3V
160 / n= — Vin=6V
//4 — Vin=12V 480 — Vin=12V
80 — Vin=17V 440 — Vin=17V
0 = LI [ 1 400 T T T
0.001 0.005 0.02 0.05 0.1 02 05 1 2 34 0 04 08 12 16 2 24 28 32 36 4
lout(A) lout(A)
] 8-2. TPS564252 Frequency vs Loading Kl 8-3. TPS564257 Frequency vs Loading
1000 } 1%
700 0.8%
500 / 8
7 0.6%
/ e
= 300 ///l g 04% =
I =) o, \\\‘
X 200 ® 02% Y
g 'y =]
& // > \
c / Jo) 0
g Y x \
qé;_ 100 . / E -0.2%
o | ||
IC 70 / . — -0.4% —_— Vin=3V |||
// —_— V!n:3V ° — Vin=6V ]
50 — Vin=6V H 0.6% Vin= ||
" -0.6% — Vin=12V
— Vin=12V H — Vin=17V [T
30 - Vin=t7vii -0.8% T — | |
20 [T T 19 [T
0.001 0.005 0.02 00501 02 05 1 2 34 0.001 0.005 0.02 00501 02 05 1 234
lout(A) lout(A)
&l 8-4. TPS564255 Frequency vs Loading & 8-5. TPS564252 Load Regulation vs Loading
1% 1%
0.8% 0.8%
0.6% 0.6%
o 04% R . 04%
il AN K]
B 0.2% AN B 0.2% SES
> \ >
54 0 54 0
14 o =
T .0.2% \ T .0.2% N
S S N
-0.4% — Vin=3V -0.4% — Vin=3V \
— Vin=6V — Vin=6V \
-0.6% — Vin=12V -0.6% — Vin=12V
-0.8% — \in=17V -0.8% — \Vin=17V
1% [T [ ] 19 [ TITI0
0.001 0.005 002 00501 02 05 1 2 34 0.001 0.005 0.02 00501 02 05 1 2 34
lout(A) lout(A)
& 8-6. TPS564257 Load Regulation vs Loading K] 8-7. TPS564255 Load Regulation vs Loading
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K] 8-8. TPS564252 Line Regulation vs Vg & 8-9. TPS564257 Line Regulation vs Vg
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1% Kl 8-11. TPS564252 Output Voltage Ripple with
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& 8-10. TPS564255 Line Regulation vs V|
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Kl 8-12. TPS564257 Output Voltage Ripple with K 8-13. TPS564255 Output Voltage Ripple with
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Vout=20mV/div (AC coupled)

Pvouty,

L P

©

o e
SW=5V/div : :
2us/div 200us/div
K 8-14. Output Voltage Ripple with 4-A Loading & 8-15. TPS564252 Transient Response with 0.4 A
to3.6 A
R e e e e e VO U e eyt aperrs.aeyeieatetomebelmtomnt e e i it R it te, Y. ey
Vout=50mV/div (ACcoupled) Vout=50mV/div: (AC coupled)
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[ P : b
Bfiout . L'"""""'"""' S L"" @m'!'"""". . L"""'""" . . \-""'
200us/div 200ﬁs/div
K 8-16. TPS564257 Transient Response with 0.4 A | & 8-17. TPS564255 Transient Response with 0.4 A
to 3.6 A to3.6 A
Vin=5V/div Vin=5V/div .
e —————— e
CEN=2V/dive : ] EN=2V/div :
o S S S T T ... e B O e i s

- - Vout=500mV/div - - L B{EN Vout=500mV/div % :

Pr{voutiiig

Avout

Zhs/div ]

K 8-18. Start-Up Through EN, Ioyt =4 A

2ms/div

& 8-19. Shutdown Through EN, Ioyt =4 A
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& 8-21. Shutdown with Vi Falling, loyt =4 A

& 8-20. Start-Up with V) Rising, loyt =4 A

Vout=560mV/div

[Zivout. -

SW=10V/div

© Vout=soomv/div |

IL=5A/div

IL=5A/div = . [
B L e
T00us/div —Toous/aw
8-22. TPS564252 Normal Operation to Output ] 8-23. TPS564257 Normal Operation to Output
Hard Short Hard Short
Vout=500mV/div
‘ Vout;SOOm\)/div ‘ ‘ ‘ ‘ ‘ ‘ ‘
‘ SW=10V/div
J SW=10V/div
(35w [3sw : :
IL=5A/div ‘ |L=;A/div: ‘ ‘ ‘ ‘ : ' O d
it {1 L M N ———— H
100us/div ‘ ] 4ms/div : »
& 8-24. TPS564255 Normal Operation to Output & 8-25. Output Hard Short Hiccup
Hard Short

8.3 Power Supply Recommendations

The TPS56425x are designed to operate from input supply voltages in the range of 3 V to 17 V. Buck converters
require the input voltage to be higher than the output voltage for proper operation.

8.4 Layout
8.4.1 Layout Guidelines

* Keep VIN and GND traces as wide as possible to reduce trace impedance. The wide areas are also an

advantage from the view point of heat dissipation.

* Place the input capacitor and output capacitor as close to the device as possible to minimize trace

impedance.

* Provide sufficient vias for the input capacitor and output capacitor.
* Keep the SW trace as physically short and wide as practical to minimize radiated emissions.
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* Do not allow switching current to flow under the device.

* Connect a separate VOUT path to the upper feedback resistor.

* Make a Kelvin connection to the GND pin for the feedback path.

* Place a voltage feedback loop away from the high-voltage switching trace, and preferably has ground shield.

* Make the trace of the FB node as small as possible to avoid noise coupling.

* Make the GND trace between the output capacitor and the GND pin as wide as possible to minimize its trace
impedance.

8.4.2 Layout Example
e ) Rrss ResT
O —T T 1+
|:VIN FB j—
:I EN
SW I:SW EN Control
[ |eno Pe| —

]
VOUT| —= e

(O VIA (Connected to GND plane at bottom layer)

& 8-26. Suggested Layout
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9 Device and Documentation Support
9.1 Device Support

9.1.1 Development Support
9.1.1.1 Custom Design with WEBENCH® Tools

Click here to create a custom design using the TPS564252 device with the WEBENCH® Power Designer.
Click here to create a custom design using the TPS564257 device with the WEBENCH® Power Designer.
Click here to create a custom design using the TPS564255 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) 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.
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9.4 Trademarks

D-CAP3™ and Tl E2E™ are trademarks of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.
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10 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TPS564252DRLR Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes Call TI| Sn Level-1-260C-UNLIM -40 to 125 4252
TPS564252DRLR.A Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 4252
TPS564255DRLR Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes Call Tl | Sn Level-1-260C-UNLIM -40 to 125 4255
TPS564255DRLR.A Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 4255
TPS564257DRLR Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes Call TI| Sn Level-1-260C-UNLIM -40 to 125 4257
TPS564257DRLR.A Active Production SOT-5X3 (DRL) | 6 4000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 4257

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer: The information provided on this page represents Tl'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. TI 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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PACKAGE OUTLINE

SOT - 0.6 mm max height
PLASTIC SMALL OUTLINE

DRLOOOGA
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ID AREA

)

2X 0° -10"L

0.05
0.00

TYP —=|

- — £
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0.1 |C|A|B
¢ 0.05 |C
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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. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. Reference JEDEC registration MO-293 Variation UAAD

i
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EXAMPLE BOARD LAYOUT
DRLOOO6A SOT - 0.6 mm max height
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NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
7. Land pattern design aligns to IPC-610, Bottom Termination Component (BTC) solder joint inspection criteria.
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EXAMPLE STENCIL DESIGN
DRLOOO6A SOT - 0.6 mm max height

PLASTIC SMALL OUTLINE
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4223266/F 11/2024

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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