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TPS63020-Q1 High Efficiency Single Inductor Buck-Boost Converter With 4-A Switches

1 Features

* Qualified for Automotive Applications
» AEC-Q100 Qualified with the Following Results:

— Device Temperature Grade: —40°C to 125°C
Operating Junction Temperature Range

— Device HBM ESD Classification Level H1B
— Device CDM ESD Classification Level C4A

* Input Voltage Range: 1.8 Vto 5.5V

e Up to 96% Efficiency

e 3 A Output Current at 3.3 V in Step Down Mode
(Vin>3.6V)

* More than 2 A Output Current at 3.3 V in Boost
Mode (V\y > 2.5V)

* Automatic Transition Between Step Down and
Boost Mode

* Dynamic Input Current Limit
» Device Quiescent Current less than 50 pA

e Adjustable Output Voltage Range from 1.2 V to
55V

» Power Save Mode for Improved Efficiency at Low
Output Power

» Forced Fixed Frequency Operation at 2.4 MHz
and Synchronization Possible

* Smart Power Good Output

* Load Disconnect During Shutdown

» Overtemperature Protection

» Overvoltage Protection

* Available in a 3-mm x 4-mm, VSON-14 Package

4 Typical Application Schematic
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2 Applications

* |nfotainment
* Telematics/eCall

3 Description

The TPS63020-Q1 device provides a power supply
solution for products powered by either a two-cell or
three-cell alkaline, NiCd or NiMH battery, or a one-
cell Li-lon or Li-Polymer battery. Output currents can
go as high as 3 A while using a single-cell Li-lon or
Li-Polymer battery, and discharge it down to 2.5 V or
lower. The buck-boost converter is based on a fixed
frequency, pulse width modulation (PWM) controller
using synchronous rectification to obtain maximum
efficiency. At low load currents, the converter enters
power save mode to maintain high efficiency over a
wide load current range. The power save mode can
be disabled, forcing the converter to operate at a
fixed switching frequency. The maximum average
current in the switches is limited to a typical value of
4 A. The output voltage is programmable using an
external resistor divider. The converter can be
disabled to minimize battery drain. During shutdown,
the load is disconnected from the battery. The device
is packaged in a 3 mm x 4 mm 14-pin VSON
PowerPAD™ package (DSJ).

Device Information®
PACKAGE BODY SIZE (NOM)
VSON (14) 3.00 mm x 4.00 mm

PART NUMBER
TPS63020-Q1

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

Efficiency vs Output Current
100

R =i "";\

80
"

60

50

Efficiency (%)

40

30

— Viy= 1.8V, Vour= 2.5V
2 —— Vin=3.6V, Vour = 2.5V
Vin = 2.4V, Vour = 4.5V
Vin = 3.6V, Vour = 4.5V

10

TPS63020-Q1, Power Save Enabled

100 p 1m 10m 100 m 1 4
Output Current (A)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Device Comparison Table

PART NUMBER

Vout

TPS63020-Q1

Adjustable

7 Pin Configuration and Functions

DSJ Package
14-Pin VSON (QFN)

(Top View)
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NOTE: *) The exposed thermal pad is connected to PGND.
See TPS63020-Q1 Pin FMEA Application Report SLVA736

Pin Functions

NAME PIN NO. 1/0 DESCRIPTION

EN 12 | Enable input (1 enabled, 0 disabled), must not be left open

FB | Voltage feedback of adjustable versions.

GND Control/logic ground

L1 8,9 | Connection for inductor

L2 6,7 | Connection for inductor

PG 14 (0] Output power good (1 good, O failure; open drain)

PGND Power ground

PS/SYNC 13 | Enable/disable power save mode (1 disabled, 0 enabled, clock signal for synchronization), must not
be left open

VIN 10, 11 | Supply voltage for power stage

VINA 1 | Supply voltage for control stage

VOUT 4,5 (0] Buck-boost converter output

Exposed The exposed thermal pad is connected to PGND.

Thermal Pad
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8 Specifications

8.1 Absolute Maximum Ratings
Over operating junction temperature range (unless otherwise noted)®

MIN MAX UNIT
Voltage @ ‘VIN, VINA, L1, L2, VOUT, PS/SYNC, EN, FB, PG -0.3 7 \Y;
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg -65 150 °C

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

(2) All voltages are with respect to network ground terminal.

8.2 ESD Ratings

Value UNIT
o . Human body model (HBM), per AEC Q100-002® +1000
VEsp) | Electrostatic discharge® : \Y
Charged device model (CDM), per AEC Q100-011 +500

(1) Electrostatic discharge (ESD) measures device sensitivity and immunity to damage caused by assembly line electrostatic discharges
(2) JAEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification

8.3 Recommended Operating Conditions
Over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage at VIN, VINA 1.8 55 \%
Operating junction temperature range, T, -40 125 °C
8.4 Thermal Information
TPS63020-Q1
THERMAL METRIC® DSJ (VSON) UNIT
14 PINS

Reia Junction-to-ambient thermal resistance 41.8 °C/W
Reic(top) Junction-to-case (top) thermal resistance a7 °C/W
Ress Junction-to-board thermal resistance 17 °CIW
Wit Junction-to-top characterization parameter 0.9 °C/W
Wi Junction-to-board characterization parameter 16.8 °C/W
Reic(boy) Junction-to-case (bottom) thermal resistance 3.6 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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8.5 Electrical Characteristics

Viy=1.8Vto 5.5V, T;=-40°C to 125°C, typical values are at T, = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT
DC/DC STAGE
Input voltage range 1.8 55 \%
VN Minimum input voltage for startup 0°C £ Tp<85°C 15 1.8 1.9 \Y
Minimum input voltage for startup 15 1.8 2.0 Y
Vour TPS63020 output voltage range 1.2 55 \%
Duty cycle in step down conversion 20%
Veg TPS63020 feedback voltage PS/SYNC = VIN 495 500 505 mV
Veg TPS63020 feedback voltage PS/SYNC = GND referenced to 500 mV 0.6% 5%
Maximum line regulation 0.5%
Maximum load regulation 0.5%
f Oscillator frequency 2200 2400 2600 kHz
Frequency range for synchronization 20V<Vy<55V 2200 2400 2600 kHz
lsw Average switch current limit ViN=Vina=3.6V,T;=25°C 3500 4000 4500 mA
High side switch on resistance VIN=ViNa=3.6V 50 mQ
Low side switch on resistance VIN=ViNa=3.6V 50 mQ
| Quiescent | VIN and VINA lo=0mA, Ven=ViN=ViNna= 36V, 25 50| pA
a current VOUT Vour =3.3V, -40°C=<T;=<85°C 5 10 pA
Is Shutdown current \s/%’\;co ViVIN=ViNa =36V, -40°C =T, 0.1 1 pA
CONTROL STAGE
UVLO Under voltage lockout threshold V|na Voltage decreasing 1.4 15 1.6 \%
Under voltage lockout hysteresis 200 mV
Vi EN, PS/SYNC input low voltage 0.4 \%
Viy EN, PS/SYNC input high voltage 1.2 \%
EN, PS/SYNC input current Clamped to GND or VINA 0.01 0.2 HA
PG output low voltage Vout =3.3V, IpgL = 10 pA 0.04 0.4 \%
PG output leakage current 0.01 0.1 uA
Output overvoltage protection 5.5 7 \%
Overtemperature protection 140 °C
Overtemperature hysteresis 20 °C
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8.6 Typical Characteristics
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Figure 1. Output Current vs Input Voltage at T;= 125 °C
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9 Detailed Description

9.1 Overview

The controller circuit of the device is based on an average current mode topology. The controller also uses input
and output voltage feedforward. Changes of input and output voltage are monitored and immediately can change
the duty cycle in the modulator to achieve a fast response to those errors. The voltage error amplifier gets its
feedback input from the FB pin. At adjustable output voltages, a resistive voltage divider must be connected to
that pin. At fixed output voltages, FB must be connected to the output voltage to directly sense the voltage. Fixed
output voltage versions use a trimmed internal resistive divider. The feedback voltage will be compared with the
internal reference voltage to generate a stable and accurate output voltage.

The device uses 4 internal N-channel MOSFETSs to maintain synchronous power conversion at all possible
operating conditions. This enables the device to keep high efficiency over a wide input voltage and output power
range. To avoid ground shift problems due to the high currents in the switches, two separate ground pins GND
and PGND are used. The reference for all control functions is the GND pin. The power switches are connected to
PGND. Both grounds must be connected on the PCB at only one point, ideally, close to the GND pin. Due to the
4-switch topology, the load is always disconnected from the input during shutdown of the converter. To protect
the device from overheating an internal temperature sensor is implemented.

9.2 Functional Block Diagram
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9.3 Feature Description

9.3.1 Dynamic Voltage Positioning

As detailed in Figure 3, the output voltage is typically 3% above the nominal output voltage at light load currents,
as the device is in power save mode. This gives additional headroom for the voltage drop during a load transient
from light load to full load. This allows the converter to operate with a small output capacitor and still have a low
absolute voltage drop during heavy load transient changes. See Figure 3 for detailed operation of the power
save mode.
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Feature Description (continued)
9.3.2 Dynamic Current Limit

To protect the device and the application, the average inductor current is limited internally on the IC. At nominal
operating conditions, this current limit is constant. The current limit value can be found in the electrical
characteristics table. If the supply voltage at VIN drops below 2.3 V, the current limit is reduced. This can happen
when the input power source becomes weak. Increasing output impedance, when the batteries are almost
discharged, or an additional heavy pulse load is connected to the battery can cause the VIN voltage to drop. The
dynamic current limit has its lowest value when reaching the minimum recommended supply voltage at VIN. At
this voltage, the device is forced into burst mode operation trying to stay active as long as possible even with a
weak input power source.

If the die temperature increases above the recommended maximum temperature, the dynamic current limit
becomes active. Similar to the behavior when the input voltage at VIN drops, the current limit is reduced with
temperature increasing.

9.3.2.1 Device Enable

The device is put into operation when EN is set high. It is put into a shutdown mode when EN is set to GND. In
shutdown mode, the regulator stops switching, all internal control circuitry is switched off, and the load is
disconnected from the input. This means that the output voltage can drop below the input voltage during
shutdown. During start-up of the converter, the duty cycle and the peak current are limited in order to avoid high
peak currents flowing from the input.

9.3.2.2 Power Good

The device has a built in power good function to indicate whether the output voltage is regulated properly. As
soon as the average inductor current gets limited to a value below the current the voltage regulator demands for
maintaining the output voltage the power good output gets low impedance. The output is open drain, so its logic
function can be adjusted to any voltage level the connected logic is using, by connecting a pull up resistor to the
supply voltage of the logic. By monitoring the status of the current control loop, the power good output provides
the earliest indication possible for an output voltage break down and leaves the connected application a
maximum time to safely react.

9.3.2.3 Overvoltage Protection

If, for any reason, the output voltage is not fed back properly to the input of the voltage amplifier, control of the
output voltage will not work anymore. Therefore overvoltage protection is implemented to avoid the output
voltage exceeding critical values for the device and possibly for the system it is supplying. The implemented
overvoltage protection circuit monitors the output voltage internally as well. In case it reaches the overvoltage
threshold the voltage amplifier regulates the output voltage to this value.

9.3.2.4 Undervoltage Lockout

An undervoltage lockout function prevents device start-up if the supply voltage at VINA is lower than
approximately its threshold (see Electrical Characteristics table). When in operation, the device automatically
enters the shutdown mode if the voltage at VINA drops below the undervoltage lockout threshold. The device
automatically restarts if the input voltage recovers to the minimum operating input voltage.

9.3.2.5 Overtemperature Protection

The device has a built-in temperature sensor which monitors the internal IC temperature. If the temperature
exceeds the programmed threshold (see Electrical Characteristics table) the device stops operating. As soon as
the IC temperature has decreased below the programmed threshold, it starts operating again. There is a built-in
hysteresis to avoid unstable operation at IC temperatures at the overtemperature threshold.
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9.4 Device Functional Modes

9.4.1 Softstart and Short Circuit Protection

After being enabled, the device starts operating. The average current limit ramps up from an initial 400 mA
following the output voltage increasing. At an output voltage of about 1.2 V, the current limit is at its nominal
value. If the output voltage does not increase, the current limit will not increase. There is no timer implemented.
Thus, the output voltage overshoot at startup, as well as the inrush current, is kept at a minimum. The device
ramps up the output voltage in a controlled manner even if a large capacitor is connected at the output. When
the output voltage does not increase above 1.2 V, the device assumes a short circuit at the output, and keeps
the current limit low to protect itself and the application. At a short on the output during operation, the current limit
also is decreased accordingly.

9.4.2 Buck-Boost Operation

To regulate the output voltage at all possible input voltage conditions, the device automatically switches from
step down operation to boost operation and back as required by the configuration. It always uses one active
switch, one rectifying switch, one switch permanently on, and one switch permanently off. Therefore, it operates
as a step down converter (buck) when the input voltage is higher than the output voltage, and as a boost
converter when the input voltage is lower than the output voltage. There is no mode of operation in which all 4
switches are permanently switching. Controlling the switches this way allows the converter to maintain high
efficiency at the most important point of operation, when input voltage is close to the output voltage. The RMS
current through the switches and the inductor is kept at a minimum, to minimize switching and conduction losses.
For the remaining 2 switches, one is kept permanently on and the other is kept permanently off, thus causing no
switching losses.

9.4.3 Control Loop

The controller circuit of the device is based on an average current mode topology. The average inductor current
is regulated by a fast current regulator loop which is controlled by a voltage control loop. Figure 2 shows the
control loop.

The non inverting input of the transconductance amplifier, gmv, is assumed to be constant. The output of gmv
defines the average inductor current. The inductor current is reconstructed by measuring the current through the
high side buck MOSFET. This current corresponds exactly to the inductor current in boost mode. In buck mode
the current is measured during the on time of the same MOSFET. During the off time, the current is
reconstructed internally starting from the peak value at the end of the on time cycle. The average current and the
feedback from the error amplifier gmv forms the correction signal gmc. This correction signal is compared to the
buck and the boost sawtooth ramp giving the PWM signal. Depending on which of the two ramps the gmc output
crosses either the Buck or the Boost stage is initiated. When the input voltage is close to the output voltage, one
buck cycle is always followed by a boost cycle. In this condition, no more than three cycles in a row of the same
mode are allowed. This control method in the buck-boost region ensures a robust control and the highest
efficiency.

The Buck-Boost Overlap Control™ makes sure that the classical buck-boost function, which would cause two
switches to be on every half a cycle, is avoided. Thanks to this block whenever all switches becomes active
during one clock cycle, the two ramps are shifted away from each other, on the other hand when there is no
switching activities because there is a gap between the ramps, the ramps are moved closer together. As a result
the number of classical buck-boost cycles or no switching is reduced to a minimum and high efficiency values
has been achieved.
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Device Functional Modes (continued)

Vin g] 'H Vout

_’_I Boost L_|
Buck Drive
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Drive —IJ LUE
— L =
PWM PWI\y\
Buck Boost Rs
Ramp Ramp _ gmg — — |
mAA— ]FB
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Buck-Boost Overlap 0.5V
Control™
+—‘ Lq T —[

Figure 2. Average Current Mode Control

9.4.4 Power Save Mode and Synchronization

The PS/SYNC pin can be used to select different operation modes. Power save mode is used to improve
efficiency at light load. To enable power-save, PS/SYNC must be set low. If PS/SYNC is set low then power save
mode is entered when the average inductor current gets lower then about 100 mA. At this point the converter
operates with reduced switching frequency and with a minimum quiescent current to maintain high efficiency.

During the power save mode, the output voltage is monitored with a comparator by the threshold comp low and
comp high. When the device enters power save mode, the converter stops operating and the output voltage
drops. The slope of the output voltage depends on the load and the value of output capacitance. As the output
voltage falls below the comp low threshold set to 2.5% typical above Vg, the device ramps up the output
voltage again, by starting operation using a programmed average inductor current higher than required by the
current load condition. Operation can last one or several pulses. The converter continues these pulses until the
comp high threshold, set to typically 3.5% above Vqyr hominal, is reached and the average inductance current
gets lower than about 100 mA. When the load increases above the minimum forced inductor current of about 100
mA, the device will automatically switch to PWM mode.

The power save mode can be disabled by programming high at the PS/SYNC. Connecting a clock signal at
PS/SYNC forces the device to synchronize to the connected clock frequency.

Synchronization is done by a PLL, so synchronizing to lower and higher frequencies compared to the internal
clock works without any issues. The PLL can also tolerate missing clock pulses without the converter
malfunctioning. The PS/SYNC input supports standard logic thresholds.
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Device Functional Modes (continued)
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Figure 3. Power Save Mode Thresholds and Dynamic Voltage Positioning
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10 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.

10.1 Application Information

The TPS63020-Q1 is a high efficiency, low quiescent current buck-boost converter suitable for applications
where the input voltage is higher or lower than the output voltage. Continuous output current can go as high
as 2 A in boost mode and as high as 4 A in buck mode. The maximum average current in the switches is

limited to a typical value of 4 A.

10.2 Typical Application

oo

V L L1 L2 VOUT
IN | —
25Vto 55V 3.3V 15A
o l VIN vouT l o
R R
C, VINA FB i 3 C,
1 MQ 1 MQ
2X10 uF == IE EN 3X22 uF
A
01w I PS/SYNC
— - PG R, :
GND PGND 180 kQ
Power Good
TPS63020-Q1 = Output

Figure 4. Application Circuit

10.2.1 Design Requirements

The design guidelines provide a component selection to operate the device within the operating conditions
specified on the Application Circuit schematic.

Table 1 shows the list of components for the Application Characteristic Curves.

Table 1. List of Components

REFERENCE DESCRIPTION MANUFACTURER
TPS63020-Q1 Texas Instruments

L1 1.5 uH, 4 mm x4 mm x 2 mm XFL4020-152ML, Coilcraft

C1 2 x 10 pF 6.3V, 0603, X5R ceramic | GRM188R60J106ME84D, Murata

Cc2 3 x 22 pF 6.3V, 0603, X5R ceramic | GRM188R60J226MEAOL Murata

C3 0.1 pyF, X5R or X7R ceramic

R1 Depending on the output voltage at TPS63020

R2 Depending on the output voltage at TPS63020

R3 1 MQ
12 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated

Product Folder Links: TPS63020-Q1


http://www.ti.com/product/tps63020-q1?qgpn=tps63020-q1
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD52A&partnum=TPS63020-Q1
http://www.ti.com/product/tps63020-q1?qgpn=tps63020-q1

13 TEXAS
INSTRUMENTS
TPS63020-Q1

www.ti.com SLVSD52A —OCTOBER 2015—-REVISED JANUARY 2016

10.2.2 Detailed Design Procedure

The TPS63020-Q1 series of buck-boost converter has internal loop compensation. Therefore, the external L-C
filter has to be selected to work with the internal compensation. As a general rule of thumb, the product L x C
should not move over a wide range when selecting a different output filter. However, when selecting the output
filter a low limit for the inductor value exists to avoid subharmonic oscillation which could be caused by a far too
fast ramp up of the amplified inductor current. For the TPS63020-Q1 series the minimum inductor value should
be kept at 1 uH.

In particular either 1 uH or 1.5 pH is recommended working at output current between 1.5 A and 2 A. If operating
with lower load current is also possible to use 2.2 yH.

Selecting a larger output capacitor value is less critical because the corner frequency moves to lower
frequencies.

10.2.2.1 Inductor Selection

For high efficiencies, the inductor should have a low dc resistance to minimize conduction losses. Especially at
high-switching frequencies, the core material has a high impact on efficiency. When using small chip inductors,
the efficiency is reduced mainly due to higher inductor core losses. This needs to be considered when selecting
the appropriate inductor. The inductor value determines the inductor ripple current. The larger the inductor value,
the smaller the inductor ripple current and the lower the conduction losses of the converter. Conversely, larger
inductor values cause a slower load transient response. To avoid saturation of the inductor, the peak current for
the inductor in steady state operation is calculated using Equation 6. Only the equation which defines the switch
current in boost mode is shown, because this provides the highest value of current and represents the critical
current value for selecting the right inductor.

V, -V,
Duty Cycle Boost D= _OUT "IN
Vout "
| _ lout . _VinxD
PEAK nx((1-D) 2xfxL
where

* D =Duty Cycle in Boost mode

« f = Converter switching frequency (typical 2.5MHz)

e L = Inductor value

* n = Estimated converter efficiency (use the number from the efficiency curves or 0.90 as an assumption)

* Note: The calculation must be done for the minimum input voltage possible in boost mode 2)

Calculating the maximum inductor current using the actual operating conditions gives the minimum saturation
current of the inductor needed. It's recommended to choose an inductor with a saturation current 20% higher
than the value calculated using Equation 2. Possible inductors are listed in Table 2.

Table 2. Inductor Selection®

VENDOR INDUCTOR SERIES
Coilcraft XFL4020
Toko FDV0530S

(1) See Third-party Products Disclaimer
10.2.2.2 Capacitor Selection

10.2.2.2.1 Input Capacitor

At least a 10 yF input capacitor is recommended to improve transient behavior of the regulator and EMI behavior
of the total power supply circuit. A ceramic capacitor placed as close as possible to the VIN and PGND pins of
the IC is recommended.
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10.2.2.2.2 Output Capacitor

For the output capacitor, use of a small ceramic capacitors placed as close as possible to the VOUT and PGND
pins of the IC is recommended. If, for any reason, the application requires the use of large capacitors which can
not be placed close to the IC, use a smaller ceramic capacitor in parallel to the large capacitor. The small
capacitor should be placed as close as possible to the VOUT and PGND pins of the IC. The recommended
typical output capacitor value is 30 uF with a variance that depends on the specific application requirements.

There is also no upper limit for the output capacitance value. Larger capacitors will cause lower output voltage
ripple as well as lower output voltage drop during load transients.

When choosing input and output capacitors, it needs to be kept in mind, that the value of capacitance
experiences significant losses from their rated value depending on the operating temperature and the operating
DC voltage. It is not uncommon for a small surface mount ceramic capacitor to lose 50% and more of its rated
capacitance. For this reason it could be important to use a larger value of capacitance or a capacitor with higher
voltage rating in order to ensure the required capacitance at the full operating voltage.

10.2.2.2.3 Bypass Capacitor

To make sure that the internal control circuits are supplied with a stable low noise supply voltage, a capacitor can
be connected between VINA and GND. Using a ceramic capacitor with a value of 0.1 yF is recommended. The
value of this capacitor should not be higher than 0.22 pF.

10.2.2.3 Setting the Output Voltage

The feedback resistor divider must be connected between VOUT, FB and GND. When the output voltage is
regulated, the typical value of the voltage at the FB pin is 500 mV. The maximum recommended value for the
output voltage is 8 V. The current through the resistive divider should be about 100 times greater than the current
into the FB pin. The typical current into the FB pin is 0.01 pA, and the voltage across the resistor between FB
and GND, R,, is typically 500 mV. Based on these two values, the recommended value for R2 should be lower
than 500 kQ, in order to set the divider current at 1 yA or higher. It is recommended to keep the value for this
resistor in the range of 200 kQ. From that, the value of the resistor connected between VOUT and FB, R;,
depending on the needed output voltage (Voyt), can be calculated using Equation 3:

R1 = sz[M_q

FB 3)
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10.2.3 Application Curves
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Figure 5. Efficiency vs Output Current,
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Figure 15. Line Transient Response
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Figure 16. Startup After Enable
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Enable
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Output Voltage

1 V/div, DC
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500 mA/div, DC

Vin=42V,Vour =33V R =220

Time 40 ps/div
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Figure 17. Startup After Enable

VOUT =33V

10.3 System Examples

10.3.1 2-A Load Current

L, 1 pH
YY)
V
V\N L L1 L2 || ouT
25Vto 55V 33V 2A
o VIN VOUT o]
C, VINA sl R R, Ry C,
2X10 pF 300 k eskQ <1 MQ 4X22 yF
C, EN
0.1 uF: C,
I PS/SYNC 4.7 pF
— = PG|— R L
GND PGND 53 ka
Power Good
TPS63020-Q1 Output
— — —&—O
Figure 18. Application Circuit for 2-A Load Current
Capacitor C4 and resistor R1 are added for improved load transient performance.
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11 Power Supply Recommendations
The TPS63020-Q1 device has no special requirements for its input power supply.

The output current of the power supply must be rated according to the supply voltage, output voltage and output
current of the TPS63020-Q1.

12 Layout

12.1 Layout Guidelines

For all switching power supplies, the layout is an important step in the design, especially at high peak currents
and high switching frequencies. If the layout is not carefully done, the regulator could show stability problems as
well as EMI problems. Therefore, use wide and short traces for the main current path and for the power ground
tracks. The input capacitor, output capacitor, and the inductor should be placed as close as possible to the IC.
Use a common ground node for power ground and a different one for control ground to minimize the effects of
ground noise. Connect these ground nodes at any place close to one of the ground pins of the IC.

The feedback divider should be placed as close as possible to the control ground pin of the IC. To lay out the
control ground, short traces are recommended as well, separation from the power ground traces. This avoids
ground shift problems, which can occur due to superimposition of power ground current and control ground
current.

12.2 Layout Example

Z
L

00O
Z0o
p
&
%)
o

Figure 19. PCB Layout Suggestion
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12.3 Thermal Considerations

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added
heat sinks and convection surfaces, and the presence of other heat-generating components affect the power-
dissipation limits of a given component.

Three basic approaches for enhancing thermal performance are listed below:

» Improving the power dissipation capability of the PCB design

» Improving the thermal coupling of the component to the PCB by soldering the exposed thermal pad
* Introducing airflow in the system

For more details on how to use the thermal parameters, see the application notes: Thermal Characteristics
Application Note (SZZA017), and Semiconductor and IC Package Thermal Metrics Application Note (SPRA953).
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13 Device and Documentation Support

13.1 Device Support

13.1.1 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.

13.2 Documentation Support

13.2.1 Related Documentation

For related documentation see the following:
« Thermal Characteristics Application Note, (SZZA017)
e IC Package Thermal Metrics Application Note, (SPRA953)

13.3 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 Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI'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 Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

13.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

13.5 Electrostatic Discharge Caution

‘ 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.

13.6 Glossary

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

14 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 ©)
@ ©)

TPS63020QDSJRQ1 Active Production VSON (DSJ) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 63020Q
TPS63020QDSJRQ1.A Active Production VSON (DSJ) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 63020Q
TPS63020QDSJRQ1.B Active Production VSON (DSJ) | 14 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 63020Q

TPS63020QDSJTQ1 Active Production VSON (DSJ) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 63020Q
TPS63020QDSJTQ1.B Active Production VSON (DSJ) | 14 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 63020Q

@ 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 TI RoHS Statement for additional information and value definition.

® |ead 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 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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OTHER QUALIFIED VERSIONS OF TPS63020-Q1 :

o Catalog : TPS63020

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS63020QDSJRQ1 VSON DSJ 14 3000 330.0 12.4 3.3 4.3 11 8.0 12.0 Q1
TPS63020QDSJTQ1 VSON DSJ 14 250 180.0 12.4 33 43 11 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 20-Apr-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS63020QDSJRQ1 VSON DSJ 14 3000 346.0 346.0 33.0
TPS63020QDSJTQ1 VSON DSJ 14 250 210.0 185.0 35.0
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MECHANICAL DATA

DSJ (R—PVSON—N14)

PLASTIC SMALL OUTLINE NO—LEAD

PIN 1 INDEX AREA —7

TOP AND BOTTOM

1,00

0,801

[@N)
(@)

N
(@)

e

SRSRURURSRERE

THERMAF PAD
SIZE AND| SHAPE

SHOWN ON SHPARATE SHEET

MAAMAAM

14

8 0,30
4’H€ X 018

« [¢]o10®][c]A]B]

4208212-3/C 06,/11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

A
B.
C. Quad Flatpack, No—Leads (QFN) package configuration.
D
E

w3 TExas
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THERMAL PAD MECHANICAL DATA

DSJ (R—PVSON—N14) PLASTIC SMALL OUTLINE NO—LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

Exposed Thermal Pad

1 7
| uduiygu U,})_/____i_o’%
i = =
1,58£0,10 F=—— + — ¥ K3
v — — 1 4X 0,20
AnnnNnnNn
14 8

4— 2,85+0,10 —p

Bottom View

Exposed Thermal Pad Dimensions

4208549-3/G 04/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DSJ (R—PVSON—-N14) PLASTIC SMALL OUTLINE NO—-LEAD

Note C

Example Board Layout Example Stencil Design
0.125mm  Stencil Thickness
(Note D)
¢

=
&

864 *553’}2)”33%{}9%@ .

ooooog 8"(02):ﬁ|]ooc: OO|]:: #(0,46)
B)Q - P00 (2,8) ST O-OC1 _,_4
ooooqE ::[ o|(,oo]:|I

S
<
"N
35
v

==y

(@]
820[279*&@ N8T Lo
1 Py B J L—14x024)

817 solder coverage by printed
area on center thermal pad

— ]

e

12x(0,5)
Please refer to main datasheet
for routing details beyond the
layout shown.

Example Via Layout Design

Non Solder Mask may vary depending on constraints

Defined Pad (Note C, )
Example | |

Solder Mask Opening (4.4)

(Note E) (2,85)

¢ (0.5)TYP.
. LL oo cb o ® j
158 -

i rx(o 46) o /@ <'P o _f_LSX(O 2)

4x(0,23)

(0,07)_}_

All around

15x(¢0 2) _>| |~—1(0,5)TYP.

Example
Pad Geometry

4210895-2/E 02/16

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SCBAQ17, SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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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
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
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