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TPS63025x High Current, High Efficiency Single Inductor Buck-Boost Converter
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Features

Real Buck or Boost operation with automatic and

seamless transition between Buck and Boost
operation

2.3V to 5.5V input voltage range

2A Continuous Output Current : V2 2.7V, Vout=

3.3V
Adjustable and fixed output voltage

Efficiency up to 95% in Buck or Boost mode and
up to 97% when VlN:VOUT

2.5MHz typical switching frequency
35uA operating quiescent current
Integrated Soft —Start

Power Save Mode

True shutdown function

Output capacitor discharge function

Over-Temperature Protection and Over current
Protection

Wide capacitance selection
Small 1.766 mm x 2.086mm, 20-pin WCSP

Applications

Cellular Phones, Smart Phones
Tablets PC

PC and Smart Phone accessories
Point of load regulation

Battery Powered Applications

Typical Application

L, 1pH

TPS63025
L1 L2 Vour

PWM

r GND PGND

3.3V upto2A

3 Description

The TPS63025 are high efficiency, low quiescent
current buck-boost converters suitable for application
where the input voltage is higher or lower than the
output. Output currents can go as high as 2A in boost
mode and as high as 4A in buck mode. The
maximum average current in the switches is limited to
a typical value of 4A. The TPS63025 regulates the
output voltage over the complete input voltage range
by automatically switching between buck or boost
mode depending on the input voltage ensuring a
seamless transition between modes. The buck-boost
converter is based on a fixed frequency, pulse-width-
modulation (PWM) controller using synchronous
rectification to obtain highest efficiency. At low load
currents, the converter enters Power Save Mode to
maintain high efficiency over the complete load
current range. There is a PFM/PWM pin that allows
the user to choose between automatic PFM/PWM
mode operation and forced PWM operation. During
PWM mode a fixed-frequency of typically 2.5MHz is
used. The output voltage is programmable using an
external resistor divider, or is fixed internally on the
chip. The converter can be disabled to minimize
battery drain. During shutdown, the load is
disconnected from the battery. The device is
packaged in a 20-pin WCSP package measuring
1.766 mm x 2.086mm.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS630250
TPS630251 DSBGA (20) 1.766 mm x 2.086 mm
TPS630252

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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6 Device Comparison Table

PART NUMBER @ VOUT
TPS630250YFF Adjustable
TPS630251YFF 2.9V
TPS630252YFF 3.3V

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

7 Pin Configuration and Functions

WCSP
20-Pin
YFF
(TOP VIEW)
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Pin Functions

NS PIN e 110 DESCRIPTION

VOUT A1,A2,A3 | PWR | Buck-boost converter output

FB Ad IN | Voltage feedback of adjustable version, must be connected to VOUT on fixed output voltage versions
L2 B1,B2,B3 | PWR | Connection for Inductor

PFM/PWM B4 IN | set low for PFM mode, set high for forced PWM mode. It must not be left floating

PGND C1,C2,C3 | PWR | Ground for Power stage

GND C4 PWR | Ground for Control stage

L1 D1,02,0D3 | PWR | Connection for Inductor

EN D4 IN Enable input. Set high to enable and low to disable. It must not be left floating.

VIN E1,E2,E3 | PWR | Supply voltage for power stage

VINA E4 PWR | Supply voltage for control stage.
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8 Specifications

8.1 Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)

VALUE
MIN MAX UNIT
Voltage® L2®), VOUT, FB -0.3 4 \Y,
VIN, L1®), EN, VINA, PFM/PWM -0.3 7 \Y
Input current Continuos average current into L1* 2.7 A
Operating junction temperature, T, -40 125 °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 DC-voltages with respect to ground terminal.

(3) L2, L1 voltage can exceed Absolute Maximum ratings during normal operation. As long as the device is operated within recommend
operating conditions device reliability is not affected.

(4) Maximum continuos average input current 3.5A, under those condition do not exceed 105°C for more than 25% operating time.

8.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range —65 150 °C
Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 0 2000
ins
VEsp) | Electrostatic discharge P - S \%
Charged device model (ZCDM), per JEDEC specification 0 700
JESD22-C101, all pins®@

(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.

8.3 Recommended Operating Conditions®

MIN TYP MAX | UNIT
VIN Input Voltage Range 2.3 55 \%
VOUT Output Voltage 2.3 3.6 \%
L Inductance @ 0.5 1 1.3 pH
Cout Output Capacitance ©) 20 UF
Ta Operating ambient temperature -40 85 °C
T; Operating virtual junction temperature -40 125 °C

(1) Refer to the Application Information section for further information

(2) Effective inductance value at operating condition. The nominal value given matches a typical inductor to be chosen to meet the
inductance required.

(3) Due to the dc bias effect of ceramic capacitors, the effective capacitance is lower then the nominal value when a voltage is applied. This
is why the capacitance is specified to allow the selection of the nominal capacitor required with the dc bias effect for this type of cap.
The nominal value given matches a typical capacitor to be chosen to meet the minimum capacitance required.

8.4 Thermal Information

TPS63025x
THERMAL METRIC® YFF UNIT
20 PINS

Rgia Junction-to-ambient thermal resistance 53.8
RaJc(top) Junction-to-case (top) thermal resistance 0.5
Rgig Junction-to-board thermal resistance 10.1 oCIW
Wit Junction-to-top characterization parameter 1.4
Wis Junction-to-board characterization parameter 9.8
Raic(bot) Junction-to-case (bottom) thermal resistance N/A

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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8.5 Electrical Characteristics
T,=-40°C to 125°C, typical values are at T,=25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY
VN Input voltage range 23 55| V
VIN_Min Minimum input voltage to turn on into full load lout=2A 2.8 \%
lout Continuos Output Current () 2 A

ViN lour=0mA, EN=V|\=3.6V, 35 70| pA
10) Quiescent current Vout=3.3V T;=-40°C to 85°C,

Vour not switching 12| pA
lsg Shutdown current EN=low, T;=-40°C to 85°C 0.1 2| pA
UVLO Under voltage lockout threshold V) falling 1.6 17 19| V

Under voltage lockout hysteresis 180 mV
Thermal shutdown Temperature rising 140 °C
Thermal Shutdown hysteresis 20 °C
LOGIC SIGNALS EN, PFM/PWM
ViH High level input voltage V|iN=2.3V to 5.5V 1.2 \%
VL Low level input voltage V|iN=2.3V to 5.5V 04| V
likg Input leakage current EN=GND or V|y 0.01 0.2 pA
OUTPUT
Vout Output Voltage range 2.3 36| V
Veg TPS630250 Feedback regulation voltage 0.8 Y,
Ves TPS630250 Feedback voltage accuracy® PWM mode -1% 1%
Vs TPS630250 Feedback voltage accuracy @ PFM mode 1% 1.3% +3%
Vout TPS630251 Output voltage accuracy @ PWM mode 2.871 29 2929| V
Vout TPS630251 Output voltage accuracy @ PFM mode 2.871 2938 2987 V
Vout TPS630252 Output voltage accuracy @ PWM mode 3.267 33 3333| V
Vout TPS630252 Output voltage accuracy® PFM mode 3.267 3.343 3.399| V
lpwMm/PEM Output current to enter PFM mode VN =3V; Vout = 3.3V 350 mA
=3 Feedback input bias current Vg = 0.8V 10 100| nA
Ros_puck(on) High side FET on-resistance V|N=3.0V, Vou7=3.3V 35 mQ
- Low side FET on-resistance V|N=3.0V, Vou7=3.3V 50 mQ
High side FET on-resistance V|N=3.0V, Vou7=3.3V 25 mQ
RDS_Boost(on) . . _ _
Low side FET on-resistance V|N=3.0V, Vou7=3.3V 50 mQ
In Average input current limit ) :Q’\E%‘,Og’ Vour=3.3V T,=65°C 35 45 5| A
fs Switching Frequency 25 MHz
Ron_pisc Discharge ON-Resistance EN=low 120 Q
Line regulation V|N=2.8V to 5.5V, lgyt=2A 7.4 m\)//
Load regulation Vin=3.6V,lou7=0A to 2A 25 m /

(1) For minimum and maximum output current in a specific working point see Figure 1 and Equation 1 trough Equation 4.

(2) Conditions

:L=1 pH, Cour= 2 x 22 pF.

(3) For variation of this parameter with Input voltage and temperature see Figure 1.
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8.6 Timing Requirements
T,=-40°C to 125°C, typical values are at T,=25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

OUTPUT

Vout=EN=low to high, Buck
mode V\=3.6V, Vour=3.3V, 450 ps
lout=2A

Voyut=EN=low to high, Boost
mode Vin=2.8V, Vour=3.3V, 700 us
lout=2A

Time from when EN=high to
ta Start up delay when device starts switching

tss Soft-start time

100 us
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8.7 Typical Characteristics

Table 1. Table Of Graphs

DESCRIPTION FIGURE

Minimum average input vs Input voltage (TPS63025, Vout = 3.3V) Figure 1

current

Efficiency vs Output current (TPS63025, Power Save Enabled, Voyt = 3.3V) Figure 2
vs Output current (TPS63025, Power Save Disabled, Voyt = 3.3V) Figure 3
vs Output current (TPS63025, Power Save Enabled, Voyt = 2.9V) Figure 4
vs Output current (TPS63025, Power Save Disabled, Voyt = 2.9V) Figure 5

vs Input voltage (TPS63025, Power Save Enabled, Voyt = 3.3V, loyt = {10mA; 20mA; 1A; 2A}) Figure 6
vs Input voltage (TPS63025, Power Save Disabled, Vout = 3.3V, oyt = {10mA; 20mA; 1A; 2A}) Figure 7
vs Input voltage (TPS63025, Power Save Enabled, Voyt = 2.9V, loyt = {10mA; 20mA; 1A; 2A}) Figure 8
vs Input voltage (TPS63025, Power Save Disabled, Vout = 2.9V, oyt = {10mA; 20mA; 1A; 2A}) Figure 9
Output voltage vs Output current (TPS63025, V)\ =2.8V, 3,3V, 3.6V, 4.2V, Vout = 3.3V) Figure 10
vs Output current (TPS63025, V,\ =2.8V, 3,3V, 3.6V, 4.2V, Vout = 3.3V) Figure 11
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Figure 10. Output Voltage vs Output Current Figure 11. Output Voltage vs Output Current
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9 Detailed Description

9.1 Overview

The TPS63025 use 4 internal N-channel MOSFETs to maintain synchronous power conversion at all possible
operating conditions. This enables the device to keep high efficiency over the complete input voltage and output
power range. To regulate the output voltage at all possible input voltage conditions, the device automatically
switches from buck operation to boost operation and back as required by the configuration. It always uses one
active switch, one rectifying switch, one switch is held on, and one switch held off. Therefore, it operates as a
buck converter 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 switching at
the same time. Keeping one switch on and one switch off eliminates their switching losses. The RMS current
through the switches and the inductor is kept at a minimum, to minimize switching and conduction losses.
Controlling the switches this way allows the converter to always keep higher efficiency.

The device provides a seamless transition from buck to boost or from boost to buck operation.

9.2 Functional Block Diagram

[ ————————————
VIN | VOuT
[
I Current I
[ m [
Sensor
[ [
[ [
I [
I VIN - — PGND — PGND PGND = I
ate
| VOUT | control I
l [
I [
VINA| Modulator - ~ I FB
+

[ + [
I Oscillator ¢ VREF I
| Device |
pFMPWML—] Control |
[
EN I Temperature I

| Control AL—I PGND
GND |—i |
| PGND= |
e e e -

Functional Block Diagram (Adjustable Output Voltage)
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Functional Block Diagram (continued)
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Functional Block Diagram (Fixed Output Voltage)

9.3 Feature Description

9.3.1 Control Loop Description

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 12 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 reached at the end of the on time cycle. The average
current is then compared to the desired value and the difference, or current error, is amplified and compared to
the buck or the boost sawtooth ramp. Depending on which of the two ramps the Gmc amplified output crosses
either the Buck MOSFETS or the Boost MOSFETSs will be activated. 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.
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Feature Description (continued)
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Figure 12. Average Current Mode Control

9.3.2 Device Enable

The device is put into operation when the EN pin is set high. It is put into shutdown mode when the EN pin is set
low. 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 during shutdown, the output voltage can drop below the input
voltage.

9.3.3 Output Discharge Function

When the device is disabled by pulling enable low and the supply voltage is still applied, a transistor is turned on,
and discharge the output capacitor. This means, if there is no supply voltage applied the output discharge
function is also disabled. The transistor which is responsible of the discharge function, when turned on, operates
like an equivalent 120Q resistor, ensuring typically less than 10ms discharge time for 20uF output capacitance
and a 3.3V output.

9.3.4 Soft Start
To minimize inrush current and output voltage overshoot during start up, the device implements a soft start.
At turn on, the input current raises in a controlled manner until the output voltage reaches regulation.

During soft-start, the input current follows the current used to charge an internal soft start capacitor, this creates
a linear and controlled increase of Vout.

The soft start time, is measured as the time from when the EN pin is asserted to when the output voltage has
reached 90% of it's nominal value. It is typically less than 1ms. There is typically a 100us delay time from when
the EN pin is asserted to when the device starts the switching activity.

The soft start time depends on the load current, the input voltage, and the output capacitor. The soft start time in
boost mode is longer then the time in buck mode.
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Feature Description (continued)

Thanks to its innovative soft start circuit, the device smoothly ramps up the input current bringing the output
voltage to its regulated value without overshoot, even if a large capacitor is connected at the output. This specific
case is never confused with a short circuit condition. The inductor current is able to increase and always
guarantee soft start unless a real short circuit is applied at the output.

9.3.5 Short Circuit Protection

The TPS63025 provides short circuit protection to protect itself and the application. When the output voltage
does not increase above 1.2V, the device assumes a short circuit at the output and keeps the input current
controlled to protect itself and the application. In short circuit, the input current limit is kept at 3A

9.3.6 Undervoltage Lockout

An undervoltage lockout function prevents device start-up if the supply voltage on VIN and VINA is lower than its
threshold (see electrical characteristics table). When in operation, the device automatically enters shutdown
mode if the voltage on VIN and VINA drops below the undervoltage lockout threshold. The device automatically
restarts, if the input voltage recovers above the hysteresis amount.

9.3.7 Supply and Ground
The TPS63025 provides two input pins (VIN and VINA) and two ground pins (PGND and GND).

The VIN pin supplies the input power, while the VINA pin provides voltage for the control circuits. A similar
approach is used for the ground pins. GND and PGND are used to avoid ground shift problems due to the high
currents in the switches. 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.

9.3.8 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.

9.3.9 Current Limit

The current limit varies depending on the difference between the input and output voltage. The maximum value
of average input current is obtained at the highest difference.

Given the curves provided in Figure 1, it is possible to calculate the output current reached in boost mode, using
Equation 1 and Equation 2 and in buck mode using Equation 3 and Equation 4.

V -V,
Duty Cycle Boost D= w
ouT @
Output Current Boost  lour =1 X In(1-D) 2
Vout
Duty Cycle Buck D= v
IN 3)
Output Current Buck  losr =(n X In)/D 4)

With,
n = Estimated converter efficiency (use the number from the efficiency curves or 0.90 as an assumption)
IiN\=Minimum average input current (Figure 1)
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9.4 Device Functional Modes

9.4.1 Power Save Mode Operation

Depending on the load current, in order to provide the best efficiency over the complete load range, the device
works in PWM mode at load currents of approximately 350mA or higher. At lighter loads, the device switches
automatically into Power Save Mode to reduce power consumption and extend battery life. The PFM/PWM pin is
used to select between the two different operation modes. To enable Power Save Mode, the PFM/PWM pin must
be set low.

During Power Save Mode, the part operates with a reduced switching frequency and lowest supply current to
maintain high efficiency. The output voltage is monitored with a comparator at every clock cycle by the thresholds
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 output capacitance. When the
output voltage reaches the comp low threshold, at the next clock cycle the device ramps up the output voltage
again, by starting operation. Operation can last for one or several pulses until the comp high threshold is
reached. At the next clock cycle, if the load is still lower than about 350mA, the device switches off again and the
same operation is repeated. Instead, if at the next clock cycle, the load is above 350mA, the device automatically
switches to PWM mode.

In order to keep high efficiency in PFM mode, there is only a comparator active to keep the output voltage
regulated. The AC ripple in this condition is increased, compared to the PWM mode. The amplitude of this
voltage ripple in the worst case scenario is 50mV pk-pk, (typically 30mV pk-pk), with 20uF effective output
capacitance. In order to avoid a critical voltage drop when switching from OA to full load, the output voltage in
PFM mode is typically 1.3% above the nominal value in PWM mode. Dynamic Voltage Positioning allows the
converter to operate with a small output capacitor and still have a low absolute voltage drop during heavy load
transients.

Power Save Mode is disabled by setting the PFM/PWM pin high.
4 Heavy Load transient step

PFM mode at light load

current .
Comparator High

Vot1.3%*V0 f-----ag - oA 30mV ripple

Comparator low

PWM mode

Absolute Voltage drop
with positioning

Figure 13. Power Save Mode Operation
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10 Application and Implementation

10.1 Application Information

The devices are designed to operate from an input voltage supply range between 2.3V and 5.5V with a
maximum output current of 2A. The TPS63025 device operates in PWM mode for medium to heavy load
conditions and in power save mode at light load currents.

In PWM mode the TPS63025 converter operates with the nominal switching frequency of 2.5MHz. As the load
current decreases, the converter enters power save mode, reducing the switching frequency and minimizing the
IC quiescent current to achieve high efficiency over the entire load range.

10.2 Typical Application

L,

YY)

L TPS63025 J
L1 L2
o VIN vouT
CJ— E EN FB R, l C. l G,
VINA PFM/}——o I I

VOUT

PWM V,,or GND

PGND GND T

The TPS63025 series of buck-boost converter has internal loop compensation. Therefore, the external LC filter
has to be selected according to the internal compensation. Nevertheless, it's important to consider, that the
effective inductance, due to inductor tolerance and current derating can vary between +20% and -30%. The
same for the capacitance of the output filter: the effective capacitance can vary between +20% and -50% of the
specified datasheet value, due to capacitor tolerance and bias voltage. For this reason Table 3 shows the
capacitance and inductance value allowed

10.2.1 Design Requirements

10.2.2 Detailed Design Procedure

Table 2. List Of Components®

REFERENCE DESCRIPTION MANUFACTURER
TPS63025 Texas Instruments
L1 Shielded, Composite, 1uH, 8.75A, XAL4020-102MEB, Colicraft
13mQ,SMD
Cl1,Cc2 10 uF 6.3V, 0603, X5R ceramic GRM188R60J106ME84D, Murata
C3 CAP, CERM,47uF, 6.3V, +/-20%, GRM219R60J476ME44D, Murata
X5R,0805
R1 Depending on the output voltage at adjustable output voltage version, 0 Q at fixed 3.3V or 2.9V
R2 Depending on the output voltage at adjustable output voltage version, not used at fixed 3.3V or 2.9V

(1) See Third-Party Products Disclaimer
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10.2.2.1 Output Filter Design

Table 3. Matrix of Output Capacitor and Inductor Combinations

NOMINAL NOMINAL OUTPUT CAPACITOR VALUE [uF] @
INDUCTOR
VALUE [pH]® 44 47 66 88 100
0.680 + + +
1.0 +@ + + + +
1.5 + + +

(1) Inductor tolerance and current de-rating is anticipated. The effective inductance can vary by 20% and —30%.
(2) Capacitance tolerance and bias voltage de-rating is anticipated. The effective capacitance can vary by 20% and —50%.
(3) Typical application. Other check mark indicates recommended filter combinations

10.2.2.2 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 1. 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.

Y/

\Y; -
Duty Cycle Boost p=_-OUT IN
Vout -
| _ lout + Vin x D
PEAK —
nx((1-D) 2xfxL ©
Where,

D =Duty Cycle in Boost mode

f = Converter switching frequency (typical 2.5MHz)

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 which is possible to have in boost mode

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 6. The following inductors are recommended for use:

The inductor value also affects the stability of the feedback loop. In particular the boost transfer function exhibits
a right half-plane zero, whose frequency is inverse proportional to the inductor value and the load current. This
means as the inductance and load current increase, the right half plane zero decreases in frequency. This could
degrade the phase margin of the feedback loop. It is recommended to choose the inductor's value in order to
have the frequency of the right half plane zero >300kHz. The frequency of the RHPZ can be calculated using
Equation 7.

_ (1 - DY x Vout
RHPZ =
21 xlout x L @)

With,
D =Duty Cycle in Boost mode
Note: The calculation must be done for the minimum input voltage which is possible to have in boost mode
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Table 4. List of Recommended Inductors®

INDUCTOR VALUE COMPONENT SUPLIER SIZE (LXxWxH mm) Isat/DCR
1puH Coilcraft XAL4020-102ME 4X4X210 4.5A/10mQ
1puH Toko, DFE322512C 3.2X25X1.2 4.7A/34mQ
1puH TDK, SPM4012 44X41X1.2 4.1A/38mQ
1puH Wouerth, 74438334010 3X3X12 6.6A/42.10mQ

0.6 pH Coilcraft XFL4012-601ME 4X4X1.2 5A/17.40mQ
0.68pH Wouerth,744383340068 3X3X12 7.7AI36mQ

(1) See Third-Party Products Desclaimer
10.2.2.3 Capacitor Selection

10.2.2.3.1 Input Capacitor

At least a 10uF input capacitor is recommended to improve transient behavior of the regulator and EMI behavior
of the total power supply circuit. An X5R or X7R ceramic capacitor placed as close as possible to the VIN and
PGND pins of the IC is recommended. This capacitance can be increased without limit.

10.2.2.3.2 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. The recommended nominal output capacitance value is 20uF with a variance as
outlined in Table 4.

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

10.2.2.4 Setting The Output Voltage

When the adjustable output voltage version TPS630250 is used, the output voltage is set by an external resistor
divider. The resistor divider must be connected between VOUT, FB and GND. When the output voltage is
regulated properly, the typical value of the voltage at the FB pin is 800mV. The current through the resistive
divider should be about 10 times greater than the current into the FB pin. The typical current into the FB pin is
0.1pA, and the voltage across the resistor between FB and GND, R,, is typically 800 mV. Based on these two
values, the recommended value for R2 should be lower than 180kQ, in order to set the divider current at 4uA or
higher. It is recommended to keep the value for this resistor in the range of 180kQ. From that, the value of the
resistor connected between VOUT and FB, R1, depending on the needed output voltage (Vgout), can be
calculated using Equation 8:

R1 = sz(M-1J
FB

®
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10.2.3 Application Curves
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Figure 14. Output Voltage Ripple in Buck-Boost Mode
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Figure 15. Output Voltage Ripple in Boost Mode and PFM

Figure 16. Output Voltage Ripple in Buck Mode

and PFM Operation
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Figure 17. Switching Waveforms in Boost Mode

and PWM Operation
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Figure 18. Switching Waveforms in Buck Mode

and PWM Operation
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Figure 19. Switching Waveforms in Buck-Boost Mode

and PWM Operation
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Figure 20. Load Transient Response Boost Mode
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Figure 21. Load Transient Response Buck Mode
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Figure 22. Line Transient Response

Figure 23. Start Up After Enable
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Figure 24. Start Up After Enable
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11 Power Supply Recommendations

The device is designed to operate from an input voltage supply range between 2.3V and 5.5 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the TPS63025 converter
additional bulk capacitance may be required in addition to the ceramic bypass capacitors. An electrolytic or
tantalum capacitor with a value of 47 pF is a typical choice.

12 Layout

12.1 Layout Guidelines

The PCB layout is an important step to maintain the high performance of the TPS63025 devices.

e Place input and output capacitors, along with the inductor, as close as possible to the IC which keeps the
traces short. Routing these traces direct and wide results in low trace resistance and low parasitic inductance.

e Use a common-power GND.

» Properly connect the low side of the input and output capacitors to the power GND to avoid a GND potential
shift.

» The sense trace connected to FB is signal trace. Keep these trace away from L1 and L2 nodes.
» Use care to avoid noise induction. By a direct routing, parasitic inductance can be kept small.
* Use GND layers for shielding if needed.

12.2 Layout Example

12.3 Thermal Information

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.
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Thermal Information (continued)

Two basic approaches for enhancing thermal performance are listed below:
« Improving the power dissipation capability of the PCB design
e 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 IC Package Thermal Metrics Application Note (SPRA953).

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:

TPS63025EVM-553 User's Guide, TPS63025 High Current, High Efficiency Single Inductor Buck-Boost
Converter, SLVUA24

13.3 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 5. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY LSS o N
TPS630250 Click here Click here Click here Click here Click here
TPS630251 Click here Click here Click here Click here Click here
TPS630252 Click here Click here Click here Click here Click here

13.4 Trademarks
All trademarks are the property of their respective owners.

13.5 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
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

13.6 Glossary

SLYZ022 — TI 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 Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

TPS630250YFFR ACTIVE DSBGA YFF 20 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Samples
& no Sh/Br) 630250 =

TPS630250YFFT ACTIVE DSBGA YFF 20 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Samples
& no Sh/Br) 630250 =

TPS630251YFFR ACTIVE DSBGA YFF 20 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Samples
& no Sh/Br) 630251

TPS630251YFFT ACTIVE DSBGA YFF 20 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
& no Sb/Br) 630251 L

TPS630252YFFR ACTIVE DSBGA YFF 20 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Samnles
& no Sb/Br) 630252 L

TPS630252YFFT ACTIVE DSBGA YFF 20 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Samnles
& no Sb/Br) 630252 L

@ 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ 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.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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. 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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MECHANICAL DATA
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D: Max = 2.116 mm, Min =2.056 mm
E: Max = 1.796 mm, Min =1.736 mm

4207625-9/A0 12/13

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.
C. NanofFree™ package configuration.

NanoFree is a trademark of Texas Instruments.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial
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