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1 Features
1• Input Voltage Range: 0.5 V to 4.4 V
• 0.9 V Minimum Input Voltage for Startup
• Output Voltage Setting Range: 1.8 V to 4.0 V
• 91% Efficiency at VIN = 2.4 V, VOUT = 3.3 V and

IOUT = 1.5 A
• 2.0-MHz Switching Frequency
• IOUT > 1.5 A at VOUT = 3.3 V when VIN > 1.8 V
• 17-µA Typical Quiescent Current
• ±2.5% Reference Voltage Accuracy over -40°C to

125°C
• PFM Operation Mode at Light Load
• True Disconnection Between Input and Output

During Shutdown
• Output Over Voltage Protection
• Output Short Circuit Protection
• Thermal Shutdown Protection
• 2-mm x 2-mm WSON Package

2 Applications
• Battery Powered IoT Devices
• Gaming Control
• Thermostat
• Portable Medical Equipment
• Supercap Backup System

3 Description
The TPS61021 provides a power supply solution for
portable or smart devices powered by alkaline, NiMH,
Li-Mn, or Li-ion batteries. The TPS61021 is capable
of outputting 3.3-V voltage and 1.5-A current from a
battery discharged to as low as 1.8 V. Capable of
operating with 0.5-V input voltage enables the
TPS61021 to extend the battery run time.

The TPS61021 operates at 2-MHz switching
frequency at heavy load and enters power-save mode
at light load to maintain high efficiency over the entire
load current range. The device only consumes a 17-
μA quiescent current from VOUT in light load condition.
During shutdown, the load is completely disconnected
from the input. In addition, The TPS61021 provides
4.35-V output overvoltage protection, output short
circuit protection, and thermal shutdown protection.

The TPS61021 offers a very small solution size due
to low count of external components. It allows the use
of small inductors and output capacitors with the 2-
MHz switching frequency.

The TPS61021 is available in 2.0-mm x 2.0-mm
WSON package.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS61021 WSON (8) 2.00-mm x 2.00-mm

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

Typical Application Circuit

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com/product/TPS61021?dcmp=dsproject&hqs=pf
http://www.ti.com/product/TPS61021?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/TPS61021?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/TPS61021?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/TPS61021?dcmp=dsproject&hqs=support&#community
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4 Revision History

Changes from Revision B (March 2016) to Revision C Page

• Changed voltage From: 1.8 V To: 1.5 V and From: 1.2 V To: 1 V in the in the Overview section ........................................ 8
• Changed voltage From: 1.8 V To: 1.5 V and From: 1.2 V To: 1 V in the Switching Frequency section................................ 9
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Changes from Revision A (March 2016) to Revision B Page

• Added DC conditions and additional row to Absolute Maximum Ratings ............................................................................. 4

Changes from Original (November 2015) to Revision A Page

• Changed from Product Preview to Production Data .............................................................................................................. 1
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5 Pin Configuration and Functions

DSG Package
8-Pin WSON with Thermal Pad

Top View

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
AGND 1 I Signal ground of the IC
FB 2 I Voltage feedback of adjustable output voltage
VOUT 3,4 PWR Boost converter output

EN 5 I Enable logic input. Logic high voltage enables the device. Logic low voltage disables the
device and turns it into shutdown mode.

SW 6,7 PWR The switch pin of the converter. It is connected to the drains of the internal power MOSFETs.
VIN 8 I IC power supply input
PGND 9 PWR Power ground

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
http://www.ti.com/product/tps61021?qgpn=tps61021
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(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 voltage values are with respect to network ground terminal.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT

Voltage range at terminals (2)

EN, FB DC –0.3 3.6 V

VIN, SW, VOUT
DC –0.3 4.6 V
10% duty cycle –0.3 4.8 V

Operating junction temperature, TJ –40 150 °C
Storage temperature, Tstg –65 150 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as ±2000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions. Pins listed as ±500 V may actually have higher performance.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000

VCharged-device model (CDM), per JEDEC specification JESD22-
C101 (2) ±500

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VIN Input voltage range 0.5 4.4 V
VOUT Output voltage setting range 1.8 4.0 V
L Effective inductance range 0.2 0.47 1.3 µH
CIN Effective input capacitance range 1.0 4.7 µF

COUT Effective output capacitance range
IOUT ≤ 0.3 A 3.0 10 200 µF
IOUT > 0.3 A 10 20 200 µF

TJ Operating junction temperature –40 125 °C

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

6.4 Thermal Information

THERMAL METRIC (1)
TPS61021

UNITDSG (WSON)
8 PINS

RθJA Junction-to-ambient thermal resistance 71.1 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 95.2 °C/W
RθJB Junction-to-board thermal resistance 41.6 °C/W
ψJT Junction-to-top characterization parameter 3.1 °C/W
ψJB Junction-to-board characterization parameter 42.0 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance 13.0 °C/W

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD21C&partnum=TPS61021
http://www.ti.com/lit/pdf/spra953
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6.5 Electrical Characteristics
TJ = –40°C to 125°C, VIN = 2.4 V and VOUT = 3.3 V. Typical values are at TJ = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
VIN Input voltage range 0.5 4.4 V

VIN_UVLO Under-voltage lockout threshold
VIN rising 0.8 0.9 V
VIN falling 0.28 0.4 0.5 V

IQ

Quiescent current into VIN pin
IC enabled, No load, No switching
VIN = 1.8 V to 3.6 V, VFB = VREF +
0.1 V, TJ up to 85°C

3.0 µA

Quiescent current into VOUT pin
IC enabled, No load, No switching
VOUT = 1.8 V to 4.0 V, VFB = VREF +
0.1 V, TJ up to 85°C

17 30 µA

ISD
Shutdown current into VIN and SW
pin

IC disabled, VIN = 1.8 V to 3.6 V, TJ
up to 85°C 0.5 3.0 µA

OUTPUT
VOUT Output voltage setting range 1.8 4.0 V

VREF Reference voltage at the FB pin
PWM mode 775 795 815 mV
PFM mode 801 mV

VOVP
Output over-voltage protection
threshold VOUT rising 4.15 4.35 4.60 V

VOVP_HYS Over-voltage protection hysteresis 0.1 V
IFB_LKG Leakage current at FB pin 20 nA
ISW_LKG Leakage current into SW pin IC disabled, TJ up to 85°C 3.0 µA

IVOUT_LKG Leakage current into VOUT pin IC disabled, VOUT = 4.0 V, TJ up to
85°C 1 2 µA

POWER SWITCH

RDS(on)
High-side MOSFET on resistance VOUT = 3.3 V 51 mΩ
Low-side MOSFET on resistance VOUT = 3.3 V 58 mΩ

fSW Switching frequency VIN = 2.4 V, VOUT = 3.3 V, PWM
mode 2.0 MHZ

tOFF_min Minimum off time 80 120 ns
ILIM_SW Valley current limit VIN = 2.4 V, VOUT = 3.3 V 3.0 4.3 A
LOGIC INTERFACE

VEN_H EN Logic high threshold
VIN > 1.2 V 0.84

V
VIN ≤ 1.2 V 0.7 x VIN

VEN_L EN Logic Low threshold
VIN > 1.2 V 0.36

V
VIN ≤ 1.2 V 0.3 x VIN

PROTECTION
TSD Thermal shutdown threshold TJ rising 150 °C
TSD_HYS Thermal shutdown hysteresis TJ falling below TSD 20 °C

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSD21C&partnum=TPS61021
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6.6 Typical Characteristics
VIN = 2.4 V, VOUT = 3.3 V, TJ = 25°C, unless otherwise noted

VIN = 0.9 V, 1.2 V, 1.8 V, 2.4 V, 3.0 V, and VOUT = 3.3 V

Figure 1. Load Efficiency with Different Input

VIN = 2.4 V, and VOUT = 2.5 V, 3.3 V, 4.0 V

Figure 2. Load Efficiency with Different Output

VIN = 0.7 V to 3.6 V, VOUT = 2.5 V, 3.3 V, 4.0 V

Figure 3. Maximum Output Current vs Input Voltage

VIN = 0.9 V, 1.6 V, 2.4 V, 3.0 V, and VOUT = 3.3 V

Figure 4. Load Regulation

VIN = 2.4 V, VOUT = 3.3 V, T = –40°C to 125°C

Figure 5. Reference Voltage vs Temperature

VIN = 0.9 V to 3.6 V, VOUT = 4.0 V, No switching

Figure 6. Quiescent Current into VIN vs Input Voltage

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
http://www.ti.com/product/tps61021?qgpn=tps61021
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Typical Characteristics (continued)
VIN = 2.4 V, VOUT = 3.3 V, TJ = 25°C, unless otherwise noted

VIN = 1.2 V, VOUT = 1.8 V to 4.0 V, No switching

Figure 7. Quiescent Current into VOUT vs Output Voltage

VIN = 2.4 V, VOUT = 3.3 V, No switching, T = –40°C to 85°C

Figure 8. Quiescent Current into VOUT vs Temperature

VIN = 2.4 V, Into VIN and SW, T = –40°C to 85°C

Figure 9. Shutdown Current vs Temperature

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
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7 Detailed Description

7.1 Overview
The TPS61021 synchronous step-up converter is designed to operate from an input voltage supply range
between 0.5 V and 4.4 V with 3-A valley switch current limit. The TPS61021 typically operates at a quasi-
constant frequency pulse width modulation (PWM) at moderate to heavy load currents. The switching frequency
is 2 MHz when the input voltage is above 1.5 V. The switching frequency reduces down to 1 MHz when the input
voltage goes down from 1.5 V to 1 V. At light load currents, the TPS61021 converter operates in power-save
mode with pulse frequency modulation (PFM). During PWM operation, the converter uses adaptive constant on-
time valley current mode control scheme to achieve excellent line/load regulation and allows the use of a small
inductor and ceramic capacitors. Internal loop compensation simplifies the design process while minimizing the
number of external components.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Under-Voltage Lockout
The TPS61021 has a built-in under-voltage lockout (UVLO) circuit to ensure the device working properly. When
the input voltage is above the UVLO rising threshold of 0.9 V, the TPS61021 can be enabled to boost the output
voltage. After the TPS61021 starts up and the output voltage is above 1.6 V, the TPS61021 can work with the
input voltage as low as 0.5 V.

http://www.ti.com/product/tps61021?qgpn=tps61021
http://www.ti.com
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Feature Description (continued)
7.3.2 Enable and Soft Start
When the input voltage is above the under-voltage lockout (UVLO) rising threshold and the EN pin is pulled to
logic high voltage, the TPS61021 is enabled and starts up. At the beginning, the switching frequency and current
limit are internally controlled. The load capability is limited. After the output voltage is above 1.6 V, the peak
current limit is determined by the output of an internal error amplifier which compares the feedback of the output
voltage and the internal reference voltage. Because the output voltage is below the setting target, the peak
current limit rises and thus the output voltage ramps quickly. The soft startup time varies with the different output
capacitance and load condition. The typical startup time is around 200 μs for a 44-μF output capacitor with no
load.

7.3.3 Switching Frequency
The TPS61021 switches at a quasi-constant 2-MHz frequency when the input voltage is above 1.5 V. When the
input voltage declines from 1.5 V to 1 V, the switching frequency will be reduced gradually to 1-MHz to improve
the efficiency and get higher boost ratio. When the input voltage is below 1 V, the switching frequency is fixed at
a quasi-constant 1 MHz.

7.3.4 Current Limit Operation
The TPS61021 employs a valley current limit sensing scheme. Current limit detection occurs during the off-time
by sensing of the voltage drop across the synchronous rectifier switch.

When the load current is increased such that the inductor current is above the current limit within the whole
switching cycle time, the off-time is increased to allow the inductor current to decrease to this threshold before
the next on-time begins (so called frequency fold-back mechanism). When the current limit is reached, the output
voltage decreases during further load increase.

The maximum continuous output current (IOUT(LC)), before entering current limit (CL) operation, can be defined by
Equation 1.

(1)

Where:
D is the duty cycle
ΔIL(P-P) is the inductor ripple current

The duty cycle can be estimated by Equation 2.

(2)

Where:
VOUT is the output voltage of the boost converter
VIN is the input voltage of the boost converter
η is the efficiency of the converter, use 90% for most applications

And the peak-to-peak inductor ripple current is calculated by Equation 3.

(3)

Where:
L is the inductance value of the inductor
fSW is the switching frequency
D is the duty cycle
VIN is the input voltage of the boost converter

http://www.ti.com/product/tps61021?qgpn=tps61021
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Feature Description (continued)
7.3.5 Pass-Through Operation
When the input voltage is higher than the setting output voltage, the output voltage is higher than the target
regulation voltage. When the output voltage is 101% of the setting target voltage, the TPS61021 stops switching
and turns on the high side PMOS FET. The device works in pass-through mode. The output voltage is the input
voltage minus the voltage drop across the dc resistance (DCR) of the inductor and the on-resistance (RDS(on)) of
the PMOS FET. When the output voltage drops below the 98% of the setting target voltage as the input voltage
declines or the load current increases, the TPS61021 resumes switching again to regulate the output voltage.

7.3.6 Over-Voltage Protection
The TPS61021 has an output over-voltage protection (OVP) to protect the device in case that the external
feedback resistor divider is wrongly populated. When the output voltage is above 4.35 V typically, the device
stops switching. Once the output voltage falls 0.1 V below the OVP threshold, the device resumes operating
again. To prevent the high overshoot voltage during OVP when the FB pin voltage is too much lower than the
internal reference voltage, the TPS61021 limits the valley swtich current to approximate 100 mA when the FB pin
voltage is below 0.2 V and the output voltage is above 2.9V.

7.3.7 Output Short-to-Ground Protection
The TPS61021 starts to limit the output current when the output voltage is below 1.6 V. The lower the output
voltage reaches, the smaller the output current is. When the output voltage is below 1 V, the output current is
limited to approximate 100 mA. Once the short circuit is released, the TPS61021 goes through the soft startup
again to output the regulated voltage.

7.3.8 Thermal Shutdown
The TPS61021 goes into thermal shutdown once the junction temperature exceeds 150°C. When the junction
temperature drops below the thermal shutdown temperature threshold less the hysteresis, typically 130°C, the
device starts operating again.

7.4 Device Functional Modes
The TPS61021 has two switching operation modes, PWM mode in moderate to heavy load conditions and power
save mode with pulse frequency modulation (PFM) in light load conditions.

7.4.1 PWM Mode
The TPS61021 uses a quasi-constant 2.0-MHz frequency pulse width modulation (PWM) at moderate to heavy
load current. Based on the input voltage to output voltage ratio, a circuit predicts the required on-time. At the
beginning of the switching cycle, the NMOS switching FET, shown in the functional block diagram, is turned on.
The input voltage is applied across the inductor and the inductor current ramps up. In this phase, the output
capacitor is discharged by the load current. When the on-time expires, the main switch NMOS FET is turned off,
and the rectifier PMOS FET is turned on. The inductor transfers its stored energy to replenish the output
capacitor and supply the load. The inductor current declines because the output voltage is higher than the input
voltage. When the inductor current hits a value which the error amplifier outputs, the next switching cycle starts
again.

The TPS61021 has a built-in compensation circuit that can accommodate a wide range of input voltage, output
voltage, inductor value and output capacitor value for stable operation.

7.4.2 Power Save Mode
The TPS61021 integrates a power save mode with pulse frequency modulation (PFM) to improve efficiency at
light load. When the load current decreases, the inductor valley current set by the output of the error amplifier
declines to regulate the output voltage. When the inductor valley current hits the low limit of approximate 100
mA, the output voltage will exceed the setting voltage as the load current decreases further. When the FB
voltage hits the PFM reference voltage, the TPS61021 goes into the power save mode. In the power save mode,
when the FB voltage rises and hits the PFM reference voltage, the device continuous switching for several cycles
because of the delay time of the internal comparator. Then it stops switching. The load is supplied by the output
capacitor and the output voltage declines. When the FB voltage falls below the PFM reference voltage, after the
delay time of the comparator, the device starts switching again to ramp up the output voltage.

http://www.ti.com/product/tps61021?qgpn=tps61021
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Device Functional Modes (continued)

Figure 10. Output Voltage in PWM Mode and PFM Mode
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8 Application and Implementation

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

8.1 Application Information
The TPS61021 is a synchronous boost converter designed to operate from an input voltage supply range
between 0.5 V and 4.4 V with 3-A valley switch current limit. The TPS61021 typically operates at a quasi-
constant 2-MHz frequency pulse width modulation (PWM) at moderate to heavy load currents when the input
voltage is above 1.5 V. The switching frequency changes to 1-MHz gradually with the input voltage changing
from 1.5 V to 1 V to get better efficiency and high step-up ratio. At light load currents, the TPS61021 converter
operates in power-save mode with pulse frequency modulation (PFM) to achieve high efficiency over the entire
load current range.

8.2 Typical Application
The TPS61021 provides a power supply solution for portable or smart devices powered by batteries or super-
capacitors. With 3-A switch current capability, the TPS61021 can output 3.3 V and 1.5 A from two alkaline
batteries in series even if the battery voltage is down to 1.8 V.

Figure 11. 2-Cell Alkaline Battery to 3.3-V Boost Converter

8.2.1 Design Requirements
The design parameters are listed in Table 1.

Table 1. Design Parameters
PARAMETERS VALUES

Input voltage 1.8 V to 3.2 V
Output voltage 3.3 V
Output current 1.5 A

Output voltage ripple ±50 mV
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8.2.2 Detailed Design Procedure

8.2.2.1 Setting the Output Voltage
The output voltage is set by an external resistor divider (R1, R2 in Figure 11). When the output voltage is
regulated, the typical voltage at the FB pin is VREF. Thus the resistor divider is determined by Equation 4.

(4)

Where:
VOUT is the regulated output voltage
VREF is the internal reference voltage at the FB pin

For best accuracy, R2 should be kept smaller than 400 kΩ to ensure the current flowing through R2 is at least
100 times larger than the FB pin leakage current. Changing R2 towards a lower value increases the immunity
against noise injection. Changing the R2 towards a higher value reduces the quiescent current for achieving
highest efficiency at low load currents.

8.2.2.2 Inductor Selection
Because the selection of the inductor affects steady state operation, transient behavior, and loop stability, the
inductor is the most important component in power regulator design. There are three important inductor
specifications, inductor value, saturation current, and dc resistance (DCR).

The TPS61021 is designed to work with inductor values between 0.33 µH and 1.0 µH. Follow Equation 5 to
Equation 7 to calculate the inductor’s peak current for the application. To calculate the current in the worst case,
use the minimum input voltage, maximum output voltage, and maximum load current of the application. To have
enough design margins, choose the inductor value with -30% tolerances, and low power-conversion efficiency for
the calculation.

In a boost regulator, the inductor dc current can be calculated by Equation 5.

(5)

Where:
VOUT is the output voltage of the boost converter
IOUT is the output current of the boost converter
VIN is the input voltage of the boost converter
η is the power conversion efficiency, use 90% for most applications

The inductor ripple current is calculated by Equation 6.

(6)

Where:
D is the duty cycle, which can be calculated by Equation 2
L is the inductance value of the inductor
fSW is the switching frequency
VIN is the input voltage of the boost converter

Therefore, the inductor peak current is calculated by Equation 7.

(7)

Normally, it is advisable to work with an inductor peak-to-peak current of less than 40% of the average inductor
current for maximum output current. A smaller ripple from a larger valued inductor reduces the magnetic
hysteresis losses in the inductor and EMI. But in the same way, load transient response time is increased. The
inductor’s saturation current must be higher than the calculated peak inductor current. Table 2 lists the
recommended inductors for the TPS61021.
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Table 2. Recommended Inductors for the TPS61021

PART NUMBER L(µH) DCR MAX
(mΩ)

SATURATION CURRENT
(A) SIZE (LxWxH) VENDOR

XFL4015-471ME 0.47 8.36 6.6 4.0×4.0×1.5 Coilcraft
744383360047 0.47 22 8.0 3.0x3.0x2.0 Wurth Elecktronik

DFE252012P-R47M 0.47 27 5.7 2.5×2.0×1.2 Toko
XFL4020-102ME 1.0 11.9 5.4 4.0×4.0×2.1 Coilcraft

8.2.2.3 Output Capacitor Selection
The output capacitor is mainly selected to meet the requirements for output ripple and loop stability. The ripple
voltage is related to the capacitor’s capacitance and its equivalent series resistance (ESR). Assuming a ceramic
capacitor with zero ESR, the minimum capacitance needed for a given ripple voltage can be calculated by
Equation 8.

(8)

Where:
DMAX is the maximum switching duty cycle
VRIPPLE is the peak to peak output ripple voltage
IOUT is the maximum output current
fSW is the switching frequency

The ESR impact on the output ripple must be considered if tantalum or aluminum electrolytic capacitors are
used. The output peak to peak ripple voltage caused by the ESR of the output capacitors can be calculated by
Equation 9.

(9)

Care must be taken when evaluating a ceramic capacitor’s derating under dc bias voltage, aging, and ac signal.
For example, the dc bias voltage can significantly reduce capacitance. A ceramic capacitor can lose more than
50% of its capacitance at its rated voltage. Therefore, always leave margin on the voltage rating to ensure
adequate capacitance at the required output voltage. Increasing the output capacitor makes the output ripple
voltage smaller in PWM mode.

It is recommended to use the X5R or X7R ceramic output capacitor in the range of 10 μF to 200 μF effective
capacitance. For output current less than 300 mA, the effective output capacitance could be reduced to 3.0 μF.
The output capacitor affects the small signal control loop stability of the boost regulator. If the output capacitor is
below the range, the boost regulator can potentially become unstable.

8.2.2.4 Feedforward Capacitor Selection
A feedforward capacitor between the VOUT pin and FB pin induces a pair of zero and pole in the loop transfer
function. By setting the proper zero frequency can increase the phase margin to improve the loop stability. The
TPS61021 needs a feedforward capacitor (C3 in Figure 11) in most applications. It is recommended to set the
zero frequency (fFFZ) to 50 kHz when the effective output capacitance is less than 40 μF. For large output
capacitance more than 40 μF, it is recommended to set the zero frequency (fFFZ) to 5 kHz. The value of the
feedforward capacitor can be calculated by Equation 10.

(10)

Where:
R1 is the resistor between the VOUT pin and FB pin
fFFZ is the zero frequency created by the feedforward capacitor
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8.2.2.5 Input Capacitor Selection
Multilayer X5R or X7R ceramic capacitors are excellent choices for input decoupling of the step-up converter as
they have extremely low ESR and are available in small footprints. Input capacitors should be located as close
as possible to the device. While a 10-μF input capacitor is sufficient for most applications, larger values may be
used to reduce input current ripple without limitations. Take care when using only ceramic input capacitors. When
a ceramic capacitor is used at the input and the power is being supplied through long wires, a load step at the
output can induce ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop instability
or could even damage the part. Additional bulk capacitance (tantalum or aluminum electrolytic capacitor) should
in this circumstance be placed between ceramic input capacitor and the power source to reduce ringing that can
occur between the inductance of the power source leads and ceramic input capacitor.

8.2.3 Application Curves

VIN = 2.4 V, VOUT = 3.3 V, IOUT = 2 A

Figure 12. Switching Waveform at Heavy Load

VIN = 2.4 V, VOUT = 3.3 V, IOUT = 100 mA

Figure 13. Switching Waveform at Light Load

VIN = 2.4 V, VOUT = 3.3 V, 12 Ω resistance load

Figure 14. Startup Waveform

VIN = 2.4 V, VOUT = 3.3 V, 12 Ω resistance load

Figure 15. Shutdown Waveform
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VIN = 2.4 V, VOUT = 3.3 V, IOUT = 1 A to 2 A

Figure 16. Load Transient

VIN = 1.6 V to 2.4 V, VOUT = 3.3 V, IOUT = 1 A

Figure 17. Line Transient
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9 Power Supply Recommendations
The device is designed to operate from an input voltage supply range between 0.5 V to 4.4 V. This input supply
must be well regulated. If the input supply is located more than a few inches from the converter, additional bulk
capacitance may be required in addition to the ceramic bypass capacitors. A typical choice is a tantalum or
aluminum electrolytic capacitor with a value of 100 µF. The input power supply’s output current needs to be rated
according to the supply voltage, output voltage and output current of the TPS61021.
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10 Layout

10.1 Layout Guidelines
As for all switching power supplies, especially those running at high switching frequency and high currents,
layout is an important design step. If the layout is not carefully done, the regulator could suffer from instability
and noise problems. To maximize efficiency, switch rise and fall time are very fast. To prevent radiation of high
frequency noise (for example, EMI), proper layout of the high-frequency switching path is essential. Minimize the
length and area of all traces connected to the SW pin, and always use a ground plane under the switching
regulator to minimize interplane coupling. The input capacitor needs not only to be close to the VIN pin, but also
to the PGND pin in order to reduce input supply ripple.

The most critical current path for all boost converters is from the switching FET, through the rectifier FET, then
the output capacitors, and back to ground of the switching FET. This high current path contains nanosecond rise
and fall time and should be kept as short as possible. Therefore, the output capacitor needs not only to be close
to the VOUT pin, but also to the PGND pin to reduce the overshoot at the SW pin and VOUT pin.

10.2 Layout Example

Figure 18. Layout Example

10.3 Thermal Considerations
The maximum IC junction temperature should be restricted to 125°C under normal operating conditions.
Calculate the maximum allowable dissipation, PD(max), and keep the actual power dissipation less than or equal to
PD(max). The maximum-power-dissipation limit is determined using Equation 11.

(11)

Where:
TA is the maximum ambient temperature for the application
RθJA is the junction-to-ambient thermal resistance given in the Thermal Information table.

The TPS61021 comes in a thermally-enhanced WSON package. This package includes a thermal pad that
improves the thermal capabilities of the package. The real junction-to-ambient thermal resistance of the package
greatly depends on the PCB type, layout, and thermal pad connection. Using thick PCB copper and soldering the
thermal pad to a large ground plate to enhance the thermal performance. Using more vias connects the ground
plate on the top layer and bottom layer around the IC without solder mask also improves the thermal capability.
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11 Device and Documentation Support

11.1 Device Support

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

11.2 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI'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 TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

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

11.4 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.

11.5 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

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