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TPS61252 Tiny 1.5-A Boost Converter With Adjustable Input Current Limit

1 Features

* Resistor Programmable Input Current Limit

— +20% Current Accuracy at 500 mA over Full
Temperature Range

— Programmable from 100 mA up to 1500 mA
» Up to 92% Efficiency
V) Range from2.3V1to6.0V

» Power Good Indicates Appropriate Output Voltage
Level

» Adjustable Output Voltage up to 6.5V

* 100% Duty-Cycle Mode When V,y > Vour

» Load Disconnect and Reverse Current Protection
» Short Circuit Protection

» Typical Operating Frequency 3.25 MHz

e Available in a 2-mm x 2-mm WSON-8 Package

2 Applications

e USB Host Supplies from a Single Li-lon Battery
* Current Limited Applications

* Li-lon Applications

* Audio Applications

* RF-PA Buffer

4 Typical Application Schematic

3 Description

The TPS61252 device provides a power supply
solution for products powered by either a three-cell
alkaline, NiCd or NiMH battery, or an one-cell Li-lon
or Li-polymer battery. The wide input voltage range is
ideal to power portable applications like mobile
phones or computer peripherals. The device has a
resistor programmable (R, ) input current limit and
is suitable for a wide variety of applications.

During light loads, the device automatically enters
skip mode (PFM), which allows the converter to
maintain the required output voltage, while only
drawing 30 pA quiescent current from the battery.
This allows maximum efficiency at lowest quiescent
currents.

TPS61252 allows the use of small inductors and
capacitors to achieve a small solution size. The
possibility to reduce the current limit by a external
resistor offers the potential use of physically even
smaller inductors with lower rated currents to further
reduce total solution sizes of the power supply.
During shutdown, the load is completely disconnected
from the battery. The TPS61252 is available in a 8-
pin WSON package measuring 2 mm x 2 mm (DSG).

Device Information®

PART NUMBER

PACKAGE

BODY SIZE (NOM)

TPS61252

WSON (8)

2.00 mm x 2.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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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 Options
s, OUTPUT VOLTAGE® PACKAGE MARKING PACKAGE PART NUMBER®
—40°C to 85°C Adjustable QTI 8-Pin SON TPS61252DSG

(1) Contact TI for other fixed output voltage options
(2) For detailed ordering information please check the Mechanical, Packaging, and Orderable Information.

7 Pin Configuration and Functions

DSG Package
8 Pins
Top View

GND [1] U 8] VIN
L 15w |
vourT [2] %;‘;o : r7] sw
- SN

FB [3] 28
>

B .
ILIM[4] L_—_1 [5] PG

6] EN

|
|
|
| Q
| 0o
|

Pin Functions

PIN 1/0 DESCRIPTION
NAME NO.
EN 6 | Enable input. (1 enabled, 0 disabled). This pin must not be left floating and must be terminated
FB 3 | Voltage feedback pin
GND 1 Ground
ILIM 4 | Adjustable input valley current limit. A resistor to ground programs the current limit. Can be
connected to V,y for maximum current.
PG 5 (0] Output power good (1 good, O failure; open drain).If unused, connect to ground or leave floating
SW 7 | Connection for Inductor
VIN 8 | Supply voltage for control stage
VOUT 2 (0] Boost converter output
Exposed — — | Must be soldered to achieve appropriate power dissipation and for mechanical reasons. Must be
Thermal Pad connected to GND.
Copyright © 2010-2014, Texas Instruments Incorporated Submit Documentation Feedback 3
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8 Specifications

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

MIN MAX UNIT
Voltage® VIN, VOUT, SW, EN, PG, FB, ILIM -0.3 7 \Y;
Operating junction, T; -40 150
Temperature °C
Storage, Tsyg -65 150

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods my affect device reliability.

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

8.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® +2000

Vesp)  Electrostatic discharge Charg(ze)d-device model (CDM), per JEDEC specification JESD22- +500 \
c101

(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.
(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.

8.3 Recommended Operating Conditions

MIN NOM  MAX UNIT
Supply voltage at VIN 2.3 6.0 \%
Output voltage at VOUT 3.0 6.5 \%
Programmable valley switch current limit set by Ry_u 100 1500 mA
Operating free air temperature range, Ta -40 85 °C
Operating junction temperature range, T, -40 125 °C
8.4 Thermal Information
TPS61252
THERMAL METRIC® DSG UNIT
8 PINS

Rgia Junction-to-ambient thermal resistance 80.2
Raic(top) Junction-to-case (top) thermal resistance 93.5
Rgip Junction-to-board thermal resistance 54.2 G
Wit Junction-to-top characterization parameter 0.9
Wig Junction-to-board characterization parameter 59.3
Raic(bot) Junction-to-case (bottom) thermal resistance 20

(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

Over recommended free air temperature range, typical values are at T, = 25°C. Unless otherwise noted, specifications apply

for condition Viy=EN =3.6 V, Voyr = 5.0 V.

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
DC-DC STAGE
VN Input voltage 2.3 6 \%
Veg Feedback voltage 1.182 1.2 1.218 \%
Lline regulation 0.5%
Load regulation 0.5%
f Oscillator frequency 3250 kHz
High side switch on resistance 200 mQ
DS Low side switch on resistance 130 mQ
Reverse leakage current into Vout EN = GND 3.5 HA
. o ILIM pin set to Vy 1500 mA
ILm Programmable valley switch current limit
Rim = 20 kQ (500mA) -20% +20%
lo Quiescent current lout = 0 MA, device not switching 30 HA
Isp Shutdown current 0.85 3.5 MA
OVP  Input over voltage protection threshold Fé“_mg 64 v
Rising 6.5 \%
CONTROL STAGE
Falling 2.0 2.1 \%
Vuyvio Under voltage lockout threshold -
Hysteresis 0.1 \%
Vi EN input low voltage 23V<sVps6.0V 0.4 \%
Vi EN input high voltage 23V<sVpns6.0V 1.0 \%
EN, PG input leakage current Clamped to GND or Vy 0.5 HA
Rising (% VouT) 92.5%  95% 97.5%
Power Good threshold voltage -
Falling (% Vour) 87.5%  90% 92.5%
Power good delay 10 us
Overtemperature protection Rising 140 °C
Overtemperature hysteresis 20 °C
8.6 Typical Characteristics
Table 1. Table of Graphs
DESCRIPTION FIGURE
Efficiency vs Output current (Vout =5.0V, Iy = 1.5 A) Figure 1
vs Output current in 100% Duty-Cycle Mode (Vour=5.0V, Iy =1.5A) Figure 2
vs Input voltage (Vout = 5.0 V, I gaqg = {10; 100; 1000 mA}) , Iy =1.5A Figure 3
Maximum output current vs Input voltage (Voyt =5.0 V) Figure 4
Output voltage vs Output current (Voyt = 5.0V, Iy = 1.5 A) Figure 5
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9 Parameter Measurement Information

L1 U1 VOUT

sw VOUT ° ~—

v

- VIN Rt~ _C2 —|—

o1 [—EN FB R4§
R2 -t
ILIM =
= R3 =

GND PG ® g‘;‘t’ﬂe‘md

Figure 6. Parameter Measurement Schematic
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10 Detailed Description

10.1 Overview

The TPS61252 device provides a power supply solution for products powered by either a three-cell alkaline,
NiCd or NiMH battery, or an one-cell Li-lon or Li-polymer battery. It has a resistor programmable (RILIM) input
current limit. During light loads the device will automatically enter skip mode (PFM). During shutdown, the load is

completely disconnected from the battery.

10.2 Functional Block Diagram

SwW
e
T N ] vout
VIN[ ] 2 — Ll N Y
% L Current
g Sense
o
PWM | Pulse 5 L]rs
Modulator o5
w e
<
Softstart : v
FB
Thermal =
Control Shutdown
EN[ —— Logic Undervoltage
] Lockout ‘: | :| ”
Averaging Le Veer
Circuit Error Amp.
Current )
Sense
+
ILm[ ] .
—
LI
GND
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10.3 Feature Description

10.3.1 Operation

The TPS61252 boost converter operates as a quasi-constant frequency adaptive on-time controller. In a typical
application, the frequency is 3.25 MHz and is defined by the input to output voltage ratio and does not vary from
moderate to heavy load currents. At light load currents, the converter automatically enters Power Save Mode and
operates in PFM (Pulse Frequency Modulation) mode. During pulse-width-modulation (PWM) operation, the
converter uses a unique fast response quasi-constant on-time valley current mode controller scheme which
offers very good line and load regulation allowing the use of small ceramic input and output capacitors.

Based on the V\/Voyr ratio, a simple circuit predicts the required on-time. At the beginning of the switching
cycle, the low-side N-MOS switch is turned-on and the inductor current ramps up to a peak current that is defined
by the on-time and the inductance. In the second phase, once the on-timer has expired, the rectifier is turned-on
and the inductor current decays to a preset valley current threshold. Finally, the switching cycle repeats by
setting the on-timer again and activating the low-side N-MOS switch.

The TPS61252 controls the input current through an intelligent adjustment of a valley current limit that corrects
the value in a way that it almost turns out as an average input current limit. The current can be adjusted with an
accuracy of +20%.

This architecture with adaptive slope compensation provides excellent transient load response and requires
minimal output filtering. Internal softstart and loop compensation simplifies the design process, while minimizing
the number of external components.

10.3.2 Current Limit Operation

The current limit circuit employs a valley current sensing scheme. Current limit detection occurs during the off
time, through sensing of the voltage drop across the synchronous rectifier.

The output voltage is reduced when the power stage of the device operates in a constant current mode. The
maximum continuous output current (loyrcy)), before entering current limit (CL) operation, can be defined by
Equation 1.

1
loyrcy = (1-D) » (ILIM+§ Al) )
The duty cycle (D) can be estimated by Equation 2:
D=1- Vi emn
Vour ©)
and the peak-to-peak current ripple (Al,) is calculated by Equation 3:
Al = YD
Lef (3

The output current, loyrwimy, is the average of the rectifier current waveform. When the load current is increased
such that the lower peak is above the current limit threshold, the off-time is increased to allow the current to
decrease to this threshold before the next on-time begins. When the current limit is reached, the output voltage
decreases if the load is further increased.

10.3.3 Softstart

The TPS61252 has an internal softstart circuit that controls the ramp-up of the current during start-up and
prevents the converter from inrush current that exceeds the set current limit. The current is ramped to the set
current limit in typical 100 ps . After reaching the current limit threshold, it stays there until V,y = Vout then the
converter starts switching and boosting up the voltage to its nominal output voltage. During the complete start-up,
the input current does not exceed the current limit that is set by resistor R, .

10.3.4 Enable

The device is enabled by setting the EN pin to a voltage above 1 V. At first, the internal reference is activated
and the internal analog circuits are settled. After typically 50 ps, the output voltage ramps up, controlled by the
softstart circuitry. The output voltage reaches its nominal value as fast as the current limit settings and the load
condition allows it.
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Feature Description (continued)

The EN input can be used to control power sequencing in a system with several DC-DC converters. The EN pin
can be connected to the output of another converter, to drive the EN pin high and get a sequencing of supply
rails. With EN = GND, the device enters shutdown mode. Do not leave the enable pin floating.

10.3.5 Under-Voltage Lockout (UVLO)

The under voltage lockout circuit prevents the device from malfunctioning at low input voltages and the battery
from excessive discharge. It disables the output stage of the converter once the falling V,y trips the under-voltage
lockout threshold Vi, o which is typically 2.0V. The device starts operation again once the rising V,y trips the
Vyvio threshold plus its hysteresis of typically 100 mV.

10.3.6 Power Good

The device has a built in power good function to indicate whether the output voltage operates within appropriate
levels. The PG pin is an open drain output, requiring a pull-up resistor. If the PG pin is not used, it may be left
floating or connected to GND. The power good output (PG) is set floating after the FB pin voltage reaches 95%
of its nominal value and stays there until the feedback voltage falls below 90 % of the nominal value. The power
good is operable as long as the converter is enabled and Vy is present. If the converter is disabled by pulling the
EN pin low the PG open drain output is high impedance. That means it follows the voltage it is connected to via
the pull-up resistor. If the converter is controlled by an external enable signal and the power good should indicate
that the output is turned off the application circuit below should be used. In the following circuit, the EN pin
voltage provides the high level for the PG pin pull-up resistor R4.

L1 U1
VOUT
SW VOUT . 2
1 uH | 3.0Vto6.5V
VIN R1 CFF
VIN 768 kQ 100 pF c
23Vto6.0V — 220UTF
C1 EN FB H
10 pF
R2 |
ILIM 243 kQ fpd
: R\LIM —
20 kQ -
Power Good
GND PG Output

Enable
\ 4
Logic Input ‘/V\/\

R4 1 MQ

Figure 7. Power Good Schematic

10.3.7 Input Over Voltage Protection

This converter has input over voltage protection that protects the device from damage due to a voltage higher
than the absolute maximum rating on the V|y pin. If 6.5 V (typical) at the input is exceeded, the converter
completely shuts down to protect its inner circuitry. If the input voltage drops below 6.4 V (typical), it turns on the
device again and enters normal start up.

10.3.8 Load Disconnect and Reverse Current Protection

Regular boost converters do not disconnect the load from the input supply and therefore a connected battery is
discharged during shutdown. The advantage of the TPS61252 is that this converter disconnects the output from
the input of the power supply when it is disabled. In case of a connected battery, it prevents it from being
discharged during shutdown of the converter. Furthermore, the output is not allowed to pass current to the input
(battery).
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Feature Description (continued)
10.3.9 Thermal Regulation

The TPS61252 contains a thermal regulation loop that monitors the die temperature. If the die temperature rises
to values above 110 °C, the device automatically reduces the current limit to prevent the die temperature from
further increasing. Once the die temperature drops about 10 °C below the threshold, the device automatically
increases the current to the set value. This function also reduces the current during a short-circuit-condition.

10.3.10 Thermal Shutdown

As soon as the junction temperature, T;, exceeds 140°C (typical), the device enters thermal shutdown. In this
mode, the High Side and Low Side MOSFETs are turned-off. When the junction temperature falls about 20 °C
below the thermal shutdown, the device resumes operation.

10.4 Device Functional Modes

10.4.1 Power Save Mode

The TPS61252 integrates a power save mode to improve efficiency at light load. In power save mode the
converter only operates when the output voltage trips below a set threshold voltage. It ramps up the output
voltage with several pulses and goes into power save mode again once the output voltage exceeds the set
threshold voltage. During the power save operation when the output voltage is above the set threshold, the
converter turns off some of the inner circuits to save energy.

Output
i Voltage

PFM mode at light load

>

4 PFM ripple about 0.015 x Vg7
e ceeeead e TN LT

1.008 x VouTt nowm.

D NANANNAN_V
\V AR VAL VAL VALY AL VAR Y OUT NOM.

PTNM mode at heavy Ic;ad

Figure 8. Power Save Mode

The PFM mode is left and PWM mode entered, in case the output current can no longer be supported in PFM
mode.

10.4.2 100% Duty-Cycle Mode

If Vin > Vour, the TPS61252 offers the lowest possible input-to-output voltage difference while still maintaining
current limit operation with the use of the 100% duty-cycle mode. In this mode, the high-side switch is constantly
turned on. During this operation, the output voltage follows the input voltage and will not fall below the
programmed value if the input voltage decreases below Vgoyr. The output voltage drop during 100% mode
depends on the load current and input voltage, and is calculated as:

Vour = Vin — (DCR + I'os(on) )' lour

where
* DCRis the DC resistance of the inductor
*  TIpsen) IS the typical on-resistance of the high-side switch 4

If the load current exceeds the set current limit, the resistance of the high-side switch increases to limit the
current and the output voltage drops.
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11 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.

11.1 Application Information

The TPS61252 device provides a power supply solution for products powered by either a three-cell alkaline,
NiCd or NiMH battery, or an one-cell Li-lon or Li-polymer battery. The wide input voltage range is ideal to power
portable applications like mobile phones or for computer peripherals. TPS61252 allows the use of small inductors
and input capacitors to achieve a small solution size. The possibility to reduce the current limit by a external
resistor offers the potential use of physically even smaller inductors with lower rated current to further reduce
total solution sizes of the power supply.

11.2 Typical Application

Typical application for 5-V output voltage with input current limit.

TPS61252
L1 VOUT

SW VOUT 4 4 4

1uH
Vi R1 —C

VIN 768 kQ =T 100 pF —c
23Vto6.0V ——~ OUT
22 uF

—l—c1

EN FB R4
—T1—10uF 1 MQ h
R2
ﬂ ILIM 243 kQ -

Riwm
20 kQ -

GND PG @

50V

Power Good
Output

Figure 9. Typical Application Circuit for 5-V Output Voltage

11.2.1 Design Requirements

In this example, use the TPS61252 to design a 5-V output power supply supporting customer required input
current limit, input voltage range and output driving capability. Below specific example will be used to define and
work with the different equations.
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Table 2. Design Parameters
PARAMETER VALUE UNIT
VN Input Voltage 3.6 \%
ViN(min) Minimum Input Voltage 2.6 \
Vout Output Voltage 5.0 \%
ILim Input Current Limit set by Ry jm 1000 mA
Veg Feedback Voltage 1.2 \
f Switching Frequency 3.25 MHz
n Estimated Efficiency 90 %
L1 Inductor Value of Choice 1.0 pH
11.2.2 Detailed Design Procedure
Table 3. List of Components
REFERENCE DESCRIPTION MANUFACTURER
Ul TPS61252 Texas Instruments
L1 1.0uH, 2.1 A, 27 mQ, 2.8 mm x 2.8 DEM2815C, TOKO
mm X 1.5 mm
C1 1x 4.7 yF, 10 V, 0805, X7R ceramic | GRM21BR71A475KA73, Murata
C2 1 x 100 pF, 50 V, 0603, COG GRM1885C1H101JA01B, Murata
ceramic
C3 2 x 22 yF, 10 V, 0805, X7R ceramic | GRM21BR61A226MES51, Murata
R1 Depending on the output voltage of TPS61252, 1%, (all measurements with 5 V output voltage uses 768 kQ)
R2 Depending on the output voltage of TPS61252, 1%, (all measurements with 5 V output voltage uses 243 kQ)
R3 Depending on the input current limit of TPS61252, 1%
R4 1MQ, 1% any
11.2.2.1 Output Voltage Setting
The output voltage is calculated by Equation 5:
R
VOUT = VFB * [1+R_1
2 (5)

To minimize the current through the feedback divider network, R2 should be between 180 kQ and 360 kQ. The
sum of R1 and R2 should not exceed ~1 MQ, to keep the network robust against noise. For the example, R1 is
768 kQ and R2 is 243 kQ.

An external feed forward capacitor C1 is required for optimum load transient response. The value of C1 should
be 100 pF. The connection from the FB pin to the resistor divider should be kept short and away from noise
sources, such as the inductor or the SW line.

11.2.2.2 Input Current Limit

The input current limit is set by selecting the correct external resistor value. Equation 6 is a guideline for selecting
the correct resistor value:

Rum = ﬂ «10,000
ILIM (6)
For a current limit of 1 A, the resistor value is 10 kQ.

To allow maximum current limit the ILIM pin can be directly connected to V.

11.2.2.3 Maximum Output Current

The maximum output current is set by R,y and the input to output voltage ratio and can be calculated by
Equation 7:
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| VlN ° N
ouT(max) ~ 'um *® v
out (7)

Following the example loytmax) IS 648 MA at 3.6 V input voltage and decreases, with lower input voltage values.

11.2.2.4 Inductor Selection

As for all switching power supplies two main passive components are required for storing the energy during
operation: an inductor and an output capacitor. The inductor must be connected between the VIN pin and SW pin
to make sure that the TPS61252 device operates. To select the right inductor current rating, the programmed
input current limit as well as the current ripple through the inductor should be calculated. An estimation of the
maximum peak inductor current can be done using Equation 8.

\/IN(min) -D with D =1— \/IN(min) °n
L

IL(max) = ILIM + A||_ = I|.||v| + v
* out (8)

Regarding the above example the current ripple (Al,) is 426 mA and therefore an inductor with a rated current of
about 1.5 A should be used.

The TPS61252 is designed to work with inductor values between 1.0 puH and 2.2 pH. For typical applications, a
1.5 pH inductor is recommended. In space constrained applications, it might be possible to consider smaller
inductor values depending on the targeted inductor ripple current. Therefore the inductor value can be reduced
down to 1.0 uH without degrading the stability.

In regular boost converter designs the current through the inductor is defined by the fixed switch current limit of
the converter's switches and therefore bigger inductors have to be chosen. The TPS61252 allows the design
engineer to reduce the current limit to the needs of the application regardless the maximum switch current limit of
the converter. Programming a lower current value allows the use of smaller inductors without the danger of
saturation.

11.2.2.5 Output Capacitor

For the output capacitor, it is recommended to use small X5R or X7R ceramic capacitors placed as close as
possible to the VOUT and GND pins of the IC. If, for any reason, the application requires the use of large
capacitors which cannot be placed close to the IC, a smaller ceramic capacitor in parallel to the large one is
required. This small capacitor should be placed as close as possible to the converter's VOUT and GND pins.

To maintain control loop stability of the boost converter, a minimum effective output capacitance of at least 8 pF
is recommended. That means due to DC Bias effect (see NOTE) a 22 pF capacitor with 0805 case size and a
voltage rating of 10 V is necessary. In height restricted application two 10 uF capacitors with 0603 case size and
6.3 V voltage rating can also be used.

In addition to the minimum Cgyt the application might need more capacitance. To get an estimate of the
minimum output capacitance necessary for the application, Equation 9 is used:

lOUT ° (VOUT *VlN)

C =
M feAV e Vo

©
Where AV is the maximum allowed output ripple.

With a chosen ripple voltage of 10 mV, a minimum effective capacitance of 9.6 uF is needed regarding the
example. The total ripple is larger due to the ESR of the output capacitor. This additional component of the ripple
can be calculated using Equation 10:

VESR = IouT * RESR (10)

11.2.2.6 Input Capacitor

Multilayer X5R or X7R ceramic capacitors are an excellent choice for input decoupling of the step-up converter
as they have extremely low ESR and are available in small form factors. The input capacitors should be located
as close as possible to the device. While a 10uF input capacitor is sufficient for most applications, larger values
may be used to reduce input current ripple. Also, low ESR tantalum capacitors may be used.
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NOTE
DC Bias effect: High capacitance ceramic capacitors have a DC Bias effect, which has a
strong influence on the final effective capacitance. Therefore the right capacitor value has
to be chosen very carefully. Package size and voltage rating in combination with dielectric
material are responsible for differences between the rated capacitor value and the
effective capacitance. A 10 V rated 0805 capacitor with 10 pF can have a effective
capacitance of less than 5 pF at an output voltage of 5 V.

11.2.2.7 Checking Loop Stability

The first step of circuit and stability evaluation is to look from a steady-state perspective at the following signals:
* Switch node, SW

e Inductor current, I,

+ Output ripple voltage, Vourac)

These are the basic signals that need to be measured when evaluating a switching converter. When the
switching waveform shows large duty cycle jitter or the output voltage or inductor current shows oscillations, the
regulation loop may be unstable. This is often a result of board layout and/or L-C combination.

As the next step in the evaluation of the regulation loop, the load transient response is tested. During the time
between when the load transient takes place and the turn on of the high side switch, the output capacitor must
supply all of the current required by the load. Vour immediately shifts by an amount equal to Al oap) X ESR,
where ESR is the effective series resistance of Coyr. Al oapy begins to charge or discharge Coyr, generating a
feedback error signal used by the regulator to return Vo to its steady-state value. The results are most easily
interpreted when the device operates in PWM mode.

During this recovery time, Voyr can be monitored for settling time, overshoot or ringing that helps judge the
converter’s stability. Without any ringing, the loop has usually more than 60° of phase margin. Because the
damping factor of the circuitry is directly related to several resistive parameters (for example, MOSFET rpgon))
that are temperature dependant, the loop stability analysis has to be done over the input voltage range, load
current range, and temperature range.

11.2.3 Application Curves

FIGURE
Load transient response (Vi = 3.6 V, Voyt = 5.0V, I ;m = 500mA, Load change from 20 mA to 300 mA) Figure 10
Load transient response (Viy = 3.6 V, Voyt = 5.0V, V|n > Vour, Ium = 1000mA, Load change from 50 mA to )
Figure 11
550 mA)
Startup after enable (Voyt =5.0V, V|y =3.6 V, Iy = 500mA) Figure 12
Startup after enable (Voyt =5.0V, V|y =3.6 V, Iy = 1000mA) Figure 13
Startup after enable in 500 mA load (Voyt =5.0V, V|y =3.6 V, Iy = 1000mA) Figure 14
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Time = 500ps/div
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Figure 10. Load Transient Response Iy = 500 mA (20 to
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100mV/div; 4.77V offset

Output Current
500mA/div

i ik

Inductor Current
0.5A/div

Time = 500ps/div

Figure 11. Load Transient Response I ;y = 1000 mA (50 to
550 mA)

Vy=3.6V,1,=05A

Vour 2.0V/div; -2V offset -

Inductor Current
0.5A/div; 0.5A offset

Time = 100ps/div

¥
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Figure 12. Startup After Enable Iy = 500mA, No Load
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0.5A/div; 0.5A offset

¥
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i
.
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Figure 13. Startup After Enable I,y = 1000mA, NO Load
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6V,1,=1.0A

Vo, 2.0V/div; 2V offset |

Inductor Current
0.5A/div; 0.5A offset

Time = 100ps/div
Figure 14. Startup After Enable I, = 1000mA, 500 mA Load

¥
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2.0V/div; 8V offset
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12 Power Supply Recommendations

The power supply can be a three-cell alkaline, NiCd or NiMH battery, or an one-cell Li-lon or Li-polymer battery.
The input supply should be well regulated with the rating of TPS61252. If the input supply is located more than a
few inches from the device, 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.

13 Layout

13.1 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 close to the IC to keep the feedback connection short. To lay out the
ground, short and wide traces are recommended. This avoids ground shift problems, which can occur due to
superimposition of power ground current onto the feedback divider. Figure 15 shows the recommended board
layout.

13.2 Layout Example

10mm (0.39in)
|

7mm (0.27in)
ool

R
1

Figure 15. Suggested Layout
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13.3 Thermal Considerations

The 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
— For example, increase of the GND plane on the top layer which is connected to the exposed thermal pad
— Use thicker copper layer

» Improving the thermal coupling of the component to the PCB

* Introducing airflow in the system

Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where

high maximum power dissipation exists, special care must be paid to thermal dissipation issues in board design.
The maximum junction temperature (T;) of the TPS61252 is 150°C.
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14 Device and Documentation Support

14.1 Device Support

14.1.1 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.

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

14.3 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.

14.4 Glossary

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

15 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)
TPS61252DGST PREVIEW WSON DSG 8 TBD Call Tl Call TI -40 to 85
TPS61252DSGR ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 QTl
Samples

& no Sh/Br)

TPS61252DSGT ACTIVE WSON DSG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR QTl Samples
& no Sh/Br)

® 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 Sb/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): Tl'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, Tl 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 Sb/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.

© 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 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
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS61252DSGR WSON DSG

3000 179.0 8.4 2.2 2.2 12 4.0 8.0

Q2

TPS61252DSGT WSON DSG

250 179.0 8.4 2.2 2.2 1.2 4.0 8.0

Q2
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. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61252DSGR WSON DSG 8 3000 195.0 200.0 45.0
TPS61252DSGT WSON DSG 8 250 195.0 200.0 45.0
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MECHANICAL DATA

DSG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—-LEAD

2,10
N B 1,90
PIN 1 INDEX AREA e
TOP AND BOTTOM
080
0,70
0,20 REF.
0,08 l
= T SEATING PLANE
0,05 j é
0,00 .
0,40
8X = > <4— 0,50
0,20 1 4 \
AN
T \ EXPOSED THERMAL PAD
8 S 0,30
> < : 0,70 |C|A|B
B35 | 10.10@[c[A]B]
1,50 <

4208210/8 10,/10

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. Quad Flatpack, No—Leads (QFN) package configuration.

A\ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

E. Falls within JEDEC MO-229.
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THERMAL PAD MECHANICAL DATA

DSG (S—PWSON—NB8) 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.

Pin 1 Indicator 1 4/ Exposed Thermal Pad

|—| |—| |—|/m — 0,90+0,10

‘ A

Y

1,60£0,10

Bottom View

Exposed Thermal Pad Dimensions

4208347/H 04/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DSG (S—PWSON—NB)

PLASTIC SMALL OUTLINE NO—-LEAD

Example Board Layout

—»}—‘«— 6x0,5

UL

O O

ﬂ IIRN

Note D

2,4 1,4

,' Non Solder Mask Defined Pad

Example Stencil Design
0.125mm Stencil Thickness
(Note E)

6x0,5

Juut

8x0,25 ———f=—

$ - 1,3 — 1}
WDDDHii

63% Printed solder coverage on center pad

Center Pad Layout

/ . (Note D)
L ~— 1,6 —
| N 2x80,3-)
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All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,

QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also 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 solder mask tolerances.
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http://www.ti.com/lit/slua271

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.
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