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TPS63822 and TPS638221 Low Quiescent Current, 4A Buck-Boost Converters

1 Features

Input voltage range: 1.8V to 5.5V

— 2.0V minimum input voltage for start-up

Vour range: 1.2V to 5.5V

Output current

- Up to 3.5A for VIN 225V, VOUT = 3.3V

- Up to 4A for VIN > 3V, VOUT =3.3V

High efficiency over the entire load range

— Low 2.3pA operating quiescent current

— 91.94% efficiency at V|\ = 3.6V, Voyt = 3.3V,
lout = 100uA (in buck-boost mode)

— 95.33% efficiency at V|\ = 3.6V, Voyt = 3.3V,
lout = 2A (in buck-boost mode)

Automatic power save mode, ultra-sonic mode,

and forced PWM mode selectable

Windowed power good indicated by PG pin

Output discharge function (TPS638221 only)

Supports 1.2V logic I/O

Safety and robust protection features

Overtemperature protection

Input and output overvoltage protection

True load disconnect during shutdown

Forward and backward current limit

— Hiccup protection

15-ball WCSP package (2.029mm x 1.257mm)

2 Applications

System pre-regulator

Point-of-load regulation

Optical modules

Broadband network radio or SoC supply

100

3 Description

The TPS63822 and TPS638221 are low quiescent
current, high output current buck-boost converters
with a typical valley current limit of 6.5A. The 2.3pA
quiescent current and four low Rdson MOSFETs
enable high efficiency from a light to a heavy load
range.

Depending on the input voltage, the devices
automatically operate in boost, buck, or in buck-boost
mode when the input voltage is approximately equal
to the output voltage. The transitions between modes
occur at defined thresholds and avoid unwanted
toggling within the modes which reduces output
voltage ripple.

The devices have a fast dynamic response, which
enables the regulation of output voltage tightly, even
in the event of heavy load transients.

The devices offer a small solution size in WCSP.
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(1) See the Device Comparison Table.
(2) For more information, see Mechanical, Packaging, and
Orderable Information.
(3) The package size (length x width) is a nominal value and
includes pins, where applicable.
(4) Product preview. Contact Tl factory for more information.
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4 Device Comparison Table

PART NUMBER Output Discharge
TPS63822YBGR(") No
TPS638221YBGR Yes

(1)  Product preview. Contact Tl factory for more information.
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5 Pin Configuration and Functions

J
Not to scale

Figure 5-1. TPS63822 and TPS638221 YBG Package, 15-Ball DSBGA (Top View)

Table 5-1. Pin Functions

PIN
TYPE(") DESCRIPTION
NO. NAME
Device enable. A high logic level on this pin enables the device; a low logic level on this
A1 EN | o -
pin disables the device.
A2, A3 VIN PWR Supply voltage for power stage
Auto PFM/PWM/Ultrasonic mode selection
MODE = Logic low, auto PFM mode
B MODE MODE = Logic high, FPWM mode
MODE = floating, ultrasonic mode
B2, B3 LX1 PWR Inductor connection
C1 AGND — Analog ground
C2,C3 GND PWR Power ground
Voltage feedback of adjustable versions. When FB is connected to AGND, the output
D1 FB | o
voltage is fixed at 3.3V.
D2, D3 LX2 PWR Inductor connection
E1 PG O Power good indicator and open drain output. If not used, this pin can be left floating.
E2, E3 VOUT PWR Converter output
(1) I=input, O = output, PWR = power
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6 Specifications

6.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)(")

MIN MAX UNIT
\ Input voltage (VIN, LX1, LX2, VOUT, MODE, FB, EN, PG)®? -0.3 6 \
Vi Input voltage for less than 10 ns (LX1, LX2)@) -0.7 8 \%
T, Operating junction temperature -40 150 °C
Tstg Storage temperature -65 150 °C

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

functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.
(2) All voltage values are with respect to network ground terminal, unless otherwise noted.

6.2 ESD Ratings

VALUE UNIT
V(esp) Electrostatic discharge Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(" +2000 \Y
V(esD) Electrostatic discharge Charged-device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +500 \%
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

V| Supply voltage 1.8 5.5 \%
Vo Output voltage 1.2 5.5 \Y
o Output current(") ‘VOUT =33V, Vjy 2 2.6V 35 A
C Input capacitance(@ 5 uF
Co Output capacitance(@ \Z/XUT = 3.3V, ViN2 2.6V, lour =< 14 16 uF
L Inductance 390 470 560 nH
Ta Operating free-air temperature range -40 85 °C
T, Operating junction temperature range -40 125 °C

(1) The device can sustain the maximum recommended output current only for short durations before its junction temperature gets too hot.
Users must verify that the thermal performance of the end application can support the maximum output current.

(2) Effective capacitance after DC bias effects have been considered.
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6.4 Thermal Information

TPS63822

TPS638221
THERMAL METRIC(") YBG (DSBGA) UNIT

15 PINS

Reua Junction-to-ambient thermal resistance 83.5 °C/W
ReJctop) Junction-to-case (top) thermal resistance 14 °C/W
Ress Junction-to-board thermal resistance 21.6 °C/W
Wyt Junction-to-top characterization parameter 14 °C/IW
Wis Junction-to-board characterization parameter 21.6 °C/IW

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

note.

6.5 Electrical Characteristics
T,=-40°C to 125°C, V|y = 2.0V to 5.5V. Typical values are at V|y = 3.6V, Voyt = 3.3V and T, = 25°C (unless otherwise

noted).
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY
VN Input voltage range 1.8 5.5 \%
Vir+ Positive-going UVLO threshold voltage 1.8 1.9 2.0 \%
i Negative-going UVLO threshold 1.6 1.7 1.8 \%
Vhys Hysteresis voltage 200 mV
lo Quiescent current into VIN I\’1/(I)’\:1—=S\?VIt6(¥1II’\I/5NTj 22/0},/8[{; Z;gv’ 2.3 4 pA
lg Quiescent current into VOUT Xg:}—:s\?w?;mv;NTj ifxol/g‘g Z;gv’ 0.3 1 pA
Isp Shutdown current into VIN \1{:”:_1'(?0\/0’ \,E/OOEE:COV’ Ven =0V 0.3 2.5 pA
1/0 SIGNALS
. [poesenomit oo en osz| v
Vir- iheanoldvatsge | MODE.EN 03 v
Vim Mid-level input voltage MODE 0.6 \%
iy High-level input current MODE Vmope = 1.2V 0.01 0.1 pA
I Low-level input current MODE Vymope = 0V 0.01 0.1 pA
Iig Input bias current EN Ven = 0V to 5.5V 2.5 30 nA
Ren EN pin pulldown resistor EN = low 800 kQ
POWER STAGE
Vo Output voltage range 1.2 5.5 \%
VRer Feedback Regulation Voltage 0.792 0.800 0.808 \%
PFM valley - DC offset PFM operation 0.7 1.5 2.5 %
DC offset Ultra-sonic operation, Voyt = 2.5V 0.7 1.25 2.5 %
IFB_Ikg Leakage current at FB pin 50 nA
Valley switching current limit 5.7 6.5 7 A
Reverse valley switching current limit -4.0 -3.3 -2 A
Hysteresis current 800 mA
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6.5 Electrical Characteristics (continued)
T,=-40°C to 125°C, V|y = 2.0V to 5.5V. Typical values are at V|5 = 3.6V, Voyt = 3.3V and T; = 25°C (unless otherwise

noted).
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
High-side MOSFET on resistance on buck 16
Buck side side
Ros(on) pr-side MOSFET on resistance on buck 155
side
High-side MOSFET on resistance on boost 16 ma
Boost side side '
Roson) pr-side MOSFET on resistance on boost 153
side
likg Leakage current into VIN to LX1 E;ng"gND' Vin=5.V, Vixq =0V, Ty = —40°C 0.03 4] pA
lig Leakage current into VOUT to LX2 ng,é tc(;)r\ég%/ouﬁs.sv, V=0V, Ty =~ 0.03 4] A
likg Leakage current into LX1 to GND EN = GND, V| x1=5.5V, T; = —40°C to 85°C 0.02 MA
likg Leakage current into LX2 to GND EN = GND, V| x2=5.5V, T; = -40°C to 85°C 0.02 MA
IbiscHe Output discharge current VN = 3.0V 160 mA
TIMING PARAMETER
tss Soft-start time 0.2 0.3 0.4 mS
tae and he start of utputvolage ramp 20 240 S
Switching frequency at ultra-sonic mode 24 kHz
PROTECTION
V1+vP) Input OVP threshold voltage 5.65 5.75 5.95 \%
Input OVP hysteresis 100 mV
V1+0vP) Output OVP threshold voltage 5.65 5.75 5.95 \Y
Output OVP hysteresis 100 mV
VPG_TH_rising Power good threshold for rising 95 %
VPG_TH_falling Power good threshold for falling 90 %
VpG_jow Power good low level output voltage 0.36 \%
likg PG pin leakage current 0.03 MA
hiccup on time 2 mS
hiccup off time 74 mS
Thermal shutdown threshold temperature T, rising 165 °C
Thermal shutdown hysteresis 20 °C
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6.6 Typical Characteristics
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Figure 6-2. Shutdown Current Versus Temperature
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7 Detailed Description
7.1 Overview

The TPS63822 and TPS638221 devices are low quiescent current, high-efficiency buck-boost converters. Four
switches are integrated to maintain synchronous power conversion under all operating conditions, so that the
device achieves high efficiency power conversion over a wide range of input voltages and output currents.
The device automatically switches between buck, boost, and buck-boost operation as required by the operating
conditions. The device operates as a true buck converter when V|, >V and as a true boost converter when V, <
Vo. When V| = Vg, the device operates in a 3-cycle buck-boost mode.

LX1 m LX2
L L
VIN H“ 5 i oy . 'J] vouT
B vy 1Yl 1yl % 5
lpEAk IvaLLEY
Gate Gate
Drivers Drivers

VOUT Y K

7.2 Functional Block Diagram
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1yl

1

] PGND

,—q ] PG
3
MODE _,
Control Logic
EN

A
T T Output vouTt
g Discharge

lpeak  IvaLiey

Overvoltage A4
Protection

] FB

1

Error~J [ Veer

AGND [ Amplifier
Clamp

7.3 Feature Description
7.3.1 Control Scheme

The device automatically selects the best switching scheme for the operating conditions. To make sure of stable
operation, the selection logic includes hysteresis (see Figure 7-1).

Boost Buck-Boost Buck

Vi< Vo V= Vo Vi> Vo

- -

Hysteresis Hysteresis

Figure 7-1. Switching Scheme Selection
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7.3.1.1 Buck Operation
When V, > Vg, the device switches like a buck converter:

* Q1 is the switch.

* Q2 is the rectifier.

* Q3 is permanently off.
* Q4 is permanently on.

See Figure 7-2. During buck operation, one switching cycle comprises two phases: on—off.

Ipeak IvaLLEY

Q1 L
o Y o)
Velyl Y b
|_
j— J 4 Q2 —_— Co
|_
[} o)
On phase
Off phase

Figure 7-2. Buck Switch Configuration

7.3.1.2 Boost Operation
When V, < Vg, the device switches like a boost converter:

* Q1 is permanently on.
* Q2 is permanently off.
* Q3 is the switch.

* Q4 is the rectifier.

See Figure 7-3. During boost operation, one switching cycle comprises two phases: on—off.

lpeAk IvaLLey

L Q4
° = Ty[r v >
_|
j—7 Q3 L —_— Co
_|
e, o}
On phase
Off phase

Figure 7-3. Boost Switch Configuration

7.3.1.3 Buck-Boost Operation

When V, = Vg, all four transistors switch continuously (see Figure 7-4). During buck-boost operation, one
switching cycle comprises three phases: on—commutate—off.
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Figure 7-4. Buck-Boost Switch Configuration

7.3.2 Operation Mode

The TPS63822 and TPS638221 have three different operation modes of pulse-frequency modulation (PFM)
mode, forced pulse-width modulation (FPWM) mode and ultra-sonic mode. These modes are configured by the
MODE pin as follows.

* MODE pin = logic low: PFM mode
* MODE pin = logic high: FPWM mode
* MODE pin = floating: ultrasonic mode

To reduce power consumption, the status of the MODE pin is read during startup and then latched. Once the
device has started operating, any changes to the MODE pin are ignored.

7.3.2.1 PFM Operation

To increase efficiency across a wide range of operating conditions, the device automatically changes from
pulse-width modulation (PWM) at medium and high output currents to pulse-frequency modulation (PFM) at low
output currents.

» During PWM operation, the device switches continuously and adjusts the duty cycle of each switching cycle
to regulate the output voltage.

» During PFM operation, the device switches with a single pulse, separated by periods when the device does
not switch. PFM operation increases efficiency at low output currents because when the device does not
switch, there are no switching losses and most of the internal circuitry is disabled, which reduces quiescent
power consumption. A comparator compares the output voltage of the error amplifier to a predefined PFM
threshold voltage.

To enable PFM mode, pull the MODE pin to logic low.

Table 7-1. Forced-PWM versus PFM Performance

Comparison
PERFORMANCE PARAMETER BEST OPERATING MODE

Low-power efficiency PFM

Medium- a_n_d high-power No difference
efficiency
DC Output voltage accuracy Forced-PWM
Transient response Forced-PWM
Output voltage ripple Forced-PWM
Copyright © 2026 Texas Instruments Incorporated Submit Document Feedback 11
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7.3.2.2 Forced-PWM Operation (FPWM)

During forced-PWM operation, the device uses PWM for all operating conditions. Forced-PWM operation has
lower output voltage ripple and better transient response than power-save mode operation, but lower efficiency
at low output currents (see Table 7-1).

Note that the device inhibits forced-PWM operation during start-up (that is, until the converter output has
reached power-good for the first time).

To enable FPWM mode, pull the MODE pin to logic high.
7.3.2.3 Ultra-sonic Mode Operation

During PFM operation, the time between switching changes with the operating conditions. Because the ceramic
capacitors typically used with the device are piezoelectric, certain operating conditions can cause audible noise.
The device has an ultra-sonic mode feature that forces the frequency of the switching to be outside the audible
range. Note that the power conversion efficiency of the device can be slightly reduced when the ultra-sonic mode
is enabled at light load.

To enable ultra-sonic mode, make the MODE pin floating.
7.3.3 Undervoltage Lockout (UVLO)

The input voltage of the VIN pin is continuously monitored if the device is not in shutdown mode. UVLO only
stops or starts the converter operation. UVLO avoids a brownout of the device during device operation. In case
the supply voltage on the VIN pin is lower than the negative-going threshold of UVLO, the converter stops
its operation. If the supply voltage on the VIN pin recovers to be higher than the UVLO rising threshold, the
converter returns to operation.

7.3.4 Enable and Soft Start

When the input voltage is above the UVLO threshold and the EN pin is pulled above 0.82V, the device is
enabled.

To minimize inrush current and output voltage overshoot during start-up, the device has a soft-start function.
When the output voltage is below 1.2V, the device switch peak current limit is clamped to 3A typical.

7.3.5 Protection Functions
7.3.5.1 Input Voltage Protection (IVP)

Under certain operating conditions, current can flow from the output of the device to the input. For example, this
kind of current flow from the output to the input can occur during dynamic voltage scaling when the output ramps
down to a lower voltage and the VOUT pin sinks current from the output capacitor. Under such conditions, if the
voltage source supplying the device cannot sink current, the voltage on the VIN pin can rise uncontrollably.

To make sure the input voltage stays within the permitted range, the device stops switching if the voltage on the
VIN pin is greater than 5.75V. The device automatically starts to switch again when the voltage on the VIN pin is
less than 5.65V.

7.3.5.2 Output Voltage Protection (OVP)

The devices incorporate output overvoltage protection to help prevent damage to the devices. When the output
voltage threshold 5.75V is reached on the VOUT pin, the protection disables the converter power stage and
makes the switching nodes high impedance. The device automatically starts to switch again when the voltage on
the VOUT pin is less than 5.65V.

7.3.5.3 Current Limit Mode and Overcurrent Protection
The device has a clamp circuit which limits the switch current in the event of an overload.

Overloads increase the power dissipation in the device, which increases its temperature. If the device becomes
too hot, the thermal shutdown function turns off the converter. When the device cools down, the thermal
shutdown function automatically turns on the converter again. Thus, under a permanent overload condition, the
device can periodically turn on and off, as it cools down and then heats up.
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7.3.5.4 Output Short Circuit Protection (Hiccup)

The device implements the output short-circuit protection by entering hiccup mode. After soft startup time, the
device monitors the output voltage. Whenever the output short circuit happens, causing the output voltage below
1.2V and switch current limit is triggered for 2ms (typical), the device shuts down the switching for 74ms (typical)
and then repeats the soft start. The hiccup mode helps reduce the total power dissipation on the device in the
output short-circuit or overcurrent condition.

7.3.5.5 Thermal Shutdown

The device has a thermal shutdown function which turns off the converter if the junction temperature is greater
than 165°C. The device automatically turns on the converter again when the junction temperature is less than
145°C.

7.3.6 Power Good

The device has a power-good function which indicates if the output of the DC/DC converter is in regulation or
not. The device detects a power-good condition when the output voltage is greater than 95% of its nominal value
and detects a power-not-good condition when the output voltage is less than 90% of its nominal value.

When a power-not-good condition occurs, the device sets the PG pin to logic low.

The PG signal is valid after a delay of 250us (typ), when the voltage at the VIN pin is above the UVLO rising and
the EN pin is pulled logic high, and the device remains active.

7.3.7 Load Disconnect

During device shutdown, the input is disconnected from the output. This disconnection between the output and
the input prevents any current flow from the output to the input or from the input to the output.

7.3.8 Output Discharge

The TPS638221 provides an active pull down current to quickly discharge output when the EN pin is logic low.
The output discharge function makes the power on and off sequencing smooth. Pay attention to the output
discharge function if use this device in applications such as power multiplexing, because the output discharge
circuitry creates a constant current path between the multiplexer output and the ground.

The TPS638221 also provides a discharge current when the VIN UVLO falling threshold is triggered and the load
is not ultra-light. The discharge circuit works until VIN falls to around 1V.

7.4 Device Functional Modes

The device has two functional modes: off and on. The device enters the on mode when the voltage on the VIN
pin is higher than the UVLO threshold and a high logic level is applied to the EN pin. The device enters the off
mode when the voltage on the VIN pin is lower than the UVLO threshold or a low logic level is applied to the EN

pin.
——
Vi> Vi, && Vi< Vir_||
EN pin = high EN pin = low
[ off ]
Figure 7-5. Device Functional Modes
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The TPS63822 and TPS638221 devices are low quiescent current, high efficiency, high current buck-boost
converters, designed for applications where the input voltage is higher, lower, or equal to the output voltage. The
valley inductor current in the switches is limited to a typical value of 6.5A.
8.2 Typical Applications
8.2.1 3.3V Output Power Supply

L1

0.47pH
Vin= 1.8V to 5.5V L1 Lx2 Vour= 3.3V
o ’ VIN vouT *+—o * +—o
Jg C. _|Cs _iCs
Rs
10pF 100kQ 22uF |22pF :22uF
TPS63822 /
TPS638221
o EN PG R
470kQ
o MODE FB
Rz
150kQ
GND AGND U1

L

Figure 8-1. Typical Application Schematic

8.2.1.1 Design Requirements
This example uses the design parameters listed in Table 8-1.

Table 8-1. Design Parameters

DESIGN PARAMETER SYMBOL EXAMPLE VALUE
Input voltage \ 2.0V to 5.5V
Output voltage Vo 3.3V
Output current lo up to 4A (when V, = 3.0V)

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Inductor Selection

Ti recommends to use the TPS63822 and TPS638221 devices with 0.47uH inductor. For high efficiencies, use
an inductor with a low DC resistance (DCR) and low core losses.

The saturation current of the inductor must be greater than the maximum inductor current in the application.
To include sufficient margin for worst-case and transient operating conditions, use an inductor with saturation

Copyright © 2026 Texas Instruments Incorporated
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current that is at least 20% higher than the maximum inductor current in the application. The maximum current in
the inductor occurs when the device operates in boost mode and the following is true:

* The input voltage is at the minimum value.
* The output voltage is at the maximum value.
» The output current is at the maximum value.

To calculate the maximum inductor current, first use Equation 1 to calculate the maximum duty cycle during
boost operation (which is when the maximum inductor current occurs).

Vo-V
D= 2!
Vo (1)

where

* Dis the duty cycle
* V,is the input voltage
* Vg is the output voltage

Next, use Equation 2 to calculate the maximum inductor current.

| lo DV,
M= NA-D) "2 @)

where

* I_m is the peak inductor current

* lpis the output current

» nis the converter efficiency (use the value from the application curves or assume 90%)
» D is the duty cycle (calculated with)

* V,is the input voltage

» fis the switching frequency (assume 1.5MHz)

» L is the inductance (use 0.47uH)

To include enough margin for transient conditions, use an inductor with a saturation current rating at least 20%
higher than the calculated maximum current.

8.2.1.2.2 Output Capacitor Selection

Tl recommends a minimum output capacitance (including DC bias effects) of 14uF. Two 22uF, 10V ceramic
capacitors are deigned for typical applications with V|y = 2.6V, Voyt = 3.3V, loyt < 2.0A. For higher Voyt or
bigger loyT, three 22uF or two 47uF ceramic capacitors are suitable. To minimize switching noise on the output,
connect a small ceramic capacitor (100nF is a typical value) in parallel to the two main output capacitors and
place the small ceramic capacitor closest to the VOUT pin. Smaller capacitors have lower parasitic inductance
and are more effective at filtering high frequencies than the two main output capacitors.

Make sure that the effective capacitance is given according to the recommended value in Recommended
Operating Conditions. In general, consider DC bias effects resulting in less effective capacitance. The choice of
the output capacitance is mainly a trade-off between size and transient behavior as higher capacitance reduces
transient response overshoot and undershoot and increases transient response time. Table 8-2 lists possible
output capacitors.
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Table 8-2. List of Recommended Capacitors

CAPACITOR SIZE
(1)
[F] VOLTAGE RATING [V] ESR [mQ] PART NUMBER MANUFACTURER (METRIC)
22 10 4 GRT188R61A226ME13D Murata 0603 (1608)
47 10 4 LMK316ABJ476ML-T Taiyo Yuden 1206 (3216)

(1) See the Section 9.1.2.

8.2.1.2.3 Input Capacitor Selection

Tl recommends a minimum input capacitance (including DC bias effects) of 5uF. A 10uF, 6.3V or 22uF, 10V
ceramic capacitor is designed for typical applications. If the input supply is located more than a few centimeters
from the converter, add additional bulk capacitance (a 47uF electrolytic or tantalum capacitor is a typical choice).

Table 8-3. List of Recommended Input Capacitors

CAPACITOR SIZE
[LF] VOLTAGE RATING [V] ESR [mQ] PART NUMBER MANUFACTURER (METRIC)
10 6.3 4 GRM188R60J106ME84D Murata 0603 (1608)
22 10 4 GRT188R61A226ME13D Murata 0603 (1608)

8.2.1.2.4 Setting the Output Voltage

The output voltage is set by an external resistor divider. The resistor divider must be connected between VOUT,
FB, and GND. The feedback voltage is 800mV nominal.

Keep the low-side resistor R2 (between FB and GND) below 200kQ. The high-side resistor (between FB and
VOUT) R1 is calculated with Equation 3.

R1 = sz(VC>1JT_1j
FB

3)
where
* Vgg =800mV
When FB is connected to AGND, the output voltage is fixed at 3.3V.
Table 8-4. Resistor Selection For Typical Output Voltages

Vour R1 R2
3.3V 470kQ 150kQ
5V 680kQ 130kQ
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8.2.1.3 Application Curves

Table 8-5 lists the components that were used for the measurements contained in the following pages.

Table 8-5. Components for Application Characteristic Curves

Figure 8-2. Efficiency versus Output Current

REFERENCE DESCRIPTION PART NUMBER MANUFACTURER
C1 Capacitor, 10uF, 6.3V, 0603, ceramic GRM188R60J106ME84D Murata
C2,C3 Capacitor, 22pF, 10V, 0603, ceramic GRT188R61A226ME13D Murata
L1 Inductor, 0.47uH, 7.6mQ XFL4015-471MEC Coilcraft
U1 Integrated circuit TPS638221YBGR Texas Instruments
100 100
L
98 90 \
96 80
94 70
& @ < 60
3 g
= 90 \ S 50
5 )
3% % / 5 Vin = 2.5V
30 In=2.
86 —— Vin=3.0V
84 Vout = 2.0V 20 Vin = 3.3V
82 Vout = 3.3V 10 uin=3.0v
Vout = 5.5V 0 n=4
800001 0.001 0.01 0102 051 235 10 0.0001 0.001 0.01 0.102 051 235 10
' ' Ou'tput Currenf (Aj ’ Output Current (A)
V,=3.6V PFM Ta=25°C Vi=36v FPWM Ta=25°C

Figure 8-3. Efficiency versus Output Current

100
98
94 \
E
g
c 90
.0
o
= 88
i
86
84 Vout = 2.0V
Vout = 3.3V
82 Vout = 5.5V
80
25 3 35 4 45 5 5.5
Input Voltage (V)
lo=1A PFM Ta=25°C

Figure 8-4. Efficiency versus Input Voltage

Vout = 2.0V
Vout = 3.3V
Vout = 5.5V

-0.6
-0.8

Output Voltage Regulation (%)
o

\

0 05 1

V| =3.6V

Figure 8-5. Load Regulation

15 2 25 3 35 4 45 5
Output Current (A)
FPWM Ta=25°C
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8.2.1.3 Application Curves (continued)

Table 8-5 lists the components that were used for the measurements contained in the following pages.

24 1
Vout = 2.0V
< 21 S 0.8 Vout = 3.3V
18 < 06 Vout = 5.5V
5 5
E 15 E 0.4
> =}
> 1.2 2 0.2
14 4
c 09 s O
g o6 £ 02 T~ —
o (o]
Z 03 2 04
3 3
s 0 Vout = 2.0V g 0.6
© o3 Vout = 3.3V 08
' Vout = 5.5V
-0.6 -1
1E-5 0.0001 0.001 0.01 01 05 235 25 3 3.5 4 4.5 5 55
Output Current (A) Input Voltage (V)
V,=3.6V PFM Ta=25°C lo=1A FPWM Ta=25°C
Figure 8-6. Load Regulation Figure 8-7. Line Regulation
24
2.1
§
= 1.8
3 15\
(]
3
g 1.2
[T
g 09
.(C)
fé 0.6
17} Vout = 2.0V
0.3 Vout = 3.6V
Vout = 5.5V
0
2 25 3 35 4 4.5 5 5.5
Input Voltage (V)
lo=1A FPWM Tp=25°C
V| rising
Figure 8-8. Switching Frequency versus Input Voltage
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8.2.1.3 Application Curves (continued)

Table 8-5 lists the components that were used for the measurements contained in the following pages.

Figure 8-13. Steady State (Buck Operation)

A . _
Vout(3.3V offset), 50mV/div ‘ Vout(3.3V offset), 50mV/div.
o T R I i S I e e e e I T U
[EIE EIED)
LX1, 5V/div - o X sV/di ¢
LX2, 5V/div. i LX2; 5V/div
LD e T o Wi [ o [ oy ey o e [ [ T T T T T T
Inductor Current, 1A/div.._ Inductor Current, 1A/div
@,,, -, A — / LI ISPURVEES S PPN AU S VY - e e ’—\ i A iy A\
Time Scale: 2us/div Time Scale: 2ps/div
VN = 2.0V PFM Ta=25°C VN = 2.0V FPWM Ta=25°C
VOUT =3.3V |o =100mA VOUT =3.3V IO =100mA
Figure 8-9. Steady State (Boost Operation) Figure 8-10. Steady State (Boost Operation)
A | L4 A |
Vout(3.3V offset), 50mV/div.
Wt ; (2 21\ \ N/
rd — Vvout(s.5V offset), sumv/div
LX1, 5V/div X1, 5V/div . - e
— i ! - ] f NN T i B i
\ ) | - I I ).
LX2, 5V/div X2, 5V/div
[ [ B N [l N 1
Inductor Current;, 1A/div
- Inductor Current, 1A/div
Time Scale: 2ps/div ' Time Scale: 2us/div
Vin = 3.3V PFM Ta=25°C Vin = 3.0V FPWM Ta=25°C
Vout = 3.3V lo = 100mA Vour = 3.3V lo = 100mA
Figure 8-11. Steady State (Buck-Boost Operation) Figure 8-12. Steady State (Buck-Boost Operation)
. _ . A
Vout(3.3V offset), 50mV/div e Vout(3.3V offset), 50mV/di ,
X1 5V/div LX1, 5Vv/div
i o T S o T " M T A ST A e A e T T A T T AT
¥ Lol L MR RN AN Lt e
LX2 SV/diV LX2 SV/dlv
D
Inductor Current, 1A/div .
a Inductor Current, 1 I/dl\/
L < &
Time Scale: 2us/div Time Scale: 2us/div
VN = 5.5V PFM Ta=25°C VN = 5.5V FPWM Ta=25°C
Vourt = 3.3V lo = 100mA Vour = 3.3V lo = 100mA

Figure 8-14. Steady State (Buck Operation)
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8.2.1.3 Application Curves (continued)
Table 8-5 lists the components that were used for the measurements contained in the following pages.
L] A d A
Vout(3.3V.offset), 50mV/div. Vout(3.3V offset), 50mV/div
S e e R LT A N T N N W W I W e U e A e N N
=
XL 5v/dive p M B o CoXLSVdivo
NRAREERRRREN [ [ T w LT TN TN T T
LX2,-5V/div I 0T L ———————————— R —
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I i Inductor Current, 2A/div
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® L. L - ®
L Time Scale: 2us/div Time Scale: 2us/div
Vi = 3.3V FPWM Ta=25°C VN = 3.3V FPWM Ta=25°C
VOUT =3.3V |0 = 500mA Vour = 3.3V lo=1.5A
Figure 8-15. Steady State (Buck-Boost Operation) Figure 8-16. Steady State (Buck-Boost Operation)
L] < L A
Vout(3.3V offset), 50mV/div r T -
Vout(3.3V offset), 50mV/div ) ) A ! i )
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[tk Sl et e e e X 2ty ‘ ‘ 2
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L O O 5 | | [ 1 1
InductorCurrent 3A/d|v o ’ Inductor Current, 2A/div
@ = " | " | |
L Time Scale: 2us/div L ‘ Time chle: 20ps/div | ‘
VN = 3.3V FPWM Ta=25°C Vin = 3.3V Ultra-Sonic Mode Ta=25°C
VOUT =3.3V |o =3.0A VOUT =3.3V No load
Figure 8-17. Steady State (Buck-Boost Operation) Figure 8-18. Steady State (Buck-Boost Operation)
L A\ L] A ]
Vin(3.0V offset), 500mV/div tr=te = 10ps Vin(3.0V offset), 500mV/div tr =te = 10ps
Vout(3.3V offset), }Emv/iiv Vout(3.3V offset), 100mV/div
Inductor Current, 1A/div
Inductor Current, 1A/div
»
Time Scale::200us/div Time Scale: ZOOus/div
V)= 3.0V to 3.6V to 3.0V PFM Ta=25°C V)= 3.0V to 3.6V to 3.0V PFM Ta=25°C
Vo =3.3V lo = 200mA Vo =3.3V lo=1.0A
Figure 8-19. Line Transient Response Figure 8-20. Line Transient Response
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8.2.1.3 Application Curves (continued)

Table 8-5 lists the components that were used for the measurements contained in the following pages.

N Vout(3.3V offset), 200mV/div N
Vin(3.0V offset), 500mV/div tr = te = 10ps T TN
/ Pl — |
Vout(3.3V offset), 100mV/div Inductor Current, 2A/div
| Sl LIl S —— T
Inductor Current, 2A/div
tr=tr = 1ps ‘
lout, 1A/div ‘ 4
® ®
Time Scale: 200us/div - Time Scale: 200us/div
V,=3.0V to 3.6V to 3.0V PFM Ta=25°C V=42V PFM Ta=25°C
Vo = 3.3V lo = 3.0A Vo =3.3V lo = 10mA to 2A to 10mA
Figure 8-21. Line Transient Response Figure 8-22. Load Transient Response (Buck)
. A} ) _
Vout(3.3V offset), 200mV/div Vout(3.3V offset), 200mV/div
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Inauctor Lurrent, ZA/4iv
i e
o L1l ] NN o LI |
tr=tr = 1ps tr=te = 1ps
lout, 1A/div N lout, 1A/div N
. Time Scale: 200us/div - Time Scale: 200us/div
V,=3.3V PFM Ta=25°C V| =26V PFM Ta=25°C
Vo =3.3V lo = 10mA to 2A to 10mA Vo =3.3V lo = 10mA to 2A to 10mA
Figure 8-23. Load Transient Response (Buck-Boost) Figure 8-24. Load Transient Response (Boost)
A _
Vout(3.3V offset), 200mV/div Vout(3.3V offset), 200mV/div f\
I [ —
Inductor Current, 2A/div
Inductor Current, 2A/div _
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] tr=1tr = 1us } N lout, 2A/div \
lout, 1A/div i «
B B
| s Time Scale: 200us/div i o Time Scale: 200us/div
V| =3.3V FPWM Ta=25°C V), =3.3V FPWM Ta=25°C
Vo =3.3V lo = 0.5A to 2A to 0.5A Vo =3.3V lo =1.0A to 3A to 1.0A
Figure 8-25. Load Transient Response (Buck-Boost) Figure 8-26. Load Transient Response (Buck-Boost)
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8.2.1.3 Application Curves (continued)

Table 8-5 lists the components that were used for the measurements contained in the following pages.

Figure 8-29. Line Sweep (FPWM, totally in buck-boost)

L] ‘ ‘
Vin, 2.0V/div tg = tr = 50ms Vin, 2.0V/di — tg = tp = 50ms
\
Vout(3.3V offset), 100mV/div Vout(3.3V offset), 100mV/div
Inductor Current, 1A/div Inductor Current, 1A/div
Time Scale: 10ms/div Time Scale: 10ms/div
V| =2.0V to 5.5V to 2.0V PFM Ta=25°C V| =2.0Vto 5.5V to 2.0V FPWM Ta=25°C
Vo =33V RLOAD =10Q Vo =3.3V RLOAD =10Q
Figure 8-27. Line Sweep (PFM) Figure 8-28. Line Sweep (FPWM)
v _ ¥ A
Vin(3.0V offset), 500mV/div e— tg = t = 50ms J Vin(3.0V offset), 500mV/div tg = te = 50ms
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Vout(3.3V offset), 100mV/div Vout(4.0V offset), 100mV/div
Inductor Current, 1A/div Inductor Current, 1A/div
Time Scale: 10ms/div Time Scale: 10ms/div
V| =3.0V to 3.6V to 3.0V FPWM Ta=25°C V,=3.0V to 3.6V to 3.0V FPWM Ta=25°C
Vo = 3.3V lo=1.0A Vo = 4.0V lo = 1.0A

Figure 8-30. Line Sweep (FPWM, totally in boost)
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Vout(3.3V offset), 100mV/div ,J
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Figure 8-31. Load Sweep (PFM)
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Figure 8-32. Load Sweep (FPWM)
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8.2.1.3 Application Curves (continued)

Table 8-5 lists the components that were used for the measurements contained in the following pages.

" | | ]
EN, 2V/div ___EN, 2v/div
< <
Vin, 2V/div Vin, 2V/div
~ Vout, 1V/div ® Vout, 1V/div
Inductor Current, | — ‘ & 1‘ Inductor Current,
VYA L il Ll 1A/
Time Scale: 100us/div | Time Scale: 3100L,Ls/div
V,=3.6V PFM Ta=25°C V,=3.6V PFM Ta=25°C
Vo =3.3V RLOAD =33Q Vo = 3.3V Rioap = 3.3Q
Figure 8-33. Start-Up Waveforms (Light Load) Figure 8-34. Start-Up Waveforms (Heavy Load)
. A |
Vin, 2V/div.
Vout, 1V/div
@
Inductor Current, 2A/div ] ) )
I 1 I il
\ \ \
Time Scale: 40ms/div
V,=3.6V PFM Ta=25°C
Vo =3.3V No load

Figure 8-35. Output Short Protection

8.3 Power Supply Recommendations

The TPS63822 and TPS638221 are designed to operate with a DC supply voltage in the range 1.8V to 5.5V. If
the input supply is more than a few centimeters from the device, TI recommends adding some bulk capacitance
to the ceramic bypass capacitors. A 47uF electrolytic capacitor is a typical selection for the bulk capacitance.

8.4 Layout
8.4.1 Layout Guidelines

Correct PCB layout is necessary to obtain the full performance from the device. Tl recommends to follow these
basic principles:

» Place input and output capacitors close to the device to minimize the input and output loop areas.
*  When combining different-sized capacitors to make up the total input capacitance, place the smallest
capacitor closest to the device. The same applies to the output capacitance.
» Keep PCB traces short and wide to minimize parasitic resistance and inductance.
» The sense trace connected to FB is signal trace. Keep these traces away from LX1 and LX2 nodes.
* Use the following PCB layer stack (or something similar):
— Layer 1 (top): All components and all power traces
— Layer 2 (inner): Signals
— Layer 3 (inner): Signals
— Layer 4 (bottom): Ground plane
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Section 8.4.2 shows an example of the PCB layout used for all measurement data in Application Curves.

8.4.2 Layout Example

r'»l__.

lz

L1

Cin

Cour

?
- -

COUT

T

(o
[orinel[enince)

Blue line represents
trace on bottom layer

Figure 8-36. Recommended PCB Layout for the TPS638221 Device
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9 Device and Documentation Support
9.1 Device Support

9.1.1 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.

9.1.2 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 Tl PRODUCT OR SERVICE.

9.2 Documentation Support

9.2.1 Related Documentation

For related documentation see the following:
+ Texas Instruments, TPS63820EVM user guide

9.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

9.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

9.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Si. \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.7 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data (as
defined by the U.S., EU, and other Export Administration Regulations) including software, or any controlled
product restricted by other applicable national regulations, received from disclosing party under nondisclosure
obligations (if any), or any direct product of such technology, to any destination to which such export or re-export
is restricted or prohibited by U.S. or other applicable laws, without obtaining prior authorization from U.S.
Department of Commerce and other competent Government authorities to the extent required by those laws.

9.8 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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10 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES
September 2026 * Initial Release
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11 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.

Copyright © 2026 Texas Instruments Incorporated Submit Document Feedback 27

Product Folder Links: TPS638221


https://www.ti.com
https://www.ti.com/product/TPS638221
https://www.ti.com/lit/pdf/SLVSIO8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSIO8&partnum=TPS638221
https://www.ti.com/product/tps638221?qgpn=tps638221

TPS638221
SLVSIO8 — SEPTEMBER 2026

13 TEXAS
INSTRUMENTS

www.ti.com

PACKAGE OUTLINE
YBG0015-C01 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
BALL A1—
CORNER
D
0.5 MAX
Jﬂ;‘%}‘v‘ L SEATING PLANE
0.195
0135 [ ]o.0s[c]
08
D
c D: Max = 2.049 mm, Min = 2.009 mm
SYMM
[1.6] - — E: Max = 1.277 mm, Min = 1.237 mm
TYP
B
[0.4]TYP
* A
o8
[ 00750 [c[Ale]
4231460/A_01/2025
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT

YBG0015-C01 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
4)TYP r
15X (0.23) 5 3
(0.4) TYP
SYMM
- ¢
O q> O
O O O
SYMM
¢
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 40X
0.05 MAX 0.05MIN METAL UNDER
(0.23) SOLDER MASK
METAL
\
SOLDER MASK——" EXPOSED EXPOSED/ (2023)
METAL SOLDER MASK
OPENING METAL OPENING
SOLDER MASK
NON-SOLDER MASK DEFINED
DEFINED
(PREFERRED)
SOLDER MASK DETAILS
NOT TO SCALE
4231460/A 01/2025

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.

See Texas Instruments Literature No. SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YBG0015-C01 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP

(R0.05) TYP

3

SYMM
¢

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 40X
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NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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INSTRUMENTS
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS638221YBGR Active Production null (null) | 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM - 22U

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1


https://www.ti.com/product/TPS638221/part-details/TPS638221YBGR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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