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TPS54218 2.95-V to 6-V Input, 2-A Output, 2-MHz, Synchronous Step-Down
SWIFT™ Converter

3 Description

1 Features

Two, 30-mQ (typical) MOSFETS for high-efficiency
at 2-A loads

Switching frequency: 200 kHz to 2 MHz

Voltage reference over temperature: 0.8 V +1%
Synchronizes to external clock

Adjustable soft start/sequencing

UV and OV power-good output

Low operating and shutdown quiescent current
Safe start-up into prebiased output
Cycle-by-cycle current limit, thermal and
frequency foldback protection

Operating junction temperature range: —40°C to
150°C

Thermally-enhanced 3-mm x 3-mm 16-pin WQFN
package

Create a custom design using the TPS54218 with
the WEBENCH® Power Designer

Applications
Factory automation
Broadband fixed line access
Wireless infrastructure
Simplified Schematic
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TheTPS54218 device is a full-featured, 6-V, 2-A,
synchronous, step-down current-mode converter with
two integrated MOSFETS.

The TPS54218 device enables small designs by
integrating the MOSFETs, implementing current
mode control to reduce external component count,
reducing inductor size by enabling up to 2-MHz
switching frequency, and minimizing the device
footprint with a small, 3-mm x 3-mm, thermally-
enhanced QFN package.

The TPS54218 device provides accurate regulation
for a variety of loads with an accurate +1% voltage
reference (Vgep) Over temperature.

Efficiency is maximized through the integrated 30-mQ
MOSFETs and a 350-pA typical supply current. Using
the EN pin, shutdown supply current is reduced to 2
uA by entering a shutdown mode.

Undervoltage lockout is internally set at 2.6 V, but
can be increased by programming the threshold with
a resistor network on the enable pin. The output
voltage startup ramp is controlled by the soft-start pin.
An open-drain power-good signal indicates the output
is within 93% to 107% of its nominal voltage.
Frequency foldback and thermal shutdown protects
the device during an overcurrent condition.

For more SWIFT™ documentation,
website at www.ti.com/swift.

see the TI

Device Information®
PACKAGE BODY SIZE (NOM)
WQFN (16) 3.00 mm x 3.00 mm

PART NUMBER
TPS54218

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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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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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision E (September 2018) to Revision F Page
e Changed axisS NAMES Of FIQUIE 13 .....iiiiiieiiiiiiie e ettt e e ettt e e e e e e e e s et a e e e e e e atbeteeeeaatbaeeeeaetbaeeaeeasaseeeesasssseeeeeassssaeeesassreeaens 10
Changes from Revision D (April 2018) to Revision E Page
e Changed charge current from 1.8 LA 10 2.07 LA ....oo i iii ittt sttt e bt e s e e s bt e e et e e s b e e st e e nane e e e s 8
¢ Changed SS discharge voltage (overload) units from A 0 MV ...ouiiiiiiiiiii et 8
e Changed SS Charge CUMENT OIaPh .. ... . ettt e ettt e e ettt e e e e a b et e e e e ek bee e e e e e bbb e e e e e anbbeeeeesannbbeeeeaannnneaens 11
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e Changed "lsg IS 2 HA..." 10 "lgg IS 2.07 L. ittt ettt ettt b e bt b e e b e e ettt et e e anb e e et e e nnnes 26
o DEleted "VREE IS 0.8 VM . ittt h e E e E b h e e R AR e e R e Rt e R e e bt Rt e b e e nhe e bt e neennrean 26

e Changed "...which requires a 10 pF capacitor' to "...which requires a 9.2-nF capacitor. The nearest standard value
of 10 nF is used resulting in a calculated soft-start time of 4.3 msec. "

« Deleted reference to obsolete SwitcherPro software
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Changes from Revision C (December 2014) to Revision D Page
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Changes from Revision B (June 2013) to Revision C Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes section, Application and
Implementation section, Power Supply Recommendations section, Layout section, Device and Documentation
Support section, and Mechanical, Packaging, and Orderable Information SECHON............ccooiiiiiiiiiiiiiiie e 1
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« Added Figure 22 to Typical Characteristics section
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e Added clarity t0 SOft-STArt PiN SECLON ........ooi ittt e e e st e e e e aa b bt e e e s e sbe e e e e e e aaeeeaesanbeeaaeaanneeeeens 16
LI Yo (o [=To IS0 B =Tl =T Y=o 1o o RSOSSN
¢ Added clarity to Synchronize Using the RT/CLK PiN SECHON ......c.cciiiiiiii ittt et e s st e e e s eivaaeaeaeaees
¢ Added Step Five: Minimum Load DC COMP VOItAQE SECLON ......ccoiuuiiiiiiiiiiiee ettt e e e e e s sebeeea e s eaeee
* Added clarity to the Step Six: Choose the Soft-Start Capacitor section
Changes from Original (September 2009) to Revision A Page
« Added "Instantaneous peak current" specification to the Current Limit section in the Electrical Characteristics table ......... 7
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5 Pin Configuration and Functions

RTE Package

16 Pin WQFN
(TOP VIEW)
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Pin Functions
PIN 1
NAME 0 1/o® DESCRIPTION
AGND 5 G Analog ground must be electrically connected to GND close to the device.
BOOT 13 | A bootstrap capacitor is required between BOOT and PH. If the voltage on this capacitor is below the
minimum required by the BOOT UVLO, the output is forced to switch off until the capacitor is refreshed.
COMP 7 o Error amplifier output, and input to the output switch current comparator. Connect frequency
compensation components to this pin.
EN 15 | Enable pin, internal pullup current source. Pull below 1.2 V to disable. Float to enable. Can be used to
set the on/off threshold (adjust UVLO) with two additional resistors.
3
GND G Power ground. This pin must be electrically connected directly to the power pad under the device.
10
PH 11 o The source of the internal high-side power MOSFET, and drain of the internal low-side (synchronous)
rectifier MOSFET
12
PWRGD 14 o An open-drain output asserts low if output voltage is low due to thermal shutdown, overcurrent,
overvoltage or undervoltage, or EN shut down.
RT/CLK 8 110 Resistor Timing or External Clock input pin
SS 9 110 Slow start. An external capacitor connected to this pin sets the output voltage rise time.
1
VIN 2 | Input supply voltage, 2.95 V to 6 V
16
VSENSE 6 | Inverting node of the transconductance (gm) error amplifier
Thermal Pad G GND pin must be connected to the exposed power pad for proper operation. This power pad must be

connected to any internal PCB ground plane using multiple vias for good thermal performance.

(1) 1= Input, O = Output, G = Ground
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6 Specifications

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

MIN MAX UNIT
EN, PWRGD, VIN -0.3 7
RT/CLK -0.3 6
Input voltage \%
COMP, SS, VSENSE -0.3 3
BOOT Vput 8 V
BOOT-PH 8
Output voltage PH -0.6 7 \%
PH (10 ns transient) -2 7
Source current EN, RT/CLK 100 HA
. COMP, SS 100 HA
Sink current
PWRGD 10 mA
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyg -65 150 °C

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

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(l) +2000 \%
V(Esp) Electrostatic discharge Chai%ed device model (CDM), per JEDEC specification JESD22-C101, all +500 v
pins -
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vvin Input voltage 3 6 \%
T, Operating junction temperature -40 150 °C
Copyright © 2009-2020, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.4 Thermal Information®
TPS54218
THERMAL METRIC® RTE (WQFN) UNIT
16 PINS
Rgia Junction-to-ambient thermal resistance 50 °C/W
RoJa Junction-to-ambient thermal resistance 37 °CIW
Rojctop) Junction-to-case (top) thermal resistance 59.1 °C/W
Rgis Junction-to-board thermal resistance 23.1 °C/W
WIT Junction-to-top characterization parameter 1.4 °C/W
viB Junction-to-board characterization parameter 23.1 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 7.9 °C/W

(1) Unless otherwise specified, metrics listed in this table refer to JEDEC high-K board measurements
(2) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
(3) Test Board Conditions:
(a) 2 inches x 2 inches, 4 layers, thickness: 0.062 inch
(b) 2 oz. copper traces located on the top of the PCB
(c) 2 oz. copper ground planes located on the two internal layers and bottom layer
(d) 4 thermal vias (10 mil) located under the device package

6 Submit Documentation Feedback Copyright © 2009-2020, Texas Instruments Incorporated
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6.5 Electrical Characteristics

—40°C £ T; £150°C, 2.95 V <V, £ 6 V (unless otherwise noted) over operating free-air temperature range

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY VOLTAGE (VIN)
Vvin Operating input voltage 2.95 6 \Y
Vuvio mtreé;r;]ac:lgnder voltage lockout No voltage hysteresis, rising and falling 2.6 2.8 \%
lowin) Shutdown supply current VeEn=0V, Tp=25°C, 295V =sVyns6V 2 5 A
lq Quiescent current \FQ\T’S:E"A%EOZI(S'Q Vi Vuin =5V, 25°C, 350 500 pA
ENABLE AND UVLO (EN)
Rising 1.16 1.25 1.37
VTH(en) Enable threshold - \%
Falling 1.18
Enable rising threshold + 50 mV -3.2
len Input current - pA
Enable falling threshold — 50 mV —-0.65
VOLTAGE REFERENCE (VSENSE)
VREF Voltage reference | 295V < Vy <6V, -40°C <T; < 150°C 0.795 0.803 0.811 \%
MOSFET
Rps(HFET) High-side switch resistance (Veoor = Ver) =5V 30 60 mQ
(Veoot — Vpn) = 2.95 V 44 70
. . ) Vyn=5V 30 60
Rps(LreT) Low-side switch resistance mQ
Vyin =295V 44 70
ERROR AMPLIFIER
N Input current 7 nA
OM(ea) Error amplifier transconductance | -2 pA < lcomp < 2 pA, Vecomp =1V 225 uS
Error amplifier transconductance | -2 pA < lcomp < 2 pA, Vecomp =1V,
Im(EA.ss) during soft-start Vysense = 0.4 V 70 us
lcomp Error amplifier source/sink Vcomp =1V, 100 mV overdrive +20 A
o ransconduaes 13 AN
CURRENT LIMIT
1Lm Current limit threshold Instantaneous peak current 2.9 3.6 A
THERMAL SHUTDOWN
Tsp Thermal Shutdown 175 °C
TsD(hyst) Hysteresis 15 °C
TIMING RESISTOR AND EXTERNAL CLOCK (RT/CLK)
fow g\_/rvﬁglgg frequency range using 200 2000 KHz
fsw Switching frequency Rgrt = 400 kQ 400 500 600 kHz
fow g\clii;cr?]iongefrequency range using 300 2000 KHz
tMIN(CLK) Minimum CLK pulse width 75 ns
VRT/CLK RT/CLK voltage RrT/cLk = 400 kQ 0.5 \%
VIH(CLK) RT/CLK high threshold 1.6 2.2 \%
ViL(cLk) RT/CLK low threshold 0.4 0.6 \%
toLy eRJg/gIalélgling edge to PH rising fsw = 500 kHz with Rrt resistor in series 90 ns
tLock(PLL) PLL lock-in time fsw = 500 kHz 14 us

Copyright © 2009-2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

—40°C £ T, £150°C, 2.95 V < V,,y £ 6 V (unless otherwise noted) over operating free-air temperature range

PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
HIGH-SIDE POWER MOSFET (PH)
Measured at 50% points on PH, lgyt = 2 60
ton(min) Minimum on time Measured at 50% points on PH, Vy,y =5V, 110 ns
lour=0A
torF(min) Minimum off time (P\;isoorc:? Ek\l/r;r:‘l)ng gfggu\llselzm - 60 ns
trisE Rise time Vyn =5V 15 Vins
traLL Fall time Vyn =5V 15 Vins
BOOT (BOOT)
Rgoot BOOT charge resistance Vyn =5V 16 Q
Vivio@ooy BOOT-PH UVLO Vyiy = 2.95 V 2.1 v
SOFT-START (SS)
IcHG Charge current Vgs =04V 2.07 A
VssxREFE SS to reference crossover 98% nominal 0.9 \%
Vpschass) SS discharge voltage (overload) | Vysense = 0V 20 mV
loscHoss e themaiaat Ut VN =5V, Vss =05V 1.25 mA
POWER GOOD (PWRGD)
Vysense falling (fault) 91%
Vrieo) VSENSE threshold Vysense r?s?ng (good) 93%
Vvsensk rising (fault) 107% VREE
Vysensk falling (Good) 105%
VhysT(PG) Hysteresis Vysensk falling 2%
IpH(ikg) Output high leakage Vvsense = Vrer» Vpwrep = 5.5V 2 nA
Rpg Power Good on-resistance 100 Q
VoL Low-level output voltage Ipwrep = 3.5 MA 0.3 \%
Vo) (I\)/Iui?ri)r:;ltum input voltage for valid Vewrep < 0.5V, lour = 100 pA 12 16 Vv
8 Submit Documentation Feedback Copyright © 2009-2020, Texas Instruments Incorporated
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6.6 Typical Characteristics

T, - Junction Temperature - °C

Figure 3. High-Side Current Limit versus Junction
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Figure 4. Voltage Reference versus Junction Temperature
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Typical Characteristics (continued)
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Figure 7. Switching Frequency versus Vsense Figure 8. Transconductance versus Junction Temperature
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The TPS54218 device is a 6-V, 2-A, synchronous step-down (buck) converter with two integrated n-channel
MOSFETSs. To improve performance during line and load transients, the device implements a constant frequency,
peak current mode control that reduces output capacitance and simplifies external frequency compensation
design. The wide supported switching frequency range of 200 kHz to 2000 kHz allows efficiency and size
optimization when selecting the output filter components. The switching frequency is adjusted using a resistor to
ground on the RT/CLK pin. The device has an internal phase lock loop (PLL) on the RT/CLK pin that is used to
synchronize the power switch turn on to a falling edge of an external system clock.

The TPS54218 device has a typical default start-up voltage of 2.6 V. The EN pin has an internal pullup current
source that can be used to adjust the input voltage undervoltage lockout (UVLO) with two external resistors. In
addition, the pullup current provides a default condition when the EN pin is floating for the device to operate. The
total operating current for the TPS54218 device is 350 pA when not switching and under no load. When the
device is disabled, the supply current is less than 5 pA.

The integrated, 30-mQ MOSFETSs allow for high-efficiency power supply designs with continuous output currents
up to 2 amperes.

The TPS54218 device reduces the external component count by integrating the boot recharge diode. The bias
voltage for the integrated high-side MOSFET is supplied by a capacitor on the BOOT to PH pin. The boot
capacitor voltage is monitored by an UVLO circuit and turns off the high-side MOSFET when the voltage falls
below a preset threshold. This BOOT circuit allows the TPS54218 device to operate approaching 100%. The
output voltage can be stepped down to as low as the 0.8-V reference.

The TPS54218 device has a power-good comparator (PWRGD) with 2% hysteresis.

The TPS54218 device minimizes excessive output overvoltage transients by taking advantage of the overvoltage
power-good comparator. When the regulated output voltage is greater than 109% of the nominal voltage, the
overvoltage comparator is activated, and the high-side MOSFET is turned off and masked from turning on until
the output voltage is lower than 105%.

The SS (soft start) pin is used to minimize inrush currents or provide power supply sequencing during power up.
A small value capacitor must be coupled to the pin for soft start. The SS pin is discharged before the output
power up to ensure a repeatable re-start after an overtemperature fault, UVLO fault, or disabled condition.

The use of a frequency-foldback circuit reduces the switching frequency during start-up and overcurrent fault
conditions to help limit the inductor current.
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7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Fixed Frequency PWM Control

The TPS54218 device uses an adjustable fixed-frequency peak-current-mode control. The output voltage is
compared through external resistors on the VSENSE to pin an internal voltage reference by an error amplifier
that drives the COMP pin. An internal oscillator initiates the turnon of the high-side power switch. The error
amplifier output is compared to the high-side power-switch current. When the power switch reaches the COMP
voltage, the high-side power switch is turned off and the low-side power switch is turned on.

The COMP pin voltage increases and decreases as the peak switch current increases and decreases. The
device implements a current-limit function by clamping the COMP pin voltage to a maximum value, which limits
the maximum peak current the device supplies. The device also implements a minimum COMP pin voltage
clamp for improved transient response. When the COMP pin voltage is pushed low to the minimum clamp, like
during a load release event, turnon of the high-side power switch is inhibited.

7.3.2 Slope Compensation and Output Current

The TPS54218 device adds a compensating ramp to the switch current signal. This slope compensation
prevents subharmonic oscillations as duty cycle increases. The available peak inductor current remains constant
over the full duty cycle range.

7.3.3 Bootstrap Voltage (Boot) and Low Dropout Operation

The TPS54218 device has an integrated boot regulator and requires a small ceramic capacitor between the
BOOT and PH pin to provide the gate drive voltage for the high-side MOSFET. The value of the ceramic
capacitor must be 0.1 uF. A ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10 V
or higher is recommended because of the stable characteristics overtemperature and voltage.
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Feature Description (continued)

To improve dropout, the TPS54218 device is designed to operate at 100% duty cycle as long as the BOOT to
PH pin voltage is greater than 2.5 V. The high-side MOSFET is turned off using an UVLO circuit, allowing for the
low-side MOSFET to conduct when the voltage from BOOT to PH drops below 2.5 V. Because the supply current
sourced from the BOOT pin is low, the high-side MOSFET can remain on for more switching cycles than are
required to refresh the capacitor, thus the effective duty cycle of the switching regulator is high.

7.3.4 Error Amplifier

The TPS54218 device has a transconductance amplifier. The error amplifier compares the VSENSE voltage to
the lower of the SS pin voltage or the internal 0.8-V voltage reference. The transconductance of the error
amplifier is 225 pA/V during normal operation. When the voltage of VSENSE pin is below 0.8 V and the device is
regulating using the SS voltage, the transconductance is 70 pA/V. The frequency compensation components are
placed between the COMP pin and ground.

7.3.5 Voltage Reference

The voltage reference system produces a precise +1% voltage reference overtemperature by scaling the output
of a temperature stable bandgap circuit. The bandgap and scaling circuits produce 0.8 V at the non-inverting
input of the error amplifier.

7.3.6 Adjusting the Output Voltage

The output voltage is set with a resistor divider from the output node to the VSENSE pin. It is recommended to
use divider resistors with 1% tolerance or better. Start with a value of 100 kQ for the R1 resistor and use
Equation 1 to calculate R2. To improve efficiency at very light loads, consider using larger resistor values. If the
values are too high, the regulator is more susceptible to noise and voltage errors from the VSENSE input current

are noticeable.
R2=R1 x [ 08V j

Vo - 08V "

VSENSE

] h
L
im 08V —-

Figure 23. Voltage Divider Circuit

7.3.7 Enable and Adjusting Undervoltage Lockout

The TPS54218 device is disabled when the VIN pin voltage falls below 2.6 V. If an application requires a higher
undervoltage lockout (UVLO), use the EN pin as shown in Figure 24 to adjust the input voltage UVLO by using
two external resistors. It is recommended to use the enable resistors to set the UVLO falling threshold (Vstop)
above 2.7 V. The rising threshold (Vstart) Must be set to provide enough hysteresis to allow for any input supply
variations. The EN pin has an internal pullup current source that provides the default condition of the TPS54218
device operating when the EN pin floats. Once the EN pin voltage exceeds 1.25 V, an additional 2.55 pA of
hysteresis is added. When the EN pin is pulled below 1.18 V, the 2.55 pA is removed. This additional current
facilitates input voltage hysteresis.
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Feature Description (continued)
VIN I1 Invs
:| 0.6 pA 2.55 A
R1
EN
I -
L T
R2 =
Figure 24. Adjustable Undervoltage Lockout
R1 = 0-944 VstarT — VsTop
2.59x107° @
Ro = 1.18-R1 i
VSTOP—1.18+R1'3.2X10_ (3)

7.3.8 Soft-Start Pin

The TPS54218 device regulates to the lower of the SS pin and the internal reference voltage. A capacitor on the
SS pin to ground implements a soft-start time. The TPS54218 device has an internal pullup current source of
2.07 pA that charges the external soft-start capacitor. Equation 4 calculates the required soft-start capacitor value
where tgs is the desired soft-start time in ms, Igg is the internal soft-start charging current of 2.07 uA, and 0.9 V is
the SS pin voltage at the SS to reference crossover point. Equation 4 represents a first order linear
approximation of the SS time using the well-known relationship | = C x dV / dt. A constant current charging a
capacitor results in a fixed value for dV / dt and a linear charge from 0 V to the 0.9 V SS to reference crossover
voltage. In use, there are two factors that cause the actual output voltage to deviate from this linear ideal ramp.
At the initial start, the COMP pin voltage can be below the minimum skip voltage. The TPS54218 does not begin
to switch and the output voltage does not start to rise until the RC compensation network from COMP to GND
has charged above the skip threshold. At the end of the SS time, when the output has reached 90% of its final
regulated value, a “soft handoff” occurs to transition from the SS pin voltage to the internal reference at the non-
inverting terminal of the error amplifier. When the SS pin voltage is at 0.9 V, the output voltage is defined to be
within 98% typical of the final regulated voltage.

_lssxtss
SST 09V

where
e CgsisinnF
e tggisinms
e lggisin pA 4)

It is recommended to maintain the soft-start time in the range between 1 msec and 10 msec.

There are two conditions that can cause the SS pin to be intentionally discharged. If a fault condition occurs that
results in the COMP pin voltage reaching its maximum voltage as during an overcurrent condition, the comp pin
is discharged to below 20 mV. Only the discharge voltage is specified, not the discharge current. This allows the
TPS54218 to gracefully recover from an overcurrent condition that can reduce the output voltage. If during
normal operation, the input voltage goes below the UVLO, the EN pin is pulled below 1.2 V, or a thermal
shutdown event occurs, the TPS54218 stops switching and the SS capacitor is discharged before reinitiating a
powering up sequence. See Figure 46 for an example of this discharge behavior.
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Feature Description (continued)
7.3.9 Sequencing

Many of the common power supply sequencing methods can be implemented using the SS, EN, and PWRGD
pins. The sequential method can be implemented using an open drain or collector output of a power on reset pin
of another device. Figure 25 shows the sequential method. The power good is coupled to the EN pin on the
TPS54218 device which enables the second power supply once the primary supply reaches regulation.

Ratiometric start-up can be accomplished by connecting the SS pins together. The regulator outputs ramp up
and reach regulation at the same time. When calculating the soft-start time, the pullup current source must be
doubled in Equation 4. The ratiometric method is shown in Figure 27.

TPS54218 TPS54218
EN1 =2V /div
PWRGD
EN EN PWRGD []
SS SS/TR PWRGD1 =2V /div
Css J:ﬂ Css
:I: :I: Vout1'=1/div
/A:UQ =1V /div

Time = 5 msec / div

Figure 25. Sequencial Start-up Schematic Figure 26. Sequential Start-up using EN and
PWRGD

TPS54218 TPS54218 EN1=2V/div
« EN
EN
[ SS SS
— Vout1 =1V /div
Css PWRGD PWRGD
= / Voutz = 1V / div

Time = 5 msec / div

Figure 27. Ratiometric Start-up Schematic Figure 28. Ratiometric Start-up Using Coupled SS
Pins

7.3.10 Constant Switching Frequency and Timing Resistor (RT/CLK Pin)

The switching frequency of the TPS54218 device is adjustable over a wide range by placing a maximum of 1000
kQ and minimum of 85 kQ, respectively, on the RT/CLK pin. An internal amplifier holds this pin at a fixed voltage
when using an external resistor to ground to set the switching frequency. The RT/CLK is typically 0.5 V. To
determine the timing resistance for a given switching frequency, use the curve in Figure 5 or Figure 6 or
Equation 5.

m__ __ 311890
RT ~ ¢ 0793
(fsw )
where
i RRT |S |n kQ
o fgwisin kHz (5)
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Feature Description (continued)
f 133870
Sw = 0.9393
(Rrr)
where
i RRT |S |n kQ
o fgwisin kHz (6)

To reduce the solution size, one would typically set the switching frequency as high as possible, but tradeoffs of
the efficiency, maximum input voltage, and minimum controllable on-time must be considered.

The minimum controllable on-time is typically 60 ns at full current load and 110 ns at no load, and limits the
maximum operating input voltage or output voltage.

7.3.11 Overcurrent Protection

The TPS54218 device implements a cycle-by-cycle current limit. During each switching cycle, the high-side
switch current is compared to the voltage on the COMP pin. When the instantaneous switch current intersects
the COMP voltage, the high-side switch is turned off. During overcurrent conditions that pull the output voltage
low, the error amplifier responds by driving the COMP pin high, increasing the switch current. The error amplifier
output is clamped internally. This clamp functions as a switch current limit.

7.3.12 Frequency Shift

To operate at high switching frequencies and provide protection during overcurrent conditions, the TPS54218
device implements a frequency shift. If frequency shift was not implemented, during an overcurrent condition, the
low-side MOSFET may not be turned off long enough to reduce the current in the inductor, causing a current
runaway. With frequency shift, during an overcurrent condition, the switching frequency is reduced from 100%,
then 75%, then 50%, then 25% as the voltage decreases from 0.8 to 0 volts on the VSENSE pin to allow the low-
side MOSFET to be off long enough to decrease the current in the inductor. During start-up, the switching
frequency increases as the voltage on VSENSE increases from 0 to 0.8 volts. See Figure 7 for details.

7.3.13 Reverse Overcurrent Protection

The TPS54218 device implements low-side current protection by detecting the voltage across the low-side
MOSFET. When the converter sinks current through its low-side FET, the control circuit turns off the low-side
MOSFET if the reverse current is more than 1.3 A. By implementing this additional protection scheme, the
converter is able to protect itself from excessive current during power cycling and start-up into pre-biased
outputs.

7.3.14 Synchronize Using the RT/CLK Pin

The RT/CLK pin is used to synchronize the converter to an external system clock. See Figure 29. To implement
the synchronization feature in a system, connect a square wave to the RT/CLK pin with an on-time of at least 75
ns. If the pin is pulled above the PLL upper threshold, a mode change occurs and the pin becomes a
synchronization input. The internal amplifier is disabled and the pin is a high impedance clock input to the
internal PLL. If clocking edges stop, the internal amplifier is re-enabled and the mode returns to the frequency set
by the resistor. The square wave amplitude at this pin must transition lower than 0.6 V and higher than 1.6 V
typically. The recommended synchronization frequency range is 300 kHz to 2000 kHz. If the external system
clock is to be removed, Tl recommends that it be removed on the falling edge of the clock.
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Feature Description (continued)

SYNC Clock =2V / div

RT/CLK
— | PLL
Rrt
PH =2V /div
u:lll ‘ V fvw U y‘w U
Time =500 nsec / div
Figure 29. Synchronizing to a System Clock Figure 30. Plot of Synchronizing to System Clock

7.3.15 Power Good (PWRGD Pin)

The PWRGD pin output is an open-drain MOSFET. The output is pulled low when the VSENSE voltage enters
the fault condition by falling below 91% or rising above 107% of the nominal internal reference voltage. There is
a 2% hysteresis on the threshold voltage, so when the VSENSE voltage rises to the good condition above 93%
or falls below 105% of the internal voltage reference the PWRGD output MOSFET is turned off. It is
recommended to use a pullup resistor between the values of 1 kQ and 100 kQ to a voltage source that is 6 V or
less. The PWRGD is in a valid state once the VIN input voltage is greater than 1.2 V.

7.3.16 Overvoltage Transient Protection

The TPS54218 device incorporates an overvoltage transient protection (OVTP) circuit to minimize voltage
overshoot when recovering from output fault conditions or strong unload transients. The OVTP feature minimizes
the output overshoot by implementing a circuit to compare the VSENSE pin voltage to the OVTP threshold which
is 109% of the internal voltage reference. If the VSENSE pin voltage is greater than the OVTP threshold, the
high-side MOSFET is disabled, preventing current from flowing to the output and minimizing output overshoot.
When the VSENSE voltage drops lower than the OVTP threshold, the high-side MOSFET is allowed to turn on
the next clock cycle.

7.3.17 Thermal Shutdown

The device implements an internal thermal shutdown to protect itself if the junction temperature exceeds 175°C.
The thermal shutdown forces the device to stop switching when the junction temperature exceeds the thermal
trip threshold. Once the die temperature decreases below 160°C, the device reinitiates the power-up sequence
by discharging the SS pin to 0 volts. The thermal shutdown hysteresis is 15°C.

7.4 Device Functional Modes

7.4.1 Small Signal Model for Loop Response

Figure 31 shows an equivalent model for the TPS54218 device control loop which can be modeled in a circuit
simulation program to check frequency response and dynamic load response. The error amplifier is a
transconductance amplifier with a gy of 225 pA/V. The error amplifier can be modeled using an ideal voltage
controlled current source. The resistor Royrea) and capacitor Coyreay model the open loop gain and frequency
response of the amplifier. The 1-mV AC voltage source between the nodes a and b effectively breaks the control
loop for the frequency response measurements. Plotting a/c shows the small signal response of the frequency
compensation. Plotting a/b shows the small signal response of the overall loop. The dynamic loop response can
be checked by replacing the R_oap With a current source with the appropriate load step amplitude and step rate
in a time domain analysis.
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Device Functional Modes (continued)
PH
Power Stage | R ~ Vour
13 AV L] a
F{ESR
b
R1 g I:KLOAD
VSENSE c
COMP 1 out
Cc LJ p—
0.8V g R2
R3 COUT(ea) am
c2 ROUT(ea\) 225 IJA/V
T C1 I =

Figure 31. Small Signal Model for Loop Response

7.4.2 Simple Small Signal Model for Peak Current Mode Control

Figure 32 is a simple small signal model that can be used to understand how to design the frequency
compensation. The TPS54218 device power stage can be approximated to a voltage controlled current source
(duty cycle modulator) supplying current to the output capacitor and load resistor. The control to output transfer
function is shown in Equation 7 and consists of a dc gain, one dominant pole, and one ESR zero. The quotient of
the change in switch current and the change in COMP pin voltage (node c in Figure 31) is the power stage
transconductance. The gy, for the TPS54218 device is 13 A/V. The low frequency gain of the power stage
frequency response is the product of the transconductance and the load resistance as shown in Equation 8. As
the load current increases and decreases, the low frequency gain decreases and increases, respectively. This
variation with load can seem problematic at first glance, but the dominant pole moves with load current (see
Equation 9). The combined effect is highlighted by the dashed line in the right half of Figure 33. As the load
current decreases, the gain increases and the pole frequency lowers, keeping the 0-dB crossover frequency the
same for the varying load conditions which makes it easier to design the frequency compensation.

Ve
Resr
f) g RLoaD
GuPs) Cour
— £
o ©
(O]
>
Frequency
Figure 32. Simple Small Signal Model Figure 33. Frequency Response
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Device Functional Modes (continued)
Adc = R
dc = gu(ps) *RLoap @®
1
fo =
Cout *RLoap x 21 )
1
fz =
Cout *Rgsr x 2 (10)

7.4.3 Small Sighal Model for Frequency Compensation

The TPS54218 device uses a transconductance amplifier for the error amplifier and readily supports two of the
commonly used frequency compensation circuits. The compensation circuits are shown in Figure 34. The Type-ll
circuits are most likely implemented in high bandwidth power supply designs using low-ESR output capacitors. In
Type-lIA, one additional high frequency pole is added to attenuate high-frequency noise.

Vour

VSENSE

R1

COMP QM(ea) r—l

met T e . - L |
% % ] J— veer %Rg

| |
| I |
: R3 :: c2 RS:
| [ ———
| 1T ' c
Lo BT Lol | [T
Tl T
| I '
| —= 1= — |
I - I - :
' TypelB || TypellA |

Figure 34. Types of Frequency Compensation

The design guidelines for TPS54218 device loop compensation are as follows:

1. Calculate the modulator pole (fpmopy) @and the esr zero, (fz1) using Equation 11 and Equation 12. If the output
voltage is a high percentage of the capacitor rating, it can be necessary to derate the output capacitor
(Cout)- Use the capacitor manufacturer information to derate the capacitor value. Use Equation 13 and
Equation 14 to estimate a starting point for the crossover frequency, fc. Equation 13 shows the geometric
mean of the modulator pole and the ESR zero and Equation 14 is the mean of modulator pole and the
switching frequency. Use the lower value of Equation 13 or Equation 14 as the maximum crossover

frequency.
; _ lout(max)
Pmed) ™ 2 x Vour % Cour (11)
£ = 1
"1 7 Cour X Regsg X 21 (12)

fe = /fp(mod) + f71
(13)
f
fo = [f -SW
[} P(mod)>< 2 (14)
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Device Functional Modes (continued)
2. Calculate resistor R3. Equation 15 shows the calculation for resistor R3.
R3 _ 27'[)( fC X VOUT X COUT
gM(ea) * VREF % gM(ps)
where
*  Owmea iS the amplifier gain (225 pA/V)
*  Owmps) is the power stage gain (13 A/V) (15)
3. Place a compensation zero at the dominant pole, fp. Equation 16 shows the calculation for capacitor C1.
1
fo =
Cout *RLoap x 21 (16)
o1 = Rux Cour
R3 17)

4. Capacitor C2 is optional. It can be used to cancel the zero from the output capacitor (Coyt) ESR.
oo = Resr* Cour
R3 (18)
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8 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.

8.1 Application Information

This design example describes a high-frequency switching regulator design using ceramic output capacitors. This
design is available as the evaluation module (EVM) HPA511 (TPS54218EVM-511 2-A, SWIFT Regulator

Evaluation Module User's Guide) .

8.2 Typical Application
This section details a high-frequency, 1.8-V output power supply design application with adjusted UVLO.

L1

U1
V=3V 106V TPS54218RTE 22 pH Vour=1.8V
IN = to 16— 10 m lour=2A
Vin P 1 1 VIN PH » Vour
» 5 | VIN pH | [ | C5
1 | —0.1 uF I
2 Te 48.7 kQ | VIN PH |2 u _— = R6
C1 c2 1] [ sooT |13 R5 C6 |C7 S100kQ
10uF | 0.1 uF sl i 14 100 kQ 22 uF |22 uF
R2  ygyg »——I VSNS PWRGD AN— Vi 4 > Vsns
32.4 kQ 7| 13
| COMP GND ! PWRGD R7
—> .6 kQ
A 8 |} rricLk GND A 806
— = R3 R4 | | L
9.53kQ | 182 kQ } AGND ! 5 = —
91iss |
C3 I I
3900 pF | PowerPAD !
(O 3
0.01 uF ]
Figure 35. Typical Application Schematic, TPS54218
8.2.1 Design Requirements
Table 1. Design Parameters
PARAMETER NOTES AND CONDITIONS MIN TYP MAX UNIT
VN Input voltage Operating 3 3.3 6
VsTART Start input voltage Rising 3.1 \
Vstop Stop input voltage Falling 2.8
Vout Output voltage 1.8 \
AVout Transient response 1-A to 2-A load step 3%
louT(max) Maximum output current 2 A
VouT(ripple) Output voltage ripple 30 mVp_p
fsw Switching frequency 1 MHz
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8.2.2 Detailed Design Procedure

8.2.2.1 Step One: Select the Switching Frequency

Choose the highest switching frequency possible to produce the smallest solution size. The high switching
frequency allows for lower valued inductors and smaller output capacitors compared to a power supply that
switches at a lower frequency. However, the highest switching frequency causes extra switching losses, which in
turn, decreases the device performance. The device is capable of operating between 200 kHz and 2 MHz. Select
a moderate switching frequency of 1 MHz to achieve both a small solution size and a high-efficiency operation.
Using Equation 5, R4 is calculates to 180 kQ. A standard 1%, 182-kQ resistor is used in the design.

8.2.2.2 Step Two: Select the Output Inductor

The inductor selected must operate across the entire TPS54218 device input voltage range. To calculate the
value of the output inductor, use Equation 19. Kj\p is a coefficient that represents the amount of inductor ripple
current relative to the maximum output current. The inductor ripple current is filtered by the output capacitor.
Therefore, choosing high inductor ripple currents impacts the selection of the output capacitor since the output
capacitor must have a ripple current rating equal to or greater than the inductor ripple current. In general, the
inductor ripple value is at the discretion of the designer; however, K,\p is normally from 0.1 to 0.3 for the majority
of applications.

For this design example, use a Kjp of 0.3 and the inductor value is calculated to be 2.10 puH. For this design,
use an inductor with the nearest standard value of 2.20 uH. For the output filter inductor, it is important that the
RMS current and saturation current ratings not be exceeded. The RMS and peak inductor current can be
calculated in Equation 21 and Equation 22.

The current flowing through the inductor is the inductor ripple current plus the output current. During power up,
faults, or transient load conditions, the inductor current can increase above the calculated peak inductor current
level calculated above. In transient conditions, the inductor current can increase up to the switch current limit of
the device. For this reason, the most conservative approach is to specify an inductor with a saturation current
rating equal to or greater than the switch current limit rather than the peak inductor current.

v _V, )
1= ( IN(max) ouT g VouT

lour *Kinp Vin(max) * fsw (19)
(VIN(max) —Vourt ) Vout
lRippLE = X ok )T
IN(max (20)
2

5 1 | Vourx (VIN(max) - VOUT)
IL(rms) = (IOUT ) + 12 %

VIN(max) x L1x fSW
(21)

| e 1| RIPPLE
L(peak) ~ 'OUT 2

8.2.2.3 Step Three: Choose the Output Capacitor

There are three primary considerations for selecting the value of the output capacitor. The output capacitor
determines the modulator pole, the output voltage ripple, and how the regulator responds to a large change in
load current. The output capacitance needs to be selected based on the more stringent of these three criteria.

(22)

The desired response to a large change in the load current is the first criteria. The output capacitor needs to
supply the load with current when the regulator cannot. This situation would occur if there are desired hold-up
times for the regulator where the output capacitor must hold the output voltage above a certain level for a
specified amount of time after the input power is removed. The regulator is temporarily not able to supply
sufficient output current if there is a large, fast increase in the current needs of the load such as transitioning
from no load to a full load. The regulator usually needs two or more clock cycles for the control loop to see the
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change in load current and output voltage and adjust the duty cycle to react to the change. The output capacitor
must be sized to supply the extra current to the load until the control loop responds to the load change. The
output capacitance must be large enough to supply the difference in current for two clock cycles while only
allowing a tolerable amount of droop in the output voltage. Equation 25 shows the necessary minimum output
capacitance.

For this example, the transient load response is specified as a 3% change in Vot for a load step from 1 A (50%
load) to 2 A (100%).
Aloyr=2-1=1A (23)
AVoyur = 0.03 x 1.8 = 0.054 V (24)
Using these numbers gives a minimum capacitance of 37 uF. This value does not take the ESR of the output

capacitor into account in the output voltage change. For ceramic capacitors, the ESR is usually small enough to
ignore in this calculation.

Equation 26 calculates the minimum output capacitance needed to meet the output voltage ripple specification
where fgy is the switching frequency, Vyppi e IS the maximum allowable output voltage ripple, and Igxpp e iS the
inductor ripple current. In this case, the maximum output voltage ripple is 30 mV. Equation 26 yields 2.38 pF.

2 X Aljoyr
COUT (transient ) fSW X AVOUT (25)
IRipple
CouT (rivnle ) >
OUT (ripple ) 8 X fgw X Vour (ripple ) (26)

where
e Algyr is the load step size
e AVgyr is the acceptable output deviation
» fsw is the switching frequency
* Iripple is the inductor ripple current
*  Vouripple) iS the acceptable DC output voltage ripple
Equation 27 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple

specification. Equation 27 indicates the ESR must be less than 26 mQ. In this case, the ESR of the ceramic
capacitor is much less than 26 mQ.

Additional capacitance de-ratings for aging, temperature, and DC bias must be factored in, which increases this
minimum value. For this example, two 22-uF, 10-V, X5R ceramic capacitors with 3 mQ of ESR are used.

Capacitors generally have limits to the amount of ripple current they can handle without failing or producing
excess heat. An output capacitor that can support the inductor ripple current must be specified. Some capacitor
data sheets specify the RMS (root mean square) value of the maximum ripple current. Equation 28 can be used
to calculate the RMS ripple current the output capacitor needs to support. For this application, Equation 28 yields
151 mA.

VOUT (ripple )

Resp <

IRipple 27
I _ Vour (VIN(max) —Vour )
™) ™ 125V ey <L 1< o 8)

8.2.2.4 Step Four: Select the Input Capacitor

The TPS54218 device requires a high quality ceramic, type X5R or X7R, input decoupling capacitor of at least
4.7 uF of effective capacitance and in some applications a bulk capacitance. The effective capacitance includes
any DC bias effects. The voltage rating of the input capacitor must be greater than the maximum input voltage.
The capacitor must also have a ripple current rating greater than the maximum input current ripple of the device.
The input ripple current can be calculated using Equation 29.
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The value of a ceramic capacitor varies significantly over temperature and the amount of DC bias applied to the
capacitor. The capacitance variations due to temperature can be minimized by selecting a dielectric material that
is stable over temperature. X5R and X7R ceramic dielectrics are usually selected for power regulator capacitors
because they have a high capacitance-to-volume ratio and are fairly stable over temperature. The output
capacitor must also be selected with the dc bias taken into account. The capacitance value of a capacitor
decreases as the dc bias across a capacitor increases.

For this example design, a ceramic capacitor with at least a 10-V voltage rating is required to support the
maximum input voltage. For this example, one 10-uF and one 0.1-uF, 10-V capacitors in parallel have been
selected. The input capacitance value determines the input ripple voltage of the regulator. The input voltage
ripple can be calculated using Equation 30.

Vout (VIN(min) -Vout )
x
VIN(min) VIN(min) (29)

ICIN(rms) =lout x

louT(max) % 0-25

AN =
Cin * fsw (30)

Using the design example values, loyrmax = 2 A, Cjy = 10 pF, and fsy, = 1 MHz, yields an input voltage ripple of
34 mV and a rms input ripple current of 0.98 A.

8.2.2.5 Step Five: Minimum Load DC COMP Voltage

The TPS54218 implements a minimum COMP voltage clamp for improved load-transient response. The COMP
voltage tracks the peak inductor current, increasing as the peak inductor current increases, and decreasing as
the peak inductor current decreases. During a severe load-dump event, for instance, the COMP voltage
decreases suddenly, falls below the minimum clamp value, then settles to a lower DC value as the control loop
compensates for the transient event. During the time when COMP reaches the minimum clamp voltage, turnon of
the high-side power switch is inhibited, keeping the low-side power switch on to discharge the output voltage
overshoot more quickly.

Proper application circuit design must ensure that the minimum load steady-state COMP voltage is above the +3
sigma minimum clamp to avoid unwanted inhibition of the high-side power switch. For a given design, the steady-
state DC level of COMP must be measured at the minimum designed load and at the maximum designed input
voltage, then compared to the minimum COMP clamp voltage shown in Figure 22. These conditions give the
minimum COMP voltage for a given design. Generally, the COMP voltage and minimum clamp voltage move by
about the same amount with temperature. Increasing the minimum load COMP voltage is accomplished by
decreasing the output inductor value or the switching frequency used in a given design.

8.2.2.6 Step Six: Choose the Soft-Start Capacitor

The soft-start capacitor determines the minimum amount of time it takes for the output voltage to reach its
nominal programmed value during power up. This is useful if a load requires a controlled voltage slew rate. This
is also used if the output capacitance is very large and would require large amounts of current to quickly charge
the capacitor to the output voltage level. The large currents necessary to charge the capacitor can make the
device reach the current limit or excessive current draw from the input power supply can cause the input voltage
rail to sag. Limiting the output voltage slew rate solves both of these problems.

The soft-start capacitor value can be calculated using Equation 31. For the example circuit, the soft-start time is
not too critical since the output capacitor value is 44 pF, which does not require much current to charge to 1.8 V.
The example circuit has the soft-start time set to an arbitrary value of 4 ms, which requires a 9.2-nF capacitor.
The nearest standard value of 10 nF is used, resulting in a calculated soft-start time of 4.3 msec. In the device,
Iss is 2.07 pA. For this application, maintain the soft-start time in the range between 1 ms and 10 ms.

lss * tss
Cgs =

e CggisinnF
e lggisin pA
e tggisinms (32)
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8.2.2.7 Step Seven: Select the Bootstrap Capacitor

A 0.1-uF ceramic capacitor must be connected between the BOOT to PH pin for proper operation. It is
recommended to use a ceramic capacitor with X5R or better grade dielectric. The capacitor must have 10 V or
higher voltage rating.

8.2.2.8 Step Eight: Undervoltage Lockout Threshold

The undervoltage lockout (UVLO) can be adjusted using an external voltage divider on the EN pin of the
TPS54218. The UVLO has two thresholds, one for power up when the input voltage is rising, and one for power
down or brown outs when the input voltage is falling. For the example design, the supply must turn on and start
switching once the input voltage increases above 3.1 V (VstarT)- Switching continues until the input voltage falls
below 2.8 V (Vstop).

The programmable UVLO and enable voltages are set using a resistor divider between the VIN pin and GND to
the EN pin. Equation 32 and Equation 33 can be used to calculate the resistance values necessary. From
Equation 32 and Equation 33, a 48.7-kQ resistor between the VIN pin and the EN pin and a 32.4-kQ resistor
between the EN pin and GND are required to produce the 3.1-V start voltage and the 2.8-V stop voltage.

_ 0.944-Vgrart — VsToP

R1 5
2.59x10” (32)
R - 1.18-R1 _

8.2.2.9 Step Nine: Select Output Voltage and Feedback Resistors

For the example design, 100 kQ was selected for R6. Using Equation 34, R7 is calculated as 80 kQ. The nearest
standard 1% resistor is 80.6 kQ.

R7= Vel Rg

Vour = Vret (34)

8.2.2.9.1 Output Voltage Limitations

Due to the internal design of the TPS54218, there are limitations to the minimum and maximum achievable
output voltages. The output voltage can never be lower than the internal voltage reference of 0.8 V. Above 0.8 V,
the output voltage can be limited by the minimum controllable on-time. The minimum output voltage in this case
is given by Equation 35. There is also a maximum achievable output voltage which is limited by the minimum off-
time. The maximum output voltage is given by Equation 36. These equations represent the results when the
power MOSFETs are matched. Refer to the Understanding Output Voltage Limitations of DC/DC Buck
Converters Technical Brief for more information.

Vourt (min) = toN (min) X fsw max) X Vin(max) — lour (min)(RLS (min) T RDCR)

where
*  Voutmin iS the minimum achievable output voltage
*  tongmin) iS the minimum controllable on-time (110 nsec typical)
*  fsw(may IS the maximum switching frequency including tolerance
*  Vinmax IS the maximum input voltage
*  lout(miny is the minimum load current
*  Rismin is the minimum low-side MOSFET on-resistance (30 mQ typical)
* Rpcr is the series resistance of output inductor (35)
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VOUT (max) — (1 — torr (max)fSW (max))VIN (min) — IOUT (max)(RLS(max) + RDCR)
where

*  Vourmax iS the maximum achievable output voltage

*  lorrmax iS the maximum, minimum controllable off-time (60 ns typical)

*  fsw(max IS the maximum switching frequency including tolerance

*  Vinmin) IS the minimum input voltage

*  lout(may is the maximum load current

*  Rysmax is the maximum high-side MOSFET on-resistance (70 mQ max)

* Rpcr is the series resistance of output inductor (36)

8.2.2.10 Step 10: Select Loop Compensation Components

There are several industry techniques used to compensate DC/DC regulators. The method presented here is
easy to calculate and yields high phase margins. For most conditions, the regulator has a phase margin between
60 and 90 degrees. The method presented here ignores the effects of the slope compensation that is internal to
the TPS54218. Because the slope compensation is ignored, the actual crossover frequency is usually lower than
the crossover frequency used in the calculations.

To get started, the modulator pole, fpmeq), and the esr zero, fz;, must be calculated using Equation 37 and
Equation 38. For CoyT, derating the capacitor is not needed as the 1.8-V output is a small percentage of the 10-V
capacitor rating. If the output is a high percentage of the capacitor rating, use the capacitor manufacturer
information to derate the capacitor value. Use Equation 39 and Equation 40 to estimate a starting point for the
crossover frequency, fc. For the example design, fpmoq) is 4.02 kHz and fz; is 1206 kHz. Equation 39 is the
geometric mean of the modulator pole and the esr zero and Equation 40 is the mean of modulator pole and the
switching frequency. Equation 39 yields 69.6 kHz and Equation 40 gives 44.8 kHz. Use the lower value of
Equation 39 or Equation 40 as the maximum crossover frequency. For this example, fc is 45 kHz. Next, the
compensation components are calculated. A resistor in series with a capacitor is used to create a compensating
zero. A capacitor in parallel to these two components forms the compensating pole (if needed).

, 3 IOUT(max)

P(mOd) 2TC X VOUT X COUT (37)
£ = 1

L7 Cour X Regg X 2T (38)

fc = ’fP(mod) + fz1
(39)
_ fsw
fe = \fmod)* =5 (40)

The compensation design takes the following steps:

1. Set up the anticipated cross-over frequency. Use Equation 41 to calculate the resistor value of the
compensation network. In this example, the anticipated cross-over frequency, fc, is 45 kHz. The power stage
gain (gmes)) is 13 A/V and the error amplifier gain (Quea)) is 225 HA/V.

R3 _ 27'C X fC X VOUT X COUT
IM(ea) VREF X IM(ps) (41)

2. Place compensation zero at the pole formed by the load resistor and the output capacitor. The capacitor of
the compensation network can be calculated from Equation 42.

c3 = Rour * Cour
R3 (42)
3. An additional pole can be added to attenuate high frequency noise. In this application, it is not necessary to
add it.

From the procedures above, start with a 14.3-kQ resistor and a 4130-pF capacitor. After prototyping and bode
plot measurement, the optimized compensation network selected for this design includes a 9.53-kQ resistor and
a 3900-pFQ capacitor.
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8.2.2.11 Power Dissipation Estimate

Use Equation 43 through Equation 52 to help estimate the device power dissipation under continuous conduction
mode (CCM) operation. The power dissipation of the device (Pto7) includes the following:

» Conduction loss (Pconp)

» Dead time loss (Pp)

» Switching loss (Psw)

* Gate drive loss (Pgp)

* Supply current loss (Pg)

Pcono= (lour)® X Ros(on) (43)
Po = fsw X lour X 0.7 x 60 x (10)™° (44)
Po = fsw % lour X 0.7 x 60 x (10)™° (45)
Psw =2 % (Vin)® X fsw X lour % 0.25 x (10)™° (46)
Psw =2 % (Vin)® X fsw X loyr X 0.25 x (10) (47)
Pop =2 % Viy x 3% (10) x fgy (48)

PQ = 350 x (10)_6 X V|N

where

e loyr is the output current (A)

*  Rpspn is the on-resistance of the high-side MOSFET (Q)

e Vgyr is the output voltage (V)

eV is the input voltage (V)

*  fswis the switching frequency (Hz) (49)
Pror = Pconp + Po + Psw *+ Pep + Pg (50)

For a given ambient temperature,
Ty =Ta+ Ry % Pror (51)
For maximum junction temperature (T;max = 150°C),
Tamax) = Tamax — R X Pror
where
e Pqoris the total device power dissipation (W)
e T, is the ambient temperature (°C)
e T,is the junction temperature (°C)
* Ryyis the thermal resistance of the package (°C/W)
*  Tymay IS maximum junction temperature (°C)
*  Tamay IS maximum ambient temperature (°C) (52)

Additional power can be lost in the regulator circuit due to the inductor ac and dc losses and trace resistance that
impact the overall regulator efficiency. Figure 36 and Figure 37 show power dissipation for the EVM.
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8.2.3 Application Curves
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Figure 38. Efficiency versus Load Current Figure 39. Efficiency versus Load Current
VouT = 50 mV/div (ac coupled)
Vout = 50 mV/div (ac coupled)
loyt = 1 A/div, lout = 1 A/div,
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Figure 40. Transient Response Figure 41. Transient Response
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EN =1.V/div
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Figure 42. Power Up, Vout, Vin
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Figure 43. Power Down, Vour, Vin
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Figure 46. SS Discharge During EN Disable / Enable
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Figure 47. Output Ripple
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Voyt = 10 mV/div (ac coupled)

PH =2 V/div

Time = 500 ns/div
lout=2A

Figure 48. Output Ripple

V| =10 mV/div (ac coupled)

PH =2 V/div

‘ Time = 500 ns/div
lour=0A

Figure 49. Input Ripple

V| =50 mV/div (ac coupled)

PH =2 V/div

Time = 500 ns/div
lour=2A

Figure 50. Input Ripple
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Figure 51. Closed Loop Response
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Figure 52. Load Regulation versus Load Current Figure 53. Load Regulation versus Load Current
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9 Power Supply Recommendations

These devices are designed to operate from an input voltage supply between 2.95 V and 6 V. This supply must
be well-regulated. Proper bypassing of input supplies and internal regulators is also critical for noise
performance, as is PCB layout and grounding scheme. See the recommendations in the Layout Guidelines
section.

10 Layout

10.1 Layout Guidelines

Layout is a critical portion of good power supply design. There are several signal paths that conduct fast
changing currents or voltages that can interact with stray inductance or parasitic capacitance to generate noise
or degrade the power supplies performance.

» Minimize the loop area formed by the bypass capacitor connections and the VIN pins. See Figure 55 for a
PCB layout example.

» The GND pins and AGND pin must be tied directly to the power pad under the TPS54218 device. The power
pad must be connected to any internal PCB ground planes using multiple vias directly under the device.
Additional vias can be used to connect the top-side ground area to the internal planes near the input and
output capacitors. For operation at a full-rated load, the top-side ground area along with any additional
internal ground planes must provide adequate heat dissipating area.

» Place the input bypass capacitor as close to the device as possible.

* Route the PH pin to the output inductor. Because the PH connection is the switching node, place the output
inductor close to the PH pins. Minimize the area of the PCB conductor to prevent excessive capacitive
coupling.

» The boot capacitor must also be located close to the device.

» The sensitive analog ground connections for the feedback voltage divider, compensation components, soft-
start capacitor, and frequency set resistor must be connected to a separate analog ground trace as shown in
Figure 55.

* The RT/CLK pin is particularly sensitive to noise so the RT resistor must be located as close as possible to
the device and routed with minimal trace lengths.

e The additional external components can be placed approximately as shown. It is possible to obtain
acceptable performance with alternate PCB layouts, however, this layout has been shown to produce good
results and can be used as a guide.
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10.2 Layout Example
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Figure 55. PCB Layout Example
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11 Device and Documentation Support

11.1 Device Support
11.1.1 Development Support

11.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPS54218 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
For more SWIFT™ documentation, see the Tl website at www.ti.com/swift.

11.2 Receiving Notification of Documentation Updates

To receive natification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

11.3 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 TI's views; see TI's Terms of Use.

11.4 Trademarks

SWIFT, E2E are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

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

12 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most

current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS54218RTER ACTIVE WQFN RTE 16 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 150 54218
TPS54218RTET ACTIVE WQFN RTE 16 250 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 150 54218

® 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.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ 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 finish/Ball material - Orderable Devices 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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i TEXAS PACKAGE MATERIALS INFORMATION
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www.ti.com 7-Nov-2021
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 I Q4 User Direction of Feed
[ 8
T
A
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)
TPS54218RTER WQFN RTE 16 3000 330.0 12.4 33 33 11 8.0 | 12.0 Q2
TPS54218RTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
e
4
7
e S
/\g\‘ /}#\
e 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS54218RTER WQFN RTE 16 3000 367.0 367.0 35.0
TPS54218RTET WQFN RTE 16 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RTE 16 WQFN - 0.8 mm max height

3 x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4225944/A
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PACKAGE OUTLINE
RTEOOl16F WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—]

.

0.00

J1.65+0.1 (0.1) TYP
ST N

—EXPOSED
THERMAL PAD 0

! 12
16X 0.30 0
0.18
PIN 1 IDJ & 010 |C|A|B
(OPTIONAL) 0.050)
0.5
16X 0.3

4219119/A 03/2018

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.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT
RTEOOl16F WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

] E—

i1
CO =~ T o) COe

16X (0.24) T O ! O

— b -— - ¢ (8
_ (0.58)
ot | T o
12X (0.5 ! L
e i s !
% ‘ ‘
| |
T | G B L@ |
VIA | _ i — - ———-
| ‘ |
5 ! '8 |
(R0.05) 0.58) TYP 4——4
ALL PAD CORNERS (058) ‘
o pg—
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
Pt SOLDER MASK
| METAL | fOPENING
| I
| |
EXPOSE / ;
METAL \SOLDER MASK EXPOSED ‘\ NMETAL UNDER
OPENING METAL =7 SOLDER MASK
NON SOLDER MASK
DEFINED SOLDER MASK
DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4219119/A 03/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.

/]
INSTRUMENTS
www.ti.com



EXAMPLE STENCIL DESIGN
RTEOOl16F WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@1.51)
16 13

16X (0.6)

1
O =
16X (0.24) | o

~

~ |
12X (0.5) | T

%Viﬁ (2.8)
Lem
|

T l
: %G{} iiiiii 4

-

|
|
|
|
:
|
|

S

ALL AROUND

> SYl\/IM 8
(RO.05) TYP ¢

|
|
|
|
| |
- (2.8) -

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 17:

84% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:25X

4219119/A 03/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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