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TPS54824 4.5-V to 17-V Input, Current Mode, 8-A Synchronous SWIFT™ Step-Down
Converter

1 Features

¢ Small 3.5-mm x 3.5-mm HotRod™ QFN Package
* Integrated 14.1-mQ and 6.1-mQ MOSFETs

e Peak Current Mode Control with Fast Transient
Response

e 200-kHz to 1.6-MHz Fixed Switching Frequency
* Synchronizes to External Clock

* 0.6-V Voltage Reference +0.85% Over
Temperature

* 0.6-V to 12-V Output Voltage Range

» Hiccup Current Limit

» Safe Startup into Pre-Biased Output Voltage
e Adjustable Soft-start and Power Sequencing
» Adjustable Input Under Voltage Lockout

* 3-pA Shutdown Current

* Power Good Output Monitor for Undervoltage and
Overvoltage

» Output Overvoltage Protection

* Non-latch Thermal Shutdown Protection

e —40°C to 150°C Operating Junction Temperature
+ Supported at the WEBENCH® Design Center

2 Applications

» Telecom and Wireless Infrastructure

» Industrial Automated Test Equipment

» Enterprise Switching and Storage Applications
» High Density Distributed Power Systems
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3 Description

The TPS54824 is a full featured 17-V, 8-A
synchronous step-down converter in a 3.5 mm x 3.5
mm HotRod™ QFN package.

The device is optimized for small solution size
through high efficiency and integrating the high-side
and low-side MOSFETs. Further space savings are
achieved through peak current mode control, which
reduces component count, and by selecting a high
switching frequency, reducing the inductor footprint.

The peak current mode control simplifies the loop
compensation and provides fast transient response.
Cycle-by-cycle peak current limiting on the high-side
and low-side sourcing current limit protects the device
in overload situations. Hiccup limits MOSFET power
dissipation if a short circuit or over loading fault
persists.

A power good supervisor circuit monitors the
regulator output. The PGOOD pin is an open drain
output and goes high impedance when the output
voltage is in regulation. An internal deglitch time
prevents the PGOOD pin from pulling low unless a
fault has occurred.

A dedicated EN pin can be used to control the
regulator on/off and adjust the input under voltage
lockout. The output voltage startup ramp is controlled
by the SS/TRK pin which allows operation as either a
standalone power supply or in tracking situations.

Device Information
PACKAGE BODY SIZE (NOM)
RNV (18) 3.50 mm x 3.50 mm

PART NUMBER
TPS54824

(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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5 Pin Configuration and Functions

RNV Package
18-Pin VQFN-HR

Top View )
Bottom View
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Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
BOOT 1 | Floating supply voltage for high-side MOSFET gate drive circuit. Connect a 0.1-pF ceramic
capacitor between BOOT and SW pins.
Input voltage supply pin. Power for the internal circuit and the connection to drain of high-
VIN 2,11 | side MOSFET. Connect both pins to the input power source with a low impedance
connection. Connect both pins and their neighboring PGND pins.
PGND 34 fO 8.9, - Ground return for low-side power MOSFET and its drivers.
Switching node. Connected to the source of the high-side MOSFET and drain of the low-side
SW 6,7 o
MOSFET.
AGND 12 - Ground of internal analog circuitry. AGND must be connected to the PGND plane.
Switching frequency setting pin. In RT mode, an external timing resistor adjusts the switching
RT/CLK 13 | ; : . A
frequency. In CLK mode, the device synchronizes to an external clock input to this pin.
FB 14 | Converter feedback input. Connect to the output voltage with a resistor divider.
COMP 15 | Error amplifier output and input to the PWM modulator. Connect loop compensation to this
pin.
Soft-start and tracking pin. Connecting an external capacitor sets the soft-start time. This pin
SS/TRK 16 | . -
can also be used for tracking and sequencing.
EN 17 | Enable pin. Float or pull high to enable the device. Connect a resistor divider to this pin to
implement adjustable under voltage lockout and hysteresis.
PGOOD 18 o Open-drain power good indicator. It is asserted low if output voltage is outside if the PGOOD
thresholds, VIN is low, EN is low, device is in thermal shutdown or device is in soft-start.

Copyright © 2016, Texas Instruments Incorporated
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6 Specifications

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

MIN MAX UNIT
VIN -0.3 18
BOOT -0.3 25
BOOT (10 ns transient) -0.3 27
Voltage BOOT (vs SW) -0.3 6.5 \Y,
SW -1 19
SW (10 ns transient) -3 21
EN, SS/TRK, PGOOD, RT/CLK, FB, COMP -0.3 6.5
Operating Junction Temperature Range, T, -40 150 °C
Storage Temperature Range, Tstg -55 150 °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
::Irg;\gggiylljrggcé% (JHSBSA())l ’p:ﬁ pins® 2000
V(EsD) Electrostatic discharge Charged device model (CDM), per v
JEDEC specification JESD22-C101, all +500
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)
Parameter MIN | NOM MAX UNIT
VN Input voltage range 4.5 17 \Y
Vout Output Voltage 0.6 12 \%
lout Output current 8 A
T, Operating junction temperature -40 150 °C
fsw Switching Frequency (RT mode and PLL 200 1600 kHz
mode)
6.4 Thermal Information
TPS54824
THERMAL METRIC® RNV UNIT
18 PINS
Thetaja Junction-to-ambient thermal resistance JEDEC 57.1 °C/IW
Thetaga Junction-to-ambient thermal resistance EVM 34 °C/W
Thetayciop Junction-to-case (top) thermal resistance 26.3 °C/W
Thetayg Junction-to-board thermal resistance 18.8 °C/W
Psiyr Junction-to-top characterization parameter 0.8 °C/W
Psijg Junction-to-board characterization parameter 18.8 °C/IW
Thetajcpot Junction-to-case (bottom) thermal resistance 12 °C/W

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

report, SPRA953.
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6.5 Electrical Characteristics

T, =-40°C to 150°C, VIN = 4.5 V to 17 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MN|  TYP|  wmax|  uNIT
INPUT VOLTAGE
UVLO_rise V(vin) rising 4.1 4.3 \Y
UVLO _fall VIN under-voltage lockout Vvin) falling 3.7 3.9 \%
UVLO_hys Hysteresis VIN voltage 0.2 \%
Ivin Operating non-switching supply current Veny =5V, Ve =15V 580 800 HA
Ivin_sdn Shutdown supply current Veny =0V 3 11 HA
ENABLE
Ven_rise V(e rising 1.20 1.26 \Y
Ven_fall EN threshold VEEN; falling 1.1 1.15 \%
Ven_hys EN pin threshold voltage hysteresis 50 mV
Ip EN pin sourcing current Ven = 1.1V 12 HA
Iph EN pin sourcing current Ven) = 1.3V 4.8 HA
1g] EN pin hysteresis current 3.6 HA
FB
T;=25°C 596 600 604 mV
Vg Regulated FB voltage
595 600 605 mv
ERROR AMPLIFIER
gmea Error Amplifier Transconductance (gm) —2 PA < licomp) < 2 WA, Vicowr) = 1 V 1100 HANV
Error Amplifier DC gain 80 dB
Icomp_src Error Amplifier source current Vg =0V 100 HA
Icomp_snk Error Amplifier sink current Vg =2V -100 HA
gmps Power Stage Transconductance 16 AV
SOFT-START
Iss Soft-start current 5 HA
V(ssitri) 10 V(rs) matching V(ssrri) = 0.4 V 25 mV
MOSFET
o ] ) Ta=25°C, Viyinyy = 12V 14.1 mQ
Rds(on)_h High-side switch resistance
Ta=25°C, Viyinyy = 4.5V, Vigoor.sw) = 4.5V 15.9 mQ
) ) _ Ta=25°C, Viyiyy = 12V 6.1 mQ
Rds(on)_|I Low-side switch resistance
Ta=25°C, Vi) = 4.5V 6.9 mQ
BOOT UVLO Falling 2.2 2.6 \%
CURRENT LIMIT
loc_HS_pk High-side peak current limit 10.8 12.9 15 A
loc_LS_snk Low-side sinking current limit -3.4 A
loc_LS_src Low-side sourcing current limit 9.3 11.4 13.6 A
RT/CLK
ViH Logic high input voltage 2 \%
Vi Logic low input voltage 0.8 \Y
PGOOD
V(e rising (fault) 108%
Power good threshold Vige) falling (good) 106%
V(rg) rising (good) 91%
V(rg) falling (fault) 89%
Ipg_lkg Leakage current when pulled high Vpcoop) =5V 5 nA
Vpg_low PGOOD voltage when pulled low l(pcoop) = 2 MA 0.3 \%
Minimum VIN for valid output V(pcoop) < 0.5V, lipcoop) = 4 MA 0.7 1 \%
Thermal protection
TtriP Thermal protection trip point Temperature Rising 170 °C
ThvsT Thermal protection hysteresis 15 °C
Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Switching Characteristics
T, =-40°C to 150°C, V(yn) = 4.5 V to 17 V (unless otherwise noted)

PARAMETER | TEST CONDITIONS | mn| Tve|  wmax|  unm
EN
EN to start of switching | | 135 ’ ps
PGOOD
Deglitch time PGOOD going high 272 Cycles
Deglitch time PGOOD going low 16 Cycles
SW
ton min Minimum on time Measureti at 50% to 50% of Vy, L = 0.68 05 ns
_| HH, loyr = 0.1 A
toff_min Minimum off time @ Vgoot-sw) 2 2.6 V 0 ns
RT/CLK
fsw_min Minimum switching frequency (RT mode) RrricLk) = 250 kQ 200 kHz
Switching frequency (RT mode) RrricLk) = 100 kQ 450 500 550 kHz
fsw_max Maximum switching frequency (RT mode) RerricLk) = 30.1 kQ 1.6 MHz
Switching frequency synchronization range
fsw_clk (PLL mode) 200 1600 kHz
RT/CLK falling edge to SW rising edge Measure at 500kHz with RT resistor in 70 ns
delay (PLL mode) series with RT/CLK
HICCUP
Wait time before hiccup 512 Cycles
Hiccup time before restart 16384 Cycles
(1) Specified by design.
6.7 Timing Requirements
T;=-40°C to 150°C, V() = 4.5 V1o 17 V (unless otherwise noted)
| mn]  nom|  wmax] N
RT/CLK
Minimum synchronization signal pulse width 35 ns
(PLL mode)
6.8 Typical Characteristics
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, —— 9Vto 1V, 600 kHz, L =680 nH, DCR =7 mQ 12 Vto 0.8 V, 400 kHz, L = 680 nH, DCR =7 mQ
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Figure 1. Efficiency for 9 V Input to 1 V Output Figure 2. Efficiency for 12 V Input to 1.5 V and 0.8 V Output
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Typical Characteristics (continued)
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Figure 3. Efficiency for 12 V Input to 3.3 V Output Figure 4. VIN Pin Nonswitching Supply Current vs Junction
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Figure 5. VIN Pin Shutdown Current vs Junction Figure 6. EN Pin Voltage Threshold vs Junction
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Figure 7. EN Pin Current vs Junction Temperature
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Figure 8. Regulated FB Voltage vs Junction Temperature
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Typical Characteristics (continued)
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Figure 9. MOSFET Rds(on) vs Junction Temperature Figure 10. Error Amplifier Transconductance vs Junction
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Figure 11. COMP to SW Transconductance vs Junction Figure 12. SS/TRK Current vs Junction Temperature
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Figure 13. SS/TRK to FB Offset vs Junction Temperature
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Figure 14. FB voltage vs SS/TRK Voltage
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High-side Peak Current Limit (A)

cal Characteristics (continued)
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Figure 15. High-side Peak Current Limit vs Junction
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Figure 16. PGOOD Thresholds vs Junction Temperature
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Figure 19. Switching Frequency vs Junction Temperature
(500 kHz)
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Figure 17. PGOOD Leakage Current vs Junction Figure 18. Minimum on-time vs Ambient Temperature
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Figure 20. Switching Frequency vs Junction Temperature
(1600 kHz)
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Typical Characteristics (continued)

Switching Frequency (kHz)
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Figure 21. Switching Frequency vs RT/CLK Resistor (Low
Range)
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Figure 22. Switching Frequency vs RT/CLK Resistor (High
Range)
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7 Detailed Description

7.1 Overview

The TPS54824 is a 17-V, 8-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 which also simplifies external frequency compensation. The wide switching frequency
of 200 kHz to 1600 kHz allows for 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 TPS54824 also has an
internal phase lock loop (PLL) connected to the RT/CLK pin that can be used to synchronize the switching cycle
to the falling edge of an external system clock.

The integrated MOSFETSs allow for high efficiency power supply designs with continuous output currents up to 8
amperes. The MOSFETs have been sized to optimize efficiency for lower duty cycle applications. The device
reduces the external component count by integrating a bootstrap recharge circuit. The bias voltage for the
integrated high-side MOSFET is supplied by a capacitor between the BOOT and SW pins. The BOOT capacitor
voltage is monitored by a BOOT to SW UVLO (BOOT-SW UVLO) circuit allowing SW pin to be pulled low to
recharge the BOOT capacitor. The device can operate at 100% duty cycle as long as the BOOT capacitor
voltage is higher than the preset BOOT-SW UVLO threshold which is typically 2.2 V.

The TPS54824 has been designed for safe monotonic startup into pre-biased loads. The default start up is when
VIN is typically 4.1 V. The EN pin has an internal pull-up current source that can be used to adjust the input
voltage under voltage lockout (UVLO) with two external resistors. In addition, the internal pull-up current of the
EN pin allows the device to operate with the EN pin floating. The operating current for the TPS54824 is typically
580 pA when not switching and under no load. When the device is disabled, the supply current is typically 3 pA.

The SS/TRK (soft start/tracking) pin is used to minimize inrush currents or provide power supply sequencing
during power up. A small value capacitor or resistor divider should be coupled to the pin for soft start or critical
power supply sequencing requirements. The output voltage can be stepped down to as low as the 0.6 V voltage
reference (Vrer). The device has a power good comparator (PGOOD) with hysteresis which monitors the output
voltage through the FB pin. The PGOOD pin is an open drain MOSFET which is pulled low when the FB pin
voltage is less than 89% or greater than 108% of the reference voltage Vgee and asserts high when the FB pin
voltage is 91% to 106% of Vggg.

The device is protected from output overvoltage, overload and thermal fault conditions. The device minimizes
excessive output overvoltage transients by taking advantage of the overvoltage circuit power good comparator.
When the overvoltage comparator is activated, the high-side MOSFET is turned off and prevented from turning
on until the FB pin voltage is lower than 106% of the Vgrge. The device implements both high-side MOSFET over
current protection and bidirectional low-side MOSFET over current protections which help control the inductor
current and avoid current runaway. The device also shuts down if the junction temperature is higher than thermal
shutdown trip point. The device is restarted under control of the soft start circuit automatically when the junction
temperature drops 15°C typically below the thermal shutdown trip point.
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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 device uses an adjustable fixed frequency, peak current mode control. The output voltage is compared
through external resistors on the FB pin to an internal voltage reference by an error amplifier which drives the
COMP pin. An internal oscillator initiates the turn on of the high-side power switch. The error amplifier output is
converted into a current reference which compares to the high-side power switch current. When the power switch
current reaches current reference generated by the COMP voltage level the high-side power switch is turned off
and the low-side power switch is turned on.

The device adds an internal slope compensation ramp to prevent subharmonic oscillations. The peak inductor
current limit remains constant over the full duty cycle range.
7.3.2 Continuous Conduction Mode Operation (CCM)

As a synchronous buck converter, the device works in CCM (Continuous Conduction Mode) under all load
conditions.
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Feature Description (continued)
7.3.3 VIN Pins and VIN UVLO

The VIN pin voltage supplies the internal control circuits of the device and provides the input voltage to the power
converter system. The input voltage for VIN can range from 4.5 V to 17 V. The device implements internal UVLO
circuitry on the VIN pin. The device is disabled when the VIN pin voltage falls below the internal VIN UVLO
threshold. The internal VIN UVLO threshold has a hysteresis of 200 mV. A voltage divider connected to the EN
pin can adjust the input voltage UVLO appropriately. See Enable and Adjustable UVLO for more details.

7.3.4 Voltage Reference and Adjusting the Output Voltage

The voltage reference system produces a precise +0.85%, 0.6 V voltage reference over temperature by scaling
the output of a temperature stable band gap circuit. The output voltage is set with a resistor divider from the
output (Voyut) to the FB pin shown in Figure 23. It is recommended to use 1% tolerance or better divider
resistors. Start with a fixed value for the bottom resistor in the divider, typically 10 kQ, then use Equation 1 to
calculate the top resistor in the divider. To improve efficiency at light loads consider using larger value resistors.
If the values are too high the regulator is more susceptible to noise and voltage errors from the FB input current
are noticeable. The minimum output voltage and maximum output voltage can be limited by the minimum on time
of the high side MOSFET and bootstrap voltage (BOOT-SW voltage) respectively.

Vout
TPS54824
Rest
FB
Regs o6V +

Copyright © 2016, Texas Instruments Incorporated

Figure 23. FB Resistor Divider

V,
Rest = Rees X( oUT —1]
VRer

@

7.3.5 Error Amplifier

The device uses a transconductance error amplifier. The error amplifier compares the FB pin voltage to the lower
of the SS/TRK pin voltage or the internal 0.6-V voltage reference. The transconductance of the error amplifier is
1100 pA/V. The frequency compensation network is connected between the COMP pin and ground.

When operating at current limit the COMP pin voltage is clamped to a maximum level to improve response when
the load current decreases. When FB is greater than the internal voltage reference or SS/TRK the COMP pin
voltage is clamped to a minimum level and the devices enters a high-side skip mode.

7.3.6 Enable and Adjustable UVLO

The EN pin provides on/off control of the device. Once the EN pin voltage exceeds its threshold voltage, the
device starts operation. If the EN pin voltage is pulled below the threshold voltage, the regulator stops switching
and enters low operating current state. The EN pin has an internal pull-up current source, Ip, allowing the user to
float the EN pin for enabling the device. If an application requires controlling the EN pin, an open drain or open
collector output logic can be interfaced with the pin.
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Feature Description (continued)

An external resistor divider can be added from VIN to the EN pin for adjustable UVLO and hysteresis as shown
in Figure 24. The EN pin has a small pull-up current Ip which sets the default state of the pin to enable when no
external components are connected. The pull-up current is also used to control the voltage hysteresis for the
UVLO function since it increases by lh once the EN pin crosses the enable threshold. The UVLO thresholds can
be calculated using Equation 2 and Equation 3. When using the adjustable UVLO function, 500 mV or greater
hysteresis is recommended.

TPS54824
. VIN Ip Ih
Rent
EN
L g +ﬂ_
Rens =

Copyright © 2016, Texas Instruments Incorporated

Figure 24. Adjustable UVLO Using EN

V,
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R — VENRISING
ENT =
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lp [1_ ENFALLINGJ+ I
VENRISING 2
Reng = Rent X VENFALLING
Vstop ~ VenraLLInG *+Rent % (Ip + Ih) ©)

7.3.7 Soft Start and Tracking

The TPS54824 regulates to the SS/TRK pin while its voltage is lower than the internal reference to implement
soft start. A capacitor on the SS/TRK pin to ground sets the soft start time. The SS/TRK pin has an internal pull-
up current source of 5 pA that charges the external soft start capacitor. Equation 4 calculates the required soft
start capacitor value. The FB voltage will follow the SS/TRK pin voltage with a 25 mV offset up to 90% of the
internal voltage reference. When the SS/TRK voltage is greater than 90% of the internal reference voltage the
offset increases as the effective system reference transitions from the SS/TRK voltage to the internal voltage
reference.

Iss (HA) x tsg (ms)
Vrer (V) @

If during normal operation, VIN goes below the UVLO, EN pin pulled below 1.15 V, or a thermal shutdown event
occurs, the TPS54824 stops switching and the SS/TRK pin floats. When the VIN goes above UVLO, EN goes
above 1.20 V, or a thermal shutdown is exited, the SS/TRK pin is discharged to near ground before reinitiating a
powering up sequence.
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Feature Description (continued)

When the COMP pin voltage is clamped by the maximum COMP clamp in an overload condition the SS/TRK pin
is discharged to near the FB voltage. When the overload condition is removed, the soft-start circuit controls the
recovery from the fault output level to the nominal output regulation voltage. At the beginning of recovery a spike
in the output voltage may occur while the COMP voltage transitions from the maximum clamp to the value
determined by the loop.

7.3.8 Safe Start-up into Pre-Biased Outputs

The device has been designed to prevent the low-side MOSFET from discharging a pre-biased output. During
monotonic pre-biased startup, the low-side MOSFET is not allowed to sink current until the SS/TRK pin voltage is
higher than the FB pin voltage and the high-side MOSFET begins to switch. The one exception is if the BOOT-
SW voltage is below the UVLO threshold. While in BOOT-SW UVLO, the low-side MOSFET is allowed to turn on
to charge the BOOT capacitor. The low-side MOSFET reverse current protection provides another layer of
protection for the device after the high-side MOSFET begins to switch.

7.3.9 Power Good

The PGOOD pin is an open-drain output requiring an external pull-up resistor to output a high signal. Once the
FB pin is between 91% and 106% of the internal voltage reference and SS/TRK is greater than 0.75 V, after a
272 cycle deglitch time the PGOOD pin is de-asserted and the pin floats. A pull-up resistor between the values of
10 kQ and 100 kQ to a voltage source that is 6.5 V or less is recommended. PGOOD is in a defined state once
the VIN input voltage is greater than 1 V but with reduced current sinking capability.

When the FB is lower than 89% or greater than 108% of the nominal internal reference voltage, after a 16 cycle
deglitch time the PGOOD pin is pulled low. PGOOD is immediately pulled low if VIN falls below its UVLO, EN pin
is pulled low or the TPS54824 enters thermal shutdown.
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Feature Description (continued)
7.3.10 Sequencing (SS/TRK)

Many of the common power supply sequencing methods can be implemented using the SS/TRK, EN and
PGOOD pins.

The sequential method is illustrated in Figure 25 using two TPS54824 or similar devices. The power good of the
first device is coupled to the EN pin of the second device which enables the second power supply once the
primary supply reaches regulation.

Figure 26 shows the method implementing ratiometric sequencing by connecting the SS/TRK pins of two devices
together. The regulator outputs ramp up and reach regulation at the same time. When calculating the soft-start
time the current source must be doubled in Equation 4.

TPS54824 TPS54824 TPS54824
PGOOD
EN EN PGooD | | — EN
SS/TRK SS/TRK SS/TRK
I J 1 I PGOOD
- Copyright © 2016, Texas Instruments Incorporated =
TPS54824
=
EN
SS/TRK
PGOOD

Copyright © 2016, Texas Instruments Incorporated

Figure 25. Sequential Start-Up Sequence Figure 26. Ratiometric Start-Up Sequence
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Feature Description (continued)

Ratiometric and simultaneous power supply sequencing can be implemented by connecting the resistor network
of Rtrt and Rirg shown in Figure 27 to the output of the power supply that needs to be tracked or another
voltage reference source. Using Equation 6 and Equation 7, the tracking resistors can be calculated to initiate the
Vout2 slightly before, after or at the same time as Vgoyt1. Equation 5 is the voltage difference between Vg1, and

Voure-
To design a ratiometric start-up in which the Vgyt, voltage is slightly greater than the Vg, voltage when Voo

reaches regulation, use a negative number in Equation 6 and Equation 7 for deltaV. Equation 5 results in a
positive number for applications where the Vg, is slightly lower than Vgyr, when Vgoyr, regulation is achieved.

The deltaV variable is zero volts for simultaneous sequencing. To minimize the effect of the inherent SS/TRK to
FB offset (Vssoffset = 25 mV) in the soft-start circuit and the offset created by the pull-up current source (Iss = 5
uA) and tracking resistors, the Vssoffset and Iss are included as variables in the equations.

To ensure proper operation of the device, the calculated Rigt value from Equation 6 must be greater than the
value calculated in Equation 8.

AV = VOUTl - VOUT2

(5)
Vout2 + AV Vssoffset
Ryrt = V. X |
REF SS ©)
VRer X Rt
Rirs = AV -V,
ouT2 T AV — VRer )
TPS54824 _|
Vour1
EN
SS/TRK
PGOOD
TPS54824
VOUTZ
EN
Rrrr g
SS/TRK
R RFBT e
TRE PGOOD
Rres
_Copyright © 2016, Texas Instruments Incorporated
Figure 27. Ratiometric and Simultaneous Start-Up Sequence

Copyright © 2016, Texas Instruments Incorporated Submit Documentation Feedback 17

Product Folder Links: TPS54824


http://www.ti.com/product/tps54824?qgpn=tps54824
http://www.ti.com
http://www.ti.com/product/tps54824?qgpn=tps54824
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDC9&partnum=TPS54824

13 TEXAS
INSTRUMENTS
TPS54824

SLVSDC9 —NOVEMBER 2016 www.ti.com

Feature Description (continued)
7.3.11 Adjustable Switching Frequency (RT Mode)

In RT mode, a resistor (RT resistor) is connected between the RT/CLK pin and AGND. The switching frequency
of the device is adjustable from 200 kHz to 1600 kHz by placing a maximum of 250 kQ and minimum of 30.1 kQ
respectively. To determine the RT resistance for a given switching frequency, use Equation 9. To reduce the
solution size one would set the switching frequency as high as possible, but tradeoffs of the supply efficiency and
minimum controllable on-time should be considered. Equation 10 can be used to calculate the switching
frequency for a given RT resistance.

RT (kQ) = 58650 x fgy (kHz) ™%

©

fow (KHz) = 43660 xRT (k@) %"

(10)

7.3.12 Synchronization (CLK Mode)

An internal Phase Locked Loop (PLL) has been implemented to allow synchronization from 200 kHz to 1600 kHz,
and to easily switch from RT mode to CLK mode. To implement the synchronization feature, connect a square
wave clock signal to the RT/CLK pin with a duty cycle from 20% to 80%. The clock signal amplitude must
transition lower than 0.8 V and higher than 2 V. The start of the switching cycle is synchronized to the falling
edge of the RT/CLK pin.

In applications where both RT mode and CLK mode are needed, the device can be configured as shown in
Figure 28. Before the external clock is present, the device works in RT mode and the switching frequency is set
by RT resistor. When the external clock is present, the CLK mode overrides the RT mode. The first time the
SYNC pin is pulled above the RT/CLK high threshold (2 V), the device switches from the RT mode to the CLK
mode and the RT/CLK pin becomes high impedance as the PLL starts to lock onto the frequency of the external
clock.

If the input clock goes away the internal clock frequency begins to drop and after 10 ps without a clock the
device returns to RT mode. Output undershoot while the switching frequency drops can occur. Output overshoot
can also occur when the switching frequency steps back up to the RT mode frequency. A high impedance tri-
state buffer as shown in Figure 30 is recommended for best performance during the transition from CLK mode to
RT mode because it minimizes the loading on the RT/CLK pin allowing faster transition back to RT mode.
Figure 31 shows the typical performance for the transition from RT mode to CLK mode then back to RT mode. A
series RC circuit as shown in Figure 29 can also be used to interface the RT/CLK pin but the capacitive load
slows down the transition back to RT mode. The series RC circuit is not recommended if the transition from CLK
mode to RT mode is important.

RT/CLK Mode Select
TPS54824
TPS54824
RT/CLK
—o [ |rRTICLK 2kQ 47 pF
Rt
Rt

— Copyright © 2016, Texas Instruments Incorporated
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Figure 28. Simplified Circuit When Using Both RT Figure 29. Interfacing to the RT/CLK Pin with
Mode and CLK Mode Series RC
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Feature Description (continued)

TPS54824
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Figure 30. Interfacing to the RT/CLK Pin with Figure 31. RT to CLK to RT Transition with Buffer
Buffer

7.3.13 Bootstrap Voltage and 100% Duty Cycle Operation (BOOT)

The device provides an integrated bootstrap voltage regulator. A small capacitor between the BOOT and SW
pins provides the gate drive voltage for the high side MOSFET. The BOOT capacitor is refreshed when the low-
side MOSFET is on. The recommended value of the BOOT capacitor is 0.1 uF. A ceramic capacitor with an X7R
or X5R grade dielectric with a voltage rating of 10 V or higher is recommended for stable performance over
temperature and voltage.

When operating with a low voltage difference from input to output, the high side MOSFET of the device will
operate at 100% duty cycle as long as the BOOT to SW pin voltage is greater than 2.2 V. The device will begin
to transition to 100% duty cycle operation when the high-side MOSFET off-time is less than 100 ns typical. When
the voltage from BOOT to SW drops below 2.2 V, the high-side MOSFET is turned off due to BOOT UVLO and
the low side MOSFET pulls SW low to recharge the BOOT capacitor. When operating at 100% duty cycle the
high-side MOSFET can remain on for many switching cycles before the MOSFET is turned off to refresh the
capacitor because the gate drive current sourced by the BOOT capacitor is small. The effective switching
frequency reduced and the effective maximum duty cycle of the switching regulator is near 100%. The output
voltage of the converter during dropout is mainly influenced by the voltage drops across the power MOSFET, the
inductor resistance, and the printed circuit board resistance.

7.3.14 Output Overvoltage Protection (OVP)

The TPS54824 incorporates an output overvoltage protection (OVP) circuit to minimize output voltage overshoot.
The OVP feature minimizes the overshoot by comparing the FB pin voltage to the OVP threshold. The OVP
threshold is the same as the 108% PGOOD threshold. If the FB pin voltage is greater than the OVP threshold
the high-side MOSFET is turned off preventing current from flowing to the output and minimizing output
overshoot. When the high-side MOSFET turns off, the low-side MOSFET turns on and the current in the inductor
discharges. The output voltage can overshoot the OVP threshold as the current in the inductor discharges to 0 A.
When the FB voltage drops lower than the 106% PGOOD threshold, the high-side MOSFET is allowed to turn on
at the next clock cycle.

7.3.15 Overcurrent Protection

The device is protected from overcurrent conditions by cycle-by-cycle current limiting on both the high-side
MOSFET and the low-side MOSFET. In an extended overcurrent condition the device will enter hiccup to reduce
power dissipation.
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Feature Description (continued)
7.3.15.1 High-side MOSFET Overcurrent Protection

The device implements current mode control which uses the COMP pin voltage to control the turnoff of the high-
side MOSFET and the turnon of the low-side MOSFET on a cycle-by-cycle basis. Each cycle the switch current
and the current reference generated by the COMP pin voltage are compared, when the peak switch current
intersects the current reference the high-side switch is turned off. The maximum peak switch current through the
high-side MOSFET for overcurrent protection is done by limiting the current reference internally. If the peak
current required to regulate the output is greater than the internal limit, the output voltage is pulled low and the
error amplifier responds by driving the COMP pin high. The maximum COMP voltage is then clamped by an
internal COMP clamp circuit. If the COMP voltage is clamped high for more than the hiccup wait time of 512
switching cycles, the device will shut down itself and restart after the hiccup time of 16384 cycles.

7.3.15.2 Low-side MOSFET Overcurrent Protection

While the low-side MOSFET is turned on the current through it is monitored. During normal operation the low-
side MOSFET sources current to the load. At the end of every clock cycle, the low-side MOSFET sourcing
current is compared to the internally set low-side sourcing current limit. If the low-side sourcing current is
exceeded the high-side MOSFET is not turned on and the low-side MOSFET stays on for the next cycle. The
high-side MOSFET is turned on again when the low-side current is below the low-side sourcing current limit at
the start of a cycle. The low-side sourcing current limit prevents current runaway.

The low-side MOSFET may also sink current from the load. If the low-side sinking current limit is exceeded the
low-side MOSFET is turned off immediately for the rest of that clock cycle. In this scenario both MOSFETSs are
off until the start of the next cycle. If the low-side MOSFET turns off due to sinking current limit protection, the
low-side MOSFET can only turn on again after the high-side MOSFET turns on then off or if the device enters
BOOT UVLO.

7.4 Device Functional Modes

The EN pin and a VIN UVLO is used to control turn on and turn off of the TPS54824. The device becomes active
when V() exceeds the 4.1 V typical UVLO and when Vg, exceeds 1.20 V typical. The EN pin has an internal
current source to enable the output when the EN pin is left floating. If the EN pin is pulled low the device is put
into a low quiescent current state.
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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

The TPS54824 is a synchronous buck converter designed for 4.5 V to 17 V input and 8 A load. This procedure
illustrates the design of a high-frequency switching regulator using ceramic output capacitors. Alternatively the
WEBENCH® software can be used to generate a complete design. The WEBENCH® software uses an interactive
design procedure and accesses a comprehensive database of components when generating a design. This
section presents a simplified discussion of the design process.

8.2 Typical Application

VIN: 4.5V to 15V

VIN

+c7 DNP"' DNP Lo Loy Les Lo
100uF R2 | TmpFTmuFTo.wF 0.1pF U1
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17 ] en wie ~ vout a
Peoon? Ly 18 | bgoop TeH Lo Lo Loy Lo
al Pul Up pis . N 4TuF | 4TuF | 47uF | 47uF
PGND SS/TRK FB
13 o RT/CLK 5
RS 15 | comp 53&3 4 PGND R4 PGND
==C16 5 R6 10
9.53k PGND
8200pF LR7 el 6.04k
69.8k c17 e
R9 c18 270F 12 1
30.9k TzzquFT P r ACID FED R8
121k
E TPSB4B24RNVR
AGND PGND AGND c19
| ]l

PGND

AGND

17
100pF

Copyright © 2016, Texas Instruments Incorporated

Figure 32. TPS54824 4.5-V to 15-V Input, 1.8-V Output Converter Application Schematic

8.2.1 Design Requirements

For this design example, use the parameters shown in Table 1.

Table 1. Design Parameters

PARAMETER EXAMPLE VALUE
Input voltage range (Vn) 4.5to0 15V, 12 V Nominal
Output voltage (Vour) 1.8V
Transient response +/- 4%, +/- 72 mV
Output ripple voltage 0.5%, 9 mV
Output current rating (Ioyt) 8 A
Operating frequency (fsw) 700 kHz
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8.2.2 Detailed Design Procedure

8.2.2.1 Switching Frequency

The first step is to decide on a switching frequency for the converter. It is capable of running from 200 kHz to 1.6
MHz. Typically the highest switching frequency possible is desired because it will produce the smallest solution
size. A high switching frequency allows for lower valued inductors and smaller output capacitors compared to a
power supply that switches at a lower frequency. The main trade off made with selecting a higher switching
frequency is extra switching power loss, which hurt the converter’s efficiency.

The maximum switching frequency for a given application is limited by the minimum on-time of the converter and
is estimated with Equation 11. Using a maximum minimum on-time of 150 ns for the TPS54824 and 15 V
maximum input voltage for this application, the maximum switching frequency is 800 kHz. Considering the 10%
tolerance of the switching frequency, a switching frequency of 700 kHz was selected. Equation 12 calculates R7
to be 69.7 kQ. A standard 1% 69.8 kQ value was chosen in the design.

Vour
tonmin  Vjy (max) (11)

fsw (max) =

RT (kQ) = 58650 x fgy (kHz) %

(12)

8.2.2.2 Output Inductor Selection

To calculate the value of the output inductor, use Equation 13. K,\p is a ratio 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.
Additionally with current mode control the sensed inductor current ripple is used in the PWM modulator.
Choosing small inductor ripple currents can degrade the transient response performance or introduce jitter in the
duty cycle. The inductor ripple, Kyp is normally from 0.2 to 0.4 for the majority of applications giving a peak to
peak ripple current range of 1.6 A to 3.2 A. For applications requiring operation near the minimum on-time, with
on-times less than 200 ns, the target Iripple must be 2.4 A or larger. For other applications the target Iripple
should be 0.8 A or larger.

For this design example, Kiyp = 0.3 is used and the inductor value is calculated to be 0.94 pH. The next standard
value 1 pH is selected. It is important that the RMS current and saturation current ratings of the inductor not be
exceeded. The RMS and peak inductor current can be found from Equation 15 and Equation 16. For this design,
the RMS inductor current is 8.0 A and the peak inductor current is 9.1 A. The chosen inductor is a Cyntec
CMLEO63T-1ROMS. It has a saturation current rating of 16.0 A (30% inductance loss) and a RMS current rating
of 16.0 A (40 °C temperature rise). The DC series resistance is 5.6 mQ typical.

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 in Equation 16. 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 the ratings of the inductor based
on the switch current limit rather than the steady-state peak inductor current.

1= Vinmax — Vout 8 Vout
lo x Kind Vinmax x fsw (13)
. Vinmax — Vout Vout
Iripple = X
L1 Vinmax x fsw (14)

. 2
ILrms = \/Ioz + y [VO x (Vinmax - Vo)j

12 Vinmax x L1 x fsw (15)
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ILpeak = lout + Iripple
2 (16)

8.2.2.3 Output Capacitor

There are two primary considerations for selecting the value of the output capacitor. 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 two criteria.

The desired response to a large change in the load current is the first criteria and is typically the most stringent.
The output capacitor supplies or absorbs charge until the regulator responds to the load step. The regulator does
not respond immediately to a large, fast increase or decrease in load current. A regulator usually needs two or
more clock cycles for the control loop to sense the change in output voltage then adjust the peak switch current
in response to the change in load. As an estimation, the output capacitance must be large enough to supply the
difference in current for 2 clock cycles to maintain the output voltage within the specified range. At higher
switching frequencies the fastest response time is limited to about 2 ps. Equation 17 shows the minimum output
capacitance necessary, where Algyr is the change in output current, tresponse is the regulator's estimated
response time and AV is the allowable change in the output voltage. The maximum of 2/fsw or 2 us should be
used for the response time in the output capacitance calculation. The response to a transient load also depends
on the loop compensation and slew rate of the transient load. This calculation assumes the loop compensation is
designed for the output filter with the equations later on in this procedure.

For this example, the transient load response is specified as a 4% change in Vgt for a load step of 4 A.
Therefore, Algyt is 4 A and AVgyt is 72 mV. Using these numbers with a 2.9 us response time gives a target
capacitance of 159 uF. This value does not take the ESR of the output capacitor into account in the output
voltage change. For ceramic capacitors, the effect of the ESR can be small enough to be ignored. Aluminum
electrolytic and tantalum capacitors have higher ESR that must be considered for load step response.

Equation 18 calculates the minimum output capacitance needed to meet the output voltage ripple specification.
Where fsw is the switching frequency, Vripple is the maximum allowable output voltage ripple, and Iripple is the
inductor ripple current. In this case, the target maximum output voltage ripple is 9 mV. Under this requirement,
Equation 18 yields 46 pF.

Co>t X M
response = Avout 17)
Co> 1 X 1
8 x fsw Voripple
Iripple (18)
Where:

* Algyr is the change in output current
* AVgyr is the allowable change in the output voltage
» fswis the regulators switching frequency

Equation 19 calculates the maximum combined ESR the output capacitors can have to meet the output voltage
ripple specification and this shows the ESR should be less than 4 mQ. In this case ceramic capacitors will be
used and the combined ESR of the ceramic capacitors in parallel is much less than 4 mQ. Capacitors also have
limits to the amount of ripple current they can handle without producing excess heat and failing. An output
capacitor that can support the inductor ripple current must be specified. Capacitor datasheets specify the RMS
(Root Mean Square) value of the maximum ripple current. Equation 20 can be used to calculate the RMS ripple
current the output capacitor needs to support. For this application, Equation 20 yields 660 mA and the ceramic
capacitors used in this design will have a ripple current rating much higher than this.

Voripple

Resr < i
Iipple (19)
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_ Vout x (Vinmax — Vout)
Ilcorms =
V12 x Vinmax x L1 x fsw (20)

X5R and X7R ceramic dielectrics or similar should be 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 and AC voltage derating taken into account. The derated capacitance value of a
ceramic capacitor due to DC voltage bias and AC RMS voltage is usually found on the manufacturer's website.
For this application example, four 47 puF 6.3 V 1206 X5R ceramic capacitors each with 3 mQ of ESR are used.
The estimated capacitance after derating using the capacitor manufacturer's website is 29 pF each. With 4
parallel capacitors the total output capacitance is 116 pF and the ESR is 0.7 mQ. The effective capacitance used
is less than originally calculated above because testing the real circuit on the bench showed that less
capacitance was required to achieve the desired response.

8.2.2.4 Input Capacitor

The TPS54824 requires input decoupling ceramic capacitors type X5R, X7R or similar from VIN to PGND placed
as close as possible to the IC. At least 4.7 uF of effective capacitance is required and some applications may
require a bulk capacitance. A 0.1 pF capacitor must be placed by both VIN pins 2 and 11 to provide high
frequency bypass to reduce overshoot and ringing on VIN and SW. The additional bypass capacitance can be
placed near either pin. The effective capacitance must include any DC voltage bias and AC voltage 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 RMS input current of the TPS54824. The RMS input
current can be calculated using Equation 21.

For this example design, a ceramic capacitor with at least a 25 V voltage rating is required to support the
maximum input voltage. Two 10 pF 1206 X5R 35 V and two 0.1 pF 0603 X7R 25 V capacitors in parallel has
been selected to be placed on both sides of the IC near both VIN pins to PGND pins. Based on the capacitor
manufacturer's website, the total ceramic input capacitance derates to 5.6 pF at the nominal input voltage of 12
V. A 100 pF bulk capacitance is also used in this circuit to bypass long leads when connected a lab bench top
power supply.

The input capacitance value determines the input ripple voltage of the regulator. The input voltage ripple can be
calculated using Equation 22. The maximum input ripple occurs when operating nearest to 50% duty cycle. Using
the nominal design example values of loutmax = 8 A, Cin = 5.6 pF, and fsyy = 700 kHz, the input voltage ripple
with the 12 V nominal input is 260 mV and the RMS input ripple current with the 4.5 V minimum input is 3.0 A.

Vout (Vinmin - Vout)
X

Icirms = lout
* \/Vinmin Vinmin 1)

Vout) Vout
loutmaxx| 1— Vi X vi
AVin = - n n

(22)

8.2.2.5 Output Voltage Resistors Selection

The output voltage is set with a resistor divider created by R8 (Regt) and R6 (Regg) from the output node to the
FB pin. It is recommended to use 1% tolerance or better resistors. For this example design, 6.04 kQ was
selected for R8. Using Equation 23, R6 is calculated as 12.08 kQ. The nearest standard 1% resistor is 12.1 kQ.

V,
Rest =Regs X( UL — ]
VRer

(23)
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8.2.2.6 Soft-start Capacitor Selection

The soft-start capacitor determines the 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 may make the
TPS54824 reach its current limit or cause the input voltage rail to sag due excessive current draw from the input
power supply. Limiting the output voltage slew rate solves both of these problems. The soft-start capacitor value
can be calculated using Equation 24. For the example circuit, the soft-start time is not too critical since the output
capacitor value is 4 x 47 uF 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 1 ms which requires a 8.2-nF capacitor.

MA) x tsg (ms)
VREF (V)

|

(24)

8.2.2.7 Undervoltage Lockout Set Point

The Undervoltage Lockout (UVLO) is adjusted using the external voltage divider network of R2 (Rgynt) and R9
(Reng)- 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 should turn on and start
switching once the input voltage increases above 4.5 V (UVLO start or enable). After the regulator starts
switching, it should continue to do so until the input voltage falls below 4.0 V (UVLO stop or disable). Equation 2
and Equation 3 can be used to calculate the values for the upper and lower resistor values. For the voltages
specified, the standard resistor value used for R2 is 86.6 kQ and for R4 is 30.9 kQ.

8.2.2.8 Bootstrap Capacitor Selection

A 0.1-pF ceramic capacitor must be connected between the BOOT to SW pin for proper operation. A1 Q to 5.6
Q resistor can be added in series with the BOOT capacitor to slow down the turn on of the high-side MOSFET.
This can reduce voltage spikes on the SW node with the trade off of more power loss and lower efficiency.

8.2.2.9 PGOOD Pull-up Resistor

A 100 kQ resistor is used to pull-up the power good signal when FB conditions are met. The pull-up voltage
source must be less than the 6.5 V absolute maximum of the PGOOQOD pin.

8.2.2.10 Compensation

There are several methods used to compensate DC - DC regulators. The method presented here is easy to
calculate and ignores the effects of the slope compensation internal to the device. Because the slope
compensation is ignored, the actual cross-over frequency will usually be lower than the cross-over frequency
used in the calculations. This method assumes the cross-over frequency is between the modulator pole and the
ESR zero and the ESR zero is at least 10 times greater the modulator pole. This is the case when using low
ESR output capacitors. Use the WEBENCH?® software for more accurate loop compensation. These tools include
a more comprehensive model of the control loop.

To get started, the modulator pole, fpmod, and the ESR zero, fz1 must be calculated using Equation 25 and
Equation 26. For Cout, use a derated value of 116 puF and an ESR of 1 mQ. Use equations Equation 27 and
Equation 28, to estimate a starting point for the crossover frequency, fco, to design the compensation. For the
example design, fpmod is 6.1 kHz and fzmod is 1370 kHz. Equation 27 is the geometric mean of the modulator
pole and the ESR zero. Equation 28 is the mean of modulator pole and one half the switching frequency.
Equation 27 yields 92 kHz and Equation 28 gives 46 kHz. Use the lower value of Equation 27 or Equation 28 for
an initial crossover frequency. 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.

loutmax
fp mod =
2 x 7 x Vout x Cout (25)
1
fzmod =
2 x © x Resr x Cout (26)
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Jeo = /fpmodxfzmod 27

fuo = £,modx L2z

2 (28)
To determine the compensation resistor, R5, use Equation 29. R5 is calculated to be 5.71 kQ and the closest
standard value 5.76 kQ. Use Equation 30 to set the compensation zero to the modulator pole frequency.
Equation 30 yields 4500 pF for compensating capacitor C18 and the closest standard value is 4700 pF.

R _[ 2xmxfeo xCour y Vour
comp VREF X gMgp

9Mpsg (29)
Where:
e Power stage transconductance, gmpg = 16 A/V
o VOUT =18V
o VREF =06V
» Error amplifier transconductance, gmgs = 1100 pA/NV
1
Ccomp = 2 R f
XTXRcomp * IPmoD (30)

A compensation pole is implemented using an additional capacitor C17 in parallel with the series combination of
R5 and C18. This capacitor is recommended to help filter any noise that may couple to the COMP voltage signal.
Use the larger value of Equation 31 and Equation 32 to calculate the C17 and to set the compensation pole. C17
is calculated to be the largest of 20 pF and 79 pF. The closest standard value is 82 pF.

Co — Cour *Resr
HE=— 0

Rcomp (31)
1
Chr = TR s o,
TXRcomp X Isw (32)

This design example uses type Ill compensation by adding the feed forward capacitor C19 in parallel with the
upper feedback resistor. The use of this capacitor for type Ill compensation is optional. Type Il compensation
increases the crossover and adds phase boost above what is possible from type Il compensation because it
places an additional zero/pole pair. This zero/pole pair is not independent. As a result once the zero location is
chosen, the pole is fixed as well. The zero is placed 1.5 times above the intended crossover frequency by
calculating the value of C19 with Equation 33. The calculated value is 190 pF and the closest standard value is
180 pF.

1
Crr =

The initial compensation based on these calculations is R5 = 5.76 kQ, C18 = 4700 pF, C17 = 82 pF and C19 =
180 pF. These values yield a stable design but after testing the real circuit these values were changed to target a
higher crossover frequency to improve transient response performance. The crossover frequency is increased by
increasing the value of R5 and decreasing the value of all 3 compensation capacitors. The final values used in
this example are R5 = 9.53 kQ2, C18 = 2200 pF, C17 = 27 pF and C19 = 100 pF.
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8.2.3 Application Curves

100 100
95 —— 90 =
—
20 — §‘\~ 80 — A
] 1 7 A
_ 85 _ 70 Y,
IS IS
< 80 < 60
> > // //
% 75 / % 50 // //
ﬁ 70 l ﬁ 40 V4
65 30 ,/
// //
A
60 20 7
%5 3'“ - izvv 10 —] i 3'“ - izvv
— VIN= i — ViN=
50 o ==
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 0.0010.002 0.005 0.01 0.02 0.05 0.1 0.20.3 05 1
Output Current (A) Output Current (A)
T;= 25°C Vour = 1.8V fSW =700 kHz T;= 25°C Vour = 1.8V fSW =700 kHz
Figure 33. Efficiency Figure 34. Efficiency (Log Scale)
0.5 0.5
0.4 0.4
0.3 0.3
g 02 g 02
§ 01 5 01
8 k5
3 0 — 3 0
o) L] —— |
T 01 € 01 —
e} (]
[ =
S -0.2 5 -0.2
-0.3 -0.3 — lour=0A
0.4 — Vn=5V 0.4 — lour=4A
— V=12V |0UT=8A
-0.5 -0.5
0 1 2 3 4 5 6 7 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Output Current (A) Output Current (A)
TJ =25°C VOUT =18V fSW =700 kHz TJ =25°C VOUT =18V fSW =700 kHz
Figure 35. Load Regulation Figure 36. Line Regulation
80 240
— Gain
70 210
| —— Phase
60 N 180 Vi =50 mV// div (ac coupled)
50 = BN 150
—_ \4\ \
S N
< 40 N 120 5
5 N N I
% 30 ! N 90 5
3 20 AR S 60 S
@ N \ @
x 10 SNy N 30 2
B o0 0o = r————‘
-
-10 -30 loy: = 3A/ div
-20 -60
-30 W -90 N
-40 -120 Load step=2A-6 A, slew rate = 1A/ psec
100 200 5001000 10000 100000 1000000 - .
Output Current (A) Time = 200 psec / div
VN =12V Vour = 1.8V lour = 4 A Vin=12V Vour =18V
Figure 37. Loop Response Figure 38. Transient Response

Copyright © 2016, Texas Instruments Incorporated

Submit Documentation Feedback 27

Product Folder Links: TPS54824


http://www.ti.com/product/tps54824?qgpn=tps54824
http://www.ti.com
http://www.ti.com/product/tps54824?qgpn=tps54824
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSDC9&partnum=TPS54824

TPS54824
SLVSDCY9 —~NOVEMBER 2016

13 TEXAS
INSTRUMENTS

www.ti.com

Vour= 20 mV / div (ac coupled)
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Figure 39. Output Ripple, No Load Figure 40. Output Ripple, Full Load
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Figure 41. Input Voltage Ripple, No Load Figure 42. Input Voltage Ripple, Full Load
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Figure 50. Hiccup Mode Recovery
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9 Power Supply Recommendations

The TPS54824 is designed to be powered by a well regulated dc voltage between 4.5 and 17 V. The TPS54824
is a buck converter so the input supply voltage must be greater than the desired output voltage to regulate the
output voltage to the desired value. If the input supply voltage is not high enough the output voltage will begin to
drop. Input supply current must be appropriate for the desired output current.

10 Layout

10.1 Layout Guidelines

VIN and PGND traces should be as wide as possible to reduce trace impedance and improve heat
dissipation.

An input capacitor is required on both VIN pins of the IC and must be placed as close as possible to the IC.

The PGND trace between the output capacitor and the PGND pin should be as wide as possible to minimize
its trace impedance.

Provide sufficient vias for the input capacitor and output capacitor.

Keep the SW trace as physically short and wide as practical to minimize radiated emissions.

A separate VOUT path should be connected to the upper feedback resistor.

Voltage feedback loop should be placed away from the high-voltage switching trace. It is preferable to use
ground copper near it as a shield.

The trace connected to the FB node should be as small as possible to avoid noise coupling.

Place components connected to the RT/CLK, FB, COMP and SS/TRK pins as close to the IC as possible and
minimize traces connected to these pins to avoid noise coupling.

AGND must be connected to PGND on the PCB. Connect AGND to PGND in a region away from switching
currents.

10.2 Layout Example

Figure 51 through Figure 54 shows an example PCB layout and the following list provides a description of each
layer.

The top layer has all components and the main traces for VIN, SW, VOUT and PGND. Both VIN pins are
bypassed with two input capacitors placed as close as possible to the IC. Multiple vias are placed near the
input and output capacitors. The AGND trace is connected to PGND with a wide trace away from the input
capacitors to minimize switching noise.

Midlayer 1 is used to route the BOOT pin to the BOOT-SW capacitor (CBT). The rest of this layer is covered
with PGND.

Midlayer 2 has a wide trace connecting both VIN pins of the IC. It also has a parallel trace for VOUT to
minimize trace resistance. The rest of this layer is covered with PGND.

The bottom layer has the trace connecting the FB resistor divider to VOUT at the point of regulation. PGND is
filled into the rest of this layer to aid with thermal performance.
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Layout Example (continued)
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Figure 51. TPS54824 Layout Top

Figure 52. TPS54824 Layout Midlayer 1

Figure 53. TPS54824 Layout Midlayer 2

Figure 54. TPS54824 Layout Bottom
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10.3 Alternate Layout Example

Figure 55 through Figure 58 shows an alternate example PCB layout with unsymmetrical placement of the input
capacitors and output capacitors. Both VIN pins are still bypassed with an input capacitor placed as close as

possible to the IC.

vouT &
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c
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Figure 55. TPS54824 Alternate Layout Top

Figure 56. TPS54824 Alternate Layout Midlayer 1

Figure 57. TPS54824 Alternate Layout Midlayer 2

Figure 58. TPS54824 Alternate Layout Bottom
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11 Device and Documentation Support

11.1 Receiving Notification of Documentation Updates

To receive naotification 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.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

HotRod, E2E are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.

11.4 Electrostatic Discharge Caution

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

11.5 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS54824RNVR ACTIVE VQFN-HR RNV 18 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 150 54824
& no Sh/Br)
TPS54824RNVT ACTIVE VQFN-HR RNV 18 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 150 54824
& no Sh/Br)



http://www.ti.com/product/TPS54824?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPS54824?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent

H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 1-Dec-2016

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS54824RNVR VQFN- RNV 18 3000 330.0 12.4 375 | 3.75 | 1.15 8.0 12.0 Q1
HR
TPS54824RNVT VQFN- RNV 18 250 180.0 12.4 3.75 | 3.75 | 1.15 8.0 12.0 Q1
HR
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS54824RNVR VQFN-HR RNV 18 3000 367.0 367.0 35.0
TPS54824RNVT VQFN-HR RNV 18 250 210.0 185.0 35.0
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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