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TPS54122-Q1 Dual-Output, 3-A, QuietSupply™
with Integrated DC-DC Converter and Low-Noise LDO

1 Features 3 Description
The TPS54122-Q1 combines the efficiency of a step-

1• AEC-Q100 Qualified with the Following Results:
down switching (dc-dc) converter with a high power-– Device Temperature Grade 1: –40°C to 125°C supply rejection (PSR), low-noise, low-dropout

Ambient Operating Temperature Range regulator (LDO) to provide an ultralow-noise power
– Device HBM ESD Classification Level H2 supply that delivers QuietSupply rails to noise-

sensitive applications.– Device CDM ESD Classification Level C4B
The TPS54122-Q1 is ideally suited for systems with• Input Voltage Range:
5-V power busses and can support 3-A continuous– VIN: 2.95 V to 6.0 V
output current on both the dc-dc or LDO output. The

– LDOIN: VOUT + VDO to 5.5 V LDO output voltage can be set from 0.8 V to 3.6 V
– BIAS: 2.375 V to 5.5 V and the dc-dc can be adjusted from 0.83 V to 5.0 V

using external resistors. The TPS54122-Q1 can be• Provides Two Configurable Supply Rails
used in a wide range of low-noise applications• Independent Enable, Power Good, and Soft-Start because the dc-dc converter and LDO are completely

• 3-A, High-Efficiency, Synchronous, Step-Down configurable. In addition, the TPS54122-Q1 includes
Switcher: features such as soft-start, switching frequency

synchronization, and a power-good signal.– Output Voltage Adjustable Down to 0.8 V
The TPS54122-Q1 can also be configured as a dual-– Sync to External Clock: 300 kHz to 2 MHz
supply rail device, supplying a total of 3 A.– 1% Reference Accuracy
The TPS54122-Q1 is available in a space-saving,• 3-A, Low-Noise LDO:
3.5-mm × 5.5-mm VQFN package, and is specified to– Output Noise: 17 µVRMS at 10 Hz to 1 MHz
operate over a –40°C to 125°C ambient temperaturewith DC-DC Running range. The TPS54122-Q1 is suited for automotive

– Output Voltage Range: 0.8 V to 3.6 V applications because the device is qualified for AEC-
Q100 grade 1.– Ultralow Dropout: 100 mV (typ) at 3 A

– 1% Output Accuracy Device Information(1)
– Excellent Load and Line Transient Response PART NUMBER PACKAGE BODY SIZE (NOM)

• Small Package: 5.5-mm × 3.5-mm VQFN-24 TPS54122-Q1 VQFN (24) 5.50 mm × 3.50 mm

(1) For all available packages, see the orderable addendum at2 Applications the end of the datasheet.
• Power Optimization in Automotive ECU Power
• Automotive Infotainment Systems
• Automotive ADAS Systems
• Powering Sensitive Clocking-Distribution Circuits
• Powering RF Components:

VCOs, Receivers, and ADCs

1

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

RHL Package
VQFN-24
Top View

Pin Functions
PIN

NAME NO. I/O DESCRIPTION
AGND 22 — Ground return for dc-dc control circuitry of the dc-dc converter
BIAS 11 — Bias input supply to the LDO error amplifier and reference

A bootstrap capacitor is required between the BOOT and PH pins. The voltage on this capacitor carriesBOOT 5 — the gate drive voltage for the high-side MOSFET of the dc-dc converter.
Input to the output switch current comparator and dc-dc error amplifier output.COMP 1 O Connect the external compensation to this pin.
Enable pin for dc-dc converter. This pin can be left floating to enable the device or can be used with twoEN 7 I external resistors to set the undervoltage lockout threshold.

FB 16 I This pin is the input to the control-loop error amplifier of the LDO and is used to set its output voltage.
GND 13 — LDO ground

Enable pin for the LDO.LDOEN 12 I Note that the LDOEN pin must not be left floating; connect this pin to LDOIN if not used.
LDOIN 8, 9 I LDO input
NC 14, 23 — No internal connection, can be left floating or connected as needed.

LDO noise reduction pin. Connect an external capacitor between this pin and LDO ground to reduceNR 15 — output noise and set the VOUT ramp rate of the LDO.
OUT 17, 18 O LDO output. A 1-µF or larger capacitor is required for stability.

Open-drain, power-good fault pin of the LDO. Asserts low as a result of thermal shutdown, undervoltage,PG 10 O LDOEN shutdown, or during a slow start of the LDO. If not used, this pin can be left open or grounded.
PGND 21 — Return for the dc-dc control circuitry and low-side power MOSFET of the dc-dc converter.
PH 4 O DC-DC converter switch node; connect the inductor and boot capacitor to this pin.

Open-drain, power-good fault pin of the dc-dc converter. Asserts low as a result of thermal shutdown,PWRGD 6 O undervoltage, overvoltage, EN pin shutdown, or during a soft-start of the dc-dc converter.
In RT mode, adding an external timing resistor to this pin adjusts the switching frequency of the device.RT/CLK 2 I In CLK mode, the device synchronizes to an external clock signal.
Soft-start pin. Connect an external capacitor to this pin to set the internal reference voltage rise time forSS 3 I the dc-dc converter. The voltage on this pin overrides the dc-dc converter internal reference.
Supplies the power and control circuitry of the dc-dc converter.VIN 19, 20 I Use at least a 4.7-µF ceramic capacitor for decoupling.

VSENSE 24 I Inverting input of the gM error amplifier of the dc-dc converter.
GND; for best noise and thermal performance, connect the thermal pad to GND and to a large printedThermal pad — circuit board (PCB) ground pad for thermal dissipation.

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Specifications

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

MIN MAX UNIT
VIN, EN, PWRGD –0.3 7 V
PH –0.6 7 V
PH (10-ns transient) –2 10 V
BOOT –0.3 PH + 7 V

Voltage
BOOT – PH 0 7 V
LDOIN, LDOEN, BIAS, PG, NR, FB, RT/CLK –0.3 6 V
OUT –0.3 VLDOIN + 0.3 V
VSENSE, COMP, SS –0.3 3 V
OUT Internally limited A
RT/CLK, EN, SS –100 100 µA
PH Internally limited A

Current
PVIN Internally limited A
COMP –100 100 µA
PWRGD (sinking) –0.1 10 mA
Storage, Tstg –55 150 °C

Temperature
Operating junction, TJ –40 150 °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 AEC Q100-002 (1) ±1000
Electrostatic All pins ±500V(ESD) Vdischarge Charged device model (CDM), per AEC Q100-011 Corner pins (1, 2, 11, 12, 13, ±75014, 23, and 24)

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

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

MIN NOM MAX UNIT
VIN 2.95 6 V
BIAS 2.375 5.5 V

VI Input voltage range LDOIN VO + VDO(LDOIN) 5.5 V
EN 0 6 V
LDOEN 0 5.5 V

I(OUTDC-DC) DC-DC output current 0 3 A
V(OUTLDO) LDO output voltage VFB 3.6 V
I(OUTLDO) LDO output current 0 3 A
TA, TJ Operating free-air temperature –40 125 °C

4 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated
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6.4 Thermal Information
TPS54122-Q1

THERMAL METRIC (1) RHL (VQFN) UNIT
24 PINS

RθJA Junction-to-ambient thermal resistance 34.9
RθJC(top) Junction-to-case(top) thermal resistance 39.0
RθJB Junction-to-board thermal resistance 13.5

°C/W
ψJT Junction-to-top characterization parameter 0.3
ψJB Junction-to-board characterization parameter 13.6
RθJC(bot) Junction-to-case(bottom) thermal resistance 1.4

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

6.5 Electrical Characteristics
At TJ , TA= –40°C to 125°C, VBIAS = VVIN = 5 V, VLDOIN = DC-DC_OUT (1) = 2.1 V, VLDOEN = 1.1 V, VO = 1.8 V, IO = 50 mA, VEN
= floating, and COUT = 10.0 μF, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

POWER SUPPLY (VIN PIN)

VIN pin input voltage range 2.95 6 V
VVIN

UVLO threshold 2.6 2.8 V

ISD(VIN) VIN pin shutdown current VEN < 0.3 V 2 µA

I(OP) VIN pin operating current (no switching) VVSENSE = 900 mV 360 575 µA

DC-DC BOOT (BOOT PIN)

(VBOOT – VPH) UVLO 2.2 V

Boot charge resistance VEN = 3 V 16 Ω

DC-DC CONVERTER ENABLE (EN PIN)

VIL(EN) EN pin low-level input voltage Falling 1.18 V

VIH(EN) EN pin high-level input voltage Rising 1.25 V

VEN = 1.13 V 1.2 µA
IEN EN pin input current

VEN = 1.3 V 4.6 µA

DC-DC CONVERTER VOLTAGE REFERENCE

Vref Reference voltage 2.95 V ≤ VVIN ≤ 6 V 0.802 0.827 0.852 V

DC-DC MOSFET

VBOOT – VPH = 5 V 45 81 mΩ
RHS High-side switch resistance

VBOOT – VPH = 2.95 V 64 110 mΩ

VVIN = 5 V 42 81 mΩ
RLS Low-side switch resistance

VVIN = 2.95 V 59 110 mΩ

DC-DC ERROR AMPLIFIER

IIN Input current VEN = 3 V 7 nA

Error amplifier transconductance –2 µA ≤ ICOMP ≤ 2 µA, VCOMP = 1 V 245 µMho
gM Error amplifier transconductance during –2 µA ≤ ICOMP ≤ 2 µA, VCOMP = 1 V, 79 µMhoslow-start operation VVSENSE = 0.4 V

ICOMP Error amplifier output current VCOMP = 1 V, 100-mV input overdrive ±20 µA

COMP pin to ISWITCH gM 18 A/V

DC-DC CURRENT LIMIT

High-side current limit VVIN = 3 V 4.2 6.6 A

DC-DC SOFT-START (SS PIN)

SS pin charge current VSS = 0.4 V 2.2 µA

SS pin to VSENSE pin matching VSS = 0.4 V 35 mV

(1) DC-DC_OUT refers to the regulated output voltage of the switching regulator (see Figure 27).

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)
At TJ , TA= –40°C to 125°C, VBIAS = VVIN = 5 V, VLDOIN = DC-DC_OUT(1) = 2.1 V, VLDOEN = 1.1 V, VO = 1.8 V, IO = 50 mA, VEN =
floating, and COUT = 10.0 μF, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

DC-DC POWER GOOD (PWRGD PIN)

VSENSE falling (fault) 0.91 Vref V

VSENSE rising (good) 0.93 Vref V
VSENSE pin threshold

VSENSE rising (fault) 1.07 Vref V

VSENSE falling (good) 1.05 Vref V

High-level output leakage current VVSENSE = Vref, VPWRGD = 5.5 V, VEN = 3 V 2 nA

Low-level output voltage IPWRGD = 3 mA 0.3 0.6 V

Minimum VIN voltage for valid output VPWRGD < 0.5 V at 100 µA 1.2 1.6 V

LDO

VLDOIN LDO input voltage range VO + VDO 5.5 V

VBIAS LDO bias input voltage range 2.375 5.5 V

VFB FB pin voltage TA = 25°C 0.796 0.8 0.804 V

VO OUT pin voltage range VFB 3.6 V

VO = VFB, 50 mA ≤ IO < 3 A,
2.97 V ≤ VBIAS ≤ 5.25 V,OUT pin voltage accuracy –1.0% ±0.2% 1.0%VLDOIN ≥ VOUT(nom) + 0.3 V,
VBIAS ≥ VOUT(nom) + 1.62 V

0 mA ≤ IOUT ≤ 50 mA 0.013 %/mA
ΔVO(ΔIL) Load regulation

50 mA ≤ IOUT ≤ 3 A 0.03 %/A

ΔVO(ΔVI) Line regulation VOUT(nom) + 0.3 V ≤ VLDOIN ≤ 5.5 V 0.0005 0.06 %/V

VDO(LDOIN) VLDOIN dropout voltage IO ≤ 3.0 A, VBIAS – VOUT(nom) ≥ 1.62 V 100 200 mV

VDO(BIAS) VBIAS dropout voltage IO ≤ 3.0 A, VLDOIN = VBIAS 1.62 V

ILIM Output current limit VO = 0.8 × VOUT(nom) 3.8 6.0 A

IBIAS BIAS pin current 2 4 mA

ISD(LDO) Shutdown current (IBIAS) VEN < 0.4 V 1 100 µA

IFB FB pin current –250 95 250 nA

ILDOEN LDOEN pin input current VEN = 5 V 0.1 1 µA

LDOEN pin low-level input voltageVIL(LDOEN) 0.4 V(disable)

LDOEN pin high-level input voltageVIH(LDOEN) 1.1 V(enable)

PG pin trip threshold VFB decreasing 0.86 VFB 0.90 VFB 0.94 VFB V

PG pin trip hysteresis 0.03 VFB V

High-level output leakage current VPG = 5.25 V 0.03 1 µA

Low-level output voltage IPG = 1 mA 0.3 V

INR NR pin charging current VNR = 0.4 V 0.5 0.73 1 µA

THERMAL SHUTDOWN

Shutdown, temperature increasing 160 °C
Tsd Thermal shutdown temperature

Reset, temperature decreasing 140 °C

NOISE

BW = 10 Hz to 1 MHz, CNR = 10 µF,Vn Output noise voltage 17 µVRMSCFB = 0.1 µF, IO = 1 A , COUT = 100 µF

6 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated
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6.6 Timing Requirements
at VBIAS = VVIN = 5 V, and TJ , TA= –40°C to 125°C (unless otherwise noted)

MIN NOM MAX UNIT
Measured at 50% points on PH, IO = 3 A 65 ns

Minimum on-time
Measured at 50% points on PH, IO = 0 A 120 ns
Prior to skipping off pulses,Minimum off-time 60 nsVBOOT – VPH = 2.95 V, IO = 3 A

tR Rise time VVIN = 5 V, IO = 3 A 2.5 V/ns
tF Fall time VVIN = 5 V, IO = 3 A 2 V/ns

6.7 Switching Characteristics
at VBIAS = VVIN = 5 V, and TJ , TA= –40°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Switching frequency range (RT mode set point 300 2000 kHzand PLL mode)
Switching frequency RRT = 400 kΩ (1%) 400 500 600 kHz
Switching frequency range in CLK mode 300 2000 kHz
RT/CLK pin high threshold 2.2 V
RT/CLK pin low threshold 0.4 V
PLL lock-in time 14 µs
RT/CLK pin falling edge to PH pin rising edge Measure at 500 kHz with RT resistor in series 90 nsdelay

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.8 Typical Characteristics
At VVIN = VBIAS= VLDOEN= 5 V, VLDOIN = DC-DC_OUT = 2.1 V, VO = 1.8 V, IO = 50 mA, VEN = floating, COUT = 100 μF, and CSS =
CNR = 0.01 µF (see Figure 27), unless otherwise noted.

NOTE: Y-axis shows a 1% VOUT per division. NOTE: Y-axis shows a 1% VOUT per division.

Figure 1. Load Regulation Figure 2. Load Regulation Under Light Loads

NOTE: Y-axis shows a 1% VOUT per division. NOTE: Y-axis shows a 1% VOUT per division.

Figure 3. LDOIN Line Regulation Figure 4. LDO Bias Line Regulation

IO = 3 A IO = 500 mA

Figure 5. LDO Dropout Voltage vs LDO Bias Voltage Figure 6. LDO Power-Supply Ripple Rejection vs
LDO Dropout Voltage
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Typical Characteristics (continued)
At VVIN = VBIAS= VLDOEN= 5 V, VLDOIN = DC-DC_OUT = 2.1 V, VO = 1.8 V, IO = 50 mA, VEN = floating, COUT = 100 μF, and CSS =
CNR = 0.01 µF (see Figure 27), unless otherwise noted.

IO = 3 A

Figure 7. LDO Power-Supply Ripple Rejection vs Figure 8. LDO Power-Supply Ripple Rejection vs
LDO Dropout Voltage Frequency

COUT = 122 µF, CNR = 1 µF, RMS noise = 100 Hz to 100 kHz, CNR = 1 µF, RMS noise = 100 Hz to 100 kHz,
50-mA IO = 9 µVRMS, 500-mA IO = 11 µVRMS, 1.5-A IO = 11 µVRMS, 22-µF COUT = 10 µVRMS, 47-µF COUT = 9 µVRMS,

3-A IO = 10 µVRMS 122-µF COUT = 9 µVRMS

Figure 9. Output Spectral Noise Density vs Frequency Figure 10. Output Spectral Noise Density vs Frequency
(LDO Powered by DC-DC) (LDO Powered by DC-DC)

COUT = 122 µF, RMS noise = 100 Hz to 100 kHz,
0.01-µF CNR = 33 µVRMS, 0.1-µF CNR = 33 µVRMS,

1-µF CNR = 9 µVRMS

Figure 11. Output Spectral Noise Density vs Frequency Figure 12. LDO Line Transient Response
(LDO Powered by DC-DC)
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Typical Characteristics (continued)
At VVIN = VBIAS= VLDOEN= 5 V, VLDOIN = DC-DC_OUT = 2.1 V, VO = 1.8 V, IO = 50 mA, VEN = floating, COUT = 100 μF, and CSS =
CNR = 0.01 µF (see Figure 27), unless otherwise noted.

RLOAD = 1.8 Ω

Figure 13. DC-DC Load Transient Response Figure 14. LDO Enable Pulse Response

RT = 400 kΩ, VI = 5 VVEN = VVIN, VLDOEN = VDC-DC_OUT

Figure 16. DC-DC Switching Frequency vs TemperatureFigure 15. Power-Up and Power-Down Response
(LDO Powered by DC-DC)

Figure 17. DC-DC EN UVLO Threshold vs Temperature Figure 18. Enable Pin Current vs Temperature
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Typical Characteristics (continued)
At VVIN = VBIAS= VLDOEN= 5 V, VLDOIN = DC-DC_OUT = 2.1 V, VO = 1.8 V, IO = 50 mA, VEN = floating, COUT = 100 μF, and CSS =
CNR = 0.01 µF (see Figure 27), unless otherwise noted.

Figure 19. DC-DC Soft-Start Current vs Temperature Figure 20. LDO PG Threshold vs Temperature

Figure 21. DC-DC Switching Frequency vs RRT Figure 22. DC-DC Switching Frequency vs RRT

Figure 24. DC-DC Efficiency vs Output CurrentFigure 23. Switching Frequency vs VSENSE
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7 Detailed Description

7.1 Overview
The TPS54122-Q1 is a low-noise power supply that delivers a quiet power rail to noise-sensitive components.
This device combines a current-mode-controlled, dc-dc, step-down regulator, and a low-noise, wide-bandwidth,
low-dropout regulator (LDO) to create an efficient, stable, low-noise power supply. The TPS54122-Q1 is fully
characterized for noise performance, thus allowing for easy creation of a quiet power supply. The device includes
features such as soft-start, clock synchronization, and a power-good signal, making the TPS54122-Q1 well
suited as a power supply for communication, test and measurement, and audio-equipment applications. Both the
integrated switching regulator and LDO are fully configurable, allowing for complete design flexibility.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Input Voltage Range

7.3.1.1 DC-DC Input Voltage (VIN)
The TPS54122-Q1 VIN pin provides power to both the dc-dc control circuitry as well as the dc-dc power stage.
Use a voltage divider connected from the VIN pin to the EN pin to set an undervoltage lockout (UVLO) for the dc-
dc regulator to provide consistent power-up behavior; see the Device Enable and Undervoltage Lockout
Adjustment section for more information. Decouple this pin to PGND with a 4.7-µF ceramic capacitor.

7.3.1.2 LDO Input Voltage (LDOIN)
The LDOIN pin provides power to the pass device of the LDO. The minimum input operating voltage that can be
applied to the LDOIN pin of the TPS54122-Q1 is VLDOIN = [VOUT + VDO]. The voltage into this pin must not exceed
6.0 V. This pin is designed to be connected to the output inductor of the integrated switcher; decouple this pin to
the GND pin with a 1.0-µF ceramic capacitor.

7.3.1.3 LDO Bias Input Voltage (BIAS)
The BIAS pin provides power to the control circuitry of the LDO. The BIAS voltage requires additional voltage
headroom over the LDOIN voltage to allow the control circuitry to operate the N-channel pass device. The
minimum input operating voltage that can be applied to the BIAS pin is 2.375 V, or VOUT + 1.62 V, whichever is
greater. Therefore, when VOUT = 1.5 V, LDOIN can be set as low as 1.8 V and BIAS can be set to 3.3 V, ±5%. In
the majority of applications, the BIAS pin can be connected to the VIN pin of the TPS54122-Q1.

7.3.2 Dual Adjustable Output Voltages
The output voltage of both the switcher and the LDO are adjustable. The output voltages are set with a resistor
divider from the output voltage to the feedback sensing pins (VSENSE or FB). Use 1% tolerance or better divider
resistors for best accuracy.

The values of the LDO feedback resistors can be calculated using Equation 1:
R1 = (VOUT / Vref – 1) × R2

where:
• Vref = 0.8 V,
• R1 = the resistor from the output to the FB pin of the LDO, and
• R2 = the resistor from the FB pin to ground of the LDO. (1)

The values of the switching regulator feedback resistors can be calculated using Equation 2:
R5 = (DC-DC_OUT / Vref) × R6

where:
• Vref = 0.827 V,
• R5 = the resistor from the switcher output at the inductor to the VSENSE pin, and
• R6 = the resistor from the VSENSE pin to the ground-switching regulator. (2)

To improve efficiency at light loads, consider using larger-value resistors. Larger-value resistors increase the
noise sensitivity at the VSENSE and FB pins and error from the VSENSE and FB pin input currents. Using a
value of 10 kΩ for R1 and R5 provides a good trade-off between noise and light load efficiency.

7.3.3 Power Conversion Efficiency versus Output Noise
The configuration of the TPS54122-Q1 consists of a switching regulator followed by an LDO. The ability of the
LDO to reject noise created by the switching regulator and instead of passing the noise to the LDO output is
determined by the power-supply rejection (PSR) of the LDO. The PSR of an LDO depends on the LDO input to
LDO output voltage difference. The higher the voltage difference, the better the LDO ability to reject noise at its
input. The LDO in the TPS54122-Q1 is designed to provide high, wide-bandwidth PSR with a minimum of input-
to-output voltage differential. At 3 A for the highest PSR performance, set the input-to-output voltage differential
to 0.5 V or greater.
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Feature Description (continued)
The LDO input-to-output voltage differential is also a primary contributor to the overall power loss in the
TPS54122-Q1. The contribution of the LDO input and output voltage differentials to the power loss is defined as
the output current multiplied by the input-to-output voltage differential, as shown in Equation 3:

Power Loss from the LDO = IOUT × [VLDOIN – VOUT] (3)

Therefore, for a 0.5-V drop at 1.5 A, this loss is 0.75 W. Reduce the impact of the power loss by lowering
VLDOIN – VOUT. In the Typical Characteristics section, Figure 6 and Figure 7 illustrate the trade-off between PSR
and VLDOIN – VO for various output current levels and frequencies. For currents less than 1 A, a VLDOIN – VO of
0.3 V does not have significant impact on PSR performance and provides a substantial improvement to the
power loss from the VLDOIN – VO.

7.3.4 DC-DC Output Overvoltage Transient Protection (OVTP)
The TPS54122-Q1 has an overvoltage transient protection (OVTP) circuit on the dc-dc switcher output to
minimize overshoots on the dc-dc switcher output. This circuit also protects the input of the LDO from
experiencing overshoot above its rated values.

CAUTION
Any voltage above the absolute maximum rated input voltage into the LDOIN pin can
damage the device.

The OVTP feature minimizes overshoot by comparing the VSENSE pin voltage to the OVTP threshold (107% of
the dc-dc Vref). If the VSENSE pin voltage is greater than the OVTP threshold, the high-side MOSFET is turned
off, preventing current from flowing to the output and minimizing output overshoot. When the VSENSE voltage
drops below the OVTP threshold, the high-side MOSFET is enabled at the next clock cycle.

7.3.5 Overcurrent Protection
The TPS54122-Q1 provides multiple forms of overcurrent protection, as discussed in this section.

7.3.5.1 Switcher Overcurrent Protection
The integrated switcher of the TPS54122-Q1 is protected from overcurrent conditions by using 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 crosses the COMP pin 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 until the error amplifier output reaches the internally clamped voltage,
which then functions as the switch current limit.

7.3.5.1.1 Frequency Division

In addition to a current limit on the high-side switch, the TPS54122-Q1 implements a switching-frequency division
technique to allow the low-side MOSFET to be turned off long enough to reduce the current in the inductor to
prevent current runaway. During an overcurrent condition, the frequency division reduces the frequency from
100% to 50%, then to 25%, and finally to 12.5%. The overcurrent condition is detected by the decreasing voltage
on the VSENSE pin. Figure 23 in the Typical Characteristics section illustrates the reduction in frequency based
on the VSENSE voltage reduction. During startup, the switching frequency increases corresponding to the
voltage on the VSENSE pin increasing from 0 V to 0.827 V.

7.3.5.1.2 Reverse Overcurrent Protection for the Low-Side FET

The TPS54122-Q1 implements low-side current protection by detecting the voltage drop across the low-side
MOSFET. When the dc-dc converter sinks current through the low-side MOSFET, the control circuit turns off the
low-side MOSFET if the reverse current is typically more than 2 A. By implementing this additional protection
scheme, the converter is able to protect itself from excessive current during power cycling and start-up into
prebiased outputs.
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Feature Description (continued)
7.3.5.2 LDO Internal Current Limit
In addition to the switcher overcurrent protection, the TPS54122-Q1 has an internal current limit on the integrated
LDO. The LDO internal current limit helps protect the LDO during fault conditions. During current limit, the output
sources a fixed amount of current that is largely independent of output voltage. For reliable operation, do not
operate the device in a current-limit state for extended periods of time. The NMOS pass element in the integrated
LDO has a built-in body diode that conducts current when the voltage at OUT exceeds the voltage at LDOIN.
This current is not limited and can damage the LDO, so if extended reverse-voltage operation is anticipated,
external limiting is required. Connect a diode from OUT to LDOIN to provide an alternate path for this current.

7.3.6 Adjustable Switching Frequency and Synchronization (RT/CLK)
The RT/CLK pin can be used to set the switching frequency of the device in two modes: RT and CLK.

7.3.6.1 RT Mode
In RT mode, the R(RT) resistor is connected between the RT/CLK pin and GND. The switching frequency of the
device is adjustable from 300 kHz to 2 MHz by using a maximum R(RT) value of 700 kΩ and a minimum value of
85 kΩ, respectively. To determine the value of the RT resistor for a given switching frequency (fSW), use
Equation 4 or the curves in Figure 21 or Figure 22:

R(RT) (kΩ) = 311890 fSW
–1.0793 (kHz) (4)

7.3.6.2 CLK Mode
In CLK mode, an external clock is connected directly to the RT/CLK pin. The dc-dc converter is synchronized to
the external clock frequency with an internal phase-locked loop (PLL) circuit. The dc-dc converter is able to
automatically detect the required mode and switch from RT mode to CLK mode. CLK mode overrides RT mode.
An internal PLL is implemented to allow synchronization between 300 kHz and 2 MHz, 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 minimum on-time of at least 75 ns. The clock signal amplitude must transition to less than
0.6 V and to greater than 1.6 V. The PH rising edge is synchronized to the RT/CLK pin falling edge.

In applications where both RT mode and CLK mode are required, the device can be configured to have both an
RT resistor and an external clock connected at the same time to the RT/CLK pin. If no external clock is present,
the device functions in RT mode and the switching frequency is set by the R(RT) resistor. The first time the SYNC
pin is pulled above the RT/CLK high threshold (1.6 V), the device switches from RT mode to CLK mode, and the
RT/CLK pin becomes high impedance when the PLL starts to lock on to the frequency of the external clock. After
the clocking edges stop, the internal clocking circuitry is re-enabled, and the frequency returns to the switching
frequency set by the R(RT) resistor.

7.3.7 Start-Up Time
The TPS54122-Q1 has start-up time control for both the LDO and the dc-dc converter.

7.3.7.1 Soft-Start of the DC-DC Converter
The rate at which the output voltage of the switcher rises up to the full operational level during the start-up phase
is controlled through the SS pin. The CSS capacitor is connected between the SS pin and ground. The size of the
capacitor determines the soft-start ramp-up time (tss, 10% to 90%), as shown in Equation 5:

tSS (ms) = CSS (nF) × Vref (V) / ISS (µA) (5)

The device has an internal pull-up current source (ISS) of 2.2 µA that charges the external soft-start capacitor,
CSS. The voltage reference, Vref, for this device is 0.827 V. By sourcing a constant current onto the capacitor, the
device linearly ramps up the voltage on the SS pin that corresponds to the voltage on the FB pin, and thus, the
output voltage of the switcher. When the voltage on the SS pin exceeds the value of the internal reference, the
device starts regulating to the internal reference value.

If the input UVLO is triggered (or the EN pin is pulled below 1.21 V or a thermal shutdown event occurs), then
the device stops switching and enters low-current operation. At the subsequent power-up when the shutdown
condition is removed, the dc-dc does not start switching until the SS pin is discharged to ground, ensuring proper
soft-start behavior.
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Feature Description (continued)
7.3.7.2 NR Soft-Start Time and LDO Start-Up
The primary purpose of the NR capacitor is to filter the noise from the LDO band gap and thereby reduce the
LDO output noise. However, the NR capacitor also affects the start-up time of the LDO. The TPS54122-Q1 has a
soft-start circuit to charge CNR at a controlled rate for a monotonic soft-start. The controlled voltage ramp of the
output also reduces peak inrush current during start-up.

The soft-start ramp time depends on the soft-start charging current (I(NR)), the external noise-reduction capacitor
(CNR), and the internal voltage reference of the LDO, and can be calculated as shown in Equation 6:

tSS (ms) = 1,096 × CNR (F) (6)

7.3.8 Power-Good Indicators

7.3.8.1 Switcher Power Good (PWRGD)
The PWRGD pin is an open-drain output. After the VSENSE pin rises above 93% or falls below 105% of the
internal voltage reference, the PWRGD pin pull-down transistor is deasserted and the pin floats, indicating a
correct output voltage on the dc-dc converter. The PWRGD pin has a 2% hysteresis, so it does not pull down
until the VSENSE pin falls below 91% or rises above 107% of the internal voltage reference, indicating an out-of-
range output voltage. Use a 1-kΩ to 100-kΩ pull-up resistor to a voltage source that is less than or equal to 6 V.
The PWRGD pin is in a defined state after the VIN input voltage exceeds 1.2 V.

The PWRGD pin is also pulled low if the input UVLO or thermal shutdown are asserted, or if the EN pin is pulled
low.

7.3.8.2 LDO Power Good (PG)
The power-good (PG) pin of the LDO is an open-drain output and can be connected to any 5.5 V or lower
voltage rail through an external pull-up resistor. This pin requires at least 1.1 V on the BIAS pin in order to have a
valid output. At power-on, the PG output becomes high-impedance when VOUT is greater than 93% of the set
output voltage. If VOUT falls below 90% of the set output voltage or if the BIAS pin voltage falls below 1.9 V, the
open-drain turns on and pulls the PG output low. The PG pin also pulls low when the LDO is disabled. The
recommended range for the PG pull-up resistor is from 10 kΩ to 1 MΩ.

7.3.9 Device Enable and Undervoltage Lockout Adjustment
The TPS54122-Q1 provides an independent device enable and undervoltage lockout. The dc-dc converter also
provides undervoltage lockout adjustment for the dc-dc converter.
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Feature Description (continued)
7.3.9.1 Switcher Enable and Undervoltage Lockout
Use the EN pin to turn the switcher on and off. When the EN pin voltage exceeds the threshold voltage, the
device begins operating. If the EN pin voltage is pulled below the threshold voltage, the regulator stops switching
and enters a low IQ state.

The EN pin has an internal pull-up current source; float the EN pin to enable the device. If an application requires
control of the EN pin, use open-drain or open-collector output logic to interface with the pin.

The TPS54122-Q1 implements internal UVLO circuitry on the VIN pin. The device is disabled when the VIN pin
voltage falls below the internal VIN UVLO threshold (typically, 2.6 V). If an application requires a higher UVLO
threshold on the VIN pin, then the EN pin can be configured as shown in Figure 25.

Figure 25. Adjustable VIN Undervoltage Lockout

The EN pin has a small pull-up current (Ip) that sets the state of the pin to enable (default) when no external
components are connected. The pull-up current is also used to control the voltage hysteresis for the UVLO
function because the pullup current increases by Ih when the EN pin crosses the enable threshold. The UVLO
thresholds can be calculated using Equation 7 and Equation 8.

(7)

vertical spacer

where:
• VSTART is the start-up voltage for the dc-dc converter,
• VSTOP is the shutdown voltage for the dc-dc converter,
• VENFALLING = 1.18 V,
• VENRISING = 1.25 V,
• Ip = 1.2 µA, and
• Ih = 4.6 µA. (8)

7.3.9.2 LDO Enable (LDOEN) and Undervoltage Lockout
The TPS54122-Q1 LDO enable pin (LDOEN) is active high and compatible with standard digital-signaling levels.
The LDOEN pin has hysteresis and deglitching (typically, 50 mV) that allow LDOEN to be used with relatively
slow-ramping analog signals, such as an upstream power supply. Typical sequencing applications can be
implemented using the TPS54122-Q1 dc-dc output or PG, or the output of another power supply. When
shutdown capability is not required, EN can be connected to IN.

The LDO also has a fixed UVLO on the BIAS pin to keep the output shut off until the LDO internal circuitry is
working properly.
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Feature Description (continued)
7.3.10 Sequencing
The TPS54122-Q1 is easy to use and suited for applications that require tracking and sequencing. The
TPS54122-Q1 has a built-in power-good function to indicate device status, a soft-start circuit to control the output
voltage slope during start-up, noise reduction with start-up time for the LDO, and an enable function for
independently controlling start-up of both the LDO and the switcher. Each of these functions is useful for tracking
and sequencing applications.

7.3.11 Switcher Fixed-Frequency PWM Control
The integrated switcher of the TPS54122-Q1 uses adjustable, fixed-frequency, peak current-mode control. The
output voltage is compared through external resistors on the VSENSE pin to an internal voltage reference by an
error amplifier that drives the COMP pin. An internal oscillator turns on the high-side power switch. The error
amplifier output is converted into a current reference that is compared to the high-side power-switch current.
When the power-switch current reaches the 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 implements a current limit
by clamping the COMP pin voltage to a maximum level. A minimum level clamp is also implemented for
improved transient-response performance.

7.3.12 Small-Signal Model for Loop Response
Figure 26 shows an equivalent model for the switcher control loop. This model can be run in a circuit simulation
program to check frequency and transient responses. The error amplifier is a transconductance amplifier with a
gM of 245 µA/V, and can be modeled using an ideal, voltage-controlled current source. Resistor RO and capacitor
CO model the open-loop gain and frequency response of the error amplifier. The 1-mV, ac voltage source
between 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 transient response can be checked by replacing RL with a current source using
the appropriate load step, amplitude, and slew rate in a time-domain analysis.

Figure 26. Small-Signal Model for Loop Response

Refer to application report Designing Type III Compensation for Current Mode Step-Down Converters (SLVA352)
for a more detailed treatment of the small-signal model and compensation for the TPS54122-Q1.
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7.4 Device Functional Modes

7.4.1 Normal Operation
Both the LDO and dc-dc regulate to the nominal output voltage under the following conditions:
• The input voltage is greater than the nominal output voltage plus the dropout voltage; see the Dropout

Operation section for additional details.
• The voltage has previously exceeded the enable rising threshold voltage (VLDOEN > VIH(LDOEN)) for the LDO

and (VEN > VIH(EN)) for the dc-dc and has not yet decreased below the enable falling threshold.
• The LDO output current is less than the LDO current limit and the dc-dc peak inductor current is less than the

high-side current limit.
• The device junction temperature is less than the thermal shutdown temperature (TJ < 160°C).

7.4.2 Dropout Operation
If the input voltage of the LDO (VLDOIN) is lower than the nominal LDO output voltage plus the specified dropout
voltage (VDO(LDOIN)), but all other conditions are met for normal operation, the LDO operates in input voltage
dropout mode. In this mode, the output voltage tracks the input voltage.

The integrated LDO also has a BIAS supply voltage that can cause the output to enter dropout. If the BIAS
voltage is lower than the nominal LDO output voltage plus the specified bias supply dropout voltage (VDO(BIAS)),
but all other conditions are met for normal operation, the LDO operates in bias voltage dropout mode.

When operating in dropout from either the input or bias supply, the transient performance and PSR of the LDO
becomes significantly degraded because the pass device is no longer capable or controlling the current through
the LDO. Line or load transients on the LDO input in dropout can result in large output-voltage deviations.

The internal dc-dc regulator has an integrated bootstrap-voltage regulator, and requires a small ceramic
capacitor between the BOOT and PH pins to provide the gate drive for the high-side MOSFET. The boot
capacitor is charged when the BOOT pin voltage is less than VVIN and the (BOOT – PH) voltage is below
regulation. Use a 0.1-µF ceramic capacitor with an X7R- or X5R-grade dielectric and a voltage rating of 10 V or
higher because of the stable characteristics over temperature and voltage provided by these types of capacitors.

To improve dropout, the dc-dc regulator is designed to operate at 100% duty cycle as long as the BOOT to PH
pin voltage is greater than 2.2 V. When the voltage between BOOT and PH drops below the 2.2-V UVLO
threshold, the high-side MOSFET is turned off and the low-side MOSFET is turned on, allowing the boot
capacitor to be recharged. The supply current source from the BOOT pin is very low; therefore, 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 nearly 100%.

7.4.3 Disabled
Both the dc-dc regulator and LDO have independent enable pins that enable or disable the output voltage. The
LDO output is controlled by the LDOEN pin and the dc-dc output is controlled by the EN pin. The LDO and dc-dc
are disabled under the following conditions:
• The enable voltage is less than the enable falling threshold voltage or has not yet exceeded the enable rising

threshold.
• The input voltage is below the UVLO threshold.
• The device junction temperature is greater than the thermal shutdown temperature.
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8 Application and Implementation

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

8.1 Application Information

8.1.1 Design Methodology
The TPS54122-Q1 has a low-noise output voltage range from 0.8 V to 3.6 V with an output current up to 3 A. To
simplify design efforts using the TPS54122-Q1, see Table 1 for a list of designs for common applications
according to the schematic diagram illustrated in Figure 27.

The TPS54122-Q1 can also be configured to provide two separate power rails: one from the switching regulator
and one from the LDO.

Figure 27 provides a typical application diagram for the TPS54122-Q1. The first step in the design process is to
select the switching frequency for the regulator. Higher switching frequencies produce a smaller solution size
using lower-valued inductors and smaller output capacitors compared to a power supply that switches at a lower
frequency. However, higher switching frequencies cause additional switching losses that negatively impact
converter efficiency and thermal performance.

After a switching frequency is determined, the inductor and output capacitor values of the switcher are selected.
These two component values are related to each other and depend on the input and output voltages of the
switcher, as well as the current rating. Choosing a high inductor-ripple current also affects the selection of the
output capacitor because the output capacitor must have a ripple current rating equal to or greater than the
inductor ripple current.

The TPS54122-Q1 requires a high-quality, ceramic (X5R or X7R type), input decoupling capacitor with a value of
at least 4.7 μF on the input voltage rail. The voltage rating of the input capacitor must be greater than the
maximum input voltage.

The internal LDO of the TPS54122-Q1 does not require an output capacitor to be stable. However, for best
transient and noise performance, use standard ceramic output capacitors with values of 4.7 μF or larger. Higher
values are recommended for better noise performance.

For proper operation, connect a 0.1-μF ceramic capacitor between the BOOT and PH pins. Use a ceramic
capacitor with an X5R or better grade dielectric, and a 10-V or higher voltage rating.

The output voltage of both the switcher and the LDO are adjustable using an external-resistor feedback network.
Also, both the LDO and the switcher have a soft-start function that can be adjusted externally using the CSS and
CNR capacitors; see Figure 27.

There are several industry techniques used to compensate dc-dc regulators; refer to application report Designing
Type III Compensation for Current Mode Step-Down Converters (SLVA352) for more details about different
compensation networks for the TPS54122-Q1.
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Application Information (continued)
8.1.2 Simplified Design Methodology
The TPS54122-Q1 has a low-noise output voltage range from 0.8 V to 3.6 V with an output current up to 3 A. To
simplify design efforts using the TPS54122-Q1, the typical designs for common applications are listed in Table 1
based on Figure 27. For the designs shown in Table 1, the values are the closest standard capacitor, inductor,
and 1% resistor values. Also, CDC-DC_OUT = C9 + C10 and COUT = C2 + C3 + C4. If the LDO input is connected to
the output of the dc-dc, the LDO input capacitance must be added to the dc-dc output capacitance. To execute a
complete application design, refer to application report Design Procedures for the TPS54122 (SLVA602). Note
that all capacitor values are based on ceramic X5- or X7-type capacitors.

Table 1. Simplified Design Table
LDO IO

VVIN DC-DC_OUT VOUT (max) fSW L1 CDC-DC_OUT R1 R2 R3 R4 R5 R6 C8 COUT C1 C11
(V) (V) (V) (A) (kHz) (µH) (µF) (kΩ) (kΩ) (kΩ) (kΩ) (kΩ) (kΩ) (nF) (µF) (nF) (pF)

5.0 3.7 3.3 3.0 500 3.3 4 x 22 3.57 1.15 392 28.7 10 2.87 4.7 122 100 1000

5.0 3.6 3.3 1.0 500 3.3 4 x 22 3.57 1.15 392 16.5 10 2.94 22 122 100 1500

5.0 3.6 2.5 2.0 500 3.3 4 x 22 3.57 1.69 392 23.2 10 2.94 6.8 122 100 1500

5.0 3.3 1.8 3.0 500 3.3 4 x 22 3.57 2.87 392 27.4 10 3.32 3.3 122 100 220

5.0 1.8 1.0 2.0 500 3.3 4 x 22 1.13 4.52 392 16.5 10 8.45 4.7 122 100 680

5.0 2.2 1.8 3.0 500 3.3 4 x 22 3.57 2.87 392 22.1 10 5.90 3.3 122 100 330

5.0 2.1 1.8 1.0 500 3.3 4 x 22 3.57 2.87 392 12.7 10 6.49 15 122 100 680

5.0 1.2 0.8 2.0 500 3.3 4 x 22 short open 392 13.3 10 22.1 4.7 122 N/A 100

3.3 2.8 2.5 2.0 500 1.0 4 x 22 3.57 1.69 392 20.5 10 4.12 6.8 122 100 1000

3.3 2.2 1.8 3.0 500 2.0 4 x 22 3.57 2.87 392 22.1 10 5.90 3.3 122 100 470

3.3 2.1 1.8 1.0 1000 1.0 4 x 22 3.57 2.87 182 12.7 10 6.49 15 122 100 680

3.3 1.3 1.0 2.0 1000 1.0 4 x 22 1.13 4.52 182 14.0 10 17.4 4.7 122 100 220

3.3 1.1 0.8 2.0 1000 1.0 4 x 22 short open 182 13.0 10 30.1 4.7 122 N/A 68

8.2 Typical Application

Figure 27. High-Frequency, 1.8-V Output, Low-Noise Power-Supply Design with Adjusted UVLO
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Typical Application (continued)
8.2.1 Design Requirements
The application schematic illustrated in Figure 27 meets the parameters of Table 2. This circuit is available as the
TPS54122EVM-201 evaluation module. The design procedure is given in this section. For more information
about type-II and type-III frequency compensation circuits, see application report Designing Type III
Compensation for Current Mode Step-Down Converters (SLVA352).

Table 2. Design Parameters
PARAMETER VALUE

SW output voltage (VOUT) 2.16 V
LDO output voltage (LDOVout) 1.8 V
Transient response at VOUT ∆VOUT = 5%

Input voltage VIN 5 V nominal, 3 V to 5.5 V
Output voltage ripple at VOUT (VO(ripple)) < 30 mVPP

Switching frequency (fSW) 500 kHz
Output current (IO) 3 A

8.2.2 Detailed Design Procedure

8.2.2.1 Operating Frequency
The first step is to select a switching frequency for the regulator. This step involves a trade-off between higher
and lower switching frequencies. Higher switching frequencies can produce a smaller solution size using lower-
valued inductors and smaller-output capacitors compared to a power supply that switches at a lower frequency.
However, the higher switching frequency causes additional switching losses that can negatively impact converter
efficiency and thermal performance. In this design, the selection of a moderate switching frequency of 500 kHz
achieves both a small solution size and high-efficiency operation. Using the resistor at the RT/CLK pin (R3) sets
this frequency.

Using Equation 9, the required resistance for a switching frequency of 500 kHz is 381 kΩ. This design uses a
standard 1%, 392-kΩ resistor.

vertical spacer

(9)

8.2.2.2 Inductor Selection
Equation 10 is a calculation of the value of the output inductor, where VOUT is the output voltage of the switcher.
KIND is a coefficient that represents the amount of inductor ripple current relative to the maximum output current.
The output capacitor filters the inductor ripple current. Therefore, choosing a high-inductor-ripple current affects
the selection of the output capacitor because the output capacitor must have a ripple current rating equal to or
greater than the inductor ripple current. Typically, the designer selects the inductor ripple value; however, KIND is
typically in the range of 0.1 to 0.3 for most applications.

vertical spacer

(10)

vertical spacer
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For this design example, by using KIND = 0.3, the calculated inductor value is 2.9 μH. The chosen standard value
is 3.3 μH for this design. For the output filter inductor, do not exceed the root mean squared (RMS) current and
saturation current ratings. Use Equation 11, Equation 12, and Equation 13 to find the inductor ripple current,
RMS current, and peak inductor current, respectively.

vertical spacer

(11)

vertical spacer

(12)

vertical spacer

(13)

vertical spacer

For this design, the inductor ripple current is 795 mA, the RMS inductor current is 3 A, and the peak inductor
current is 3.4 A.

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. 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 switching current limit, rather than the peak inductor current.

8.2.2.3 Output Capacitor Selection of the Switcher
Consider the three following primary requirements for selecting the value of the output capacitor of the switcher:
• Minimum capacitance to meet the load transient
• Minimum capacitance to meet the output voltage ripple
• Maximum equivalent series resistance (ESR) to meet the output voltage ripple

Select the output capacitor based on the most stringent of these three criteria.

The desired response to a large change in the load current is the first criterion. The output capacitor must supply
the load with current when the regulator cannot. This condition arises if desired hold-up times occur 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 also temporarily unable to supply sufficient output current
if a large, fast increase occurs in the load current, such as when transitioning from no load to a full load. The
regulator typically requires two or more clock cycles for the change in load current and output voltage to affect
the control loop and adjust the duty cycle to react to the change. Choose the output capacitor size 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 allowing only a tolerable amount of droop in
the output voltage. The minimum output capacitance required is determined by Equation 14.

vertical spacer

where:
• ∆IOUT is the change in output current,
• fSW is the regulator switching frequency, and
• ∆VOUT is the allowable change in the output voltage. (14)

vertical spacer
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For this example, the transient load response is specified as a 5% change in VOUT for a load step of 1 A. Using
these numbers (∆IOUT = 1 A and ∆VOUT = 0.05 × 2.16 = 108 mV) gives a minimum capacitance of 37 µF. This
value does not take into account the ESR of the output capacitor in the output voltage change. For ceramic
capacitors, the ESR is usually small enough to ignore in this calculation.

Equation 15 calculates the minimum output capacitance required to meet the output voltage ripple specification.

vertical spacer

where:
• fSW is the switching frequency,
• VO(ripple) is the maximum allowable output voltage ripple of the switcher output, and
• IRIPPLE is the inductor ripple current calculated to be 795 mA. (15)

vertical spacer

In this case, the maximum output voltage ripple is 30 mV. Under this requirement, Equation 15 yields 6.6 μF.

Equation 16 calculates the maximum ESR an output capacitor can have to meet the output voltage ripple
specification. Equation 16 indicates the ESR must be less than 38 mΩ.

vertical spacer

(16)

vertical spacer

The capacitance of a ceramic capacitor depends on the dc output voltage. Refer to the capacitor data sheet to
select output capacitors based on the respective voltage rating. For the minimum capacitance that meets the
load step specification of 37 μF, this example uses two effective 22-µF, 6.3-V, X5R ceramic capacitors with 4 mΩ
of ESR.

Capacitors generally have limits to the amount of ripple current that can be tolerated without failing or producing
excess heat. Use an output capacitor that can support the inductor ripple current. Some capacitor data sheets
specify the RMS value of the maximum ripple current. Equation 17 can calculate the RMS ripple current the
output capacitor must support. For this application, Equation 17 yields 230 mA.

vertical spacer

(17)

8.2.2.4 Input Capacitor
The TPS54122-Q1 requires a high-quality, ceramic, X5R- or X7R-type, 4.7-μF, input decoupling capacitor on the
input voltage rail. In some applications, additional bulk capacitance may also be required for the LDO BIAS input.
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 TPS54122-Q1. The input
ripple current for this design, using Equation 18, is 1.35 A.

vertical spacer

(18)
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The capacitance of a ceramic capacitor varies significantly over both temperature and the amount of dc bias
applied to the capacitor. The capacitance variations resulting from temperature can be minimized by selecting a
dielectric material that is stable over temperature. The high capacitance-to-volume ratio and stability over
temperature make the X5R and X7R ceramic dielectrics good selections for power-regulator capacitors. The
capacitance value of a capacitor decreases as the dc bias across the capacitor increases. For this example
design, a ceramic capacitor with at least a 10-V voltage rating is necessary to support the maximum input
voltage. Two 22-μF, 10-V capacitors are connected to VIN and a 4.7-µF, 10-V capacitor is connected at BIAS for
this example. The input capacitance value determines the input ripple voltage of the regulator. Use Equation 19
to calculate the input voltage ripple.

vertical spacer

(19)

vertical spacer

Using the design example values where IOUT(max) = 3 A, CIN = 50 µF, and fSW = 500 kHz, Equation 19 yields an
input voltage ripple of 30 mV.

8.2.2.5 Input Capacitor of the LDO
Although an input capacitor is unnecessary for stability, connecting a 0.1-μF to 1-μF low ESR capacitor across
the input supply near the LDO input pin is good analog design practice. This capacitor counteracts reactive input
sources and improves transient response, noise rejection, and ripple rejection. A higher-value capacitor may be
necessary if large, fast, rise-time load transients are anticipated, or if the device location is several inches from
the power source. If source impedance is not sufficiently low, a 0.1-μF input capacitor may be necessary to
ensure stability. This design example uses two 22-μF input capacitors.

8.2.2.6 Output Capacitor of the LDO
The internal LDO of the TPS54122-Q1 is stable with standard ceramic capacitors with capacitance values 4.7 μF
or larger. Higher values are recommended for better noise performance. For best noise performance, the
evaluated design uses 100-μF, 22-μF, and 0.1-μF ceramic capacitors with a 6.3-V rating. X5R- and X7R-type
capacitors are excellent choices because they have minimal variation in value and ESR over temperature.

8.2.2.7 Slow-Start Capacitor Selection
The slow-start capacitor determines the minimum amount of time required for the output voltage to reach its
nominal programmed value during power-up. This feature is useful if a load requires a controlled voltage slew
rate. This feature is also useful if the output capacitance is large and requires a large amount of current to
charge the capacitor to the output voltage level. The large currents required to charge the capacitor can make
the TPS54122-Q1 reach current limit, or the 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. Use Equation 20 to
calculate the soft-start capacitor value.

vertical spacer

(20)

The example circuit has the soft-start time set to an arbitrary value of 3.5 ms, which requires a 10-nF capacitor.
In the TPS54122-Q1, ISS is 2.2 μA and VREF is 0.827 V.

8.2.2.8 Bootstrap Capacitor Selection
Connect a 0.1-μF ceramic capacitor between the BOOT and PH pins for proper device operation. Use a ceramic
capacitor with X5R or better grade dielectric. The capacitor must have a 10-V or higher voltage rating.
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8.2.2.9 Output Voltage Feedback Resistor Selection
Choose resistors R5 and R6 to set the output voltage of the switcher, and choose R1 and R2 to set the output
voltage of the LDO. This example design uses 6.19 kΩ for R6 and 2.85 kΩ for R2. Use Equation 21 and
Equation 22 to calculate R5 and R1, respectively.

(21)

vertical spacer

where:
• VOUT is the output of the switcher,
• LDOV(out) is for the LDO,
• VREF is 0.827 V, and
• LDOV(ref) is 0.8 V. (22)

The closest 1% resistors from the calculated results of Equation 21 and Equation 22 for R5 and R1 are 10 kΩ and
3.57 kΩ, respectively.

8.2.2.10 Switcher Minimum and Maximum Output Voltage
The internal design of the TPS54122-Q1 sets a minimum switcher output voltage limit for any given input voltage.
The output voltage can never be less than the internal voltage reference; the minimum controllable on-time can
limit output voltage. In this case, Equation 23 gives the minimum output voltage:

vertical spacer
VO(min) = On-Time(min) × fS(max) × [VIN(max) – IO(min) × 2 × RDS] – IO(min) × (RL + RDS)

where:
• VO(min) = minimum achievable output voltage,
• On-Time(min) = minimum controllable on-time (65 ns typical, 120 ns, no load),
• fS(max) = maximum switching frequency, including tolerance,
• VIN(max) = maximum input voltage,
• IO(min) = minimum load current,
• RDS = minimum high-side MOSFET on-resistance (45 mΩ to 64 mΩ), and
• RL = series resistance of the output inductor. (23)

There is also a maximum achievable output voltage that is limited by the minimum off-time. The maximum output
voltage is given by Equation 24.

vertical spacer
VO(max) = [1 – Off-Time(max) × fS(max)] × [VIN(min) – IO(max) × 2 × RDS] – IO(max) × (RL + RDS)

where:
• VO(max) = maximum achievable output voltage,
• Off-Time(max) = maximum controllable off-time (60 ns typical),
• fS(max) = maximum switching frequency, including tolerance,
• VIN(min) = minimum input voltage,
• IO(max) = maximum load current,
• RDS = maximum high-side MOSFET on-resistance (81 mΩ to 110 mΩ), and
• RL = series resistance of the output inductor. (24)
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8.2.2.11 Compensation Component Selection
Several industry techniques can compensate dc-dc regulators. The method used here is easy to calculate and
yields high phase margins. For most conditions, the regulator has a phase margin between 60° and 90°. This
method ignores the effects of the slope compensation that is internal to the TPS54122-Q1. This method ignores
the slope compensation; therefore, the actual crossover frequency is usually lower than the crossover frequency
in the following calculations.

Type-III compensation is used to achieve a high-bandwidth, high-phase-margin design. This design targets a
crossover frequency (bandwidth) of 67 kHz. Equation 25 and Equation 26 calculate the power-stage pole and
zero at 2.5 kHz and 1809 kHz, respectively. For the output capacitance of the switcher (COUT), include the two
input capacitors on the LDO; therefore, the total capacitance is 4 × 22 μF = 88 μF, and RESR = 4 mΩ / 4 = 1 mΩ.

(25)

vertical spacer

(26)

The compensation components calculations are now possible. First, calculate the value for R4 that sets the gain
of the compensated network at the crossover frequency. Use Equation 27 to determine the value of R4.

vertical spacer

(27)

By using Equation 27, R4 = 22.1 kΩ.

Next, calculate the value of C8. Together with R4, C8 places a compensation zero at the dominant power-stage
pole frequency f p. Use Equation 28 to determine the value of C8:

vertical spacer

(28)

Using Equation 28, the standard value for C8 is 2.7 nF.

In order to provide a zero around the crossover frequency to boost the phase at crossover, add a capacitor (C11)
parallel to R5. Equation 29 gives the value for the C11 capacitor. A close standard value for C11 is 330 pF.

vertical spacer

(29)

Using the feed-forward capacitor (C11) creates a low, ac-impedance path from the output voltage to the VSENSE
input of the integrated circuit that can couple noise at the switching frequency into the control loop. Do not use a
feed-forward capacitor for high-output voltage ripple designs (greater than 15 mV peak-to-peak at the VSENSE
input) operating at duty cycles of less than 30%. When using C11, always limit the closed-loop bandwidth to no
more than one-tenth of the switching frequency.

Use an additional high-frequency pole, if necessary, to cancel the zero from the output capacitor ESR by adding
a capacitor in parallel with the series combination of R4 and C8. Equation 30 calculates the pole that cancels the
zero from the output capacitor ESR. Capacitor C6 is optional and is not used in this design.

vertical spacer

(30)
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8.2.2.12 Noise-Reduction Capacitor
In most LDOs, the band gap is the dominant noise source. If a noise-reduction capacitor (CNR) is used with the
TPS54122-Q1, the band gap does not contribute significantly to noise. Instead, the output resistor divider and the
error amplifier input dominate the noise. To minimize the noise in this application, use a 1-μF noise-reduction
capacitor.

In addition to noise-reduction purposes, the capacitor on the NR pin slows start-up time. Changing the value of
CNR can adjust the start-up time of the LDO. In this design, the 1-μF noise-reduction capacitor sets the LDO
start-up time to 1 s.

8.2.3 Application Curves

VVIN = 5 V, VOUT = 2.1 V, LDOV(out) = 1.8 V, Load = 1 A VVIN = 5 V, VOUT = 2.1 V, LDOV(out) = 1.8 V, Load = 1 A to 2 A

Figure 28. DC-DC Output Voltage and LDO VOUT (LDOV(out)) Figure 29. Load Transient Response

VVIN = 5 V, VOUT = 2.1 V, LDOV(out) = 1.8 V, Load = 1 A VVIN = 5 V, VOUT = 2.1 V, LDOV(out) = 1.8 V, Load = 1 A

Figure 30. Start-Up Using DC-DC Enable (EN Pin) Figure 31. Start-Up Using LDO Enable (LDOEN Pin)
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VVIN = 5 V

Figure 32. DC-DC Efficiency vs Output Current

9 Power Supply Recommendations
With BIAS connected to VIN, the device is designed to operate from an input voltage supply range of 2.95 V to
5.5 V. This input supply to the dc-dc converter or LDO regulator must be well-regulated. If the input supply is
located more than a few inches from the converter, additional bulk capacitance may be required in addition to the
ceramic bypass capacitors. The added capacitance is not critical; a 47-μF electrolytic capacitor is a typical
choice.

10 Layout

10.1 Layout Guidelines
Correct printed circuit board (PCB) layout is a critical portion of good power-supply design and is particularly
important for the high PSR and low-noise performance of the TPS54122-Q1. The following general guidelines
are provided; for a more detailed description, refer to the TPS54122-EVM-201 user guide, SLVU829.
• Place the inductor, boot capacitor, and output capacitor of the dc-dc converter on the layers of the board

(such as the bottom layer) that help minimize the spread of switching noise into the LDO area on the board.
• Connect the boot capacitor and inductor L1 as close as possible to the PH pin to reduce parasitic inductance

of long traces.
• To help shield the compensation components (the soft-start capacitors, the CLK/RT resistor, and the dc-dc

feedback resistors) from noise, ground these components to a power ground that is shielded from the high-
current ground plane. To achieve this shielding, use a separate trace to the PGND pin.

• The RT/CLK pin is sensitive to noise so place the RT resistor as close as possible to the device, routed with a
short connection.

• Place the noise-reduction capacitor as close as possible to the device to avoid noise pickup into the LDO
reference.

• Isolate the ground planes on the input and output from each other, connected through a separate trace route
that parallels the power-loop routing from the dc-dc output to the LDO input.

• Terminate the low-noise analog ground of the LDO circuits (such as the voltage set point divider, the LDO
input, and output capacitors) to ground using a wide ground trace separate from the power ground plane.

• Place the LDO input and output capacitors as close to the device as possible.
• Bypass the VIN pin to ground using a low-ESR ceramic capacitor with an X5R or X7R dielectric, placed as

close as possible to the VIN and PGND pins.
• For operation at the full-rated load, the top-side ground area together with the internal ground plane must

provide adequate heat dissipation.
• Minimize PCB conductor planes to prevent excessive capacitive coupling.
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10.2 Layout Example

Figure 33. Example Layout

30 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated

Product Folder Links: TPS54122-Q1



TPS54122-Q1
www.ti.com SBVS253A –JANUARY 2015–REVISED MAY 2015

10.3 Thermal Information
The internal thermal protection circuitry of the device is designed to protect against overload conditions.
However, this circuitry is not intended to replace proper heatsinking. Continuously running the device into thermal
shutdown degrades device reliability. The TPS54122-Q1 has thermal protection for both the switcher and the
LDO, which operate independently of each other.

10.3.1 Thermal Protection of the Switcher
The internal thermal-shutdown circuitry of the switcher forces the device to stop switching if the junction
temperature exceeds 165°C (typically). After the device junction temperature drops below 150°C (typically), the
dc-dc converter reinitiates the power-up sequence by discharging the SS pin to less than 40 mV.

10.3.2 Thermal Protection of the LDO
Thermal protection of the integrated LDO disables the LDO output of the TPS54122-Q1 when the junction
temperature rises to 155°C (typically), allowing the device to cool. When the junction temperature cools to 140°C
(typically), the output circuitry is enabled. Depending on power dissipation, thermal resistance, and ambient
temperature, the thermal-protection circuit may cycle on and off. This cycling limits the dissipation of the
regulator, protecting it from damage resulting from overheating.
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Development Support

11.1.1.1 Evaluation Module
An evaluation module (EVM) is available to assist in the initial circuit performance evaluation using the
TPS54122-Q1. The TPS54122EVM-201 evaluation module (and related user guide) can be requested at the
Texas Instruments web site through the evaluation module tool folder.

11.2 Documentation Support

11.2.1 Related Documentation
• TPS54122-EVM-201 User Guide, SLVU829
• Design Procedures for the TPS54122, SLVA602
• Designing Type III Compensation for Current Mode Step-Down Converters, SLVA352

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

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

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

11.4 Trademarks
E2E is a trademark of Texas Instruments.
QuietSupply is a trademark of Texas Instruments, Inc.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

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
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

TPS54122QRHLRQ1 ACTIVE VQFN RHL 24 3000 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-3-260C-168 HR -40 to 125 54122Q1

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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, TI 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): TI 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)

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

 
(5) 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.

 
(6) 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 TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI and TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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 OTHER QUALIFIED VERSIONS OF TPS54122-Q1 :

• Catalog: TPS54122

 NOTE: Qualified Version Definitions:

• Catalog - TI's standard catalog product



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

TPS54122QRHLRQ1 VQFN RHL 24 3000 330.0 12.4 3.8 5.8 1.2 8.0 12.0 Q1
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

TPS54122QRHLRQ1 VQFN RHL 24 3000 367.0 367.0 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 JESD48, 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 TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI 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.
TI 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 TI and its representatives against any damages arising out of the use
of any TI 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 TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI 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, TI will not be responsible for any failure to meet ISO/TS16949.
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