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ABSTRACT

Voltage-tracking low dropout regulator (LDO) is widely used in automotive off-board sensors and small
current off-board modules for its off-board protection and high voltage-tracking accuracy advantages. This
application note describes in detail the various applications for voltage-tracking LDOs in different
electronics systems.
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Typical Application for Voltage-Tacking LDO

For automotive off-board sensors and small current off-board modules, systems must take special
consideration for their power supplies on both protection and output accuracy.

In these systems, the power supply always runs through a long cable from the main board. Sometimes,
the long cable can be damaged due to the harsh automotive environment, which may result in short-to-
GND or short-to-battery situations on the power supply output. In these cases, the system needs to
implement a protection mechanism in order to protect on-board components from being damaged.

Meanwhile, it is necessary to keep the voltage-tracking tolerance between the off-board sensors power
supply and the MCU/ADC power supply to the lowest level. An ultra-low tolerance tracking voltage as
power supply for off-board sensors is critical for achieving high-quality data acquisition.

A voltage-tracking LDO is a perfect solution for driving above the previously-mentioned off-board loads.
Voltage-tracking LDO offers full protection features (short-to-GND, short-to-battery, overload protection,

thermal protection and others) and ultra-accurate output tracking voltage.

Figure 1 illustrates a typical voltage tracking LDO application for an automotive off-board sensor system.
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Figure 1. Voltage-Tracking LDO Used for Off-Board Sensor Power Supply
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2 Adjacent Applications for Voltage-Tracking LDO

Based on its unique characters, voltage-tracking LDO can support many different topologies. The following
sections describe several topologies with voltage-tracking LDO, to explain the benefits and characteristics
of each configuration.

2.1 LDO Parallel Connection

In automotive systems, thermal performance is always a critical concern for battery direct connection
LDOs.

Automotive battery voltage varies from 9 V to 16 V. The LDO connected to the car battery needs to
convert this down to 5 V, 3.3 V, or even lower voltage for powering MCU, CAN bus, and other logic
devices. In these situations, the voltage drop on the LDO might be 10 V or even higher. Power dissipation
on the LDO is larger than 1 W for a 100-mA loading current. If the system demands several hundred
milliamps of current, a single LDO is not able to handle this large power dissipation.

Voltage tracking LDO'’s parallel configuration can help address the challenge.

Figure 2 shows an example of parallel topology with the TPS7B6750-Q1 and TPS7B4253-Q1.
TPS7B6750-Q1 is 450-mA low quiescent current (IQ) LDO, and TPS7B4253-Q1 is a 300-mA voltage-
tracking LDO. This topology has the ability to support load current up to 600 mA.
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Figure 2. LDO Parallel Topology With TPS7B6750-Q1 and TPS7B4253-Q1

The tracking tolerance of TPS7B4253-Q1 is within £4 mV across all conditions. With two 0.2-Q current
ballasting resistors, the maximum current difference between TPS7B6750-Q1 and TPS7B4253-Q1 can be
calculated with Equation 1:

_ AV #4mV
R 020

where
e Al is the current different between each channel
e AV is the tracking tolerance of TPS7B4253-Q1
* R s the series resistor (2)

Al =120 mA

The current difference is reduced when the series resistor value is increased. For example, the maximum
current difference will be £10 mA for a 0.4-Q resistor. However, higher resistance results in higher voltage
drop.
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More voltage-tracking LDOs could be paralleled to get higher output current and the power consumption
distributed into multiple devices. Figure 3 shows the parallel topology of one TPS7B6750-Q1 and two
TPS7B4253-Q1 devices. This configuration supports maximum loading current up to 900 mA.
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Figure 3. LDO Parallel Topology With TPS7B6750-Q1 and Two TPS7B4253-Q1 Devices

In order to keep the stability of this parallel topology, the output capacitor must be adjusted. With two
devices in parallel, Co,r should be higher than 2 times the minimum requested output capacitor of both
devices. The effective capacitance value for each device is Coyr / 2. When three devices are parallel

configured, the effective capacitance value for each device is Cyr / 3.
The Tl reference design TIDA-00863 discusses this LDO parallel application.
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2.2

High Accuracy LDO

In some applications, accurate output voltage is preferred. But high-accuracy LDO is not common in the
market, due to process and topology limitations. With a simple shunt element, voltage-tracking LDO can
meet this market requirement.

Figure 4 describes a combination of voltage-tracking LDO (TPS7B4253-Q1) and common precise voltage
reference (REF5050A-Q1). This configuration achieves 300-mA high-output accuracy LDO.

TPS7B4253-Q1
IN e ouT

C L] [F

ouT

e.g. 1puF e.g. 10 pF

VIN

Accurate Reference Rail, e.g.,
REF5050

AD)J
Vrer

[~
[
1
Q
=
[S]

I||—”—0

Figure 4. High-Accuracy LDO Application

Assume the reference voltage, generated by shunt element, is 5 V with 0.1% accuracy, the tracking
tolerance between ADJ and OUT is max +4 mV, ensured by tracking LDO. The output accuracy is
calculated with Equation 2:

o 0,
Vegr x01% +4mV 00 5x0.1%+0.004 o0 oo

VRer 5 @

Accuracyyoyt =
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2.3 High-Side Switch Configuration

In some automotive applications, a high-side switch with reverse current protection is required.

By connecting the FB pin to the GND pin, the TPS7B4253-Q1 device is used as a high-side switch with
current-limit, thermal shutdown, output short-to-battery, and reverse polarity protection. The switching on
and off of the device is then controlled through the EN and ADJ pins.

Figure 5 shows the high-side switch configuration with voltage-tracking LDO.
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Ie.g. 1uF
= EN
]
ADJ

TPS7B4253-Q1

ouT
1 i [ Yor >
Cour
e.g. 10 uF
FB

] C

1

1
GND f

Figure 5. High-Side Switch Application With TPS7B4253-Q1

Figure 6 shows the waveform of the high-side switch configuration, with conditions of V, = 14 V, EN/ADJ
5-V high voltage level and 100-mA load at the output.
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Figure 6. Waveform of High-Side Switch Application
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2.4 General LDO Applications

Tracking LDO could be used as a general LDO to provide wide range and stable output voltage. For
example, with different topologies, TPS7B4253-Q1 can support output voltage ranges from 1.5V to 40 V.

241 Topology I: Output Voltage is Lower Than Reference Voltage
With an external resistor divider applied at the ADJ pin and FB pin ties to the OUT pin, as illustrated by
Figure 7, TPS7B4253-Q1 generates output voltage lower than Vigg.
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Vour =0 55
R1+R2 (3)
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Figure 7. OUT Voltage Lower Than Reference Voltage
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2.4.2 Topology Il: Output Voltage Equals to Reference Voltage

With the reference voltage applied directly to the ADJ pin and the FB pin tied to the OUT pin, the output
voltage equals to reference voltage.

Vour = VRrer )
N TPS7B4253-Q1 ouT
T ] [ Iﬁq—-
Ci Cour
Ie.g. 1uF e.g. 10 uF
] "
ADJ GND
T L] L
Figure 8. OUT Voltage Equals to Reference Voltage
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243 Topology lll: OUT Voltage is Higher Than Reference Voltage

By applying external resistor divider between OUT pin and FB pin, the output voltage can be higher than
the reference voltage, as in Figure 9:

Vrer % (R1+ R2)

V =
ouT R2 ®)
IN TPS7B4253-Q1 ouT
° [ ] ° °
M l [ ] [ ] l [ v
CIN OUT
Ie.g. 1uF I 9. 10 F
Crr
= e.g.47nF —
EN I::I I: FB
R2
ADJ GND
° [~
Yrer l [ ] [
Figure 9. OUT Voltage is Higher Than Reference Voltage
3 References
For additional reference, see the following documents from TI:
* TPS7B4253-Q1, 300-mA 40-V Low-Dropout Voltage-Tracking LDO With 4-mV Tracking Tolerance,
(SLVSCP3)
e TPS7B4254-Q1, 150-mA 40-V Voltage-Tracking LDO With 4-mV Tracking Tolerance (SLVSDI1)
 TPS7B4250-Q1, Low-Dropout Voltage-Tracking LDO (SLVSCADO)
e LDO Parallel Solution Reference Design with TPS7B4253-Q1 (TIDUB16)
SLVA789-August 2016 Various Applications for Voltage-Tracking LDO 9

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA789
http://www.ti.com/lit/pdf/SLVSCP3
http://www.ti.com/lit/pdf/SLVSDI1
http://www.ti.com/lit/pdf/SLVSCA0
http://www.ti.com/lit/pdf/TIDUB16

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

e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	Various Applications for Voltage-Tracking LDO
	1 Typical Application for Voltage-Tacking LDO
	2 Adjacent Applications for Voltage-Tracking LDO
	2.1 LDO Parallel Connection
	2.2 High Accuracy LDO
	2.3 High-Side Switch Configuration
	2.4 General LDO Applications
	2.4.1 Topology I: Output Voltage is Lower Than Reference Voltage
	2.4.2 Topology II: Output Voltage Equals to Reference Voltage
	2.4.3 Topology III: OUT Voltage is Higher Than Reference Voltage


	3 References

	Important Notice

