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Introduction

In the automotive world, a low-dropout linear regulator (LDO) offers
good voltage ripple suppression and electromagnetic compatibility
(EMC) performance, especially when compared to DC/DC
converters.

While either a system battery or a pre-stage power regulator

can supply an LDO, the requirements for a battery-direct-
connect LDO are more rigorous: it must pass the International
Organization for Standardization 7637 (ISO 7637) standard and
survive a load-dump condition. During operation, the LDO powers
the target load through a printed circuit board (PCB) trace in an
on-board system or through a cable in an off-board system. For
off-board systems, the LDO must protect itself from different
kinds of potential cable failures.

This document describes various LDO specifications in the context
of automotive applications, with a key focus on battery-direct-
connection and driving an off-board load system.

Linear voltage regulators

An LDO plays an important role in the electronic design world

and is crucial for systems functioning in harsh environments,

like automobiles. In today’s automotive designs, normally a 12-V
battery powers the system. While a stable lower-voltage supply is
required for system operation, constantly changing load conditions
and other environmental factors cause variations in a 12-V supply.
It is an automotive battery-direct-connect LDO that converts a
harsh high-voltage supply down to a stable lower-voltage output.

Depending on its structure, most LDO outputs are set as 3.3 V or
5V, or they are configurable.

Compared to a DC/DC converter, a linear voltage regulator is
easy to use; one output capacitor ensures the stability of the
device. Meanwhile, passing EMC testing is not difficult because
the topology of a linear voltage regulator does not create any
switching noise. Therefore, LDOs are the most popular electronic
power supplies in automotive applications.
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Figure 1: Internal topology of an LDO.
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Internal topology

An LDO is a type of negative-feedback control system that
consists of a signal sampling circuit, a signal processing circuit and
a power control circuit.

A resistor divider samples the output voltage, which is then
compared with an accurate internal reference voltage. The
difference between these two signals represents the shift in output
voltage from a target value. Systems use this difference to control a
passing element, normally a low Rpsn field-effect transistor (FET),
thus governing the output value.

LDOs implement necessary compensation circuits for system
stability (Figure 1).
Adjustable output voltage

A linear voltage regulator’s output voltage is adjustable by using an
external resistor divider when a feedback (FB) pin exists (Figure 2).
Equation 1 calculates the output voltage:

Vipg, X (R1+ R2)
R2

(1)

V(OUT) =

where Vg is the internal reference voltage, R1 is the resistor
connected between OUT and FB, and R2 is the resistor
connected between FB and GND.

Let us use the selection of external resistors for the TPS7B6701-Q1
as an example. The internal reference voltage of this device is
1.233 V. In order to set the output voltage to 5V, first calculate the
feedback resistor divider ratio based on Equation 2:

Vips) X (R1+ R2)
L T @
5V=1.233><(R1+R2) N &=3.055
R2 R2

I—

Figure 2: LDO adjustable output application circuit.
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To balance the quiescent current and capacity of resisting
disturbance, consider a 10- to 100-k(Q) resistance. In such a case,
you can select two resistors to achieve a 5-V output voltage:
R1 =55 k0 and R2 = 18 kQ. See Figure 3.
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Figure 3: High-voltage, ultra-low voltage regulator in a typical application
diagram.

Automotive battery voltage characterizations

Today’s automobiles use a 12-V battery, while trucks and heavy-
duty vehicles use a 24-V battery. In real applications, the alternator,
driven by the engine, charges the battery. A load dump may occur
if the battery becomes disconnected as a result of cable corrosion,
a poor connection or an intentional disconnection with the engine
running. According to ISO 7637-2 standard test pulse 5a, the
battery’s maximum transient voltage may go as high as 99 Vin a
12-V system, or 198 V in a 24-V system, lasting around hundreds
of milliseconds. See the details in Figure 4 and Table 1 (from the
ISO 7637-2-2004 standard).

0.1 Us---

Figure 4: ISO 7637-2 load dump test pulse A.
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12-V System 24-V System
ENECI TN

Us 65V 87V 123V 174V
Ri 0.5 0Ohm 4 Ohm 1 0Ohm 8 Ohm
Ta 40 mS 400 mS 100 mS || 350 mS
T 5~10mS

Table 1: ISO 7637-2 load dump test pulse A.

In most new alternators, adding a limiting diode suppresses the
load-dump amplitude. A suppressor circuit is usually placed before
the LDO’s input on the PCB (Figure 5).
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Figure 5: Automotive battery-voltage-suppress circuit.

In this example, Figure 6 shows the real load-dump voltage at the
LDO input. The user specifies the suppressed voltage (Ua + 0.1
Us + Us*). In 12-V systems, the battery voltage is usually clamped
below 40 V.

U e—

Figure 6: ISO 7637-2 suppressed battery voltage.
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DC parameters

Quiescent current

Quiescent current is the current difference between the input and
output currents. In other words, it is the current consumed by the
LDO itself. Quiescent current is critical for always-on applications
such as immobilizers. During key-off status, an immobilizer still
operates in standby mode and consumes battery energy. Thus,
low quiescent current leads to longer battery endurance time.

Bipolar and BCD (which stands for bipolar/complementary
metal-oxide semiconductor [CMOS]/double-diffused metal-oxide
semiconductor [DMOS]) technologies are two common LDO
topologies. It is difficult to achieve low quiescent current with
a bipolar topology. Figure 7 is a PNP transistor LDO topology
example. There is some current flow into the base of the transistor,
which causes energy loss. The NPN transistor LDO requires a
charge pump, which results in extra quiescent current.
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Figure 7: PNP transistor LDO.

For an LDO with a BCD topology, the base leakage current does
not exist, as the MOSFET is a voltage-controlled device. There is
no current flow into the gate of the pass element; therefore, the
quiescent current can be much lower. Figure 8 is an example of a
PMOS-structured LDO.
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Figure 8: P-channel MOSFET LDO.
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Dropout voltage

During normal LDO working conditions, the input voltage needs

to be higher than the output voltage for a minimum value. This
delta value is defined as the dropout voltage. In dropout mode, the
LDQ’s power FET operates in a linear region. Equation 3 calculates
the output voltage:

Voury= ¥y~ Loury % Rpsion) 3)
where Rpsen) represents the on-resistance of the power FET.

In automotive applications, low dropout voltage is important during
cranking conditions when the battery voltage drops down to 6 V.

In order to maintain a 5-V output to the microcontroller (MCU) as
shown in Figure 9, the dropout voltage of the LDO plus the forward
voltage of the reverse blocking diode needs to be less than 1 V. In
TI's high-voltage LDO portfolio, there are many low-dropout voltage
devices. For example, the TPS7B6750-Q1 has a dropout voltage of
only 280 mV at a 450-mA load at room temperature (Figure 10). To
guarantee a 5-V stable output voltage at a 450-mA load, the input
voltage needs to be higher than 5.28 V. With such a low dropout
voltage, the device can operate at a wider input voltage.
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Figure 9: Automotive battery-direct-connect LDO simplified application
diagram.
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Figure 10: Low dropout linear regulator dropout voltage.
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Temperature range Output voltage undervoltage reset

For automotive devices that include an LDO, the data sheet usually ~ Output voltage undervoltage reset (OVUVR) is an LDO’s self-

specifies an operating ambient temperature range. According to checking feature. A system must confirm that the MCU is powered
the Automotive Electronics Council (AEC) Q-100 standard, four correctly to avoid incorrect logic. The LDO performs this supply
grades (0, 1, 2 and 3) apply (Table 2). checking by using the OVUVR function.

e Grade 0 is the highest grade. Devices designed in this grade As Figure 12 illustrates, the LDO continually monitors its output.

can operate at a 150°C ambient temperature. Grade O devices  Once the output voltage is lower than the internal threshold,
are often used in very harsh automotive environments such as  the LDO automatically starts checking for the root cause. After
power-train systems. eliminating the possibility of system noise — which is confirmed by a

e Grade 1 devices are the most common device grade in deglitching time filter — the LDO asserts a reset to the MCU.

automotive systems.

e Grade 2 devices are designed to meet some system ; PG Headroom l
requirements that typically are not safety-critical, such as Vour LR R EE LR P L PR PP EEEER S
infotainment.

e Grade 3 is not popular in automotive applications because the
environment temperature in an unoccupied automobile is often
higher than 85°C.

Ambient Operation
Temperature RangeZ

DELAY
0 -40°C to +150°C
VTH -3 ;
1 -40°C to +125°C & i
2 -40°C to +105°C i §
3 _40°C to +85°C PG a
Table 2: AEC Q-100 temperature grades 0, 1, 2 and 3. — T : T

Figure 12: LDO undervoltage reset.
Feature descriptions

Power good Power-on-reset delay

To ensure correct system behavior, the MCU supply voltage Microcontroller logic relies on an appropriate supply voltage and an
must be ready before any further actions occur. This requirement accurate timing reference. An LDO assures the timing aspect with
demands a power good function for an LDO driving an MCU the power-on-reset function.

(Figure 11).

In most cases, the MCU timing reference comes from a crystal
oscillator. Once powered, the MCU requires 1 to 10 ms to become
stable and generate an accurate timing clock. The MCU must
remain in reset status during the oscillator stabilization process.

I

Modern LDOs provide a power-on-reset delay feature. Figure 13
details this function’s logic flow. The LDO provides a stable output
voltage to the system first, and only turns the power good signal
off after a pre-set delay. This feature can help power up the MCU'’s
internal oscillator first before enabling the MCU completely.

Figure 11: LDO power good application circuit.
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Figure 13: LDO power-on-reset behavior.

Power-on-reset delay time

Adjusting the power-on-reset delay time requires an additional
delay pin. The external capacitor on the delay pin sets the timer
delay before the power good pin asserts high. The constant output
current, lgug, charges the external capacitor, Cpg ay, until the voltage
at the delay pin exceeds a threshold, Vqy, to trigger an internal
comparator.

The power-on-reset delay time, tpor, is defined by the charge time
of CpeLay ON the delay pin, which is expressed as Equation 4:

C'DELAY X ZH

I * oR-— fived
CHG

()

tPOR -

Let us explore how to set the power-on-reset delay time. Assume
that the LDO has the power-on-reset parameters shown in Table 3.

| lcHa (Delay Capacitor Charging Current) | 6 | | 9.5 ‘ | 14 | | PA |
‘ VTH (Treshold to Release RESET High) | | - || 1 ‘ | - || \ |
| tPOR-fixed (Power On Reset Dealy) | | 100 | | 325 l | 550 | | us |

Table 3: Example of power-on-reset parameters.

With a 100-nF capacitor connected at the delay pin, Equation 5
calculates the power-on-reset delay time as:

BELLLTAI, . STy

95uA
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Watchdog timers

A watchdog timer is an important function in systems where a
human cannot be constantly watching a system designed with
security and safety as a priority. The watchdog timer feature
monitors the MCU'’s behavior and validates its proper operation. In
Figure 14, an LDO provides watchdog service to the MCU. Under
normal conditions, the MCU serves the watchdog timer periodically.
The MCU is in an abnormal condition if no expected service is
present. In such cases, the watchdog timer resets the MCU to a
known status and forces a new logic sequence.

IN ouT

I

TPS7B68xx-Q1
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Figure 14: LDO watchdog timer application diagram.

External versus internal

Reliability is not enough for an MCU using an internal watchdog.
Runaway software might reprogram the internal watchdog timer
controller. A good watchdog should be independent of the
microcontroller it is trying to protect.

Types

Two types of LDO integrated watchdog timers are available:
standard and window. Figures 15 and 16 illustrate the differences
between the two.

It is possible that the MCU could become trapped in a routine of
emitting pulses with frequencies higher than its normal status. The
standard watchdog is not capable of detecting this potential error
and would interpret the signals as valid.

To address this issue, a more advanced watchdog, called a window
watchdog timer, monitors both the minimum and maximum pulse
periods. If a watchdog pulse does not occur within a certain time
frame, the window watchdog resets the MCU.

Texas Instruments



Standard Watchdog

Unwanted pulse Missing pulse
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Window Watchdog

Unwanted pulse Missing pulse

ey S 1

Figure 15: Window watchdog timer sequence diagram.

Implementation

Figure 16 is a flowchart for a typical window watchdog with an
LDO. Preventing a watchdog timer from issuing a fault signal
requires positive edges on the WD pin during open-window or
watchdog-initialization status. A service signal should not be
received during a closed window because the watchdog timer is
programmable through the resistor at corresponding pins.

RESET PULL
HIGH & WD is
Enabled \

Y
o [S\e)

@Q’é\o

Figure 16: Window watchdog timer flowchart.
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Enable feature

Efficiency is a critical concern in battery-powered applications
that include an automotive battery-direct-connect LDO. A system
module normally reduces its power consumption to an extremely
low level in nonoperation mode. The reduction comes from every
aspect. Applying logic-low to the enable (EN) pin achieves LDO
power savings, as shown in Figure 17. When the system needs
to power up, it can wake up the LDO by applying logic-high to the
EN pin.

Ignition

Figure 17: LDO enable application diagram.

Early warning

Before powering off, the system must take action to store critical
information into electrically erasable programmable read-only
memory (EEPROM). Normally, the MCU controls the power-off
sequence, and it has enough time to follow the correct sequence.
But in some scenarios, an external force causes power off. In these
scenarios, the LDO must send an early warning to the MCU of

the coming power drop, thus giving the MCU time to store data.
Figure 18 shows an example of a typical LDO application with early
warning function.

Figure 18: LDO early warning application diagram.
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The early warning function monitors the input voltage by comparing
a divided input voltage to an internal reference voltage. Figure 19
shows the early warning function when the voltage at the SI

pin drops below the sense-low threshold. The sense output pin
generates an active-low signal. When the voltage at the Sl pin
rises above the sense-high threshold, the sense output pin
generates an active-high signal.

Sense Input Voltage

A

Vsi-HigH

Vsi-Low

A\

Sense Output

A

S Y N ——

HIGH

LOW

Y

Figure 19: Early warning behavior.

To set the threshold voltage to trigger an early warning, use
Equation 6 to calculate the external resistor divider ratio:

Vsiiow) % (R1+R2)
R2

I{EW7 TH) =

Protection

Current limit and thermal shutdown

In automotive applications, safety and reliability are always the first
priority. It is important that an LDO protect itself under fault status.
The most likely system fault is an output short to GND, which
might be caused by a connector short or a solder issue. In order
to prevent LDO damage from an output short to GND, current-limit
and thermal-shutdown protections are necessary.

Figure 20 shows a typical block diagram of an LDO with current-
limit and thermal-shutdown protection. A closed loop implements
the current limit, and the output current of the regulator is
compared with the internal current reference. When the output
current exceeds the current limit, the voltage difference between
the PMOS gate and the source, Vgs, is clamped at a certain level
which limits the current flow through the pass element.

Fundamentals of designing with LDOs in automotive battery-direct-connect applications 8
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Figure 20: LDO current limit and thermal shutdown internal circuit.

A short-to-ground triggers current limit. Because the heat
accumulation is high on the regulator due to the high voltage drop
and current, the junction temperature increases and may well
damage the device — which is why thermal-shutdown protection

is critical. The device will switch off when the junction temperature
is higher than the thermal-shutdown threshold, which is typically
175°C for an automotive grade 1 device. While this is a typical
value, a different device might have a different trip point. The device
restarts automatically after cooling down, with a typical hysteresis
of 15°C (Figure 21).
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Figure 21: Thermal shutdown behavior.
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Reverse-polarity
Several possible scenarios can cause reverse-polarity situations:
e \When the output voltage is higher the input voltage.
e \When the input is open while applying a positive output voltage.

e \When the input voltage is negative while the output has a path
to GND.

Figure 22 is an example of reverse polarity; current might flow
into the GND pin of the regulator or into the output pin. Different
kinds of protection are needed given the pass element and device
architecture.

Voltage
I Regulator
A e A e
ESD
£ Strructure

Negative
input
voltage

—

Figure 22: LDO reverse battery connection.

MOSFET voltage regulators

LDOs with a single MOSFET transistor pass element (both
N-channel MOS and P-channel MOS) offer no reverse-polarity
protection, as shown in Figures 23-24. Reverse current could
flow through the body diode of the pass element under a reverse-
polarity condition. The reverse current is not limited and could
possibly lead to device damage. As a result, a series diode at the
device input is required. During normal operation, consider the
dropout voltage of the series diode, preferably a Schottky diode
with a low forward voltage.

PNP bipolar voltage regulators

A negative supply voltage can be applied to regulators with PNP
pass transistors. A PNP transistor limits the reverse current in
reverse-polarity conditions; thus, a reverse-protection diode at the
input is not necessary. Figure 25 shows an internal block diagram
of the TLE4275-Q1, whose pass element was designed with a PNP
bipolar architecture.

Fundamentals of designing with LDOs in automotive battery-direct-connect applications 9
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Figure 23: LDO internal current under reverse polarity (NMOS pass element).
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Figure 24: LDO internal current under reverse polarity (PMOS pass element).
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Figure 25: Bipolar LDO internal block diagram (PNP pass element).
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Back-to-back MOSFET voltage regulators

Reverse-polarity protection is mandatory for linear voltage
regulators (tracking LDOs, antenna LDOs), which are used
specifically for off-board load power supplies. A long cable
connects the regulator output and off-board load. In harsh
automotive environments, it is highly possible that the cable will be
broken out or even short to battery. In such cases, reverse polarity
will occur if the regulator input connects to a voltage rail lower than
the battery voltage (for example, a buck converter output).

Voltage regulator with back-to-back MOSFET topology detects

the output voltage during reverse-polarity conditions. If the output
voltage is higher than the input voltage, both MOSFETs will switch
off immediately. The body diode of the PMOS, which is close to the
regulator’s input, thus blocks the reverse current. Figure 26 shows
an internal block diagram for this type of LDO.
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Figure 26: Back-to-back MOSFET LDO internal block diagram.

Inductive load clamp

Inductive load clamp protection is critical for powering inductive
loads. For example, an antenna LDO with an inductor-capacitor
(LC) filter connects to the output, or, if tracking the LDO with a long
cable, the parasitic inductance connects to the output.

When powering down the linear voltage regulator, a negative
voltage will appear on the output if the load is inductive because
the inductor will oppose the change in current. Figure 27 shows a
typical example of an LC oscillation during power down. Damage
may occur if the negative voltage exceeds the absolute minimum
voltage (for example, —0.3 V) of the regulator output pin.

5V

-

-0.3V

Figure 27: Inductive load power down behavior.

Fundamentals of designing with LDOs in automotive battery-direct-connect applications

Adding a diode between the output of the linear voltage regulator
and GND clamps the negative voltage to a certain voltage (for
example, —0.3 V).

Some LDOs have a blocking diode implemented in their structure
to save system design efforts, as illustrated in Figure 28.
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Figure 28: Internal inductive clamping diode at LDO OUT.

Application selections

Capacitors
Automotive systems normally use three types of capacitors:

1. Ceramic — has a smaller package and lower electrostatic
resistance (ESR) (approximately dozens of milliohms); however,
it cannot provide a large capacitance value or withstand a high
operating voltage.

2. Aluminum electrolytic — provides large capacitance value and
withstands high operating voltages but suffers from poor ESR
performance. When the temperature goes low, the ESR may
rise above 10 Q.

3. Tantalum — its ESR characteristics are both stable and
accurate during its lifetime, but it also costs the most of
the three.

Input capacitor

In a 12-V automotive system, the voltage on the power rail can
shoot up to substantial levels. Depending on the transient-voltage-
suppression (TVS) diode applied, an abnormal voltage is normally
clamped below 40V, as described in the automotive battery
voltage characterizations section.

Some automotive systems need to meet the requirements of
cold-cranking condition testing in order to survive under low
input-voltage stress for a certain period of time. In such cases,
a large input capacitor helps absorb and store energy. An
aluminum electrolytic capacitor has a high voltage range and
large capacitance. Its poor equivalent series resistance (ESR)
performance does not become a concern because the input
capacitor has no impact on the LDO’s loop response.
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Output capacitor

As previously mentioned, an LDO is a negative-feedback system. It
requires correct handling of the Poles and Zeros to create a stable
system. The output capacitor forms a zero with its capacitance and
ESR, as illustrated in Figure 29.

Supply |

l

Figure 29: Output capacitor and ESR.

Figure 30 is a typical Bode plot of an LDO system. With a proper
ESR value for the output capacitor, two Poles and one Zero exist in
the bandwidth, creating a stable system.

If the output capacitor’s ESR is too large, the Zero moves toward a
lower frequency and three Poles show up in the LDO’s bandwidth,
which can lead to oscillation, as in Figure 31.
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Figure 30: LDO stable Bode plot.
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Figure 31: LDO unstable Bode plot with a high-ESR output capacitor.
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If the output capacitor ESR is too small, the Zero moves toward a
higher frequency beyond the LDO bandwidth, as shown in Figure 32.
In this case, the loop oscillates as well.

In an automotive system, some applications need a specific capacitor.
The ability to support a wide ESR range has become an important
consideration for LDO design and selection. Figure 33 shows

the stable region of one LDO when choosing the right output
capacitor, with ESR between 1 mQ and 20 Q) and capacitance
between 10 pF and 500 pF.
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Figure 32: LDO unstable Bode plot with a low-ESR output capacitor.
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Figure 33: Output capacitor and ESR stable region (blue).

Load transient response

A load transient response describes how the LDO output

behaves during a large load-current variance, which is common in
automotive systems. For example, the MCU might be damaged by
huge overshoot on the regulator output, while a large undershoot
could lead to the wrong logic. The load transient response can
affect control accuracy, especially in cases where an analog-to-
digital converter (ADC) uses an LDO output as a reference.

11 Texas Instruments



To achieve good load transient performance, a common approach
is to increase the bandwidth of the linear regulator loop. Once the
current step occurs, the loop responds after a certain period of
time, At, which is proportional to the loop bandwidth, f. Equation 7
expresses this logic:

As mentioned in the previous section, a wider output capacitor
ESR stable range of an LDO allows for easier capacitor selection.
Meanwhile, the wider range can cause a bigger variation in Zero
position, which makes stabilizing a wide-bandwidth loop difficult.

One solution is to implement a fast loop in the regulator system,
as shown in Figure 34. The change in output voltage reflects to the

.NU_I:E_I—I & our

Fast Loop

Figure 34: LDO fast loop internal block diagram.

gate of the MOSFET directly. This approach achieves both good
transient performance and a wide capacitor ESR value tolerance.

Figure 35 demonstrates transient performance with a 47-pF
low-ESR ceramic capacitor from a classic fast loop-implemented
LDO. A step change of load current (the red trace) applied to the
regulator drops the LDO output (the light teal trace) to 180 mV.
After 60 s, the LDO begins recovering and finally reaches a stable
output without any overshoot.

Figure 36 shows the Bode plot of an above fast loop-integrated
device at a 200-mA load. TR1 is the gain in decibels, and TR2 is the
phase in degrees. TR1 shows the bandwidth as 1.627 kHz. Without
a fast loop, the loop response time should be approximately 615 ps.
With contributions from a fast loop, the response time drops to
only 60 ps.

The fast-loop LDO achieves both good transient performance and
a wide-output capacitor ESR stable range (0.001 Q to 20 Q).
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Figure 35: Single-channel LDO load-transient response.
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Figure 36: Single-channel LDO Bode plot at a 200-mA load with a 47-uF output capacitor.
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Junction temperature and thermal
considerations
Most LDOs specify a maximum junction temperature to ensure

a normal working condition. Exceeding this limit can potentially
influence regulator reliability. This limit also constrains the regulator’

S

power dissipation. To ensure that the junction temperature is within

an acceptable range, power dissipation must be lower than the
maximum allowed, calculated using Equation 8:

-1
O

where T, yax IS the maximum allowed junction temperature, T,
is the ambient temperature and 0, is the ambient-to-junction
thermal resistance specified in the data sheet.

For a Tl standard data sheet, the 6,, value is usually simulated

©

Let us assume that Table 4 shows thermal resistance of an LDO chip.

If the application condition is T, = 85°C, you can then calculate the
maximum power dissipation using Equation 9 with the SOT-223
package as an example:

T

J_

-T

A

15085
64.2

max

O

max

=1.01w

Using a JESD51 2s2p board, the power dissipation of this LDO
needs to be less than 1.01 W to make sure that its junction
temperature is lower than 150°C

Figure 38 shows an LDO with complete generic functions including
enable, power good, adjustable output voltage, early warning, and
watchdog timers.

Thermal Resitance UNIT

using a JEDEC Solid State Technology Organization JESD51 2s2p Rua Junction to Ambient 210.4
PCB. Figure 37 shows the JESD51 2s2p PCB layer.
Rus Junction to Board 13.3 38.4 °C/W
Ruc Junction to Casegop) 46.8 126.1
€ 70 pm Cu
g <€ 35um Cu Table 4: Example of LDO thermal resistance.
:r_)_ < 35umCu
<= 70 um Cu
Figure 37: Cross-section of a JEDEC JESD51 2s2p board.
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Figure 38: Generic LDO application schematic.
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Thermal ranking by package

Figure 39 provides the thermal ranking for each package of
available battery-direct-connect LDOs.

Tl has a complete automotive battery-direct-connect LDO portfolio

(see the product tree in Figure 40). LDOs in this product tree are
classified by output current, quiescent current and functions.
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Figure 39: Tl automotive package thermal ranking.

Some Tl automotive battery-direct-connect LDOs are designed
for specific applications. For example, tracking the LDO,
TPS7B425x-Q1, is used for automotive off-board sensor
power supplies. The antenna LDO, TPS7B770x-Q1, is used for
automotive antenna power supplies. Watchdog timers, LDO
TPS7AB3xx-Q1 and TPS7B68xx-Q1, are used for systems

requiring higher reliability. Table 5 shows the targeted applications

for these specific LDOs.

< 200mA

TPS7A16xx-Q1(PG,E,F)
TPS7B69xx-Q1

TPS7A66xx-Q1(PG,E,F)
TPS7A69xx-Q1(PG,EW)

Quiescent Current

TPS798xx-Q1(E,F)

Figure 40: Tl automotive battery-direct-connect LDO selection guide.

Output Current Range

TPS7B67xx-Q1

m SAFETY FUNC ANTENNA

TPS7B4250-Q1 || TPS7B68xx-Q1 || TPS7B7701-Q1
TPS7B4253-Q1 || TPS7AG3xx-Q1 || TPS7B7702-Q1
TPS7B4254-Q1 || TPS7B63xx-Q1

Table 5: Application-specific LDO selection guide.

Conclusion

Being fully knowledgeable about the basic and advanced features
of battery-direct-connect LDOs is essential to building a successful
design. Understanding the technical background and meaning of
a detailed specification can help you select the right LDO parts for
your system.

Texas Instruments offers a complete portfolio of battery-direct-
connect LDOs for automotive systems. By accessing this portfolio,
you can quickly select an LDO based on the features and
parameter preferences for your specific design
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