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LM5060 High-Side Protection Controller With Low Quiescent Current

1 Features

e Available in Automotive Grade / AEC Q-100

» Wide operating input voltage range:
55Vto65V

» Functional safety capable

— Documentation available to aid functional
safety system design

e Less than 15-pA quiescent current in disabled
mode

e Controlled output rise time for safe connection of
capacitive loads

» Charge pump gate driver for external N-Channel
MOSFET

* Adjustable Undervoltage Lockout (UVLO) with
hysteresis

» UVLO Serves as second enable input for systems
requiring safety redundancy

* Programmable fault detection delay time
* MOSFET latched off after load fault is detected

e Active low open drain POWER GOOD (nPGD)
output

* Adjustable input Overvoltage Protection (OVP)
» Immediate restart after overvoltage shutdown
* 10-Lead VSSOP

2 Applications

» Automotive body electronics
* Industrial power distribution and control

3 Description

The LM5060 high-side protection controller provides
intelligent control of a high-side N-channel MOSFET
during normal on/off transitions and fault conditions.
In-rush current is controlled by the nearly constant
rise time of the output voltage. A POWER GOOD
output indicates when the output voltage reaches the
input voltage and the MOSFET is fully on. Input
UVLO (with hysteresis) is provided as well as
programmable input OVP. An enable input provides
remote on or off control. The programmable UVLO
input can be used as second enable input for safety
redundancy. A single capacitor programs the initial
start-up Vgs fault detection delay time, the transition
Vps fault detection delay time, and the continuous
over-current Vpg fault detection delay time. When a
detected fault condition persists longer than the
allowed fault delay time, the MOSFET is latched off
until either the enable input or the UVLO input is
toggled low and then high.

Device Information®
PACKAGE BODY SIZE (NOM)
VSSOP (10) 3.00 mm x 3.00 mm

PART NUMBER
LM5060

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

DGS Package

10-Pin VSSOP
Top View
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Pin Functions
PIN 1
o, | NAME TYPE® DESCRIPTION
1 SENSE | Input voltage sense: a constant current sink (16 pA typical) at the SENSE pin flows through an external

resistor to set the threshold for fault detection.

Supply voltage input: the operating voltage range is 5.5 V to 65 V. The internal power-on-reset (POR)
2 VIN P circuit typically switches to the active state when the VIN pin is greater than 5.1 V. A small ceramic
bypass capacitor close to this pin is recommended to suppress noise.

Over-voltage protection comparator input: an external resistor divider from the system input voltage sets
the Over-Voltage turn-off threshold. The GATE pin is pulled low when OVP exceeds the typical 2.0-V
threshold, but the controller is not latched off. Normal operation resumes when the OVP pin falls below
typically 1.76 V.

Under-voltage lock-out comparator input: the UVLO pin is used as an input under-voltage lock-out by
connecting this pin to a resistor divider between input supply voltage and ground. The UVLO comparator
4 UvVLO | is activated when EN is high. A voltage greater than typically 1.6 V at the UVLO pin will release the pull
down devices on the GATE pin and allow the output to gradually rise. A constant current sink (5.5 pA
typical) is provided to ensure the UVLO pin is low in an open circuit condition.

3 OvP |

Enable input: a voltage less than 0.8 V on the EN pin switches the LM5060 to a low current shutdown
state. A voltage greater than 2.0 V on the EN pin enables the internal bias circuitry and the UVLO

5 EN ! comparator. The GATE pin pull-up bias is enabled when both EN and UVLO are in the high state. A
constant current sink (6 HA typical) is provided to ensure the EN pin is low in an open circuit condition.

6 GND - Circuit ground
Timing capacitor: an external capacitor connected to this pin sets the Vpg fault detection delay time. If the

7 TIMER 110 TIMER pin exceeds the 2.0-V threshold condition, the LM5060 will latch off the MOSFET and remain off
until either the EN, UVLO or VIN (POR) input is toggled low and then high.

8 nPGD o Fault status: an open drain output. When the external MOSFET Vpg decreases such that the OUT pin
voltage exceeds the SENSE pin voltage, the nPGD indicator is active (low = no fault).

9 ouT | Output voltage sense: connect to the output rail (external MOSFET source). Internally used to detect Vpg
and Vgg conditions.
Gate drive output: connect to the external MOSFET’s gate. A charge-pump driven constant current

10 GATE o source (24 pA typical) charges the GATE pin. An internal zener clamps the GATE pin at typically 16.8 V
above the OUT pin. The AV/At of the output voltage can be reduced by connecting a capacitor from the
GATE pin to ground.

(1) 1=Input, O = Output, P = Power
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT

V)y to GND®®) -0.3 75 \Y
SENSE, OUT to GND® -0.3 75 v
GATE to GND®)®) -0.3 79 v
EN, UVLO to GND® -0.3 75 v
nPGD, OVP to GND -0.3 75 \Y
TIMER to GND -0.3 7 \Y
Peak reflow temperature 260 °C
Operating junction temperature 150 °C
Storage temperature, Tgyg —65 150 °C

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

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

(3) The Absolute Maximum Rating for VIN (75 V) applies only when the LM5060 is disabled.

(4) The minimum voltage of —1 V is allowed if the current is limited to below —25 mA. Also it is assumed that the negative voltage on the
pins only occur during reverse battery condition when a positive supply voltage (Vin) is not applied.

(5) The minimum voltage of —25 V is allowed if the current is limited to below —25 mA. Also it is assumed that the negative voltage on the
pins only occur during reverse battery condition when a positive supply voltage (VIN) is not applied.

6.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (%) +2000
Vesp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-Cc101®@ +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

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

MIN NOM MAX | UNIT
VIN Supply voltage 55 65 \%
EN Enable voltage 0 65 \%
GATE to
GND 0 79 Y
UvLO Undervoltage lock-out voltage 0 65 \%
PGD POWER GOOD off voltage 0 65 \Y
n
POWER GOOD sink current 0 5 mA
T, Operating junction temperature -40 125 °C
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6.4 Thermal Information

LM5060
THERMAL METRIC® DGS (VSSOP) UNIT

10 PINS
Rgia Junction-to-ambient thermal resistance 162.1 °C/W
Rojctop) Junction-to-case (top) thermal resistance 57.3 °C/W
Rgis Junction-to-board thermal resistance 81.9 °C/W
WIT Junction-to-top characterization parameter 5.8 °C/W
viB Junction-to-board characterization parameter 80.6 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance N/A °C/W

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

6.5 Electrical Characteristics

Unless otherwise stated the following conditions apply: VIN = 14 V, EN = 2.00 V, UVLO =2.00 V, OVP =150 V,and T, =

25°C. Limits in standard type are for T; = 25°C except where noted. Minimum and Maximum limits are ensured through test,
design, or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for
reference purposes only.

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
VIN PIN
T;=25°C 14
lIN-EN Input current, enabled mode mA
T;=-40°C to 125°C 17
. T;=25°C 9
Iin-DIS Input current, disabled mode EN=0.50V HA
T;=-40°C to 125°C 15
T;=25°C 0.56
lin-sTB Input current, standby mode UVLO =0.00 V mA
T;=-40°C to 125°C 0.80
T;=25°C 5.1
PORgy Power on reset threshold at VIN rising J v
VIN T, =—40°C to 125°C 5.46
PORgN-HYs POREgy hysteresis VIN falling 500 mV
OUT PIN
I ) T;=25°C 8
louT-EN OUT pin bias current, enabled | OUT = VIN, normal operation HA
T;=-40°C to 125°C 5.0 11.0
OUT pin leakage current, . _ _
louT-DIS disabled ® Disabled, OUT = 0 V, SENSE = VIN 0 pA
SENSE PIN
Threshold programming S T;=25°C 16
I SENSE pin bias current A
SENSE current P T,=-40°Cto 125°C | 13.6 180| "
SENSE - OUT voltage for T,=25°C 0
V, Vps comparator offset voltage } mV
OFFSET bs cOMP 98| fault detection Ty=-40°C t0 125°C | —7.0 7.0
| | dl t ratio |1 / Ty =25°%C 20
an _EN Current ratio 2
RATIO SENSE OUT-EN seNse / louT-En T, = —40°C t0 125°C 170 230

(1) The GATE pin voltage is typically 12 V above the VIN pin when the LM5060 is enabled. Therefore, the Absolute Maximum Rating for
VIN (75 V) applies only when the LM5060 is disabled, or for a momentary surge to that voltage since the Absolute Maximum Rating for
the GATE pin is also 75 V.
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Electrical Characteristics (continued)

Unless otherwise stated the following conditions apply: VIN = 14 V, EN = 2.00 V, UVLO =2.00 V, OVP =150 V, and T, =

25°C. Limits in standard type are for T; = 25°C except where noted. Minimum and Maximum limits are ensured through test,
design, or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for
reference purposes only.

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
OVP INPUT
. . T;=25°C 2.0
OVP1y OVP threshold OVP pin threshold voltage rising \%
T;=-40°C to 125°C 1.88 2.12
OVPhys OVP hysteresis 240 mV
OVPpgL OVP delay time Delay from OVP pin > OVPy4 to GATE low 9.6 us
OVP QOVP pin bi t OVP =19V Ty =25°C 0 HA
in bias curren =1.
BIAS P T, = —40°C to 125°C 0.50
UVLO INPUT
. - T;=25°C 1.6
UVLO+H UVLO threshold UVLO pin threshold voltage rising \%
T;=-40°C to 125°C 1.45 1.75
. T;=25°C 180
UVLOpys UVLO hysteresis mV
T;=-40°C to 125°C 120 230
UVLO UVLO pin pull-d t Ty=25°C >3 HA
in pull-down curren
BIAS PP T, = —40°C to 125°C 3.8 7.2
EN INPUT
ENTHH High-level input voltage T; =-40°C to 125°C 2.00 \%
ENTHL Low-level input voltage T; =-40°C to 125°C 080 V
ENnvs EN threshold hysteresis 200 mV
EN EN pin pull-d t Ty=25°C 6 HA
in pull-down curren
BIAS pnp T, = —40°C to 125°C 8.0
GATE CONTROL (GATE PIN)
i T;=25°C 24
loaTE Gate charge (sourcing) current, On-state J uA
on state T; = —40°C to 125°C 17 31
Gate discharge (sinking) _
lGATE-OFF current, off state UVLO =0.00 V 2.2 mA
Gate discharge (sinking)
leaTEFLT current, fault state OUT < SENSE 80 mA
v Gate output voltage in normal | GATE - VIN voltage Ty=25°C 12 v
GATE operation GATE pin open T, = —40°C to 125°C 10 14
v Vs status comparator 'CI';I':\/ITEER- Oll#T thresh?ld \(/joltage for |T;=25°C 5 v
GATETH threshold voltage o e an T;=-40°Cto 125°C | 3.50 6.50
TIMER current change 1= to . .
Zener clamp between GATE
VGATE-CLAMP pin and OUE)I' pin lcaTe-cLamp = 0.1 MA 16.8 \Y
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Electrical Characteristics (continued)

Unless otherwise stated the following conditions apply: VIN = 14 V, EN = 2.00 V, UVLO =2.00 V, OVP =150 V, and T, =

25°C. Limits in standard type are for T; = 25°C except where noted. Minimum and Maximum limits are ensured through test,
design, or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for
reference purposes only.

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
TIMER (TIMER PIN)
VIMRH Timer fault threshold TIMER pin voltage rising 2.0 \%
VTMRL Timer re-enable threshold TIMER pin voltage falling 0.30 \%
Timer charge current for Vpsg TIMER charge current T;=25°C 11
ITIMERH f after start-up A
ault Ves = 6.5 V T; =-40°C to 125°C 8.5 13.0
TIMER charge current T;=25°C 6
I Timer start-up charge current | during start-u
TIMERL P charg Vs S Ty=-40°C 10 125°C | 4.0 70| M
) ) . T;=25°C 6
ITIMERR Timer reset discharge current | TIMER pin = 1.5V mA
T;=-40°C to 125°C 4.4 8.2
TIMER pin>2.0V
tEAULT Fault to GATE low delay No load on GATE pin 5 us
POWER GOOD (nPGD PIN)
PGD Output low volt | 2 mA T, =25°C 80 v
utput low voltage =2m m
vor P 9 SINK T, = —40°C to 125°C 205
PGD Off leak t V, 10V T, =25°C 0.02 A
eakage curren =
1O 9 nPep T, = —40°C to 125°C 100 "
6.6 Typical Characteristics
10 80 /
—~ 70 .
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£ S ,/
= 1 enabled—| w 60
E standby — 2 //
x — ~ 50
_
o o GATE /
3 01 > 40 4
o ' z /
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= = [©)
> 7
10 VIN
0.001 0 |
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Figure 1. VIN Pin Current vs VIN Pin Voltage Figure 2. Vgate, VIN Voltage vs Input Voltage
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Typical Characteristics (continued)
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8 Submit Documentation Feedback Copyright © 2009-2019, Texas Instruments Incorporated

Product Folder Links: LM5060


http://www.ti.com/product/lm5060?qgpn=lm5060
http://www.ti.com
http://www.ti.com/product/lm5060?qgpn=lm5060
http://www.ti.com/feedbackform/techdocfeedback?litnum=SNVS628H&partnum=LM5060

13 TEXAS
INSTRUMENTS

www.ti.com

LM5060
SNVS628H —OCTOBER 2009—REVISED DECEMBER 2019

Typical Characteristics (continued)
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Typical Characteristics (continued)
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Figure 15. GATE Current (Igatg) VS Temperature Figure 16. GATE Output Voltage (VgaTe) VS Temperature
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Figure 19. nPGD Low Voltage (PGDyq_) vs Temperature
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7 Detailed Description

7.1 Overview

The LM5060 high-side protection controller features programmable current limit, turn on voltage, fault timer, and

overvoltage protection. It also has an enable input and POWER GOOD output.

7.2 Functional Block Diagram
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7.3 Feature Description

The LM5060 is designed to drive an external high-side N-channel MOSFET. Over-Current protection is
implemented by sensing the voltage drop across the MOSFET. When an adjustable voltage drop threshold is
exceeded, and an adjustable time period has elapsed, the MOSFET is disabled. OVP and UVLO monitoring of
the input line is also provided. A low state on the enable pin will turn off the N-channel MOSFET and switch the
LM5060 into a very low quiescent current off state. An active low POWER GOOD output pin is provided to report
the status of the N-channel MOSFET. The waiting time before the MOSFET is turned off after a fault condition is
detected can be adjusted with an external timer capacitor. Since the LM5060 uses a constant current source to
charge the gate of the external N-channel MOSFET, the output voltage rise time can be adjusted by adding
external gate capacitance. This is useful when starting up into large capacitive loads.

7.4 Device Functional Modes

7.4.1 Power-Up Sequence

The basic application circuit is shown in Figure 20 and a normal start-up sequence is shown in Figure 21. Start-
up of the LM5060 is initiated when the EN pin is above the (ENryy) threshold (2.0 V). At start-up, the timer
capacitor is charged with a 6-pA (typical) current source while the gate of the external N-channel MOSFET is
charged through the GATE pin by a 24-pA (typical) current source.

When the gate-to-source voltage (Vgs) reaches the Vgare.th threshold (typically 5 V) the Vgs sequence ends, the
timer capacitor is quickly discharged to 0.3 V, and the 5-pA current source is enabled.

The timer capacitor will charge until either the Vpg Comparator indicates that the drain-to-source voltage (Vps)
has been reduced to a nominal value (i.e. no fault) or the voltage on the timer capacitor has reached the Vyyry
threshold (i.e. fault). The Vpg Comparator monitors the voltage difference between the SENSE pin and the OUT
pin. The SENSE pin voltage is user programmed to be lower than the input supply voltage by selecting a suitable
sense resistor value. When the OUT pin voltage exceeds the voltage at the SENSE pin, the nPGD pin is
asserted low (i.e. no fault) and the timer capacitor is discharged.

VIN E 9 * @ a EI Vout

-<
Rs =

SENSE  GATE out

VIN

LM5060
R8 uvLo

R9 ove TIMER —
C1

STATUS E < High = Fault, Low= OK "PGD g

. GND
END > High = On, Low= Off EN _|
GNDE 6 4 DGND
Figure 20. Basic Application Circuit

7.4.2 Status Conditions

Output responses of the LM5060 to various input conditions is shown in Table 1. The input parameters include
Enable (EN), UVLO, OVP, input voltage (VIN), Start-Up Fault (Vgs) and Run Fault (Vpg) conditions. The output
responses are the VIN pin current consumption, the GATE charge current, the TIMER capacitor charge (or
discharge) current, the GATE discharge current if the timer capacitor voltage has reached the Vyygy threshold
(typically 2 V), as well as the status of nPGD.
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Device Functional Modes (continued)

VTMRH
VTIMER AG/HA/

VIMRL

VGATE-TH
Vas |_transition region |
nPGD OK
Vags Status Vgs<5V | Vgs>5V
EN OFF | ON

Figure 21. Voltages During Normal Start Up Sequence

Table 1. Overview of Operating Conditions

INPUTS OUTPUTS
VIN
OVP | VIN GATE GATE Current GATE after STATUS
EN [ UVLO (typ) (typ) SENSE-OUT -OUT Cl(.ltryrs)nt typ) TIMER TIMER > 2 VV nPGD
L L - >5.10V - - 0.009 mA 2.2 mA sink Low - - Disabled
L H - >5.10V - - 0.009 mA 2.2 mA sink Low - - Disabled
SENSE>OUT ) H
H L <2V |>5.10V - 0.56 mA 2.2 mA sink Low - Standby
SENSE<OUT L
SENSE>OUT ) H
H L >2V | >5.10V - 0.56 mA 80 mA sink Low - Standby
SENSE<OUT L
SENSE>0OUT 6-UA source 80 mA sink H
H H <2V |>5.10V <5V 1.4 mA 24-pA source Enabled
SENSE<OUT Low — L
SENSE>OUT L1-uA 80 mA sink H
H H <2V |>5.10V >5V 1.4 mA 24-pA source source Enabled
SENSE<OUT Low - L
SENSE>0UT _ H Over-
H H >2V | >5.10V - 1.4 mA 80 mA sink Low -
SENSE<OUT L voltage
H| H | <2V |<510V - - 14mA | 22MASink Low - n | Poweron
(see %) reset

(1) The 2.2 mA sink current is valid for with the VIN pin =2 5.1 V. When the VIN pin < 5.1 V the sink current is lower. See ‘GATE Pin Off

Current vs. VIN’ plot in Typical Characteristics.
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8 Application and Implementation

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

8.1 Application Information

8.1.1 Gate Control

A charge pump provides bias voltage above the input and output voltage to enhance the N-channel MOSFET
gate. When the system voltage is initially applied and both EN and UVLO are above their respective thresholds,
the GATE pin is charged by the 24-pA (typical) current source. During normal operating conditions, the GATE pin
voltage is clamped to approximately 16.8 V above the OUT pin (i.e. Vgg) by an internal zener.

When either the UVLO input or the EN input is low, or when VIN is below the Power-On Reset voltage of 5.10 V
(typical), the GATE pin is discharged with a 2.2 mA (typical) current sink.

When the timer capacitor is charged up to the Vryry threshold (typically 2 V) a fault condition is indicated and
the gate of the external N-Channel MOSFET is discharged at a 80 mA (typical) rate. Additionally, when the OVP
pin voltage is higher than the OVPty threshold (typically 2 V) a fault is indicated and the gate of the external N-
Channel MOSFET is discharged at the same 80 mA (typical) rate.

8.1.2 Fault Timer

An external capacitor connected from the TIMER pin to the GND pin sets the fault detection delay time. If the
voltage on the TIMER capacitor reaches the Vyyry threshold (2 V typical) a fault condition is indicated. The
LM5060 will latch off the MOSFET by discharging the GATE pin at a 80 mA (typical) rate, and will remain latched
off until either the EN pin, the UVLO pin, or the VIN pin is toggled low and then high.

There are three relevant components to the TIMER pin’s function:

1. A constant 6-pA (typical) current source driving the TIMER pin. This current source is active when EN,
UVLO, and VIN are all high.

2. A second current source (5 pA typical) is activated, for a total charge current of 11 pA (typical), only when
the Vgg sequence has completed successfully.

3. A pull-down current sink for the TIMER pin which resets the timer by discharging the timer capacitor. If EN,
UVLO or VIN is low, or when OVP is high, the timer capacitor is discharged.

a. When the Vpg Fault Comparator detects a fault, (SENSE pin voltage higher than OUT pin voltage) the
timer capacitor pull down is disabled and the timer capacitor is allowed to charge at the 11-pA (typical)
rate.

During Start-Up, the timer behaves as follows:

After applying sufficient system voltage and enabling the LM5060 by pulling the EN and UVLO pins high, the
timer capacitor will be charged with a 6-pA (typical) current source. The timer capacitor is discharged when the
voltage difference between the GATE pin and the OUT pin (i.e. Vgg of the external N-Channel MOSFET)
reaches the Vgatemy threshold (typically 5 V). After discharging, the timer capacitor is charged with 11 pA until
either the Vqyry threshold (typically 2 V) is reached, or the sensed Vpg voltage falls below the threshold of the
Vps Fault Comparator, indicating the output voltage has reached the desired steady state level. The timer
capacitor voltage waveforms are illustrated in Figure 21, Figure 22, and Figure 23.

A timer capacitor is always necessary to allow some finite amount of time for the gate to charge and the output
voltage to rise during startup. If an adequate timer capacitor value is not used, then the 6 pA of charge current
would cause the TIMER pin voltage to reach the Vqyry fault threshold (typically 2 V) prematurely and the
LM5060 will latch off since a fault condition would have been indicated.
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Application Information (continued)

Although not recommended, the timer function can be disabled by connecting the TIMER pin directly to GND.
With this condition the TIMER pin voltage will never reach the Vyyry fault threshold (2 V typical). The end result
is that the fault latch-off protection is completely disabled, while the nPGD pin will continue to reflect the Vpg
Fault Comparator output.

8.1.3 Vg Considerations

The Vgg Status Comparator accomplishes two purposes:

1. As the gate of the external MOSFET is charged, the Vgg voltage transitions from cut-off, through an active
region, and into the ohmic region. The LM5060 provides two fault timer modes to monitor these transitions.
The TIMER pin capacitor is initially charged with a constant 6 pA (typical) until either the MOSFET Vgg
reaches the Vgate_ty threshold (typically 5 V) indicating that the MOSFET channel is at least somewhat
enhanced, or the voltage on the TIMER pin reaches the Vyyry threshold (typically 2 V) indicating a fault
condition. If the MOSFET Vg reaches 5-V threshold before the TIMER pin reaches the typical 2 V timer fault
threshold, the timer capacitor is then discharged to 300 mV, and then begins charging with 11-pA current
source while the MOSFET transitions through the active region. The lower timer capacitor charge current
during the initial start-up sequence allows more time before a fault is indicated. The turn-on time of the
MOSFET will vary with input voltage, load capacitance, load resistance, as well as the MOSFET
characteristics.

2. Figure 22 shows a start-up waveform with excessive gate leakage. The initial charge current on the timer
capacitor is 6 pPA (typical), while the simultaneous charge current to the gate is 24 pA (typical). Due to
excessive gate leakage, the 24 pA is not able to charge the gate to the required typical 5 V Vgg threshold
and the Vpg Fault Comparator will indicate a fault when the timer capacitor is charged to the Vyygy fault
threshold. When the timer capacitor voltage reaches theVyyry fault threshold (typically 2 V) the MOSFET
gate is discharged at an 80 mA (typical) rate.

VTRMRH

Fault Latch
VTIMER 6 A

VTRMRL
GATE pin will be
discharged to GND

VGATE-TH at 80 mA rate
Vas /
nPGD Fault
Vags Status Vgs <5V
EN OFF ON

Figure 22. Voltages During Startup With Vg5 Gate Leakage Condition

8.1.4 Vpg Fault Condition

The LM5060 includes a Vpg Fault Comparator that senses the voltage difference between the SENSE pin and
the OUT pin. If the voltage at the OUT pin falls lower than the voltage at the SENSE pin, the Vpg Fault
Comparator will trip and switch the nPGD pin to a high impedance state. It will also initiate charging of the
capacitor on the TIMER pin with a 6-pA (typical) current source if Vgg is less than than 5-V, or a 11-pA (typical)
current source if Vgg is higher than 5 V. If the voltage on the TIMER pin reaches the typical 2 V fault threshold,
the gate of the N-Channel MOSFET is pulled low with a 80 mA (typical) sink current. Figure 23 illustrates a Vpg
fault condition during start-up. The nPGD pin never switches low because the Vpg fault comparator detects
excessive Vpg Voltage throughout the entire sequence.
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Application Information (continued)
8.1.5 Overcurrent Fault

The Vps Fault Comparator can be used to implement an Over-Current shutdown function. The Vpg Fault
Comparator monitors the voltage difference between the SENSE pin and the OUT pin. This is, essentially, the
same voltage that is across the N-Channel MOSFET Rps(ony less the threshold voltage that is set by the series
resistor on the SENSE pin. The value of capacitor on the TIMER pin, the capacitor charge current (Itjyern, 11 pA
typical), along with the TIMER pin fault threshold (V1pgy) Will determine the how long the N-Channel MOSFET
will be allowed to conduct excessive current before the MOSFET is turned-off. When this delay time expires, the
gate is discharged at a 80 mA rate.

The LM5060 is intended for applications where precise current sensing is not required, but some level of fault
protection is needed. Examples are applications where inductance or impedance in the power path limits the
current rise in a short circuit condition.

The Safe Operating Area (SOA) of the external N-Channel MOSFET should be carefully considered to ensure
the peak drain-to-source current and the duration of the fault delay time is within the SOA rating of the MOSFET.
Also note that the Rpgon Variations of the external N-Channel MOSFET will affect the accuracy of the Over-
Current detection.

8.1.6 Restart After Overcurrent Fault Event

When a Vpg fault condition has occurred and the TIMER pin voltage has reached 2 V, the LM5060 latches off the
external MOSFET. In order to initiate a restart, either the EN pin, the VINpin, or the UVLO pin must be toggled
low and then high.

VTMRH
11 pA N
6 A Fault Latch
VTIMER /
VTIMRL
GATE pin will be
Ves = 5V\ discharged to GND
v VGATE-TH at 80 mA rate
s . _~"| transition region |
nPGD Fault
Vgs Status Vgs <5V | Vas>5V

EN OFF ON

Figure 23. Voltages During Startup with Vpg Fault Condition

8.1.7 Enable

The LM5060 Enable pin (EN) allows for remote On/Off control. The Enable pin on/off thresholds are CMOS
compatible. The external N-Channel MOSFET can be remotely switched Off by forcing the EN pin below the
lower input threshold, ENty_ (800 mV). The external N-Channel MOSFET can be remotely switched On by
forcing the EN pin above the upper input threshold, ENtyy (2.00 V). Figure 24 shows the threshold levels of the
Enable pin.

When the EN pin is less than 0.5 V (typical) the LM5060 enters a low current (disabled) state. The current
consumption of the VIN pin in this condition is 9 YA (typical).
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Application Information (continued)

up to 65V

2.0V (ENTHH) [— Y

1.5V (typical)

200 mV (hysterisis)

0.8V (ENTHL)

i

0.5V (disabled ? I \
OFF disabled
/ v v \

Figure 24. Enable Function Threshold Levels

8.1.8 UVLO

The UVLO function will turn off the external N-Channel MOSFET with a 2.2 mA (typical) current sink at the GATE
pin. Figure 25 shows the threshold levels of the UVLO input. A resistor divider as shown in Figure 20 with R10
and R11 sets the voltage at which the UVLO function engages. The UVLO pin may also be used as a second
enable pin for applications requiring a redundant, or secondary, shut-down control. Unlike the EN pin function,
the UVLO function does not switch the LM5060 to the low current (disabled) state.

If the UVLO function is not needed, the UVLO pin should be connected to the VIN pin. The UVLO pin should not
be left floating as the internal pull-down will keep the UVLO active.

In addition to the programmable UVLO function, an internal Power-On-Reset (POR) monitors the voltage at the
VIN pin and turns the MOSFET Off when VIN falls below typically 5.10 V.

up to 65V

1.6V (UVLOTH) 180 mV (hysterisis)

|

Figure 25. UVLO Threshold Levels

8.1.9 OVP

The OVP function will turn off the external N-Channel MOSFET if the OVP pin voltage is higher than the OVPy
threshold (typically 2 V). A resistor divider made up with R8 and R9, shown in Figure 20, sets the OVP threshold.
An internal 9.6-ps timer filters the output of the over-voltage comparator to prevent noise from triggering an OVP
event. An OVP event lasting longer than typically 9.6 ps will cause the GATE pin to be discharged with an 80 mA
current sink and will cause the capacitor on the TIMER pin to be discharged.

If the OVP function is not needed, the OVP pin should be connected to GND. The OVP pin should not be left
floating.
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Application Information (continued)
8.1.10 Restart After OVP Event

After the OVP function has been activated and the gate of the external N-Channel MOSFET has been pulled low,
the OUT pin is likely to be low as well. However, an OVP condition will not cause the Vpg Fault Comparator to
latch off of the LM5060 because the capacitor on the TIMER pin is also discharged during an OVP event. After
the OVP pin falls below the lower threshold (typically 1.76 V), the LM5060 will re-start as described in the normal
start-up sequence and shown in Figure 21. The EN, VIN, or UVLO pins do not need to be toggled low to high to
re-enable the MOSFET after an OVP event.

8.1.11 nPGD Pin

The nPGD pin is an open drain connection that indicates when a Vpg fault condition has occurred. If the SENSE
pin voltage is higher than the OUT pin voltage the state of the nPGD pin will be high impedance. In the typical
application, as shown in Figure 20, the voltage at the nPGD pin will be high during any Vg fault condition. The
nPGD state is independent of the fault timer function. The resistance R4 should be selected large enough to
safely limit the current into the nPGD pin. Limiting the nPGD low state current below 5 mA is recommended.

8.2 Typical Applications

Three application examples are provided. Example Number 1: LM5060EVAL Design illustrates the process for
the LM5060EVAL in Related Documentation. Example Number 2: Reverse Polarity Protection With Diodes and
Example Number 3: Reverse Polarity Protection With Resistor illustrate two other applications that provide
additional protection features.

8.2.1 Example Number 1: LM5060EVAL Design

Figure 26 shows the schematic for the LM5060EVAL in Related Documentation. Design example number 1
illustrates the basic design procedure used for the evaluation module.

Q1
INPUT ° ° m‘l';‘l o ey
3/ D
L =0
R4 c3
9.09 kQ
1 10 9
SENSE  GATE ouT
§ an 2VIN lics
R6 D1 |ca g 22 Uk
100kQ |51V 22 uF LM5060
4 4 UVLO
30VP
TIMER 7 f—) .,
0.1 pF
High = Fault, Low= OK ;
STATUS < 8 nPGD GND &
High = On, Low= Off
EN »- 5EN

oo [ ] : [
Figure 26. SNVA413 Schematic Diagram

8.2.1.1 Design Requirements
Example number 1 design requirements are shown in Table 2.
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Table 2. Example Number 1 Circuit Specifications

DESIGN PARAMETER EXAMPLE VALUE
Maximum input voltage (OVP) 37V
Minimum input voltage (UVLO) 9V

Output current range 0OAto50A
Ambient temperature range 0°C to 50°C

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Vpg Fault Detection and Selecting Sense Pin Resistor Rg

The LM5060 monitors the Vpg voltage of the external N-Channel MOSFET. The drain to source voltage threshold
(VpsTth), Which is set with the resistor Rg, is shown in Figure 27,

Vpsth = (Rs X lsense) - Vorrser 1)
The MOSFET drain to source current threshold is:

VDSTH

I =
DSTH RDS(ON)
where
* Rps(on is the resistive drop of the pass element Q1 in Figure 27
*  Voeeser IS the offset voltage of the Vpg comparator

e lsense (16 A typical) is the threshold programming current (2
VIN o Vout
[ —D) [ ]
Rs
SENSE GATE ouT
VIN
LM5060

Figure 27. Setting the Vpg Threshold

8.2.1.2.2 Turn-On Time

To slow down the output rise time a capacitor from the GATE pin to GND may be added. The turn on time
depends on the threshold level of the N-Channel MOSFET, the gate capacitance of the MOSFET as well as the
optional capacitance from the GATE pin to GND. Figure 28 shows the slow down capacitor C1. Reducing the
turn-on time allows the MOSFET (Q1), to slowly charge a large load capacitance. Special care must be taken to
keep the MOSFET within its safe operating area. If the MOSFET turns on too slow, the peak power losses may
damage the device.
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Figure 28. Turn-On Time Extension

8.2.1.2.3 Fault Detection Delay Time

To allow the gate of the MOSFET adequate time to change, and to allow the MOSFET to conduct currents
beyond the protection threshold for a brief period of time, a fault delay timer function is provided. This feature is
important when drive loads which require a surge of current in excess of the normal ON current upon start up, or
at any point in time, such as lamps and motors. A single low leakage capacitor (Ctyer) connected from the
TIMER (pin 7), to ground sets the delay time interval for both the Vgg status detection at start-up and for the
subsequent Vpg Over-Current fault detection.

When the LM5060 is enabled under normal operating conditions the timer capacitor will begin charging at a 6 pA
(typical) rate while simultaneously charging the gate of the external MOSFET at a 24 pA (typical) rate. The gate-
to-source voltage (Vgg) of the external MOSFET is expected to reach the 5-V (typical) threshold before the timer
capacitor has charged to the Vyyry threshold (2 V typical) in order to avoid being shutdown.

While Vgg is less than the typical 5-V threshold (Vgate-th), the Vps start-up fault delay time is calculated from:

V X C
Vps Fault Delay = (T"\/IEIF“-iTIMER)
TIMERL

where
e lpvre is typically 6 pA and Vyyry is typically 2 V 3

If the Cryver value is 68 nF (0.068uF) the Vg start-up fault delay time would typically be:
Vps Fault Delay = ((2 V x 0.068 pF) / 6 pA) = 23 ms (4)

When the LM5060 has successfully completed the start-up sequence by reaching a Vgg of 5 V within the fault
delay time set by the timer capacitor (Cyver), the capacitor is quickly discharged to 300 mV (typical) and the
charge current is increased to 11 pA (typical) while the gate of the external MOSFET is continued to be charge at
a 24 pA (typical) rate. The external MOSFET may not be fully enhanced at this point in time and some additional
time may be needed to allow the gate-to-source voltage (Vgs) to charge to a higher value. The drain-to-source
voltage (Vps) of the external MOSFET must fall below the Vpgry threshold set by Rg and Isgnse before the timer
capacitor has charged to the Vyyry threshold (2 V typical) to avoid a fault.

When Vgg is greater than the typical 5-V threshold (Vgate.1h), the Vps transition fault delay time is calculated
from:

VTIMEF{H - VTMRL) X CTIMEF{

Vps Fault Delay = (( I
TIMERH

where

Vury IS typically 2 V

Vumre is typically 300 mV (5)

If the Cver Value is 68 nF(0.068 uF) the Vpg transition fault delay time would typically be:
Vps Fault Delay = (((2 V-0.3 V) x 0.068 pF) / 11 pA) = 10 ms (6)
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Should a subsequent load current surge trip the Vpg Fault Comparator, the timer capacitor discharge transistor
turns OFF and the 11 pA (typical) current source begins linearly charging the timer capacitor. If the surge current,
with the detected excessive Vpg voltage, lasts long enough for the timer capacitor to charge to the timing
comparator threshold (Vryrn) Of typically 2 V, the LM5060 will immediately discharge the MOSFET gate and
latch the MOSFET off. The Vpg fault delay time during an Over-Current event is calculated from:

V xC
Vps Fault Delay = (T”"'ERHT'MER)

ITIMEF{H

where
*  lpvry iS typically 11 pA
*  Viury is typically 2 V (1)

If the Cver value is 68 nF(0.068 pF) the Vpg Over-Current fault delay time would typically be:
Vps Fault Delay = ((2 V x 0.068 pF) / 11 pA) = 12 ms (8)

Since a single capacitor is used to set the delay time for multiple fault conditions, it is likely that some
compromise will need to be made between a desired delay time and a practical delay time.

8.2.1.2.4 MOSFET Selection

The external MOSFET (Q1) selection should be based on the following criteria:

e The BVpgg rating must be greater than the maximum system voltage (V,\), plus ringing and transients which
can occur at V5 when the circuit is powered on or off.

« The maximum transient current rating should be based on the maximum worst case Vpg fault current level.

« MOSFETs with low threshold voltages offer the advantage that during turn on they are more likely to remain
within their safe operating area (SOA) because the MOSFET reaches the ohmic region sooner for a given
gate capacitance.

* The safe operating area (SOA) of the MOSFET device and the thermal properties should be considered
relative to the maximum power dissipation possible during startup or shutdown.

*  Rpsion) should be sufficiently low that the power dissipation at maximum load current ((IL(MAX))2 X Rpsony)
does not increase the junction temperature above the manufacturer's recommendation.

» If the device chosen for Q1 has a maximum Vgg rating less than 16 V, an external zener diode must be
added from gate to source to limit the applied gate voltage. The external zener diode forward current rating
should be at least 80 mA to conduct the full gate pull-down current during fault conditions.

8.2.1.2.5 Input and Output Capacitors

Input and output capacitors are not necessary in all applications. Any current that the external MOSFET conducts
in the on-state will decrease very quickly as the MOSFET turns off. All trace inductances in the design including
wires and printed circuit board traces will cause inductive voltage kicks during the fast termination of a
conducting current. On the input side of the LM5060 circuit this inductive kick can cause large positive voltage
spikes, while on the output side, negative voltage spikes are generated. To limit such voltage spikes, local
capacitance or clamp circuits can be used. The necessary capacitor value depends on the steady state input
voltage level, the level of current running through the MOSFET, the inductance of circuit board traces as well as
the transition speed of the MOSFET.

Since the exact amount of trace inductance is hard to predict, careful evaluation of the circuit board is the best
method to optimize the input or output capacitance or clamp circuits.

8.2.1.2.6 UVLO, OVP

The UVLO and OVP thresholds are programmed to enable the external MOSFET (Q1) when the input supply
voltage is within the desired operating range. If the supply voltage is low enough that the voltage at the UVLO pin
is below the UVLO threshold, Q1 is switched off by a 2.2 mA (typical) current sink at the GATE pin, denying
power to the load. The UVLO threshold has approximately 180 mV of hysteresis.

If the supply voltage is high enough that the voltage at the OVP pin is above the OVP threshold, the GATE pin is
pulled low with a 80 mA current sink. Hysteresis is provided for each threshold. The OVP threshold has
approximately 240 mV of hysteresis.

Option A: The configuration shown in Figure 29 requires three resistors (R1, R2, and R3) to set the thresholds.
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VIN
VIN
LM5060
R1
UVLOTH
uvo| 1.eov—!>_
UVLOglAs
Ro 5.5 uA
OoVP
ovPy | Z.
R3 2.00V

Figure 29. UVLO and OVP Thresholds Set by R1, R2 and R3

The procedure to calculate the resistor values is as follows:

1. Select R1 based on current consumption allowed in the resistor divider, including UVLOgjs, and
consideration of noise sensitivity. A value less than 100 kQ is recommended, with lower values providing
improved immunity to variations in ULVOgas.

2. Calculate R3 with the following formula:
( UVLOTH x R1

+ R1)
Vinuin - UVLO1y - (UVLOgias x R1)

R3 =
(VINMAX B UVLOgias x R1 )
OVPy OVPy ©)
3. Calculate R2 with the following formula:
RO = RszV\IQNMAX "R3-R1- UVLOBS%)I(DR“ x R3
™ ™ (10)

Vinmin s the minimum and Vywax is the maximum input voltage of the design specification. All other variables
can be found in the Electrical Characteristics table of this document. To calculate the UVLO lower threshold
including its hysteresis for falling V,y, use (UVLO14-UVLOyys) instead of UVLOqy in the formulas above. To
calculate the OVP lower threshold including hysteresis for falling V,y, use (OVP4-OVPyys) instead of OVPq.
With three given resistors R1, R2, and R3, the thresholds can be calculated with the formulas below:

OVPry
R3

VP

O
VINMAX =R1x ( + UVLOB|A5)+ R2 x + OVPTH

UVLOmy
INMN=1 R2 + R3

+ UVLOB|A3) x R1 + UVLOTH
(11)

Also in these two formulas, the respective lower threshold value including the hysteresis is calculated by using
(UVLO1x-UVLOyys) instead of UVLOqy, and (OVP14-OVP,ys) instead of OVPy. The worst case thresholds,
over the operating temperature range, can be calculated using the respective min and max values in bold font in
the Electrical Characteristics.

Option B: UVLO and OVP can be independently adjusted using two resistor dividers as shown in Figure 30.
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VIN

LM5060

UVLOTH
o 16ov_|" 7
%UVLOBIAS

5.5 uA

OVPTH_i>'
R9 2,00V

Figure 30. Programming the Thresholds with Resistors R8-R11

Choose the upper UVLO thresholds to ensure operation down to the lowest required operating input voltage
(Vinmin)- Select R11 based on resistive divider current consumption and noise sensitivity. A value less than 100
kQ is recommended, with lower values providing improved immunity to variations in ULVOgas.

Vinvin - UVLOy

R10 = UVLOTH)

(UVLOB|AS + T

(12)
To calculate the UVLO low threshold including its hysteresis, use (UVLO4-UVLOyys) instead of UVLOqy in the
formula above. Choose the lower OVP threshold to ensure operation up to the highest VIN voltage required
(Vinmax)- Select R9 based on resistive divider current consumption A value less than 100 kQ is recommended.

Vinmax - OVPTH)

RS = R
8 9x( OVPy

(13)

To calculate the OVP low threshold including hysteresis, use (OVP1,-OVPyys) instead of OVPry. Where the R9-
R11 resistor values are known, the threshold voltages are calculated from the following:

R8 x OVPTH

Vinmax = OVPry + R9

VINMIN = UVLOTH + |:R10 X (UVLOBIAS + U\;:TI?TH)}
(14)
Also in these two formulas, the respective low value including the threshold hysteresis is calculated by using
(UVLO1y-UVLOyyg) instead of UVLO+y and (OVP1y-OVPyys) instead of OVP+y. The worst case thresholds, over
the operating temperature range, can be calculated using the respective minimum and maximum values in bold
font in the Electrical Characteristics.

Option C: The OVP function can be disabled by grounding the OVP pin. The UVLO thresholds are set as
described in Figure 30.

8.2.1.2.7 POWER GOOD Indicator

A resistor between a supply voltage and the nPGD pin limits the current into the nPGD pin in a logic low
condition. A nPGD pin sink current in the range of 1 mA to 5 mA is recommended. The example in Figure 31
connects the nPGD pull-up resistor R4 to the VIN pin. Any positive supply voltage less than 65 V may be used
instead of V.
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VIN

LM5060

R4

nPGD
VDS fault signal I
GND

Figure 31. Circuitry at the nPGD Pin

Status

8.2.1.2.8 Input Bypass Capacitor

Some input capacitance from the VIN pin to the GND pin may be necessary to filter noise and voltage spikes
from the V,y rail. If the current through Q1 in Figure 20 is very large a sudden shutdown of Q1 will cause an
inductive kick across the line input and pc board trace inductance which could damage the LM5060. In order to
protect the VIN pin as well as SENSE, OVP, UVLO, and nPGD pins from harm, a larger bulk capacitor from VIN
to GND may be needed to reduce the amplitude of the voltage spikes. Protection diodes or surge suppressors
may also be used to limit the exposure of the LM5060 pins to voltages below their maximum operating ratings.

8.2.1.2.9 Large Load Capacitance

Figure 32 shows an application with a large load capacitance C,. Assume a worst case turn off scenario where
Vin remains at the same voltage as C, and R, is a high impedance. The body diode of Q1 will not conduct any
current and all the charge on C_ is dissipated through the LM5060 internal circuitry. The dotted line in Figure 32
shows the path of this current flow. Initially the power dissipated by the LM5060 is calculated with the formula:

P = lgate-rut X Vour

where
e lgate-rLT IS the sink current of the LM5060 gate control (15)

In applications with a high input voltage and very large output capacitance, the discharge current can be limited
by an additional discharge resistor Rg in series with the OUT pin as shown in Figure 33. This resistor will
influence the current limit threshold, so the value of Rg will need to be readjusted.

VIN Vout

mm
O '
2 s

SENSE

]
]
]
]
]
i
]
GATE '
]
]
]
]
]
]
]
]
]

—,
!
|GATE-FLT
somA\Y______ GND_| ____
1

LM5060 1;

Figure 32. Discharge Path of Possible Load Capacitor

In applications exposed to reverse polarity on the input and a large load capacitance on the output, a current
limiting resistor in series with the OUT pin is required to protect the LM5060 OUT pin from reverse currents
exceeding 25 mA. Figure 33 shows the resistor Rq in the trace to the OUT pin.
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VIN

Vout

CL—= RL

2w P02 l

GATE

SENSE

:l . ouT
Fault

OFF /)

IGATE-FLT
80 mA GND

LM5060 j7

Figure 33. Current Limiting Resistor Rp for Special Cases

If a Rp resistor in the OUT path is used, the current sensing will become less accurate since Ro has some
variability as well as the current into the OUT pin. The OUT pin current is specified in the Electrical
Characteristics section as lgyt.en- A Rp resistor design compromise for protection of the OUT pin and a
maintaining Vpg sensing accuracy can be achieved. See the Reverse Polarity Protection With a Resistor section
for more details on how to calculate a reasonable Ry value.

8.2.1.3 Application Curves

EN 5V/Div-

lout 1A/Div

TIMER 100 mV/Div

Vout 5V/Div

| ]

200 ps/DIV

Figure 34. Start-Up Waveform

|

VIN 5V/Div

TIMER 100 mV/Div

STATUS 10V/Div

GATE 5V/Div

500 ps/DIV
Figure 35. Start-Up Waveform

!r—
™
\VIN 20V/Div \\
Py N
[TSTATUS
20V/Div
T [
TIMER 100 mV/Div L
N
N
Vout 20V/Div|
10 ms/DIV

Figure 36. OVP Behavior

8 T T T o
Rps =25mQ 2
7 oen i 538 /
5 lDST‘H(MAX) / P
| D 5.8A 2
5 |DSTIH(TYP) //‘ / y
< ! / / P
~ IpsTHMIN By
=, (MIN) >" s
- 3 ////><;/
2 ,/ ;,/
/]
1 /,/
7
0

1 2 3 4 5 6 7 8 9 10
Rs (kQ)

Figure 37. Rs vs IpstH for Rpsony = 25 mQ
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| lout 5A/Div.
STATUS
10V/Div L
TIMER 2V/Div
Vout 10V/Div

10ms/DIV
Figure 38. Fault Behavior

8.2.2 Example Number 2: Reverse Polarity Protection With Diodes
—i¢

Status D D7 Q1 Q2

75A, 40V 75A, 40V
ViN * * * ' * : D Vout
- N 20 i 1)
i kRS 1ok o4 0.62,340V
v W “ T SENSE  nPGD | 06
36V 2kQ
VIN GATE \
R6 uvLo LM5060 D5
D2 Y 562k OovP ouT p—e
EN  GND TIMER
-

R7 1 | R2
511kQS  ——100nF ct 10kQ
Enable | I T 68 nF

GND | : o . DGND

Figure 39. Application with Reverse Polarity Protection with Diodes for OUT Pin Protection

Figure 39 shows the LM5060 in an automotive application with reverse polarity protection. The second N-channel
MOSFET Q2 is used to prevent the body diode of Q1 from conducting in a reverse Vy polarity situation. The
zener diode D3 is used to limit V,y voltage transients which will occur when Q1 and Q2 are shut off quickly. In
some applications the inductive kick is handled by input capacitors and D3 can be omitted. In reverse polarity
protected applications, the input capacitors will see the reverse voltage. To avoid stressing input capacitors with
reverse polarity, a transorb circuit implemented with D3 and D2 may be used. Diode D1 in Figure 39 protects the
VIN pin in the event of reverse polarity. The resistor R1 protects the GATE pin from reverse currents exceeding
25 mA in the reverse polarity situation. This GATE resistor would slow down the shutdown of Q1 and Q2
dramatically. To prevent a slow turn off in fault conditions, D5 is added to bypass the current limiting resistor R1.
When Q1 and Q2 are turned on, R1 does not cause any delay because the GATE pin is driven with a 24-pA
current source. D6, Q3 and R2 protect Q2 from Vg5 damage in the event of reverse input polarity. Diodes D5
and D7 are only necessary if the output load is highly capacitive. Such a capacitive load in combination with a
high reverse polarity input voltage condition can exceed the power rating of the internal zener diode between
OUT pin and GATE pin as well as the internal diode between the OUT pin and SENSE pin. External diodes D5
and D7 should be used in reverse polarity protected applications with large capacitive loads.
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8.2.2.1 Design Requirements
Example number 2 design requirements are shown in Table 3.
Table 3. Example Number 2 Circuit Specifications
DESIGN PARAMETER EXAMPLE VALUE
Operating voltage range 9Vto24V
Current max 30A
OVP setting 27 V typical
UVLO setting 9 V typical
8.2.2.2 Application Curve
1 \
1 |
1 |
1 |
1 |
‘ |
:;; vouT ‘
1 |
1 |
1 |
1 \
1 |
1 |
1 N \
1 |
‘ |
:2; WIN ‘
| — — i
1 |
| |
| |
| |
1 FET_SOURCE ‘
1 s - - B |
1 |
|
| 1
Measure P1:top(C2) P2:--- P3:--- P4:top(C4) P5--- P6:--- PT--- Pg---

value -Gmv -40mv
status v

v
[ F B D1 Tbase  -13.3 ms|[Trigger C1 DC
10.0 Vidiv|
0.0 mV ofst]

Figure 40. Reverse Input Voltage Polarity

8.2.3 Example Number 3: Reverse Polarity Protection With Resistor

Qi Q2
75A, 40V 75A, 40V
Vin D ) 1 ! D Vout
Dl ! |s s| ! | D
R3é é R4 —
12 kQ < S 10kQ Q3
0.6A, 40V
StatusD - L D4
03 49.9 k0 ¥y ot o 1 o5
2 A SENSE _ nPGD R
VIN GATE \
R6 UVLO LM5060
D2 Y. 562kQ OovP ouT — W\
EN  GND TIMER 15‘39
R7 —Lc2 | . > R2
511kQ < == 100 nF 1 10 kQ
Enable D 68 nF T
GNDD I D GND

Figure 41. Application with Reverse Polarity Protection with a Resistor for OUT Pin Protection

Copyright © 2009-2019, Texas Instruments Incorporated Submit Documentation Feedback 27
Product Folder Links: LM5060


http://www.ti.com/product/lm5060?qgpn=lm5060
http://www.ti.com
http://www.ti.com/product/lm5060?qgpn=lm5060
http://www.ti.com/feedbackform/techdocfeedback?litnum=SNVS628H&partnum=LM5060

13 TEXAS
INSTRUMENTS
LM5060

SNVS628H —OCTOBER 2009—REVISED DECEMBER 2019 www.ti.com

Figure 41 shows an example circuit which is protected against reverse polarity using resistor R8 instead of the
diodes D5 and D7 of Figure 39.

8.2.3.1 Design Requirements
Example number 3 design requirements are shown in Table 4.

Table 4. Example Number 3 Circuit Specifications

DESIGN PARAMETER EXAMPLE VALUE
Operating voltage range 9Vto24V
Current max 30A
OVP setting 27 V typical
UVLO setting 9 V typical

8.2.3.2 Detailed Design Procedure

8.2.3.2.1 Reverse Polarity Protection With a Resistor

An alternative to using external diodes to protect the LM5060 OUT pin in the reverse polarity input condition is a
resistor in series with the OUT pin. Adding an OUT pin resistor may require modification of the resistor in series
with the SENSE pin. A resistor in series with the OUT pin will limit the current through the internal zener diode
between OUT and GATE as well as through the diode between OUT and SENSE. The value of these resistors
should be calculated to limit the current through the diode across the input terminals of the Vpg fault comparator
to be no more than 4 mA. Figure 42 shows the internal circuitry relevant for calculating the values of the resistor
Rg in the OUT path to limit the current into the OUT pin to 4 mA.

ViN Vout

LM5060

Vps Fault
Comparator

Figure 42. Current Limiting Resistor for Negative SENSE Condition

When calculating the minimum Rg resistor required to limit the current into the OUT pin, the internal current
sources of 8 pA and 16 PA may be neglected. The following formulas can be used to calculate the resistor value
Rominy Which is necessary to keep the Ig current to less than 4 mA.

Case A is for situations where Voyr > V)y and reverse polarity situation is present (see Figure 42). V,y is
negative, but the voltage at the SENSE pin can roughly be assumed to be 0.0 V due to the internal diode from
the SENSE pin to GND.

Vour - (4 mA x 1.5 kQ)
Rominy = 2 mA

(16)

In this case, V|y also has to be limited to a negative voltage so that reverse current through the SENSE pin does
not exceed 25 mA.

R Vin
SN = 55 mA
17
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VIN Vourt

LM5060

Vps Fault
Comparator

Figure 43. Current Limiting Resistor in the OUT Path for OUT > SENSE Condition

Case B is for situations where Vg1 > V|y @nd there is no reverse polarity situation present (see Figure 43). V|y is
positive and Vot is also positive, but Vgoyr is higher than Vy:
(Vour - Vin)

Ro MINY =" 4 A  ~ (Rs +15 kQ)
(MIN) 4 mA (18)

In this case the voltage on the SENSE pin should not exceed 65 V.

Case C is for situations where Vgout < V)y and both V,y and Vgt are positive as well. In such cases there is no
risk of excessive OUT pin current. No current limiting resistors are necessary. Both the SENSE and OUT
voltages should be limited to less than 65 V.

VIN Vout

LM5060
Rs

SENSE

Vps Fault
Comparator

Figure 44. Current Limiting Resistor for Negative OUT Conditions

Case D for situations where Vgyr < Vi, While Vout is negative and V) is positive (see Figure 44). Rg needs to
be selected to protect the OUT pin from currents exceeding 25 mA.

Roviny = Vour
25 mA (19)

8.2.3.2.2 Fault Detection With Rg and Rg

Figure 41 shows an example circuit where the OUT pin is protected against a reverse battery situation with a
current limiting resistor Rg. When using resistor Rg in the OUT pin path, the resistor Rg has to be selected taking
the Rg resistor into account. The LM5060 monitors the Vpg voltage of an external N-Channel MOSFET. The Vpg
fault detection voltage is the drain to source voltage threshold (Vpsty). The formula below calculates a proper Rg
resistor value for a desired Vpgry taking into account the voltage drop across the Rg resistor.

Vosth  Ro X louren  Vorrser

Rs =
Isense Isense Isense 20)
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VoerseT IS the offset voltage between the SENSE pin and the OUT pin, Isgnse IS the threshold programming
current, and lgyr.en is the OUT pin bias current. When Rg and Ry have been selected, the following formula can
be used for Vpsty min and max calculations:

o
)+ VorrseT

Vst = lsense X | Rs - |
RATIO

(21)
The MOSFET drain-to-source current threshold is:
| _ VDSTH
DSTH = Roson)
where
* Rpson is the on resistance of the pass element Q1 in Figure 20 (22)
8.2.3.3 Application Curves
[ | [ 1
| | |
| | |
e B j/f’_” [ L
- T | |
| |
| |
| |
| |
=11 [ =Y [
_ N [ . _
| I
| |
| |
a | 1 1
| | |
| | |
Figure 45. Startup at No Load Figure 46. Shutdown
N |
n } }
e | . |
\\( A 1 : |
N AN S DEC DU — }
e | |
R = ——= = ,‘ ‘
= = = = ! 1
| s |
< IR S — = |
1 e A 1
| ;
| . } ‘ Fevsounce : . - i
o I
Figure 47. Overcurrent Shutdown with Gate Diode Figure 48. Reverse Input Voltage Polarity

9 Power Supply Recommendations

The recommended input power supple operating voltage range is 5.5 V to 65 V. The VIN source current rating of
the power supply should be adequate to keep the LM5060 in the normal operating range during all load and line
transients. Place a 10 nF or 100 nF ceramic capacitor close to the VIN pin.
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10 Layout

10.1 Layout Guidelines

The component placement and layout should generally follow the example provided in Figure 49. Power from
input source to load should flow in a manner similar to that shown in Figure 49 and heavy conductors for traces
bearing the load current should be used. Place the VIN bypass capacitor close to pin 2. Place the TIMER
capacitor close to pin 7.

10.2 Layout Example
POWER FLOW

']

EEE Top Trace/Plane

Bottom Plane

O v

Figure 49. LM5060 Recommended Layout
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10.3 Thermal Considerations

In normal operation the LM5060 dissipates very little power so that thermal design may not be very critical. The
power dissipation is typically the 2 mA input current times the input voltage. If the application is driving a large
capacitive load application, upon shutdown of the LM5060, the load capacitor may partially, or fully, discharge
back through the LM5060 circuitry if no other loads consume the energy of the pre-charged load capacitor. One
application example where energy is dissipated by the LM5060 is a motor drive application with a large capacitor
load. When the LM5060 is turned off, the motor might also turn off such that total residual energy in the load
capacitor is conducted through the OUT pin to ground. The power dissipated within the LM5060 is determined by
the discharge current of 80 mA and the voltage on the load capacitor.
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:
* LM5060EVAL User Guide, SNVA413

11.2 Community Resources

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

11.3 Trademarks

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

11.4 Electrostatic Discharge Caution

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

11.5 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

LM5060MM/NOPB Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB
LM5060MM/NOPB.A Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB
LM5060MM/NOPB.B Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB
LM5060MMX/NOPB Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB

LM5060MMX/NOPB.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB
LM5060MMX/NOPB.B Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SXAB
LM5060Q1MM/NOPB Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB
LM5060Q1MM/NOPB.A Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB
LM5060Q1MM/NOPB.B Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB
LM5060Q1MMX/NOPB Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB
LM5060Q1MMX/NOPB.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB
LM5060Q1MMX/NOPB.B Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 SZAB

LM5060QDGSRQ1 Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1EQX

LM5060QDGSRQ1.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1EQX

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.
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Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF LM5060, LM5060-Q1 :
o Catalog : LM5060

o Automotive : LM5060-Q1

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)

LM5060MM/NOPB VSSOP DGS 10 1000 177.8 12.4 53 34 1.4 8.0 12.0 Q1
LM5060MMX/NOPB VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LM5060Q1MM/NOPB VSSOP DGS 10 1000 177.8 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM5060Q1MMX/NOPB | VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1

LM5060QDGSRQ1 VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5060MM/NOPB VSSOP DGS 10 1000 208.0 191.0 35.0
LM5060MMX/NOPB VSSOP DGS 10 3500 367.0 367.0 35.0
LM5060Q1MM/NOPB VSSOP DGS 10 1000 208.0 191.0 35.0
LM5060Q1MMX/NOPB VSSOP DGS 10 3500 367.0 367.0 35.0
LM5060QDGSRQ1 VSSOP DGS 10 3500 367.0 367.0 35.0
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-187, variation BA.
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EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (0.3) j r SYMM (R0.05)
TYP
| ::/
= i

-—— = ——

|

|

|

i 1O SYMM
T == %
8X (0.5) 5 :; :i:]

Li (4.4) !

6

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221984/A 05/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221984/A 05/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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