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LT8440

FEATURES

» 650mW Power Limit for Intrinsic Safety Thermal
Rating when Line Voltage = 18.5V

35mA Current Limit if Line Voltage > 18.5V
55mA Current Limit for APL Class A Devices
Shunt Regulator for Mitigating Load Changes
Guaranteed 20mA Rectifier Current for Signal
Integrity

Guaranteed to deliver full 500mW APL power to
the load

6V to 36V Input Voltage

Integrated Current Sense Resistor

Polarity Insensitive Line Voltage Detection
8-Lead SOIC Package with Exposed Pad
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APPLICATIONS

» Industrial Ethernet
» Advanced Physical Layer
» Current Limiting

TYPICAL APPLICATION

TO SIGNAL CHAIN

A
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Power Conditioner for APL Field Devices

GENERAL DESCRIPTION

The LT8440 is a power conditioner for intrinsically safe,
industrial ethernet ports in hazardous or explosive
environments. The internal pass transistor is normally
fully enhanced to deliver power to the load efficiently. In
case of load circuit failures, the FET is modulated to limit
the power to less than 650mW if line voltage < 18.5V or
less than 35mA if line voltage > 18.5V. The internal shunt
transistor draws current parallel with the load up to the
500mW minimum guaranteed for Class A load power
ports in compliance with Advanced Physical Layer (APL)
standard or to 20mA minimum guaranteed if line
voltage > 18.5V. The line voltage is sensed with two input
pins that are insensitive to polarity, which can be
connected in front of the port rectifier and incorporate
the rectifier power consumptionin the limitation of total
power. The line current is measured as a voltage across
the internal sense resistor, and the shunt current and
the current limit are automatically adjusted for line
voltage.

The LT8440 is packaged in an 8-lead SOIC with pin
spacing that satisfies the device under coating
specification so that shorts from pin to pin are
countable faults when the circuit is examined for
intrinsic safety at the highest levels of protection.
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Figure 1. APL Field Device Port Power Conditioner

Rev. 0 DOCUMENT FEEDBACK

One Analog Way, Wilmington, MA 01887-2356, U.S.A.

Tel: 781.329.4700

iy

APL Ppy (MIN) = 500mW 1

{1

CURRENT (mA)
©
8

1
I
N
S

=

= LIMIT MODE
~ SHUNT REGULATION MODE
L L L L ! n

LoAD

4[] NEGATIVE 0
PORT B 8 9 10 11 12 13 14 15 16 17 18 19 20

LINE VOLTAGE (V) g

Figure 2. Regulation and Limit Current

TECHNICAL SUPPORT

©2024 Analog Devices, Inc. All rights reserved.


https://form.analog.com/Form_Pages/feedback/documentfeedback.aspx
https://www.analog.com/en/support.html

LT8440

TABLE OF CONTENTS

FRATUIES ..ottt s b
Y o] o] LToF 14T o I3RS ST
GENEIAl DESCIIPLION c.utiiiieieieeie ettt ettt te et te et e s e te et e s e e see e besss e seessasssansaessasssassaesanssanes
TYPICAL APPLICALION w.erviviiiiiieet ettt sttt ettt ettt sttt et
REVISION HISEOIY ettt ettt ettt e s et s e st e s e s e e st e st s s e s e esnennnens
SPECITICALIONS ..veveeieteieirteeste ettt sttt ettt et et e sbe st sse st esesseseesaneesansesesenessanesnens
AbSolute MaXimum RALINGS .....ceevererirerirenenesesesese sttt sttt sttt sttt st st ea e e s
BlOCK DIABIaM ...ueieiiiiiienieieniesteniesiesiestestestes e stesse s e sbe st s st sbe s sse s e ssesse s st s st s st et sae e st e e et et enteneeneeneen
Pin Configurations and FUNCLION DESCIIPLIONS ....cvevrveerrereeerieirieeereteeteesseesseeesesessesesesseseenes
Typical Performance CharaCteriStiCs ......cvivirerrerrierieirteereeeesteeseeessesesseseesassesessesessesessasessens
OPEIALION .ttt ettt ettt r st e st e bt s e s bt e st st e s bt e st st e s st e st eatesate st easesnteseeasesntenneensesnsenns
OVEIVIBW ..ottt ettt sttt et ettt et et et sn s
THEOTY Of OPEIAtION ..oveveeeeeeeeicee ettt ettt r et et et e e s e e e se st esesesessansesensesanes
APPlications INTOIMATION .......ceeveiereireereteer ettt sa et e e s eseesese s s et esessasansan
INPUL FrONTENA DESIGN...cueveuirrieeririeiirieeeieterertetsiees e see st et sesee e ee e sesesseseesessesessenesnens
DiIffErential ChOKE .......cuiieeieeeeee ettt sttt st
RedUNdant USE Of LTBA40 ......cccueueuererurueueinerieietnteiesetstsse ettt seset st st st ese et st s see st ssesesnsene
Vin/LINEA/LINEB EXtEIrNal RESISTOIS....ccviiiriiiiriitiicteicteecre et cete e caeeeaeeeaeeesaeesseeensneensneenes
LOOP StADILITY ..eeueeeeieieieeetrtrtete ettt ettt et ettt et et e et e e e e e e e e e na et eneen
CUITENT LIMIT LOOP 1euterieierieniteriesienitesttete st esttete st esseete st esseesesaeessesasesneesseensasseessesssasneenne
CUITENE SHUNT LOOP ..utiiriiriiriirerenisesesie sttt sttt st st s s s s s e s e s e s e ssasnsensesensensen
SHOIt-CIrCUIt EVENT ...ttt ettt a et nes
Printed Circuit Board (PCB) Layout, Coating, and Thermal Considerations ...........cccccceveenee
TYPICAl APPLICALIONS.c..iiviriirieiiiicereeeee ettt ettt ettt e sa e s s e e e e e s e e e esaennens
OULLINGE DIMENSIONS.....cueeuiieuirieirierteienteitrietetest ettt sae s be st e b este st e be e ebe e ebete st se st sbeneebentesensenesseneenens
OrderiNg GUIAE ...ttt ettt sttt ettt b ettt s bt e bt ese st et sbentenens
RELATEA PartS..c.viiiiieeiieerteceteeee ettt ettt ettt st ettt et be e e sa et ten

REVISION HISTORY

REVISION REVISION

NUMBER DATE DESCRIPTION

DESCRIPTION

0 7/24 Initial release

analog.com

Rev.0 | 20f22


https://www.analog.com/en/index.html

LT8440

SPECIFICATIONS

Table 1. Electrical Characteristics

(Ta=25°C, Vix =9V, and Vgry = 0V, unless otherwise noted?.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX | UNITS
g;)re]:g;tinglnputVoltage 6 36 v
V\y Quiescent Current Vinea =20V, Vi neg = 0V -55°C < TAa<150°C 120 200 UA
LINEA Pin Current Vinea = 15V, Vi jnes = OV 30 40 HA
LINEB Pin Current Vines = 15V, Vi nea = OV 30 40 HA
RTP to RTN Pass-Through Vinea =0V, Vi nes = 8V, A 0
Resistance lgrp = 30mMA
|Vinea—Vimes| = 0.5V 0
IVinea=Vines| = 9V -55°C<T,<150°C | 49.5 | 52.1 | 55 mA
Level 1 49.5 52.1 55 mA
Level 2 48.3 51.1 54.2 mA
Level 3 46.8 49.6 52.7 mA
Level 4 44.9 47.6 50.7 mA
Level 5 43.0 45.6 48.7 mA
Level 6 41.0 43.6 46.7 mA
Level 7 39.6 42.1 45.2 mA
Current Limit Level 8 38.1 40.6 43.7 mA
Level 9 36.7 39.2 42.3 mA
Level 10 35.6 37.9 41.1 mA
Level 11 344 36.7 39.9 mA
Level 12 33.2 355 38.7 mA
Level 13 32.3 345 37.7 mA
Level 14 31.3 335 36.7 mA
Level 15 30.3 325 35.7 mA
Level 16 29.3 315 34.7 mA
Level 17 28.5 30.6 33.8 mA
IVimea—Vimes| = 0.5V 0
IVinea=Vines| = 9V 37.7 | 405 | 433 mA
Shunt Regulated Current Level 1 37.7 40.5 43.3 mA
Level 2 36.9 39.7 42.4 mA
Level 3 35.7 38.4 41.1 mA
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(Ta=25°C, Vin =9V, and Vrry = 0V, unless otherwise noted?.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX | UNITS
Level 4 34.1 36.8 39.4 mA
Level 5 32.5 35.1 37.7 mA
Level 6 30.9 33.4 36.1 mA
Level 7 29.7 32.1 34.8 mA
Level 8 28.4 30.9 33.4 mA
Level 9 27.3 29.7 32.3 mA
Level 10 26.3 28.7 31.3 mA
Level 11 25.3 27.7 30.3 mA
Level 12 24.3 26.7 29.3 mA
Level 13 23.4 25.9 28.4 mA
Level 14 22.6 25.0 27.6 mA
Level 15 21.7 24.2 26.7 mA
Level 16 20.9 23.4 25.9 mA
Level 17 -55°C=Ta=<150°C | 20.2 22.7 25.2 mA
Levels 1-2 10.14 10.5 10.82 v
Levels 2-3 10.62 11 11.41 Y
Levels 3-4 11.12 | 115 | 1191 v
Levels 4-5 11.65 12 12.36 v
Levels 5-6 12.16 | 12.5 | 12.84 v
Levels 6-7 12.59 13 13.42 v
Levels 7-8 13.12 | 13.5 | 13.88 v
LINE Voltage Threshold Levels 8-9 13.62 14 14.37 Y
(Rising) Levels 9-10 14.07 | 145 | 1492 v
Levels 10-11 14.57 15 15.43 v
Levels 11-12 15.05 | 15.5 | 15.93 v
Levels 12-13 15.5 16 16.48 v
Levels 13-14 16.02 | 16.5 | 16.96 v
Levels 14-15 16.52 17 17.45 v
Levels 15-16 17.02 | 17.5 | 17.95 v
Levels 16-17 17.51 18 18.45 "
II:II}I/\ISE(;/r(;IStizge Threshold 80 mv
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(Ta=25°C, Vin =9V, and Vrry = 0V, unless otherwise noted?.)

PARAMETER CONDITIONS COMMENTS MIN TYP MAX | UNITS
Shunt and Limit Current IVinea—Vines| step from

. 8 mA/ms
Step Transition Rate 12.2Vto 12.8V

ABSOLUTE MAXIMUM RATINGS

Ta=25°C unless otherwise specified. All pin voltages are relative to RTN2,

Table 2. Absolute Maximum Ratings

PARAMETER RATING
V,y, RTP, COMP, and SHUNT -0.3Vto 42V
LINEA and LINEB -42V to 42V
Operating Junction Temperature Range LT8440R*3 -55°Ct0150°C
Storage Temperature Range -65°Ct0150°C

1

The LT8440R is specified over the -55°C to 150°C junction temperature range. High junction temperatures
degrade operating lifetimes; operating lifetime is derated for junction temperatures greater than 150°C. Note
that the maximum ambient temperature consistent with these specifications is determined by specific
operating conditions in conjunction with board layout, the rated package thermal impedance and other
environmental factors.

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, functional operation of the product at these or any other conditions above those
indicated in the operational section of this specification is not implied. Operation beyond the maximum
operating conditions for extended periods may affect product reliability.

This IC includes overtemperature protection, which is intended to protect the device during momentary
overload conditions. The maximum rated junction temperature will be exceeded when this protection is active.
Continuous operation above the specified absolute maximum operating junction temperature may impair
device reliability or permanently damage the device.
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BLOCK DIAGRAM
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Figure 3. Block Diagram
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

LT8440

TOP VIEW
(Not to Scale)

LINEA[ 1 | [8 vy
LINEB [ 2 | 9 | 7 ] sHUNT
RTN[3 | RTN | [6]comp
RTN[ 4| 5 |RTP

S8E PACKAGE
8-LEAD PLASTIC SOIC g

GJA = 39.3°C/W, eJc'rop = 80.9°C/W, GJCBOT = 5.8°C/W
THE EXPOSED PAD (PIN 9) IS RTN AND MUST BE SOLDERED TO PCB.
Figure 4. Pin Configuration

Table 3. Pin Descriptions

PIN

NAME

DESCRIPTION

1,2

LINEA,
LINEB

Connect each of these pins through their own resistors to the terminals of the twisted
pair to sense the line voltage. The resistors should be around 20kQ. A smaller
resistance is insufficient for intrinsic safety if the LT8440 is damaged, and a larger
resistor negatively impacts the accuracy of the voltage measurement. The polarity of
the connection to the twisted pair does not matter. The LT8440 will adjust the limit for
the current it allows through the internal pass device according to the absolute voltage
between these pins.

3,4,
9 (EP)

RTN

Connect these pins to the RTP pins of another instance of the LT8440 or to the return
terminal of the rectifier for the twisted pair. The current for the load circuits will exit
from these pins after passing through the LT8440.

RTP

Connect these pins to the RTN pins of another instance of the LT8440 or to the
common return path for all the field device load circuits.

COMP

Optional pin for additional compensation of the shunt regulation loop. If unused, leave
it floating. See the Applications Information section for more details.

SHUNT

Connect this pin to load positive. The internal shunt transistor will draw current as
necessary to maintain about 500mW through the rectifier for the twisted pair. Optional
resistors can reduce the power dissipation of LT8440. If unused, leave it floating.

The quiescent current for the LT8440 is drawn through this pin, where the input
voltage is applied. Connect it to the output of the rectifier of the twisted pair through a
resistor. The resistor should be around 15kQ. A smaller resistor is insufficient for
intrinsic safety if the LT8440 is damaged, and a larger resistor limits the LT8440's
operating range unnecessarily. See the Applications Information for more details on
how to select this resistor.
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TYPICAL PERFORMANCE CHARACTERISTICS

(TA=25°C, unless otherwise noted.)
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Figure 13. Line Voltage Sweep with Open Load Figure 14. Line Voltage Sweep with Shorted Load
(See Typical Application, Figure 32) (See Typical Application, Figure 32)
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5VIDIV 5V/IDIV
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\ 1mA/DIV T dl/dt < 0.65mA/ms
CURRENT __ 368mA 36.8mA
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Figure 15. Zoom-In of Current Step-Up with Open Load Figure 16. Zoom-In of Current Step-Down with Open Load
(See Typical Application, Figure 32) (See Typical Application, Figure 32)
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Figure 17. Zoom-In of Current Step-Up with Shorted Load
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Figure 21. Transition From Current Limiting Mode to

12.3v
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N
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(See Typical Application, Figure 32)

OUTPUT IS SHORTED
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Figure 19. Short-Circuit Protection
(See Typical Application, Figure 32)
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(See Typical Application, Figure 32)
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(See Typical Application, Figure 32)
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Figure 20. Hot-Input Connection
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OPERATION

Overview

Ethernet-APL (Advanced Physical Layer) is a standardized 2-Wire Ethernet physical layer based on 10BASE-T1L
(IEEE802.3cg). It can transmit both signal and power over long distances in hazardous or explosive environments.
APL enables direct and high-speed connection of field devices to Ethernet infrastructure for the process industry.
Figure 23 shows an exemplary APL topology. The field devices connect to field switches through the spur connections
up to the 200m distance, and field switches connect to the power switch or other field switches through the trunk
connection up to the 1000m distance.

CONTROL NETWORK

1

AUXILIARY _| POWER
POWER SWITCH

SAFE AREA OR ZONE 2
L TRunks ZONE 1, ZONE 2
FIELD FIELD
SWITCH SWITCH
__________________ | [ ] spurs | | | | zonEo,zoNE1,zoNE 2
LT8440x3 | [LT8440x3| |LT8440x3 | [LT8440x3| [LT8440x3| |LT8440x3 | [LT8440x3| [LT8440x3
FIELD || FIELD || FIELD || FIELD FIELD || FIELD || FIELD || FIELD

DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE DEVICE

023

Figure 23.Exemplary APL Topology

LT8440 power conditioner is designed for Class A field devices with intrinsic safety Ex ia (APL port class SLAA), which
should be used in Zone 0/Div 1 hazardous area. With three LT8440s in series, it protects the field device from two
countable faults, and optimizes the power delivery while maintaining compliance with APL and Intrinsic Safety.
Across the voltage range, it maintains 2500mW power available to the load but also limits <650mW from the port at
fault.

Theory of Operation

The LT8440 should be positioned in the return path of the load current for a power port in an ethernet field device
such that the current enters the RTP pins and exits through the RTN pins. The part includes a resistor for measuring
the current drawn through the port and a pass transistor for regulating that current. The pass transistor will be driven
to full enhancement to minimize the voltage across its source and drain until the current rises to a limit that varies
with the line voltage sensed by LINEA and LINEB pins. The limitation of current and, ultimately, power by means of
the pass device facilitates certification for intrinsic safety because failing components would otherwise have to
dissipate the full power available from the power-sourcing equipment.

The collection of APL and Intrinsic Safety requirements limit the permitted current in the field device to between
55mA and 20mA, and the permitted power to between 500mW and 5.32W. Under all these conditions, including fault
scenarios, the field device must not exceed allowed self-heating temperatures. The optimal way to meet all the
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requirements is to implement a V-times-I power limit in the field device that gives the load maximum operating
power and still limits fault-related heating. As shown in Figure 3 (Block Diagram), this is achieved by adjusting the
current limit as the voltage changes. At any given line voltage, a selected reference current flows through the internal
resistor Ry;. The voltage across the resistor Ry, is compared to the voltage across the sense resistor Rg by the error
amplifier. When the Ry, voltage exceeds the Rg voltage, the amplifier will drive the gate of the internal pass transistor
M1 high. When the voltages are equal, the internal amplifier will reduce the gate voltage of M1 such that the current
through M1 is reduced and the load current is limited. The current limit is, therefore, steady through each narrow
division of the operating voltage range but changes as the voltage changes to maintain a power limit between
500mW and 650mW. This guarantees that the load can receive at least 500mW but not more than 650mW under any
conditions.

By a similar process, a separate amplifier compares the voltage across Ry, to the voltage across R.. In this case, the
transistor M2 increases the shunt current whenever the voltage on Ry, exceeds the voltage on R.. The voltage across
Ry, is similar to that of Ry;, but lower, so that the total power drawn by the port is maintained just under 500mW. The
shunt current guarantees at least 20mA port current even at zero load, which is required by APL specification for
signal integrity. The shunt current dynamically balances the changes to the load current, so that the currentin the
twisted pair does not change abruptly. The APL standard limits the rate of change of the line current for signal
integrity.

The line voltage is sensed through the LINEA and LINEB pins. These pins are loaded internally with a resistor network
that divides the sensed line voltage to a lower level suitable for the comparators. This means that the line voltage is
sensitive to the value of the external resistors, which are connected in series with the lines to limit current in the case
of pin short, to satisfy the assessment for intrinsic safety. See the Applications Information section for more details

on how to select this resistor.
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APPLICATIONS INFORMATION

Very few components are required to configure the LT8440 for use in a load power port of an intrinsically safe field
device and limit the power drawn by the port according to the Advanced Physical Layer standard. The following
sections are intended to guide the selection of those components.

Input Frontend Design

Figure 24 shows a typical field device frontend design. The cable shield is directly connected to the field device's
chassis. A TVS diode D1 protects any surge or ESD event on a twisted pair. The trip voltage of D1 should be higher
than 17.5V to not interfere with normal operation, while it should be low enough to still protect the circuits following,
A common-mode choke L1 suppresses the common-mode noise.

After L1, a diode bridge is used to eliminate polarity sensitivity at the module input. An additional diode, D6, is used
to block the spark energy when faults happen in the diode bridge. The LINEA/LINEB pins of LT8440 can be connected
either before or after the diode bridge. Connecting them before the diode bridge improves the accuracy of voltage
sensing. However, in this configuration, a two-point failure scenario where LINEA/LINEB shorts to SHUNT and RTP,
respectively, can form a leakage path from the input port to the load capacitor through LINEA/LINEB resistors. If the
total capacitance on the load side is large, LINEA/LINEB pins should be connected after the diode bridge, as shown
in Figure 25. Note that if a fault happens after the diode bridge, according to IEC60079, D2~D6 should be able to
withstand 1.5x of the worst-case stress. The worst-case voltage/currentis 17.5V/380mA. Therefore, the diodes should
be rated to at least 26.25V/570mA. Also be aware that the diode drops reduce the total available power to the load,
as well as the minimum input voltage of LT8440. Schottky diodes can be used instead, to have less voltage drop.
However, Schottky diodes usually have a significantly higher leakage current at hot temperatures, and these
leakages cannot be sensed by LT8440.

TO LINEA/LINEB

OF LT8440
TO SIGNAL CHAIN
3.:,. c1 c2 D7~D12
10kQ 220nF T 220nF <+
T -

&

VO,
= D D3
TWISTED ~ v D6
PAIR f ' D1 L1 —e . .
SHIELDING
—_ TO Vin/RTN
\| == D4y VD2 L2 O Vin

OF LT8440
R2 . o o
o {:n-»n-»
[

D13~D18

|

024

Figure 24.Typical Field Device Frontend Design
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TO LINEA/LINEB
OF LT8440
TO SIGNAL CHAIN
D7~D12
c1 T c2 e¢1€H
220nF 220nF
TWISTED +<
PAIR ® ® o,
SHIELDING TO V)N/RTN
OF LT8440

L2
&HHB
>

D13~D18

025

Figure 25. Alternative Frontend Design with Large Capacitance on the Load Side

After the diode bridge, a differential choke L2 is necessary to separate the DC path from the AC signal, and LT8440 is
connected after L2 to condition and limit the input power. See the Differential Choke section on the design of the
differential choke.

If the application requires input decoupling capacitors in the power path, these capacitors should be placed after
LT8440 (between load positive/negative ports, as shown in Figure 1) not before LT8440, so that the LT8440 can
protect any capacitor failures. LT8440 will also limit the inrush current to these capacitors during a line hot-connect
to comply with the APL standard.

Differential Choke
The differential choke L2 is required to isolate the signal from the large capacitive load on the power path. The signal
attenuation is measured by transmitter output signal droop as well as medium-dependent interface (MDI) return

loss. APL requires < 10% droop and return loss to meet or exceed limits, as shown Table 4 (with 100Q +0.1%
reference impedance).

Table 4. MDI Return Loss Specifications Based on IEEE 802.3¢cg-2019 Standards

Frequency Range LimitindB
0.1MHz < f < 0.2MHz 20 — 18 X logy, (Of_Z)
0.2MHz < f < 1MHz 20
1MHz < f < 10MHz 20 — 16.7 X log0(f)
10MHz < f < 20MHz 3.3 —-7.6 Xlogy, (1f—0)

To meet these requirements, it is recommended to use 220nF+20% for C1/C2, and L2 to have 220uH+20% inductance
per winding (equivalently 220uH x 4 = 880uH in total). Figure 26 shows the measured signal droop and return loss
from the LT8440 demo board. For a detailed measurement setup, refer to the L78440 demo manual.
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Figure 26. Measured (a) Signal Droop and (b) Return Loss on the Typical Application Circuit (See Figure 32).
C1=C2=220nF, L2 =220pH.

In the event of a fault, for example, a sudden open circuit, a large dI/dt in L2 can cause a significant voltage surge
across L2, which must be clamped. Since the ethernet signal level is about 1.0V, the clamp should trigger at a
higher voltage so that normal communication is not interfered with. It is recommended to use two or three silicon
diodes in series, to have sufficient voltage drop across the full temperature range. Also, two diode strings are used
in parallel as safety redundancy.

Redundant Use of LT8440

The highest level of Intrinsic safety allows the system to withstand two countable faults. (Countable faults refer to
arbitrary faults imposed by the examiner to analyze the efficacy of protection against thermal and spark ignition
faults.) Therefore, three independent power-limiting devices are required in series, and the LT8440 has been
designed so that three instances of the part can operate in series. The RTN and RTP pins are positioned on opposite
sides of the package so that the current exiting from the RTN pins of one instance can enter the RTP pins of the
following instance by a short and direct path.

026

The LT8440 can operate in single, double, or triple redundant circuits to provide Ex ic, ib, or ia level of circuit
protection.

Vin/LINEA/LINEB External Resistors

Three pins, LINEA, LINEB, and V,y, each require an external resistor to limit the current drawn by the portin the
event of either damage to the LT8440 or LT8440 pin-shorts, resulting in a short-circuit that would bypass the pass
transistor. In this case, the power dissipated in the resistor would be unavailable to the load but would prevent a
spark or excessive heat. Film resistors in 1206 or larger packages have sufficient size and construction to be
considered infallible to short-circuit faults. Therefore, a single resistor to each pin is sufficient. In a scenario where
this assumption does not hold, two resistors in series are required on each pin for two countable failures.

The resistance of the current-limiting resistor on each pin should be large enough so that at a fault event, the
surface temperature rise in the worst-case scenario still complies with IEC60079. However, larger resistors increase
the voltage drop. Figure 27 is a simplified circuit diagram regarding components on LINEA, LINEB, and V pins
(assuming a frontend design as shown in Figure 24). For LINEA and LINEB pins, the equivalent internal resistance is
about 550kQ typical, and the resistance change over temperature is shown in Figure 8. The additional voltage drop
on the pin resistors R, and Ry will reduce the sensed line voltage and, therefore, a small error in power. It is
recommended to use around 20kQ current limiting resistors on LINEA and LINEB pins. At 9V, the V,, pin has a
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quiescent current of about 120pA at 25°C or about 150pA at 150°C. It varies across ¢ voltage and temperature, as
shown in Figure 6 and Figure 7. On top of the voltage drop across the input resistor R, there are three additional
diode drops. Therefore, the input resistor, Ry, value should be small enough that at the minimum line voltage (9V),
the V\\-RTN voltage is still above the minimum 6V operating voltage. It is recommended to use a 15kQ current-
limiting resistor on the V, pin.

RB;
TTTLONER Vi

2 550kQ
S (TYPICAL)

TWISTED )
PAIR J A
14
(TYPICAL)

Oy
| RTN
" LT8440 5

Figure 27. Simplified Circuit on LINEA, LINEB, and Vi Pins

Loop Stability

Current Limit Loop

The current limit loop is internally compensated. Figure 28 shows a simplified equivalent circuit of the current limit
loop while the load is short-circuited. Vune is the input port voltage, and L is the total input inductance.

L= Lsource +4 X Lpirr

where Lsource is the total inductance from the source side, including the cable inductance, and Lo is the inductance
of each winding of the differential choke. Since the load side has a low-impedance short, it is assumed that the load
impedance (including the output capacitors) has a negligible effect on the loop stability.
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Figure 28.Simplified Equivalent Circuit of Current Limit Loop at Load Short

The current limit loop has two poles. The dominant poleis at the gate of M1, which is internally compensated. LT8440
guarantees stable operation across process and temperature variations when L < 5mH.

Current Shunt Loop
The current shunt loop is more complicated than a current limit loop. Figure 29 shows the equivalent circuit of the
shunt loop. Ron: is the on-resistance of M1. Cioap is the output capacitance, and l o is the load current.

Similar to the current limit loop, in the shunt loop, the dominant pole is at the gate of M2 (or COMP pin). The load
capacitors Cioap and L create non-dominant complex poles. A fourth pole is due to the capacitor current. Therefore,
if a large load capacitor is needed (= 10uF), it is advised to increase the ESR of Coap to about 1Q to 5Q to insert a zero
to compensate for the effect of these non-dominant poles.
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Figure 29. Simplified Equivalent Circuit of Current Shunt Loop
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Regarding the current shunt loop compensation, theoretically, an external capacitor Cc can be sufficiently lower than
the frequency of the dominant pole to stabilize the loop. However, if the shunt loop bandwidth is too slow, it can
impact the ability of the shunt loop to compensate for the fast-changing current from the load. Resistor Rc adds
another zero, which can help increase the bandwidth while maintaining the loop stability. Sometimes, an additional
small cap Cc; can be added between COMP and RTP to improve the gain margin and, therefore, the high-frequency

noise immunity.

Table 5 shows the choice of compensation for certain Coap vValues. For different application requirements, a practical
approach is to start from a similar condition in the table and tune the compensation to optimize the performance.
LTspice® simulations can help in this process. Stability should then be checked across all operating conditions,
including load current, input voltage, and temperature.

Table 5. Recommended Compensation Values

CL(JAD ESR LSOURCE I-DIFF RC CC CCZ
660nF 1Q 20kQ 47nF Open
1Q 62kQ 22nF Open
6.6UF 0mH~4mH 220uH
10Q 470kQ 2.2nF Open
100uF 1Q 470kQ 4.7nF Open

Short-Circuit Event

When a fault occurs at the load side that causes a short-circuit, the current limit loop in LT8440 will activate to
eventually limit the total input current to 55mA or lower, depending on the line voltage. However, due to the finite
bandwidth of the current limit loop, the short-circuit current cannot be limited immediately. Before the current
limit loop functions, the peak current spike is limited by the total loop impedance from the power source to the
short location. The simplified test setup in Figure 30 emulates the worst-case scenario where the loop impedance is
minimized. With this setup, the measured reaction to a hard short event is shown in Figure 31 at 17.5V input
voltage. Figure 12 shows the typical reaction time of LT8440 at different peak current spike, where the reaction time
and short-circuit peak current are shown in Figure 31. LT8440 is guaranteed to survive at least a 600mA fault current
spike flowing through either RTP, RTN, or SHUNT pins within its own reaction time. The downstream circuits must
also survive the surge for the corresponding reaction time.
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Figure 30. Simplified Short-Circuit Reaction Test Setup
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Figure 31. Measured Fast Short-Circuit Reaction at 17.5V input.

Printed Circuit Board (PCB) Layout, Coating, and Thermal Considerations

Care should be taken in the PCB layout to ensure good heat sinking of the LT8440. The power ground plane should
consist of large copper layers with thermal vias; these layers spread heat dissipated by the IC. Placing additional vias
can reduce thermal resistance further. Extra attention is also needed to guarantee that the designed circuit board is
intrinsically safe. For example, the trace separations should comply with the clearance and creepage requirements
documented in IEC60079-11. The distance between conductor planes in the z-axis should be carefully examined as
well. For more details and PCB design files, refer to the L78440 demo manual.

According to IEC60079-11 Ed. 7.0 Table 7, with peak voltage of 10V~ 30V, level ia/ib protection requires = 2mm
conductor separation without coating, or = 0.7mm clearance with coating. Due to the limit of SOIC pin spacing, the
LT8440 needs to be at least coated (or potted) on the application circuit board to be able to treat the pin shorts as
countable faults.

The maximum load current should be derated as the junction temperature approaches its maximum temperature
rating. Power dissipation within the IC can be estimated by calculating the total power loss. The junction
temperature can be calculated by multiplying the total IC power dissipation by the thermal resistance from the
junction to the ambient and adding the ambient temperature. The LT8440 includes internal overtemperature
protection intended to protect the device during momentary overload conditions. The overtemperature protection
shuts down the IC when the junction temperature exceeds 175°C (typ). The maximum rated junction temperature is
exceeded when this protection is active. Continuous operation above the specified absolute maximum operating
junction temperature (see Absolute Maximum Ratings section) may impair device reliability or permanently damage
the device.
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TYPICAL APPLICATIONS
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Figure 32. APL Class A Field Device Port Power Conditioner
Table 6. Recommended Components for Typical Application’
L1 L2 D1 D2-D6 D7-D18
PART NUMBER 744223 | MSD1260-224KLD | SM4T30CAY BAT165E632HTSA1 | S1AFL
MANUFACTURER | Wurth | Coilcraft STMicroelectronics Infineon OnSemi
VALUE 500pH | 220pH Vrw = 26V, V¢ =39.4V 40V/750mA 50V/1A
at 25A 8/20us

1 The recommendation is subject to further assessment for usage in specific intrinsically safe applications.
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ORDERING GUIDE
Table 7. Ordering Guide
PACKAGE TEMPERATURE
1
PART NUMBER TAPE ANDREEL PART MARKING DESCRIPTION MSL RATING RANGE?
LT8440RS8E#PBF | LT8440RS8E#TRPBF 8440 8-Lead 3 -55°Cto 150°C
Narrow SOIC

L Tape and reel specifications. This package is available in 500-unit reels through designated sales channels with
the #TRMPBF suffix.

2 The LT8440R is specified over the -55°C to 150°C junction temperature range. High junction temperatures degrade
operating lifetimes; operating lifetime is derated for junction temperatures greater than 150°C. Note that the
maximum ambient temperature consistent with these specifications is determined by specific operating
conditions in conjunction with board layout, the rated package thermal impedance and other environmental
factors.

RELATED PARTS

Table 8. Related Parts
PART NUMBER DESCRIPTION COMMENTS

ADIN1100 Robust, Industrial, 10BASE-T1L IEEE 802.3cg-2019 compliant, low power, 40-lead
Ethernet PHY 6mm x 6mm LFCSP

ADIN1110 Robust, Industrial, 10BASE-T1L IEEE 802.3cg-2019 compliant, ultralow power,
Ethernet MAC-PHY 40-lead 6mm x 6mm LFCSP

LTC9111 Industrial SPoE PD Controller IEEE 802.3cg compliant, 2.3V to 60V input, support

SCCP, 12-Pin MSOP or 4mm x 3mm DFN
LT8606/ 42V, 350mA Synchronous Vin =3V to 42V, lqg=2.5uA, Vourmm) = 0.8V, MSOP-10
LT8606B Step-Regulator with 2.5pA or 2mm x 2mm DFN

Quiescent Current

LTC3315B Dual 5V, 2A Synchronous Step-Down Vin =2.25V to 5.5V, Vourminy = 0.5V, 2mm x 2mm LQFN

DC/DCs

ADP2140 3 MHz, 600mA, Low Quiescent Current Buck output 1.5V to 3.3V, LDO output 0.8V to 3.3V,
Buck with 300mA LDO Regulator 3mm x 3mm LFCSP

MAX25210 Automotive Ultra Low Quiescent Vin = 3.5V to 36V, fixed (3.3V or 5V) or adjustable
Current Linear Regulator Family output, up to 300mA, 3mm x 3mm TQFN
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ALL INFORMATION CONTAINED HEREIN IS PROVIDED “AS IS” WITHOUT REPRESENTATION OR WARRANTY. NO RESPONSIBILITY IS
ASSUMED BY ANALOG DEVICES FOR ITS USE, NOR FOR ANY INFRINGEMENTS OF PATENTS OR OTHER RIGHTS OF THIRD PARTIES THAT
MAY RESULT FROM ITS USE. SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE. NO LICENCE, EITHER EXPRESSED OR
IMPLIED, IS GRANTED UNDER ANY ADI PATENT RIGHT, COPYRIGHT, MASK WORK RIGHT, OR ANY OTHER ADI INTELLECTUAL PROPERTY

RIGHT RELATING TO ANY COMBINATION, MACHINE, OR PROCESS WHICH ADI PRODUCTS OR SERVICES ARE USED. TRADEMARKS AND
REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS.
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