OPTIMIZE YOUR INPUT POWER
PROTECTION WITH TPS1641 eFUSE

New Product
Update



Agenda

Power switches overview

TPS1641 overview
— Power limiting
— Current limiting
— Protection against single point failures

Industrial applications for power limiting
— Home appliances

— Medical

— Building Automation

Backplane power protection for factory automation

W3 TEXAS INSTRUMENTS



Power switches | Use cases

Load switch Input Power Protection

* Reverse current blocking

*  Current limiting

» Overvoltage protection

* Inrush current control
= J}@ Load switch *  Surge immunity

* Reverse Polarity Protection

‘ Ideal diode Hot swap controller
Power Distribution

» Power Sequencing
* Inrush current control

Input power protection Power distribution

* Power Muxing/Power Oring

Output Power Protection
» Current limiting
* Inductive load driving

a_]] @\_,m High-side Controllers

Isolated Switches
Power distribution Output power protection additional power ‘
switch products

Power MUX

High side switch

VBS Clamp

Low-side switches
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Hot swap controller vs. eFuse | Comparison

Hot swap controller eFuse

Control Logic

Control Logic

Hot Swap Controller eFuse

* Flexible Rpgoy (Designers Choice) . nghly integrated
*  More feature options Few external parts

— No limit on current limit - Internal FET, Current Sense

- Generally more accurate - Fast and accurate monitoring
*  More external parts - Matched FET & protection

Rsense: FET - OCP, SCP, OVP, OTP, UV, RPP, RCB
- Rs, Cs for configuration - EN, PG, FAULT, IMON

— Inrush current control, UL/IEC certified
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eFuse Topologies

Basic Topologies

» eFuses utilize a charge pump to drive internal NMOS FET(s) to act as protection switches
« eFuses are available in two different topologies

« Single FET

« Back-to Back FET (B2B)

Single FET Topology Back-to-back FET (B2B) Topology

VIN

Y
Q
<
T

VOUT
>

Consists of a single hot-
swap FET to enable:

VIN

Consists of two back-to-

M—ﬂ» back FETs to enable the

EN/UVLO

—

Control

dvdT

Logic

Current
Limit

v" Overvoltage protection
v' Current limiting
v' Slew rate control

Features NOT included:
% Reverse current blocking

% Reverse polarity
protection

EN/UVLO

=l

Control

dvdT

Logic

Current
Limit

lum

i

same features and more:
v' Overvoltage protection
v' Current limiting

v" Slew rate control
Features included:

v" Reverse current blocking

v" Reverse polarity
protection
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eFuse & hot-swap controller portfolio | Today

< 30V eFus Hot Swap |

Controllers

=
£
—
—
cC
()]
-
-
>
@)

60V eFuse

40V eFuse

-48 VDC 3.3VDC 12 VvDC 24 VDC 48 VDC 80 VDC

Common Voltage Rails
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TPS1641 | 40V, 1.8A Power limit / Current limiting eFuse

Features

45-40V  27-40V  27-40V  27-40V
184

s | Ao | i | A o
2-64W  003-18A  2-64W  0.03-1.8A
Auto retry Latch-off Auto retry Latch-off
Adjustable

Adjustable

VSON | 10, 3mm x 3mm

Applications

= Low power circuit for Appliances as per IEC60335 and UL60730
o Refrigerators, dish washer, washers, dryers, ovens, residential AC units
= Medical Equipment
= Building Automation Actuators
= Back-plane power protection in PLC Modules

Benefits

CIN

Integrated and small size solution for power limiting and/or current limiting
Shortens qualification for IEC60335 and UL60730 Standards and reduces
system cost

Adjustable blanking time allows transients to pass such as stall currents
before power limiting or current limiting

Inrush current control for startup with capacitive load

Fault output for Diagnosis

Load protection from over-voltage events

Nawley

RPLIM

VCC
I—H—| ouT VOUL

N 1Y] 1 )y
152 nﬁl Cour i
TPS1641x

§ —¥ EN/SHDN
<«JFCT IOCP/IMON '
ovp PDLY/IDLY smm x gn;::n:/ igg‘hl 10pin
R .
_avar PLIM/ALIM or
GND Cor

~




TPS1641 | Power limiting

1

Cin if

~

ouT Vour
i 117 T
152 nﬁl Cour l
TPS1641x
—¥ EN/SHDN
<«IET IOCP/IMON
OvP PDLY/IDLY
—dvdT PLIM/ILIM
GND ~C
i Reum o

Rocp

TPS16410/11/14/15 orderables of the device offer adjustable power limiting

The power limiting is adjustable from 2W to 64W via an external resistor on the
PLIM pin

The device also offers configurable blanking time for the power limit and
overcurrent protection to allow transients to pass, such as a motor or a solenoid
which may require high stall current when being enabled

The blanking time for the power limit can be set to zero or to a larger time
corresponding to the Cp,  capacitor that is placed

Configurable Blanking time and

mlagnuitude for Transient Loags
¢—— PDLY —»:

- _/:/ \é PLIM L

8
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TPS1641 | Power limiting vs. PTC

PTC Hold and trip current across TPS1641 Power limiting accuracy across
temperature temperature
PTC - Hold and trip current across temperature 14
300% B
12
Rpuim = 26.7 kQ
250% —— Rpum = 95.3 kQ
- I Tripped state . 10
§ 200% ] . =3
§ Undefined state | 'é 8
0 o
E 150% HOLD ]
5 100% \\ ITRIP
° Untripped state \ 4
50% \L )
40 20 0 20 40 60 80 100 120 140
0% Ta (°C)
60 40 20 0 20 40 60 80 100 Figure 7-11. Output Power Limit vs Temperature for TPS16410
Temp (°C) and TPS16411 with Vi = 12V

Problem with PTC: Power available for load at the output is greatly reduced with the PTC approach
Advantage of TPS1641: Power available at output maximized due to accurate power limit (+/-5%) of TPS1641

9
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TPS1641 | Current limiting

Cin if

Vee
r ouT Vour
"IN 117 1
152 nﬂ Cour l
TPS1641x
—» EN/SHDN
T IOCP/IMON
ovP PDLY/IDLY
Roce
avdT PLIM/ILIM
GND |

~

= Cou
S

<

TPS16412/13/16/17 orderables of the device offer adjustable current limiting

The current limiting is adjustable from 0.03A to 1.8A via an external resistor on
the ILIM pin

The device also offers configurable blanking time for the current limit and
overcurrent protection to allow transients to pass, such as a motor or a solenoid
which may require high stall current when being enabled

The blanking time for the power limit can be set to zero or to a larger time
corresponding to the Cp,  capacitor that is placed

Configurable Blanking time and

mlagnuitude for Transient Loags

{¢—— IDLY —b:

o _/:/ \é ILIM L

10

W3 TEXAS INSTRUMENTS



TPS1641x | Added protection against single point failures (optional)

Some systems require protection against single point failures, TPS1641 add a number of features which enable it to be safe
during single point failures

AC/DC
Output

A
VCC
< IN ouT Vour
14l 1Y7T
—/ P-ch ¢, J_ Cour J_
¢ FET I 175mQ 5 i
12V 24V <_> TPS1641x
§ i —»| EN/SHDN
=) <—F7 |OCP|
R OVP PDLY
2
B PLIM
GND ~C
Reum |~ *
Potential failure cases to analyze:

oOow>

-

+

In case of IN to OUT short, TPS1641x asserts the FLT pin and turns off external PFET
OVP set to 36V or lower voltage with R1 and R2
TPS1641x turns off external PFET when Input voltage goes above OVP set-point.
Protection from Adjacent Pin short

Sub-System
A

Rocp

VCC, OVP, and FLT
pins are rated to
60V
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Home Appliances

Reduce system cost and development cost
for appliances which need to undergo
IEC60335-1 and UL60730 certification by
enabling 15W low power circuits

Medical

To prevent fire, medical equipment with high
concentration of O2 gas needs to be limited
to 10VA according to IEC60601 Section
11.2

Power limiting application | Industrial

Building Automation

Reduce system cost and development cost
for HVAC systems such as actuators which
need to undergo IEC60335-1 and UL60730
certification by enabling 15W low power
circuits
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TPS16410/1 | 15W Power limiting in appliances

As per IEC60335-1 and UL60730, Low Power Circuit (LPC) is defined as a circuit consuming < 15W of power

Benefits of Low Power Circuit:
* Below tests can be exempted:
* Glow Wire Test for appliances
* Needle Flame Test (NFT) on printed circuit boards
* Reduced system cost
* Reduced flame retardant rating of the plastic enclosures and wiring for UL94 [Standard for Tests for Flammability of Plastic Materials] reduces system
cost

Benefits of TPS1641x for Low Power Circuit:
* TPS1641 offers accurate current limiting of +/-5% accuracy at 15W which helps to maximize the power to the output vs. discrete fuses

1
Node A Node B Node C Node E

Power Supply Board 7ow) 4o : (14 W) W) :

upply Supply Source s N s S s { Circuit 6 : Circuit 8
l l l (ACIDC - 100 W) —>»| Circuit1 »| Circuit2 » circuitall > LPC . LPC :
eFuse eFuse eFuse I Node D 1
1 (10:W) 1
<15W <15W <15W il |
Circuit 3 Circuit 5I . (el 1
d I LPC 1
LPC v P ———|

» Beyond Node B there is no other point in the circuit which consumes power
greater than 15 W

* Node C and Node D are points closest to the supply source where the maximum
power consumed does not exceed15

Ice Maker Interior Lights Control Panel 13

App Note: Designing Low-Power Circuits (LPCs) using an eFuse for Household and Similar Appliances Q’ TEXAS INSTRUMENTS


http://www.ti.com/lit/an/slvaec2/slvaec2.pdf

TPS16410/1 | Power limiting in medical applications

Anesthesia delivery systems

Ventilators

AC input —

T

Isolated AC/DC power supphy

D>

Valve control

——»= To air inlet valve
L To mixer valve
| To expiration valve

Flow sensor —
Air pressure sensor ——-
Temperaturs —-
Humidity —

Power stage

MCU/MFPL/DSP

Digital processing
l \\|/’

t

Wired interface

Input user interface

Te all low voltage
E @ o nas

- - . e w'me e

Aurthent Gavge

W E:ttery
ger|

|solated AC/DC Power Supph, Battery Managemsant

Pump motor
urrent
T Air Flow Sensor — roe
Oxygen Flow Sensor g

Tempersture Sensor

—- E
Gate Airwzy Pressure Sensor __ . Signal
™ b - MpiiL Lty
|_soon |

Current & voltage Protection = =
zense
* Analog Front End
EEFRCM | c Display
| fla=h/DOR | Y —#  Onoygen Valve :
- pem ER o
terminator |—# Pinch Valve
Memary Clocking [—®  Mixer Valve !
Power Stage [ Heater Drive

Battery

Memony L

Cl
—= Battery— -

Non-|sclated DC/DC Power

O oo oo -

Power Output for Valves for controlling gas flows.

Power outputs needs to be power and energy limited for prevention of Fire in
Oxygen Rich Environments as per IEC60601 Section 11.2

Power needs to limited between 12 to 20W

With PTC or Discrete Fuse, there is large variation of trip current with temperature.
Power available for Valve gets significantly reduced (<70% available for valves)
Accurate power limiting with eFuse [TPS1641x] provide higher power to drive
Valves (95% power available for valves)

Output User Interface

MPU /

DSP
W [
Digital Prom_‘.sm

.IT» G

Cument

FHY
Wired Interface

W3 TEXAS INSTRUMENTS



TPS1641
Backplane power protection




TPS16412/3 | Backplane power protection in PLC

Background:

FT

LT

24V Field

Power

—

24V Input Power Input Power
Protection

\_b

Protection

Signal Input-
Output
Protection

E-Fuse & DCIDC Isolated Efuse & | AR
Protection DCDC Protection Backplang

LDO

Signal Chain Power Isolated DCDC power supply Protection

e Supervisor
Seusncer

Point of Load Regulators

Ethemet/
LvDs

Power backplan

Data backpl

Reference

Mmcur
MPU
Data

Isolation

Level
Shifter

Logic

HART Modem 10 Module Digital Backplane

Signal Isolation Processing Communication

250
Ohms
Analog Input Front-End

Configuration and
Small Ul Commissioning

Backplanes are used to distribute both power and data to PLC
modules

Generally, backplanes have few components in them to increase
lifetime of the product

A backplane should remain active even if a plug-in module fails
due to a short-circuit

To achieve localized protection in each plug-in module is required

TPS16412/3 can be used to provide both overvoltage protection
from surges on the backplane and overcurrent protection for the
backplane in the case of a module failure

TPS16412/3 Benefits:

Provides overvoltage protection for the plug-in module from
surges on the backplane

Provides overcurrent protection for the backplane in the case of
a module failure

Available in a small 3mm x 3mm package
16
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Summary

TPS1641 is a flexible 40V, 1.8A eFuse with many different variants as listed below

5 Device Comparison Table

Part Number Power or Current Limit Fault Behavior IN-OUT Short
Detection
TPS16410 Power limit Auto-retry Y
TPS16411 Power limit Latch-off Y
TPS16412 Current limit Auto-retry Y
TPS16413 Current limit Latch-off Y
TPS16414 Power limit Auto-retry N
TPS16415 Power limit Latch-off N
TPS16416 Current limit Auto-retry N
TPS16417 Current limit Latch-off N

The device can be used to limit power in industrial applications to save cost in such applications as:

— Home appliances with IEC60335 and UL60730 certification
— Medical equipment adhering to IEC60601 Section 11.2

— Building automation applications with IEC60335 and UL60730 certification

The device is also optimized to provide backplane power protection PLC systems

For more information

— Go to the product folder on ti.com here
— To start evaluating the device, order the EVM here

17
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http://www.ti.com/product/TPS1641
http://www.ti.com/tool/TPS1641EVM

Getting started

You can start evaluating this device leveraging the following:

: Link to content or more
Content type Content title :
details
Product folder TPS1641 - 2.7-V to 40-V 152-mQ 1.8-A eFuse with output Link
power limiting

Application Report Designing Low-Power Circuits (LPCs) using an eFuse for Link
Household and Similar Appliances

STl Ne S sg TPS1641 design calculator Link

tools and models

BIEVE oo i RelolNe]@N TPS1641 evaluation module for 40-V 1.8-A eFuse Link

evaluation kit
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http://www.ti.com/product/TPS1641
https://www.ti.com/lit/slvaec2
https://www.ti.com/tool/download/TPS1641-CALC
https://www.ti.com/tool/TPS1641EVM

Visit www.ti.com/npu

For more information on the New Product Update
series, calendar and archived recordings

19
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http://www.ti.com/npu
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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