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Goal of the presentation

There are four main objectives for this presentation
— Familiarize you with the protection functions of an eFuse and how to use them
— Discuss & compare eFuses to traditional discrete protection
— Introduce new eFuse devices that have recently released

— Share where you can find out more information on eFuses on ti.com and the
resource available to you on ti.com
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Agenda

* Power switches overview

» Analysis of a common discrete protection circuit
» eFuse overview

« eFuse vs. discrete comparison

» Features and applications of an eFuse

* New generation devices available with enhanced protection features
— TPS25947
— TPS2663
— TPS2661

» eFuse portfolio & Where to find more information and resources on eFuse
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Power Switches Overview

Load switch

Dm:j} © Load switch

‘ Ideal diode Hot swap controller

Input power protection Power distribution

Power MUX
High side switch

Vns Clamp

Power distribution Output power protection

Common Design Challenges

Input Power Protection

* Reverse current blocking

»  Current limiting

» Overvoltage protection

* Inrush current control

»  Surge immunity

* Reverse Polarity Protection

Power Distribution

* Power Sequencing

* Inrush current control

*  Power Muxing/Power Oring

Output Power Protection
» Current limiting
* Inductive load driving
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Discrete Input Protection Circuit

ON/OFF Switching & Inrush control

PTC Schottky Diode

Power
Supply

=)

Protection Features:

ANENENEN

Overcurrent protection
Slew rate control
Reverse current blocking
Reverse polarity protection \

Overcurrent Reverse Current
Protection Blocking

Load
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Discrete Input Protection Circuit | Summary

Power
Supply

Load
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PTCs | Basics

What are PTCs?

* PTCs are positive temperature coefficient (PTC) devices which are used for overcurrent protection.
PTC « During an overcurrent event, a PTC limits current and changes from a low resistance state to a high resistance state.

« WhenaPTCisina "tripped state" it reduces the current flow to a low value due to its high resistance state.

« The procedure for resetting the device is to completely remove power and allow the device to reduce its temperature.

PTC — ligp & lyoLp VS temperature PTC Considerations

PTC - Hold and trip current across temperature Tripped State: Device will trip and enter a high resistance Limitation #1: Large variation in hold and

300% state trip current across temperatures

250% . Untd_eflngdtsttate: The device can either trip or remain in an Limitation #2: Slow reaction time to
5 200% ! [~ Tnlp i untripped state overcurrent events
3 [ndefined state Untripped state: Device will remain in an untripped state o . o
g o IHOLD Limitation #3: High power dissipation
S o0 e 1O ensure the PTC will not trip, l,,o,p line should be during tripped state
S Untripped state \\ considered to be the max operating current for the system

s0% . ) Limitation #4: No fault indication

The max lgp current should be considered in power
O e a0 20 o 2 o s s 100 dissipation calculations when sizing other system
Temp (°C) components
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PTC | Example

Specification @ 25C Value
ITRIP 100mA
IHOLD 50mA
ITRIP response time @ 100mA 2s
Ppiss during tripped state @ 24V 480mwW
o Resulting waveform Resulting Thermal Image
Test case: Mis-wire 24V power supply to 4-20mA

current loop

Voltage
source
+ ltrip PTC Starts
Current during

current “tripped” state
° eoscilloscope [] R
24V BURDEN

Loog current

o

LV i v

Resulting power - 3 i Z :
during the tripped : : . .
state . : : 1sec/div

No fault reporting available with the PTC *y TEXAS INSTRUMENTS



Discrete Input Protection Circuit | Summary

Schottky
PTC Diode

Power
Supply

5w

Overcurrent Reverse
Protection  Current
Blocking

Load

PTC Considerations

Consideration #1: Large variation in hold and trip current across temperatures
Consideration #2: Slow reaction time to overcurrent events

Consideration #3: High power dissipation during tripped state

Consideration #4: No fault indication
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Diode in Discrete Implementation

Typical Discrete Implementation Diode |-V curve

Schottky . .
Diode Generic Diode Diode I-V Curve
Power Specification Value
—92 |——>|' Load 10.000
Supply B IFORWARD 5A /
Reverse Veev 40V 1.000
Current b T 150C
Blockin -~
g 4{ H Ve 0.4V % 0.100
| § VF at 25C
O 0.010 at
I
. 0.001
Schottky diodes enable: v
v' Reverse current blocking 0000 - ” " o
v' Reverse polarity protection voltage (V)

Diode Considerations

* Power Dissipation

— Diodes dissipate a large amount of power, for example if we have a 2A application the above diode were to be used then it would dissipate
approximately 0.9W of power

+ Size
— To handle this amount of power, power diode come in large packages such as SOD128 or SMB packages
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Discrete Input Protection Circuit | Summary

PTC

Schottky
Diode

Power
Supply

PMOS + NMOS FET

N

—

P

Overcurrent Reverse

Protection

Current
Blocking

"

) (e -

al

A\

7

ON/OFF Switching & Inrush

control

Load

PTC Considerations

Consideration #1: Large variation in hold and trip current across temperatures
Consideration #2: Slow reaction time to overcurrent events
Consideration #3: High power dissipation during tripped state

Consideration #4: No fault indication

Power Dissipation
— Diodes dissipate a large amount of power, for example if we have a 2A application the
diode mentioned previously would dissipate approximately 0.9W of power

Size
— To handle this amount of power, power diode come in large packages such as SOD128 or
SMB packages




PMOS & NMOS FET in Discrete Implementation
Non-linear inrush current control

PMOS + NMOS FET /_\ﬂ/ VIN droop
VIN
Power ¢ > ‘ 1
Load | v
Supply
—
| - / 1.5A peak
vouT [
PMOS + NMOS FETs H
enable: 4{| ] /
v" Inrush current control H ,\
v ON/OFF switching W
N P o e e
ON/OFF Switching & = ! —
Inrush control -- il O S

PMOS & NMOS FET Considerations

* Non-linear inrush current control

— Due to the RC mechanism, the inrush current during start up of the system will have an exponential rise in current resulting in large peak
currents which could collapse the upstream supply

+ Size
— Two components are required to realize the ON/OFF control as well as some additional discrete components to realize the inrush current control
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Discrete Input Protection Circuit | Summary

PTC

Schottky
Diode

Power
Supply

PMOS + NMOS FET

—

P

Overcurrent Reverse

Protection

Current
Blocking

) (e -

al

\ y
ON/OFF Switching & Inrush
control

Load

PTC Considerations

Consideration #1: Large variation in hold and trip current across temperatures

Consideration #2: Slow reaction time to overcurrent events
Consideration #3: High power dissipation during tripped state

Consideration #4: No fault indication

Power Dissipation
— Diodes dissipate a large amount of power, for example if we have a 2A application the
diode mentioned previously would dissipate approximately 0.9W of power

Size
— To handle this amount of power, power diode come in large packages such as SOD128 or
SMB packages

PMOS & NMOS FET Considerations

Non-linear inrush current control

— Due to the RC mechanism, the inrush current during start up of the system will have an
exponential rise in current resulting in large peak currents which could collapse the
upstream supply

Size

— Two components are required to realize the ON/OFF control as well as some additional
discrete components to realize the inrush current control
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Tl eFuse Overview

eFuses are integrated power

protection switches that provide

voltage and current protection
during fault events.

eFuses are used at the input of
a system.

VIN

OVP

EN/UVLO

Features & Benefits

gl

—

Control

1
=

dvdT

GND

Logic

Current
Limit

VOUT
>

Im

Adjustable current limit &
Adjustable slew rate control

Short circuit protection

Reverse current & reverse
polarity protection

Status & power good signals

UL recognized

More flexibility in system design
Enables the same device to be used across different applications

Very fast (<200ns) response time to severe short circuit events

Programmable OVP & UVLO helps to eliminate supervisory circuits

Protects against mis-wiring
Reserves holdup capacitor charge during power failure (Last Gasp)
Enables Power Muxing

PG signal provides sequencing in the application
Fault intelligence provided to the micro controller etc
Real Time Analog Load current monitor

All eFuses are UL recognized, this enables faster certification of the end
product since a UL device is being used
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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

VIN

> OVP

VOUT
>

Consists of a single hot-
swap FET to enable:

Back-to-back FET (B2B) Topology

VIN

Y

ovpP

Consists of two back-to-

ﬁ—ﬁ—ﬂ» back FETs to enable the

EN/UVLO

—

Control

dvdT

GND

Logic

Current
Limit

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

Features NOT included:
% Reverse current blocking

% Reverse polarity
protection

EN/UVLO

=

Control

1

dvdT

GND

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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Discrete vs. Integrated | eFuse

Discrete Input Protection Circuit

Schottky PMOS + NMOS FET
PTC Diode 7 N\

povet ! oad
Supply L1
Overcurrent Reverse
Protection  Current >

Blocking
%
|_

N
\ S
ON/OFF Switching & Inrush
control
Features:
v' Overcurrent protection ®» - Slow reaction time, wide variation, high Py sg

Slew rate control ® - Non-linear rise time, high peak inrush
Reverse current blocking ® - High power dissipation (Pp,ss)
Reverse polarity protection

Overvoltage protection

Fault/PGOOD Indicator

LI NN

Integrated eFuse

VIN

Y

EN/UVLO

ovpP

=

Control

dvdT

Features:

AN

SNENENENEN

Overcurrent protection

Slew rate control

Reverse current blocking
Reverse polarity protection
Overvoltage protection
Fault/PGOOD Indicator

GND

Logic

Current Ium
Limit

» +

»
»

»
»

+ +

+ +

Accurate & fast response, low Py g5 due
auto-retry & latch off response

Linear rise time reduces peak inrush current
Integrated blocking FET enables low Pp,gg

Also provides OVP
Enables fault reporting for smarter protection




PTC | Example

Specification @ 25C Value
ITRIP 100mA
IHOLD 50mA
ITRIP response time @ 100mA 2s

Ppiss during tripped state @ 24V 480mwW

Resulting waveform
Test case: Mis-wire 24V power supply to current loop

Voltage
source
+ ltrip PTC Starts
Current during

current “tripped” state
° eoscilloscope [] R
24V BURDEN

Loog current

LV i v

Resulting power
during the tripped

state : : 1sec/div

Resulting Thermal Image

4

o
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eFuse | Current limiting performance

Ly |—H—|—H—| Lout
1Y[ 1Y7
|— 7.50
3t0 30V B
e TPS2661x
_[ SGOODb
oto 2oVl ‘-;N; T mope
Test case: Mis-wire 24V power supply to ; -
current loop ; Temp rise is only Ta + 15C for eFuse
| solution because of auto-retry function
TPS2661X [Um |
Voltage - .+ | " ‘
source G:Veur !_____ _ T _— I —
+ | SGOODb
oL NEESERUE DU SRUNE SRUIESESUESUIIE SRR

. when there is

| fault. ~a .
| SGOODb

24V “ T ]
F— 500ms/div

*lour
e

I —

V- e oscilloscope = = e
@i Bt T -
Wi 100 min
Figure 7-3. Al.‘to Retry with MODE = 180 kQ

TPS2661 limits the current to the 2x ILIM for 40ms then folds back to
30mA ILIM for 80ms then hits thermal shutdown and retries after a set
interval which helps to reduce the heat dissipation inside the module
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eFuse vs. PTC | Summary
Why is protection needed? PTC based solution vs. Integrated protection

v" Short-circuit events Specifications PTC based protection TPS2661 | Integrated solution

o o . v v v
v Mis-wiring during installation T = C

. I+ Rum IN out

v' Overvoltage transients @ AN ADC TPS2661x
Simplified Schematic SGOOD
Zeners Reuroen Reuroen
I- PTC Rum I-

Why TI? & LZF——W—— ® T
v' Higher current limit accuracy I accuracy +140/-72% +-16%
v’ Faster response time to overcurrent I response time @ 25C 2s 120ms
v" Compact packaging Fault Indication No Yes, through SGOOD pin
v' Lower heat dissipation during fault Tp+95°C Ty +15°C
v' Fault indication

Trise during overcurrent fault @ 20°C o
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eFuse vs. diode | Power dissipation

Diode |-V Curve

10.000

1.000

/

0.100

Current (A)

0.010

0.001

0.000

Ve (V)
0.45

0.2 0.4 06 08
Voltage (V)

lout (A)

VF at 25C

Power Dissipation for Diode at 25C, 2A
Poiss (W)

For eFuse devices with B2B FETSs, the Ry value in the datasheet is the
combined resistance of both the blocking FET and the hot-swap FET

The Ry value is split evenly between the two FETs

So to compare the power dissipation versus a diode, the blocking FET
resistance should be consider

See below for an example with TPS2660

Vour

Vi:4.2V-60V w [P T our

111
150 mnT
FLT,
TPS26600
SHDN
IMON
ILIM

GND

Cour l
LI i

Health Monitor

[<-— ONJ/OFF Control

R
% Rum imon

Load Monitor

Power Dissipation for TPS2660 at 25C, 2A

BFET Ron (Q)

Ve (V)

lout (A)

Poiss (W)

0.075

.150

0.3

TPS2660 offers 66% reduction in power dissipation compared to a diode
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eFuse vs. PFET | Inrush current control

linear inrush current control with eFuse

Non-linear inrush current control

/\( VIN droop VIN
VIN oy
__/ \

‘ o /’——— vouT

| T i / 1.5A peak .

L vouT / i
, 250mA peak
/ 1IN /
1IN |
r Z =

| e e [ | e s ey
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Size Comparison | Discrete vs. Integrated

Schottky
Diode

ON/OFF Switching &
Inrush control

=

Current Reverse
limiting Current
Blocking

Current limiting
Inrush current control
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Size Comparison | Discrete vs. Integrated
How eFuses add features & decrease solution size

Discrete component for below application example:

- VIN = 24V
- 10OUT = 2A

Power MOSFET
(SOIC-8)

PTC
(2920L)

(SOD123)

NMOS

Signal FET
(SOT23)

Reverse polarity protection
Current limiting
Inrush current control

W3 TEXAS INSTRUMENTS




Size Comparison | Discrete vs. Integrated
How eFuses add features & decrease solution size

Discrete component for below application example:
- VIN = 24V '
- 10UT = 2A —

Power MOSFET PTC Reverse polarity protection
(SOIC-8) (2920L) (SOD123) Current limiting

Inrush current control
+ No damage from faults
+ Thermal shutdown

+ Rev. current protection
+ Overvoltage clamping

-~

eFuse Solution

W3 TEXAS INSTRUMENTS




Discrete vs. Integrated | eFuse

Discrete Input Protection Circuit

Schottky PMOS + NMOS FET
PTC Diode 7 N\

povet ! oad
Supply L1
Overcurrent Reverse
Protection  Current >

Blocking
%
|_

N
\ S
ON/OFF Switching & Inrush
control
Features:
v' Overcurrent protection ®» - Slow reaction time, wide variation, high Py sg

Slew rate control ® - Non-linear rise time, high peak inrush
Reverse current blocking ® - High power dissipation (Pp,ss)
Reverse polarity protection

Overvoltage protection

Fault/PGOOD Indicator

LI NN

Integrated eFuse

VIN

Y

EN/UVLO

ovpP

=

Control

dvdT

Features:

AN

SNENENENEN

Overcurrent protection

Slew rate control

Reverse current blocking
Reverse polarity protection
Overvoltage protection
Fault/PGOOD Indicator

GND

Logic

Current Ium
Limit

» +

»
»

»
»

+ +

+ +

Accurate & fast response, low Py g5 due
auto-retry & latch off response

Linear rise time reduces peak inrush current
Integrated blocking FET enables low Pp,gg

Also provides OVP
Enables fault reporting for smarter protection
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Benefits of Tl eFuse

Integration Protection Recognition
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Certification

eFuse | UL Recognition @

 Tight current limit during overloads & startup
— Prevents fires, overheating, bus droop, supply stress
« Significantly lower peak currents during short circuit e

— Often by 5x = 20x Standard for Safety

Significantly faster short circuit shut off
— Microseconds not 10s of milliseconds

Most Tl eFuses recognized by UL as Protection Devices
— UL2367 “Solid State Overcurrent Protectors” consumen

TECHNOLOGY

'
LLLLL = =2t

COMPLIANCE TO IEC 62368-1

THE NEW HAZARD-BASED SAFETY STANDARD

Wip TEXAS INSTRUMENTS



Integration Protection

eFuse | Integration & Flexibility

Fault indicator

[ | L1
INL 2.7to18V N BT our ouT >
— T YO 17 Con |
Ry C r 42mQ ‘l o I
(See Note A) - 475kQ
EN/UVLO FLT D> Health
" ovP PGOOD > Monitor
2

DMODE PGTH |—— Power Good
Adjustable —» dvdT IMON |1o2d Montor) Current sense output
OVP/UVLO ILIM
Cavar GND R Rs Rimon
31.2kQS 1.5nF TPS25982x 17 ';“;Q Ivitel o RLOl Additional Features
\ - Reverse Polarity Protection
\ - Adjustable Power Limiting

Adjustable current limiting

Adjustable output slew N ) ) ]
and short-circuit protection - Surge & EFT immunity

rate control
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eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )

Wip TEXAS INSTRUMENTS



eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )
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eFuse | Overvoltage Protection

Overvoltage protection schemes

Two Options Overvoltage cutoff Overvoltage clamping
- Overvoltage cutoff — Immediately turns off the VIN_SYS

MOSFET to block the overvoltage event

) VIN_SYS / VOUT ®
- Overvoltage clamping — Clamps the output voltage

to a certain threshold &
VouT
S

- Depending on the device, both options can be

adjustable via external resistor ladders or have fixed . S— —
values - )
Simplified Schematic FLTb
Vi 4.5V -60V w P 4 our| Vour * IN
l’Lm mﬂ% L G L
SR, b 3 -
EST .
O Tesaeez ot
1ooE SAORf+— e - —— o — v — gy
VT - e Wi - e Nanow L Nt | muappe et 1
o p— e o e proroe .o
RTN p 2 rw - ™o 82008 Come _
v i TPS26630 and TPS26631 TPS26635 Rioap = 30Q, FLT

Application Examples

Backplane power protection for hot-swap events and surge events
Field power protection for surge events and where long cables are present
which can create large inductive spikes

Factory Automation &
Motor Drives

- Field power protection for surge events and where long cables are present

Building Automation which can create large inductive spikes

Personal Electronics - Long cables for connecting power to portable electronics

Wip TEXAS INSTRUMENTS



eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )
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eFuse | Reverse Current Blocking

Reverse current blocking example

VfIN 8YS8)

TPS2663 Simplified Diagram

N [ our

Vioun

02[5‘; DRV

APy e

B_GATE g4 ,E

. IN.SYS  TPS2663x

GND

<~

There is an internal comparator in the device to
detect the reverse current and shutoff the
blocking FET to block reverse current

+24 VDC

N

TPS2663 response to IEC61000-4-29 Power Interruption Test

+24 V DC Backplane/Base Unit

Communications

Power Interruption:

24V — 0V, 10 ms duration .
24V —
-——— ---UV
10ms

VIN_SYS

vouTt

PGOOD

§ssk

WG/ 1A

Figure 47. Power Up Followed With Voltage Interruption

With TPS26630

Application Examples

Motor Drives

Factory Automation & - IEC61000-4-29 Power Interruption Testing
- Blocking reverse current to ensure Motor Drive powers down in a safe state

Building Automation

- Backup battery switchover for Fire Alarm Control Panels and Building Security Systems
Blocking reverse current to ensure HVAC system powers down in a safe state

Grid Infrastructure - Last gasp transmission in eMeters and data concentrators
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IN |—5|—| I—h—l out \I’uu'l
1T
vI.DGIC
EN/UVLO Cour
TP$259470x
i
ovLo
AUXOFF
IN —h [ our
il 1]
| VI.EICI(
EN/UVLO
TPS259470x
T +
AUXOFF
ovVLO

Power Mux examples with eFuses | TPS25947x & TPS2660x

VING TPS26600 vour
19V1028.8V . . .
= IN ouT l
R1 c3
L‘ 715k 550 uF
1uF UVLO SHDN — "
R2
0k il
— ovp AT
. dvdT IMON|—
R3
30.1k MODE LM
c2 R4
22nF RTN PWP 12.1k
GND
L
VINZ TPS26600
19V 10 28.8 V , _
IN out
C1 715k
1uF uvLO SHDN |—
R2
20k
= ovP T
_{ E DMN62D0U-7 dvdT IMON|—
s MODE LM
30.1k
RS c2 RTN pwP M
100k 22 nF aND :
L
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eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )
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eFuse | Mis-wiring protection

Reverse polarity protection example

System

+ CEA AT Iy sy, B -1 Vour,
i’ >
1Y | Cour
R Ci L 478 mQ T
! v 1
uvLo o7 Health
Power R. ove TPS2662x Monitor
’ SHON ON/OFF
MODE SHON Control
Supply )
Cavar - — RTN GND
- q RlLIM

eFuses offer integrated circuitry to handle reverse polarity at the input and for
some devices like TPS2662, they offer reverse polarity at the output

Reverse Input Polarity Protection at —-60-V Supply

e P r—
Mt et | gt gty

Application Examples

Factory Automation & Motor Drives

Analog Input & Outputs
Digital Outputs
Field Power Supply Input

Building Automation

Analog Input & Outputs
Sensor Supply Outputs
Supply Inputs

Automotive & Industrial Transport

Reverse battery

Personal Electronics

Barrel Jack Inputs
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eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )
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eFuse | Inrush current control

Inrush current control example

Backplane Hot Swap Simplified Schematic
/ Base Unit vout
Optional components
for RCB and RPP )%
r——=-=- | g
asveov | N out = /
Y1 A Cour 9 —
BoAE | PGTH l PGOOD
Protected supply
DRV Rs To Load
LS p—
N Sys TPS2663031 PGOOD[—*
et IIN_
SHDN [¢— ON/OFF Control
uvLo -
IMON Load Monitor LS
LM
OovP dvdT Rion s
MODE GND jcm, % Fum o
\ 1 T wo t::
§]7 * TVS for Surge Suppression Only
Module #2
Module #1 eFuses offer a dv/dt pin which can be used to adjust the output Cavar =100 nF  Coyr = 1000 uF Ryym = 4.02 kQ
slew rate of the switch to control the amount of inrush current
needed to charge up the output capacitance
Application Examples
Factory Automation & - Backplane power protection where hot-swap events can occur
Motor Drives - Systems with large holdup capacitances for power failures

- Backplane power protection where hot-swap events can occur

Building Automation - Systems with large holdup capacitances for power failures

Grid infrastructure - Charging up supercapacitors for last gasp transmission
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eFuse | Applications & Functions

(Overvoltaqe Protection\

eFuses can help to protect the interior of the

system from external overvoltage events that
van occur during hot-swap or other eventsJ

( Mis-wiring protection \

eFuses have integrated circuitry to prevent

(Surqe& EFT Immunitv\

— Surge: 500V peak, 1.2/50us

eFuses are designed to provide up to criteria-

damage from mis-wiring without sacrificing
K power dissipation )

A surge and EFT immunity to prevent system
\ downtime )

[Reverse Current Blockinq\

Power Interruption:
24V — 0V, 10 ms duration

24V

Some TI eFuses have back-to-back integrated

FETSs to prevent holdup capacitors and super-
K capacitors from discharging. )

(Inrush Current ControI\

V+

S/

ov

eFuses provide inrush current control for

charging large output capacitances during
K hot-swap events. j

[Short-circuit & current\
limiting protection

R

0 — time:
Thastiia

When there is a sudden short to ground, an

eFuse can be used to quickly turn power OFF
\ to protect the system. )
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eFuse | Short-circuit protection & current limiting

Short-circuit & current limiting protection

Hard Shorton  Thermal Auto-retry into Thermal
output Shutdown output short Shutdown
[ | !

-y B

I
! Output short

Current

i
! L
limit with -
foldback | |
1 I N
! I
i SRR <~ S
P Avdt limited -
— startup
o
I I
o
Lo
I
1
' -
]
oSt

T B e
o
Vi — | iln\dback !
EN Gate vV out 1
Driver out o | ]
- ‘
i
>

ILIM S £o
QO
Limit ~E Load AT
o}“o

T

— te

- g T/ A
N Nowe
s

iii

113

V|N =12V, RILM =453 Q

Response & recovery to overcurrent events

There are two types of responses to an overcurrent:

- Circuit breaker - Current clamping

Additionally, there are two types of recoveries from an overcurrent
event:

- Auto-retry - Latch-off

Both the response and recovery of overcurrent events will be discussed in
more details on the next coming slides % Texas INSTRUMENTS




eFuse | Overcurrent response types

Circuit breaker

IMON - This function disables the output after a certain current threshold has been reached for a
defined blanking time

Z Device immediately shuts off after current step

v our - The level of the current threshold can be programmed via an external resistor

- The blanking time behavior to disable the eFuse can varies from device to device.
Below are couple of options on the blanking time:

Current step initiated
| / - Immediate shutdown

I_IN

FLTb

R ) - Fixed blanking time
VIN = 24V

EENEEET SR i e - Adjustable blanking time
289 NIV
Current clamping waveform
Current Clamping
IMON - This function will clamp the current to a specified level until the device reaches a certain
temperature where the device will then shut down to protect itself from overheating
- The level of the current threshold can be programmed via an external resistor
V_OuT |
Current step initiated
\ / Devices starts to clamp the current
d FLTb
I 7I7IN7 . | S —
VIN = 24V

Load step = 22Q to 12Q

R -1 e




eFuse | Fault recovery types

Auto-retry

' — Device tums offs - There could be a need for the system to auto-retry if there is a fault in the system due to an
overcurrent

Device retries and limits - This helps to reduce the MCU overhead to manage faults on multiple rails
K current until thermal shutdown

FLTB

- eFuses enable this auto-retry function by disabling the switch once an overcurrent event has been
detected the device will disable itself

- The eFuse device will then re-enable itself after a fixed retry delay timer has expired in the device

- The retry delay time can vary based on the device that is selected. The eFuse datasheet will define
the exact timing specification

VIN =12V, I, = 2A, ROUT =50

Latch-off waveform

Latch-off

- In some applications, the need to disable the system to keep it safe after a fault is a requirement or to
just reduce the temperature of the system during a fault condition

vouT

Z Device turns offs

- eFuses help to do this with their latch-off function. After an overcurrent fault has occurred the device

1 gﬂg g)el‘gf:h;%m:t‘;g off will latch-off and disable the output

- The device will remain in its latched state until either the power is cycled or the enable signal to the
device is toggled OFF and ON

- This allows the system to be reset either through software or through a manual push button in the
system

eeee
EE5E
2247
g8si
i
5

VIN =12V, I, = 2A, ROUT = 5Q




Agenda

* Power switches overview

» Analysis of a common discrete protection circuit
» eFuse overview

« eFuse vs. discrete comparison

» Features and applications of an eFuse

* New generation devices available with enhanced protection features
— TPS25947
— TPS2663
— TPS2661

» eFuse portfolio & Where to find more information and resources on eFuse

Wip TEXAS INSTRUMENTS



TPS25947 | Next Generation & New Features

Current Generation Next Generation

Viooo Cour
ENAUVLO
TPS250470x
AUXOFF
oo R

ITMER dVdt  GND  ILM

T TPS25940x el L i \ %a .
= C-!-AT —J'c%? u

VIN: 2.7 — 18V operating, 20V Abs max VIN: 2.7 — 23V operating, 28V Abs max, 4 higher VIN support
IOUT:  5.3A max current limit IOUT:  5.5A max current limit

Ron: 42mQ Ron - 28mQ, ¥ 33% reduction in Rgy

Package: 3mm x 4mm Package: 2mm x 2mm ¥ 66% reduction in solution size

Provides same protection functions of TPS25940 but is available in
a smaller 2mm x 2mm package with additional features

Protection Features Additional features

v Overvoltage protection v Adjustable PGOOD v' Linear Oring control to reduce reverse current
v Reverse current blocking v/ Current monitoring v" Programmable overcurrent blanking timer

v Linear slew rate control v Adjustable current limiting v Integrated reverse polarity protection

Note: Preproduction samples of the TPS25947 are available on ti.com. The device will be fully released to market by end of 1Q21 or sooner. *? TEXAS INSTRUMENTS
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TPS2663x | 60V, 31mQ, 6A Power Limiting eFuse

Features

» 4.5V - 60V DC operation, -60V standoff
* Integrated 31mQ MOSFET

* Input Reverse polarity protection and reverse current blocking
support with external N-channel FET

*+ 0.6to 6 A Accurate current limit (=8%)

* Programmable UVLO; OVP Cut-Off

* Programmable Output Slew Rate using dVdT pin

* Output power limiting scheme (PLIM) — TPS26632/TPS26633
+ PGOOD output with Programmable detection threshold (PGTH)
* Analog current monitor output (IMON)

* QFN-24, Ammx4mm Package with 0.5mm pin pitch

*+ HTSSOP-24, 6.5mmx4.4mm Package with 0.65mm pin pitch

+ UL2367 and IEC62638 recognized

* PLC (/O Modules, CPU, HMI)
* AC and Servo Drives

» Electronic circuit Breakers

* Industrial Printer controls

* Sensors Hubs

Benefits

Production

Tolerates Vg g transients

Lower Power Dissipation

Protects against mis-wiring in the field

Support Reverse Current Protection

Tight current limit accuracy reduces upstream power supply cost
Flexible Design Options

Inrush slew can be tuned to load

Design flexibility with foldback current limit to pass IEC61010-1
(Limited Energy circuit)

QFN package for dense boards
Standard leaded package

CsD19537Q3

VIN_sys(24V from
External field supply) m_q‘_l ouT | OUT. .
1 -L I REDUT i

l B_GATE 31n;|
o] 2N7002

PGTH
DRV Rs v

PGOOD

INSYS  Tps26632 _FLT[—>
RS SHDN [
MODE [—

uvLo IMON

Rz ILIM —li
R3 PLIM GND dvd Cavar < RumZS Rimon

SMCJ36CA

¥




TPS2663

*  There could be a use case where a system needs to remain
below a certain power level

*  This could be done by limiting the current but this would only be a
function of the current and not of the voltage

*  However, often times the output current of a system increases as
voltage decreases (i.e. downstream buck converters)

+  TPSx663 offers output power limiting to ensure the power is
limited to certain power level

*  This prevents the upstream power supply from collapsing in
the event of a fault in a specific module

€sD19537Q3

VIN_sys ouT 1_OuT
__T___nij_m_qn ol
S
INSYS  Tps26632 _FLT

I B_GATE 31mQ p: l
— RS
i ]
SHDN [¢—

2N7002
Ri'S
MODE
uvLo IMON
R LM
PLIM €GN0 dvdi— S RumS Rimon
R3 ; >

PGTH:;

DRV

PGOOD

[ —
<

Output Power Limiting

TPS26632
 VINsYs=24v
1 VOUT
| POUT =100W

N

* ‘Use are
adjust th

sistor across PLIM to GND to

e output power limiting

FLTb <=
4
e e e b el L - L P S S S S S S
(&) 20.0V/div By:250Mm Q@i 50.0W  20.0ms X 20.0ms/div 20.0kS/s 50.0ps/pt
Gy 20.0vidiv 8y:1.0G Preview Single Seq 1
@ 20.0Vidiv By:1.06 0acqs RL:4.0k
@i 2.0a/div MO By:i20M Auto  July 04,2018 19:40:25

The power limit of TPSx663 can be adjusted via an external

resistor
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TPS2661x | Universal 4-20mA, +/- 20 mA Current loop protector

Supports bidirectional current loops with OV to +50V operating .

range (with external VVcc)

Current drawn from loop I, < 0.1uA (external Vcc powered)

Integrated 7.5Q MOSFET

Fixed Iyt =% 30mA +£15%
EN pin control

Device status reporting through SGOODDb pin

Protection against input side miswiring

Thermal shutdown

Available in 2.9x1.6mm SOT Package, with 0.65mm pin pitch

Analog 1/0 module — PLC

Grid Infrastructure — remote sensors
Current Loops in Industrial Systems

Temperature Controller
Robotics

Tolerates Vgg transients

Ultra Low IQ for lower loss in current Loop

Higher integration for ease of use

Protection during Surge (IEC61000-4-5) — with external TVS
EFT immunity (IEC61000-4-4)
Protects against mis-wiring in the field

Variants for Default ON and Default OFF when Vs

Supply is absent
Small footprint for dense boards

1Yl 1Y1
r 7.5Q
310 30V N
+Vee TPS2661x
SGOODb
:
0toaovl GND | Tmobe

~

41020 mA
220 mA

Current Inputs

Note: Preproduction samples of the TPS2661 are available on ti.com. The device will be fully released to market by end of 1Q21 or sooner.

ANALOG INPUT MODULE
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TPS2661 | 4-20mA current loop protector

v" Short-circuit events Specifications PTC based protection TPS2661 | Integrated solution
N _— . ] Y v
v Mis-wiring during installation IDD T C
) I+ Ruim IN out
v' Overvoltage transients @ AN ADC TPS2661x
Simplified Schematic \ S
Zeners Reuroen Reuroen
Why TI? WY ®
& ZFH W\ T T
v Wi -
Higher current limit accuracy |y, accuracy +140/-72% +1-16%
v’ Faster response time to overcurrent |, response time @ 25C 25 120ms
v Compact packaging Fault Indication No Yes, through SGOOD pin
v’ Lower heat dissipation during fault T, +95°C Ta+15°C
v' Fault indication

Trise during overcurrent fault @ 20°C

Solution size (mm?) 39.52 8.12
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eFus

a

200A

100A

50A
20A

10A

Current Limit

5A

2.5A

250mA

25mA

e & hot-swap controller portfolio | Today

" Hot Swap Controllers

< 30V eFuse

60V eFuse

3.3VvDC 5VvDC 12 vDC 24VDC 48 VDC 80 VDC

Voltage
W3 TEXAS INSTRUMENTS




Where on ti.com

&« C & ticom

{* TEXAS INSTRUMENTS Search Q Login / Register

_ proets eeone

~ Amplifiers

Calculators & education technology w Reference designs | Design & development | Technical documents | Support & training

Audio

Clocks & timing New products

Data converters Processors BOM & cross reference tool
eFuse and hot swap controllers
Die & wafer services RF & microwave Quick add to cart
DLP® products sensors
Interface Space & harsh environment PO T

Isolation Switches & multiplexers eFuses & hot swap
controllers (104)

Logic Wireless connectivity

High-side switches (19)

Ideal diode/ORing

controllers (19)

Load switches (64)

Low-side switches (36)
Power muxes (25)
Simple & efficient design Fast time to market

Eliminate the

Or type ‘ti.com/efuses’ into your browser

<30V eFuse: in

UL recognized eFuses
Read the technical note

ot swape esema 71 |

Wip TEXAS INSTRUMENTS



UL certificate of compliance documents are available on ti.com

| Description & parametrics JREES ISR LI Tl &1 | Design & development | W Ordering & quality ‘ Support & training
W = Featured
Type Title Date 1
All v Filter title by keyword
% Datasheet TP52662x 60-V, 800-mA Industrial eFuse with Integrated Input and Output Reverse Polarity Jul. 09, 2019
Protection datasheet (Rev. E)
Maore literature TP52662 UL Certificate of Compliance |IEC 62368-1 Jan. 17, 2020
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Design Calculators for eFuses

To help determine the correct resistor and capacitor values to be used for an eFuse to configure features like overvoltage protection

and slew rate control, Tl offers a design calculator to ease component selection based on system requirements

These design calculators can be found in the device’s product folder in the Design & development section under Design tools &
simulation

Design & development

For additional terms or required resources, click any title below to view the detail page where available.

All

Hardware development

Design tools & simulation

CALCULATION TOOL

TPS26600 Des

SLVC668.ZIP (72 KB)

Reference designs

CAD/CAE symbols

Download

TPS26600 Design C4

Constants Cells

lculator Toal
Input f Select Cells
Calculated, but can be over-ridden by the uzer,

Calculation Cells

Maote: Once cells are aver-ridden, new calculation sheet should be used far the next design

Parameter Description Walue Urits | Tolerance
Wiylmax] Maximum Sustem Input Voltage 30.0 W

zet Undervaltage Lockout Threshald 18.00 W

OWset Over Woltage Cut-0F Threshold 30.00 W

Ciout Load Capacitance 220.0 wF 0
Talman) Manimum Ambiznt Temperature Ta=85C T

FL=tart Load during start-up [Assumed to be resistive] 43.0 0

Imax Maximum continuous load current 1.0 A

ILimit Current Limit, 1032 higher than the maximum continuous load current 1.10 A
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Functional Safety | Power Switches

Landing Page for Power Switches

Individual Functional Safety Documentation available in the Product
http://www.ti.com/power-management/power-switches/overview.html

Power switches for functional safety

* Trying to meet the rigorous requirements of standards like 1SO 26262
or IEC 615087 Our power switches not only comprise critical protection
functions for safety-critical applications within ADAS, powertrain, factory
automation, robotics and more, they also have functional safety
documentation available.

The device families below have functional-safety capable offerings,
meaning you can easily access FIT rate calculations and failure mode
distribution (FMD) and/or pin FMA decumentation in the technical

documents section of each product landing page.

Navigate to the devices you need in the table below or take advantage
of the additional resources we've created so you can get your safety
system tested and into the market quicker.

Find functional safety devices Functional safety-capable rating

High-side switches []
Ideal diodes & OR-ing controllers

eFuses & hot swap controllers

Load switches

Functional safety design resources

TIDA-01599 TIDA-010049 Functional safety systems and high-
side switches

Redundant dual-channel safe torque off (STO) TUV-assessed digital input reference design for

reference design for AC inverters and servo IEC 61508 (SIL-2)

Learn how to perform an functional safety
check through TINA TI simulations on high-side
switches and more.

drives reference design

view reference design » view reference design > Watch now >

Folder under ‘Technical Documentation’ tab

TPSTH100-Q1 @ scme

Alert me
40-V, 100-mQ, 1-ch automotive smart high-side switch with adjustable current limit
DaTasHEET
TPS1H100-Q1 40-V, 100-mQ Single-Channel Smart High-Side Power Switch datasheet (Rev. D)
) Viewnow [ Downioad
Description & parametrics [RESGUEIRIILEUIEIENN Design & development | ¥ Ordering & quality | Support & training
* = Featured
Type Title Date 11
Al v | Filtertitle by keyword
*  Datasheet TPS1H100-Q1 40-V, 100-mQ Single-Channel Smart High-Side Power Switch datasheet (Rev. D) Dec. 17,2019
I Application notes TPS1H100-Q1 Functional Safety FIT Rate and Failure Mode Distribution Dec. 16, 2019
Application notes High Accuracy Current Sense of Smart High Side Switches Nov. 01, 2019
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Tl.com | 11 Ways to Protect Your Power Path

m Products  Reference designs  Technical documents  Support & training

Power switches

Power on with solutions for your distribution, protection, or diagnostics
needs

Pawer switches provide an electrical connection from 3 voltage source or ground to  load. Our diverse portfolio includes
several topologies, from simple Ioad SWItthes T SMar POWET SWItches. Sequencing, protection against comman IC events,
diagnostic telemetry, and more is made possible with our power switches.

Load switches

eFuses & hot swap
controllers

Smart power switches

‘These pawer path pratection devices are
ontrol load current with

d or external FETs. Get protecred
h our extensive feature options.

e
your automarive and

Learm mare Learn mare Learn more

Power muxes Low-side swj

Ideal diode & OR-ing
controllers

Power mustiplexers allow you to Switch Uriike ather

your systam from raverse
polarity and reverse current conditions,

options.

Learm mare Learn mare Learn more

Technical resources

2
Al . [
I

;
B5) e

Pawer Path

Ses our E2E™ technical supRort forums for your
source to fast, verified enswers and desiEn neln
from our experts.

videos, blogs. and 2pp notes

Gt answers now 3
Learn mare 3

Get to the chapter you want quickly!

Introduction: Types of Power Switches
* Inrush current control

= Adjustable current limit

* Short-circuit protection

* Reverse current blocking

= Reverse polarity protection

* Owvervoltage protection

= Thermal shutdown

11 Ways to Protect

Your Power Path * Current monitaring
Design Tips and Tradeoffs Using Ti's Power Switches - Po\l{er_goad s'gna
.

Automotive load dump

Purpose

» Cookbook for solving power design challenges on system’s power path
Location

» Bottom of Power Switches Portal page

* In each power switch product folder under the ‘technical documents’ tab
How to get there:

* Through Product Tree:

— Products > Power Management - Power Switches
e Quick link:

— ti.com/powerswitch

Wip TEXAS INSTRUMENTS
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Summary

eFuse provide small, flexible solutions to protect your system’s inputs

In comparison to traditional discrete circuits, eFuses offer:
— lower power dissipation
— higher protection accuracy
— smaller solution size
— fault reporting capabilities

New eFuses have recently been released on ti.com
— TPS25947, optimized for USB Type C systems and 12V systems
— TPS2663, tailored to 24V DC bus in industrial systems
— TPS2661, designed specifically for 4-20mA current loop protection

To find out more information on eFuses, visit ti.com or type ‘ti.com/efuse’ in your browser

Wip TEXAS INSTRUMENTS
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