L)
UMENTS
)&

N\

Decrease factory downtime with
the TPS274C65 and it's advanced )
load diagnostics. =

Paul Kundmueller

Product marketing engineer



Agenda

« Power switches overview
« High-side switch overview
« TPS274C65 overview

— Serial protocol interface (SPI)

— Integrated ADC

— Increased power density

— Reverse current blocking

— LED module
 Industrial applications

— Factory automation

— Building automation

— Grid infrastructure

« EVM overview
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Power switches | use cases

Load switch
Ideal diode Hot swap controller

Load switch

Ideal diode Hot swap controller

Input power protection Power distribution

Power MUX

High side switch

VDS 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

mm High-side controllers
additional power
switch products

Isolated switches

Low-side switches
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Tl high-side switches | overview

High-side switches are integrated power switches that are used to drive off board resistive, inductive, and capacitive loads. High-side switches

are generally used at the output of the system.

Current limit is
adjustable via an
external resistor

EN

DIAG_EN

Integrated VDS clamp for
driving inductive loads

Internal LDO

Charge Pump

Internal Reference

ELTT e T e eeeesssssssss i1y

LT H

Gate Driver
I Open Load
Diagnostics Detection
& Protection
|— Current Limit
Thermal Monitor Current Sense

{ — 3y Current sense
: output

—
GND

Adjustable current limiting enables application scalability and
capacitive load driving

Accurate current limiting reduces the power requirements of the
external power supply

Current monitoring enables load diagnostics to detect wire breaks
and faults to reduce downtime

TI’'s smart power switches portfolio provides a wide range of RDSON value (8 mQ-1 Q).
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Power distribution | use cases

Switch opens after current

AC Flyback Shutdou, protecing the
) whole system from shutting
voltage converter  goun Long cable /
_ board connector

Fast short circuit protection and current limiting of

high-side switches (HSS) prevents the flyback

Short converter from collapsing all the voltage rails
Fan module

=5 —

A — HSS offer current monitoring and open load detection
———— | E can be used to alert the MCU when there is a wire
Sub module break or short-circuit which helps to reduce downtime

L
HSS have integrated VDS clamps to handle inductive
| kickback of inductive loads such as relays, fans, and

pumps

HSS can limit inrush current for modules which have
large bulk capacitors such as HMIs

HSS S ———

HMI module
Control board
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TPS274C65xx SPI, Quad, 1.65 A, high side switch

» Operating voltage range: 10 V to 36 V, transient protection to 48 V » Low Power Dissipation: 65mQ RON and low quiescent current draw from 24 V supply
« Low Rgy : 65 mQ typ 25°C, 115 mQ max, 125°C, Vo= 24 V minimize module power dissipation
* 10 MHz, 4-wire, SPI Interface: + SPI programmable current limit enables low fault current for safety applications and
+ Addressed and daisy chain mode, CRC for SPI communication failure reduces the impact on power supply

Diagnostics: » Daisy Chainable and addressable SPI saves I/O pins on the MCU by allowing single SPI

« 8-hit ADC for accurate current sensing (+6% @1 A across temp) interface for multiple separate switch channels

* FAULT pin to interrupt host processor * Integrated digital diagnostics and accurate current sensing enable precise load

« Fault reporting over SPI protection/monitoring

 Input supply and output voltage monitoring * Reverse current blocking control enables use in universal 1/0 application and protects

« Status registers: PGOOD, short and open-circuit, thermal alarm against output mis-wiring
Integrated Protection

- Over-temperature shutdown VLED VDD VS

» SPI programmable current limit: 300 mA — 2.6 A b y T

« SPI configurable current limiting for inrush current handling Leox| | Leo %huar;%e —
« Reverse Current Blocking Control: Drive external FET ~HModute le/\‘/OUT dGrif:’ompm
« LED drive from 3.3 V or 5 V supply (8-LEDs for Fault/Status) MON OUTy
* Industrial temperature range: —40°C to +125°C - — R rowtans
« Package: QFN40 (6 x 6), 0.5 mm pitch FLT., Flags & ]7;‘

Protection - 4
RCBx
MUX emp
=l
Sense
+ Factory Automation: Remote 1/0, Digital Output Module AR SPI
_ 4 Interface

* Motor Drives i,
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TPS274C65 | overview

5V/24V
Bell:ckplane Input
ower Protection

LED switch matrix for driving
fault/status LEDs

Power

pc/be |

l\\

Bus
ASIC

ﬁersions available with SPI or Parallel Interface

SPI can be either be daisy-chained or addressable
SPI available with and without CRC

Benefit of SPI, only a single digital isolator
ISO7741 is needed to communicate up to 32
channels

TPS274C65 offers an adjustable current limit which
can be adjusted via SPI or external resistor on the
parallel interface version

Reverse
polarity

VDD

» Status/
Fault LED

ot

FLT
(Opt.)

MCU

ISO77xx

Digital
Isolation

l GND

SPI

Daisy Chain
Additional
Channels

- SV hepe
3.3 o0r5v
VLED VDD
TPS274C65 Vi
1 4
Charge X ]J
LED Pump /
Module x Gate ,|Output \
° Clamp
VINIgOUT drive External RCB
MON
FET
Vour 1-4 l—ﬂ—]
L— 130
Config, Cu_rrgnt —
b Flags & Limit
Protection
Current
Sense
oot == i —
Temp 4
Sense RCB Gate 1-4
SPI
Interface

protection
(opt.)
LM74502

24V Field
Power

—Q v+

TPS274C65 offers 4 channels
with 66mohm of RDSON

to

\

Channels can be paralleled to
reduce RDSON and increase
output current per digital output
channel

~N

J

TPS274C65 offers 4 gate drivers for driving a reverse
current blocking FET.

This enables the same channel to be configured as a
digital input our digital output

@ DO _4

Integrated ADC enables the device input/output
voltage, output current, and device temperature
to be readback through SPI
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TPS274C65xS | serial protocol interface (SPI)

TPS274C65AS and TPS274C65BS versions of
the device enable serial protocol Interface (SPI)
communication

SPI communication

Reduces the amount of GPIOs required
to control the high-side switches

In isolated systems, SPI reduces the
number of signals which need to cross an
isolation barrier which reduces the size
and cost of the solution

MCU GPIOs

Isolation
Barrier

\
ENO

GPI2

GPI1

EN1

GPI2 —

— EN2

GPIx —

—— ENXx

GPOO

STO

GPOx

STx

| High-side switch

I/Os

Transceiver
SPI
signals
From MCU

_—

Isolation

Barrier

I ™

I

I

I
ISO77xx e Receiver
S SPI
E T E —  signals
: H : to high-side
"""" [ switches

I

I

I

I ]
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TPS274C65xS | SPI

SPI configurations

« TPS274C65xS offers two different SPI
configurations:

— Addressable SPI configuration
— Daisy chain configuration

» The TPS274C65xS offers either a 16/24/32
bit frames with and without CRC
functionality.

* CRC ensures data communication integrity.

» The state of each channel can be updated
on each frame enabling simultaneously
during each read or write cycle enabling
simultaneously channel update and register
access.

configurations

TPS274CES

'J-‘ SCLK

SDI

Controller

SPI

_ |noocrel
Communication

SDO

nsSCs

SPI

TPS274C65

SCLK

SDI

SPI |ADDCFG[

Communication MO i
L
L
[

SDO | communication
nSCS

Figure 9-6. Addressable SPI Configuration

=]

Controller

TPS274C65
nSCS

SCLK
SPI
Soi Communication
SDO
CS
MCLK

SPI1
Communication

Ml TPS274C65

SPI

o],
T

SCLK

16 bit read example in daisy-chain configuration

Communication

;E: nSCS

T

Figure 9-7. Daisy Chain Configuration

-

Output channel

CH1 I 4+ .
- update write

function

CLK 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
SDI R(0) I RA6 | RAS | RA4 | RA3 | RA2 | RAL | RAO I RSVD | RSVD | RSVD | RSVD | CH4 | cH3 | CH2
<Reau>4TRegister Address: > SW STATE
SDO F7 F6 F5 F4 F3 F2 F1 { FO I D7 D6 D5 D4 D3 D2 D1 Do I
A 3

v

<«———FAULT_STATUS_TYPE

Register read

p¢—————— DATAOUT—m— >
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TPS274C65AS | integrated ADC

Raw
Analog

Signal v

VS_SNS——
VOUT_SNS—4—

TSNS ——
iJ_

MUX

RSNS

ADC_REFHI

10 bit ADC

Averaging
Decimation

8 bit
reqgister

< oo

Figure 9-36. ADC Block Diagram

» Refresh rate of the integrated ADC is 65 us typical.

» The ADC function can be deactivated through SPI.

» Any ADC measurement can be deactivated through SPI.

» The ADC scheduling is round robin with the following order:

1.

2
3.
4

+ TPS274C65AS enables current sensing, temperature sensing and VOUT sensing per channel

ISNS
TSNS
VOUT_SNS
VSNS

+ The integrated ADC enables the above analog sensing information to be converted to digital and then sent through SPI

+ The integrated ADC helps to reduce system cost, routing, and enables analog signal information to be sent over isolation barriers through SPI

* Current sensing measures the current flow each of the internal MOSFETSs

« Temperature sensing measures the temperature of the internal MOSFET to record the junction temperature of the MOSFET
* VS sensing measures the voltage at the input of the TPS274C65 and VOUT sensing measures the voltage at the output of each channel
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TPS274C65AS | ADC current sense readout example

wsm 11 v"

i

(@ 2.0
Cosplng | 'rmoatice o— Bandwidth o Libel A
(Q) Fl ouT More
@& A0 sl oo @D

DPO3014 - 10:38:49 AM 7/6/2022

Refresh rate ~65 us

0.7

0.6

0.4

03

0.2

0.1

-0.1

20000

SENSE ADC READOUT

0000 60000 0000 100000 120000

11
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TPS274C65 | Increased power density

* TPS274C65 enables lower power dissipation through its four 65-mQ channels and an optional low voltage supply which can be used with an external buck
converter to increase system efficiency

+ Compared to other competitive solutions in the market, the TPS274C65 can offers reduce power dissipation by 40% for a 16CH/500 mA digital output module
»  This can enable higher power modules or smaller module sizes
*  Below shows a power dissipation comparison for a 16CH/500 mA digital output module between TPS274C65 and other competitive solutions in the market

System Configuration i i i i

parameter Value Unit HSS Power Dissipation Comparison
\V_Supply 24 \Y
VDD 33 v 1.800
IOUT/CH 0.5 A 1.600
# of CHs 16 1.400
I of LEDs 32 1.200 —8—TPS274C65
D £ : 1.000 Competitive solution #1
Buck converter Eff 80% 0.800 p

: — : : 0.600 =0 =@=—Competitive solution #2
Solutions High-side switch Isolation P . .
Solution #1 TPS274C65 1507762 0.400 =&—Competitive solution #3
Solution #2 ICompetitive solution #1 1S07762 0.200
Solution #3 Competitive solution #2 0.000
Solution #4 ICompetitive solution #3 Typical (W) Max (W)

solution Isolation Buck Converter High-side switch Total System
CHs per device 1Q(A) P_Buck_Diss (W) Typical Max Typical (W) | Max (W)
High-side switch Isolation Typ Max Typ Max |P_Device_IQ(W)| P_FET(W) [P_Total (W)[P_Device_IQ (W) P_FET MAX (W) |P_Total (W)

[TPS274C65 1ISO7762 4 0.0054 0.0075 0.007 0.009 0.192 0.260 0.452 0.235 0.440 0.675 0.459 0.684
ICompetitive solution #1 1SO7762 8 0.0054 0.0075 0.005 0.007 0.096 0.480 0.576 0.144 1.000 1.144 0.581 1.151
ICompetitive solution #2 0 8 0 0 0.000 0.000 0.432 0.480 0.912 0.562 0.960 1.522 0.912 1.522
ICompetitive solution #3 0 8 0 0 0.000 0.000 0.432 0.500 0.932 0.562 1.000 1.562 0.932 1.562
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TPS274C65AS | Optional reverse current blocking drivers

. TPS274C65 offers optional gate drivers (RCBX) to drive external reverse current blocking (RCB) MOSFET
. This can provide protection against output mis-wiring or higher output voltage transients affecting the VS supply for the other channels

. This enables the device to be used in universal I/O application where a single channel can be either configured as a digital input or a digital output as
shown below

Channel configured as digital output Channel configured as digital input
- Legend : / Legend
U nlve rsal I/O MOdUIe —= Digital output function U nlve rsal I 0 MOdUIe — = Digital output function
Extarnal RCB FET O —= Digital input function —— 0—- o —» = Digital input function

OUTx I _i_i_i_ % > ] OuTx E)étgmallil < % * |

TPS274C65 RCBx ——1 l Load or TPS274C65 [ — Load or

GND sensor GND sensor
& —— H|—

1S01228 INX 4> 1S01228 N L
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TPS274C65AS

LED switch matrix

« The LED driver is designed to control each LED
with independent clock signals with ON phases
offset from each other.

* The LED driver PWM frequency is 1 kHz.
+ Atotal of 8 LEDs can be driven.

« Green, Red, and Yellow can be created through
the LED driver.

» LED driving decision controlled only through
SPI register setting. TPS274C65S does not
determine FAULT LED drive state.

SPI
| Interface

1 LEDOUT1
[
RS
D1 A D2 03 ¥ A D4
AL.EDOUT?2
| |
1 LEDOUT3 1
1
D8 A D7 D6 A D5
LEDOUT4
L WA
RF
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TPS274C65 | iIndustrial use cases

Factory Automation

High-side switches are used to provide a
digital output function in many factory
automation applications like PLC along with
power distribution in larger systems like
robotics, linear transport systems, and
CNC machines

Machine tool
y

with CNC :
Q ll Machine

¢ / fa
R 3
PLG ’ _/ vision

~~"e Industrial /
communication Y
(Wired)

Gateway/EDGE
Computing

7 °
i P S AGV"
Environmental >% Transport
control V and handling

Tool control/
Robot control

Building Automation

High-side switches are used as output
switches in fire alarm control panels,
building security systems, and HVAC
controllers to distribute power across
buildings along with providing protection from
short-circuits

Grid Infrastructure

High-side switches are used in EV
charging stations, string inverters, and
energy storage systems to distribute power
to different sub systems and to ensure the
systems are protected against short-circuits

Smart meter| |Energy hub| | String inverter| | Energy storage system | DC wallbox:
s [ CL] LT CrT
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Factory automation | PLC modules

Digital output module block diagram

5V/24V 0 Reverse | 24V Field H
X e | ooner I/O link class a port example
Power Protection DCIDC | 1 Db rotection —Q V+
Power N 33 0r5v P

(e-Fuse) [ (opt.)
i VLED VDD LM74502
[
i TPS274C65 Vi
[ ’
[ 7
¥ raiteo| | <1, | +24v | eFuse/ e
¥ ¥¥-—Mm...p £ vs — % |deal » TPS274C65
[
o ViVour External RCB . | RCB
i i Voo * MON L diode A=Y
1 out 4+
L (gu“ % %75,“, — O [lnl ——@DO_0 Functions: Functions: DO
1 pt. onfig, — | - -
L 5| Fegsk : Current limiting Reverse Current

1ISO77xx J Protection i Inductive load driving Blocking L+
Bus || Current ! Current Sensing 1
MCU = Digital —a0
ASIC = [¢] Sense DO_3 - /
Isolation @ Hi— - RCB / 1/Q (opt.)
‘ — ——e2
RCB Gate 1-4 r FET 5 4 /. |
c/Q
SPI —— TPS274C65 —*Ch2-Pin2 3
Interface — Ch3 - Pin2 L

\\}—

Daisy Chain to
Additional
Channels

i —» Ch4 - Pin 2
GND Vin y o0
TPS274C65 ﬁ_%@ L %ﬂ —@os
B Gate

Cl
Lano . a <7 GND

External RCB

FET —@ po_7
g GND

« TPS274C65 was designed for use in PLC digital output modules and universal /0O modules

* The integrated ADC of the TPS274C65 allows for the information to be easily sent over the isolation barrier back to the CPU module for data processing
» This can help to enable predictive maintenance
*+ The low RDSON of the TPS274C65 can also help to decrease modules sizes or increase the number of channels in IP67 type modules with little to no air flow

« The TPS274C65 is also designed to operate in I/O link controllers and provide load diagnostics to the cloud for data processing and predictive maintenance
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Factory automation | power distribution in large machines

In large machines such as robotics, CNC
machines, and linear transport systems, high-
side switches can be used to distribute power
and provide advanced load diagnostics
through its integrated ADC to:

1) provide predictive maintenance to
increase efficiency

2) to getthe system back online faster
when it stops by providing
diagnostic information on the 24 V
power distribution

Power Distribution / Control Board

AC Input

- or -
Ext. 24V DC
power supply

AC/DC
. » eFuse
conversion
v
Buck
eFuse
Converter
o » toVDD
v (opt.)
SPI x4
Processor ——»

g VS

TPS274C65

TPS274C65

TPS274C65

TPS274C65

Sensor #1
Sensor #2
Sensor #3
Sensor #4

24V servo power #1
24V servo power #2
Machine Vision / Camera #1
Machine Vision / Camera #2

Holding brake #1
Holding brake #2
Fan power #1
Fan power #2

Digital output #1
Digital output #2
Digital output #3
Digital output #4
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Building automation | power distribution

High-side switches can be used to
provide power distribution in building
automation applications such as:

— Fire alarm control panels
— Building security systems
— HVAC controllers

The high-side switches can be used
to provide short-circuit protection for
the loop outputs which can have
multiple devices connected to them

Power Distribution / Control Board

A\ 4

AC Input
-or-

Ext. 24V DC

power supply

\ 4

AC/DC
. » eFuse
conversion
A 4
Buck
eFuse
Converter
¢———» to VDD
v (opt.)
SPI x4
Processor ——»

TPS274C65

TPS274C65

TPS274C65

TPS274C65

Loop #1
Loop #2
Loop #3
Loop #4

Loop #5
Loop #6
Loop #7
Loop #8

Loop #9

Loop #10
Loop #11
Loop #12

Loop #13
Loop #14
Loop #15
Loop #16
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Grid infrastructure | power distribution

EV charger Energy storage systems

Battery Control Module

» High-side switches can be used to provide power
L . . C . . . Charge control module
distribution in grid infrastructure applications such S
as:

TPS274C65 || TPS274C65 || TPS274C65 | Bd1iAY/:1:10k]
IN  BMU #1 Battery Module #1

Power Module 1

+24V DC

— EV chargers I control voltage
Power Module 2 I—
— Energy Storage Systems N +2av o

Control voltage

— String Inverters

m Battery Module #2

ePOS /

HMI
« Many of these systems are often in remote areas 24 OC gt —m

h

or spread across many locations so the ability to Relay Disconnect Port #1
perform remote diagnostics is important Aty ElEE e
Port #2
. dul
< TPS274C65 can help to provide these load Fon Power m
diagnostics to enable remote debug to help _

determine the source of the issue
i

OUTl OUT2 OUT3 OUT4

TPS274C65
Vs

OUT1 OUT2 OUT3 OUT4

TPS274C65
Vs

Battery Module #8

DC/DC
- ﬁ:ID Relay GND Relay LS
conversion “\“““ HV-
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TPS274C65USBEVM | enables an out-of-box experience

With a USB connection and a small GUI download, starting the

i evaluation of the TPS274C65 can happen in less than 5 minutes!

[ | . | -
ﬁTPS'qul[(%BS —_— =

:4d3
LMR36506

Features

«  Two TPS274C65 65-mQ quad-channel industrial high-side switches placed
in an addressable SPI configuration

g . Complete digital isolation from digital and high-current rails using the
p g - - - g -
- "’"'“’“é — ISO7763DWR reinforced isolation device
—— — = = prmm— «  Integrated TM4C123 ARM® Cortex®-M4F microcontroller with USB host
ooy @ @ O @ e interface
Wirebresk (of) 6 6 G e LastFadled:  December 22, 023205
oS S SO «  Full-featured and lightweight Windows host GUI for device configuration
rmal Shutdos 0 O e O 1 1
e e e e and monitoring
i @ @ @ @
UpdateSetiing: [Automatic ] Clear Al Stats Reset Statistic

20

Connection Status: Connected
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TPS274C65 | summary

Achieve lower power dissipation, real time diagnostics, higher configurability, and integration at a lower system cost

High configurability &

Reduced power dissipation Real time diagnostics Integration Reduce system cost
Enables higher power density and Enables smarter power distribution to Optimized performance Lowest system cost with an enhanced
smaller modules reduce factory downtime feature set

*  TPS274C65 offers a serial protocol
interface (SPI) to configure and control
+  TPS274C65 integrates an ADC which itself

*  SPI communication enables a lower
enables the output current & voltage, and

*  TPS274C65 integrated four 65 mQ

RDSON channels in a small 6mm x 6mm Multiole devi b ted i system cost by reducing the number of
temperature per channel to be read through TTll= efefgEs el 5 EeninEalis) A -
package Sp P P g daisy-chain mode or addressable SPI to isolation channels required
«  The channels of the device can be Detect wire breaks accurately down to enable use in 32CH+ modules «  High configurability enables the device to
paralleled to provide lower RDSON and 390UA - Areverse current blocking (RCB) gate be used across multiple module types to

higher output current per channel reduce total development cost

) drive is available per channel to enable
. The device also provides an Optional * ngh accuracy current anq Vqltaqe sense the use in universal dlgltal 1/0 modules . Deve|oped in the latest process node
VDD supply to further reduce system can _engble Sma” pEntEr el tan £l . - . . enables the high integration and lowest
power dissipation predictive maintenance * An LED switch matrix is available to drive e

up to 8 LEDs per device

T r— ~ o x
i e | Dnvcn S| Corme | L
=] b Ry, n
Chanai
"

P . .

Gate| | Clamp—{ vs
diive 1] External 5V vgs,
Mt 60V RCB FET
S—
0
' l DIOL-4

1501211
Digital Input IC

scssese|
YT
ssscves|
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TPS274C65 | variants

Part Number |Interface| Current Limit | Current Sensing |Open Load Detect Rf)?i‘(,;::e LED Matrix| Package Samples | Release to market
TPS274C65AS SPI Adjst. by SPI |Via integrated ADC| ON and OFF state Yes Yes 40-QFN On ti.com Mid-Sept’23
TPS274C65BS SPI Adjst. by SPI No OFF state No No 40-QFN  |On request Mid-Sept’23
TPS274C65CP | Parallel [Adjst. by ext PIN No OFF state No No 40-QFN  |On request Mid-Sept’23

22
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Visit www.ti.com/npu

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