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TI Information – Selective Disclosure 

Agenda 

• What is a High-side switch? 

 

• Where do I use a smart High-side switch? 

 

• Applications of a smart High-side switch 

– Capacitive/Inductive load driving 

– Short circuit/Overload protection 

– Diagnostics/Current sensing 
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Power switches | Use cases 

Learn more at: Products  Power Management  Power Switches  Power Switches portal Page 
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Power switches | High-side switches 

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 

Learn more at: Products  Power Management  Power Switches  Power Switches portal Page 
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Agenda 

• What is a High-side switch? 

 

• Where do I use a smart High-side switch? 

 

• Applications of a smart High-side switch 

– Capacitive/Inductive load driving 

– Short circuit/Overload protection 

– Diagnostics/Current sensing 

 



TI Confidential – NDA Restrictions TI Information – Selective Disclosure 

What is a High-side switch? 

High-side switches placed between 

source and load. Using these devices 

allow for no floating nodes when the 

system is off. The load is safely pulled to 

GND. 
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What is a High-side switch? 

High-side switches placed between 

source and load. Using these devices 

allow for no floating nodes when the 

system is off. The load is safely pulled to 

GND. 

 

In the event of a failure, High-side 

switches are preferred as they disconnect 

the power source from the system rather 

than the system GND. 
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What is a smart High-side switch? 

• A smart High-side switch is a power management 

device that connects to a power supply input and 

switches on/off downstream loads, protects against 

faults, and provides output diagnostics 

 

 

 

 

 

 

 

 
Learn More: 11 Ways to Protect Your Power Path 

VIN 

LOAD 

High-side switch 

Module 

Type 
Device Description 

≤ 100mA TPS4H000 4-CH, 40V, 1Ω, TSSOP 

≤ 500mA TPS1H200 1-CH, 40V, 200mΩ, TSSOP 

≤ 750mA 
TPS4H160 4-CH, 40V, 160mΩ, TSSOP 

TPS27S100 1-CH, 40V, 100mΩ, TSSOP 

≤ 2A TPS27S100 1-CH, 40V, 100mΩ, TSSOP 

http://www.ti.com/lit/ml/slyy168/slyy168.pdf
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Where do we use a smart High-side switch? 

• Smart High-side switches are 

ON/OFF switches that sit on the 

high-side of the load 
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Where do we use a smart High-side switch? 

• Smart High-side switches are 

ON/OFF switches that sit on the 

high-side of the load 

 

• Smart High-side switches are 

used anywhere where output 

power protection is required 
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Where do we use a smart High-side switch? 

• Smart High-side switches are 

ON/OFF switches that sit on the 

high-side of the load 

 

• Smart High-side switches are 

used anywhere where output 

power protection is required 

 

• Any system powering an off-

board load runs the risk of a load 

failure that the primary board 

cannot control 

– Short-Circuit 

– Load Current Overload 

– Inductive Kickback 

– Inrush current 

Current 

Limit

Gate 

Driver

Other 
Circuitry

Input Supply

HSS 

Load 
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Factory 
Automation and 

Control 

Digital outputs provide 
power to sensors, motors, 
and valves throughout the 

factory floor  

Motor Drives 

Brakes, sensors, and 
general purpose I/O’s 
communicate between 
the motor drive and the 

motor  

 

Building 
Automation 

Centralized building 
control systems distribute 
power to subsystems like 

fire, alarm, and HVAC 
systems. 

 Distributed Power Outputs 

High-side switches: Inside a wide range of industrial 
systems 
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Smart High-side switch | Applications 

15 

Safe inductive and capacitive load driving through 
integrated clamp and adjustable current limiting 

Short Circuit and current limiting protection 
improves system reliability and reduces system 
costs 

Integrated current sense and open-load detection 
enables the detection and diagnosis of faults 
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High-side switch | Inductive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

𝒅𝑰

𝒅𝒕
 

𝑽 

• As the current flows through the inductor, energy is stored in it 

according to E=1/2LI2  

• When the High-side switch opens, the current through the inductive 

load jumps from I to 0A  

• An inductor wants to resist the change in current so a large negative 

voltage transient appears at the output of the switch according to the 

below equation 
I  0A 

𝑳 
V+ Inductive Load 
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High-side switch | Inductive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

𝑽 = −𝑳 ×  
𝒅𝑰

𝒅𝒕
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𝑽 

• As the current flows through the inductor, energy is stored in it 

according to E=1/2LI2  

• When the High-side switch opens, the current through the inductive 

load jumps from I to 0A  

• An inductor wants to resist the change in current so a large negative 

voltage transient appears at the output of the switch according to the 

below equation 
I  0A 

𝑳 
V+ Inductive Load 



TI Information – Selective Disclosure 

High-side switch | Inductive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

𝑽 = −𝑳 ×  
𝒅𝑰

𝒅𝒕
 

𝒅𝑰

𝒅𝒕
 

𝑽 

• As the current flows through the inductor, energy is stored in it 

according to E=1/2LI2  

• When the High-side switch opens, the current through the inductive 

load jumps from I to 0A  

• An inductor wants to resist the change in current so a large negative 

voltage transient appears at the output of the switch according to the 

below equation 
I  0A 

What is the High-side switch’s role in driving inductive 

loads? 

• TI’s smart High-side switches have an integrated VDS clamp which 

clamps the negative voltage swing to a safe level to prevent damage to 

its output. 

 

• Depending on the load, it also helps to dissipate the energy stored in the 

inductive element by turning on its MOSFET and dissipating the energy 

through it. 

𝑳 
V+ Inductive Load 
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High-side switch | Inductive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

𝑽 = −𝑳 ×  
𝒅𝑰

𝒅𝒕
 

𝒅𝑰

𝒅𝒕
 

𝑽 

• As the current flows through the inductor, energy is stored in it 

according to E=1/2LI2  

• When the High-side switch opens, the current through the inductive 

load jumps from I to 0A  

• An inductor wants to resist the change in current so a large negative 

voltage transient appears at the output of the switch according to the 

below equation 
I  0A 

What is the High-side switch’s role in driving inductive 

loads? 

• TI’s smart High-side switches have an integrated VDS clamp which 

clamps the negative voltage swing to a safe level to prevent damage to 

its output. 

 

• Depending on the load, it also helps to dissipate the energy stored in the 

inductive element by turning on its MOSFET and dissipating the energy 

through it. 

VDS 

+ 

- 

When the switch is 

turned OFF, the clamp 

is turned on from the 

inductive load and 

depending on thethe 

energy is dissipated 

through the FET 

𝑳 
V+ Inductive Load 



TI Information – Selective Disclosure 

High-side switch | Inductive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

𝑽 = −𝑳 ×  
𝒅𝑰

𝒅𝒕
 

𝒅𝑰

𝒅𝒕
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• As the current flows through the inductor, energy is stored in it 

according to E=1/2LI2  

• When the High-side switch opens, the current through the inductive 

load jumps from I to 0A  

• An inductor wants to resist the change in current so a large negative 

voltage transient appears at the output of the switch according to the 

below equation 
I  0A 

What is the High-side switch’s role in driving inductive 

loads? 

• TI’s smart High-side switches have an integrated VDS clamp which 

clamps the negative voltage swing to a safe level to prevent damage to 

its output. 

 

• Depending on the load, it also helps to dissipate the energy stored in the 

inductive element by turning on its MOSFET and dissipating the energy 

through it. 

VDS 

+ 
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When the switch is 

turned OFF, the clamp 

is turned on from the 

inductive load and 

depending on thethe 

energy is dissipated 

through the FET 
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High-side switch | Capacitive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

TI Smart High-side switches enable systems to limit the inrush current through the 
adjustable current limit  ILIM 
Advantages: 
• High Reliability – protects power supply during short circuit or inrush current, 

prevents upstream supply collapse 
• Lower System Costs – Reduces the PCB trace and connector size as well as reduces 

the input power supply 
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High-side switch | Capacitive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

TI Smart High-side switches enable systems to limit the inrush current through the 
adjustable current limit  ILIM 
Advantages: 
• High Reliability – protects power supply during short circuit or inrush current, 

prevents upstream supply collapse 
• Lower System Costs – Reduces the PCB trace and connector size as well as reduces 

the input power supply 

Inrush Current 

Peak of 40A 

Supply Droop 

~2V drop 

With no current limit, 330 µF charged to 

13.5V creates significant supply droop.   
During current limiting, the FET regulates the 

RDSON to increase the VDS and create a constant 
current source 
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High-side switch | Capacitive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

The max charging current is set by the current limit (IINRUSH=ICL) , linearly charging the capacitor. 

• Peak current from transient overshoot is limited to <4A due to the Smart High-side switch  

• Lower charging current results in lower peak currents during inrush which minimizes supply droop and reduces component current handling requirements. 

• Charging time is increased as a function of the lower current limit 

Power  
Supply  

C LOAD I SYSTEM 

I INRUSH 

𝑑𝑡 ≈ 𝐶𝐿𝑂𝐴𝐷  ×  
𝑉𝑂𝑈𝑇

𝐼𝐶𝐿
≈ 2 𝑚𝑠  

𝐼𝐼𝑁𝑅𝑈𝑆𝐻 ≈ 𝐶𝐿𝑂𝐴𝐷  ×  
𝑑𝑉𝑂𝑈𝑇

𝑑𝑡
  

𝐼𝐶𝐿 = 𝐼𝐼𝑁𝑅𝑈𝑆𝐻, where 𝐼𝐶𝐿 equals the current 
of the High-side switch   

𝐼𝑆𝑌𝑆𝑇𝐸𝑀 =  𝐼𝐼𝑁𝑅𝑈𝑆𝐻 +  𝐼𝐿𝑂𝐴𝐷 
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High-side switch | Capacitive load 
Safe inductive and capacitive load driving 

through integrated clamp and adjustable current 

limiting 

The max charging current is set by the current limit (IINRUSH=ICL) , linearly charging the capacitor. 

• Peak current from transient overshoot is limited to <4A due to the Smart High-side switch  

• Lower charging current results in lower peak currents during inrush which minimizes supply droop and reduces component current handling requirements. 

• Charging time is increased as a function of the lower current limit 

Power  
Supply  

C LOAD I SYSTEM 

I INRUSH 

Steady Stage 

Load Current 

Current Limit  at 3.2A VOUT 

VIN 

Minimal Supply Droop 

IOUT 

330 µF charged to 13.5V with 3.5A current limit   

𝑑𝑡 ≈ 𝐶𝐿𝑂𝐴𝐷  ×  
𝑉𝑂𝑈𝑇

𝐼𝐶𝐿
≈ 2 𝑚𝑠  

𝐼𝐼𝑁𝑅𝑈𝑆𝐻 ≈ 𝐶𝐿𝑂𝐴𝐷  ×  
𝑑𝑉𝑂𝑈𝑇

𝑑𝑡
  

𝐼𝐶𝐿 = 𝐼𝐼𝑁𝑅𝑈𝑆𝐻, where 𝐼𝐶𝐿 equals the current 
of the High-side switch   

𝐼𝑆𝑌𝑆𝑇𝐸𝑀 =  𝐼𝐼𝑁𝑅𝑈𝑆𝐻 +  𝐼𝐿𝑂𝐴𝐷 
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Smart High-side switch | Applications 
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Safe inductive and capacitive load driving through 
integrated clamp and adjustable current limiting 

Short Circuit and current limiting protection 
improves system reliability and reduces system 
costs 

Integrated current sense and open-load detection 
enables the detection and diagnosis of faults 
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High-side switch | Short circuit 

• Short Circuit protection for outputs prevents 

damage caused when the output has a low 

impedance path to ground 

 

 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
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High-side switch | Short circuit 

• Short Circuit protection for outputs prevents 

damage caused when the output has a low 

impedance path to ground 

 

• This is typically a customer requirement and 

cause serious damage if the protection is not 

implemented properly  

 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
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High-side switch | Short circuit 

• Short Circuit protection for outputs prevents 

damage caused when the output has a low 

impedance path to ground 

 

• This is typically a customer requirement and 

cause serious damage if the protection is not 

implemented properly  

 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
 

CL Current 

Limit

Gate 

Driver VOUT

24 V Supply

EN

Cable

Load

Cable
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• Below are some technical specifications for an 

example digital output module 

 

 

 

 

• Picking power supply based on load current is 

insufficient in case of faults and overcurrent 

events 

High-side switch | Current limit 
 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
 

Parameter Value Unit 

Voltage (typ) 24 V 

# of Channels 16 - 

IOUT, per CH 0.5 A 

Short-circuit threshold (typ) 1 A 

S 
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• Below are some technical specifications for an 

example digital output module 

 

 

 

 

• Picking power supply based on load current is 

insufficient in case of faults and overcurrent 

events 

• The adjustable current limit of TI’s High-side 

switches can help to reduce the short circuit 

trip point which can help to reduce the 

requirements for the power supply 

High-side switch | Current limit 
 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
 

Parameter Value Unit 

Voltage (typ) 24 V 

# of Channels 16 - 

IOUT, per CH 0.5 A 

Short-circuit threshold (typ) 1 A 

S 
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• Below are some technical specifications for an 

example digital output module 

 

 

 

 

• Picking power supply based on load current is 

insufficient in case of faults and overcurrent 

events 

• The adjustable current limit of TI’s High-side 

switches can help to reduce the short circuit 

trip point which can help to reduce the 

requirements for the power supply 

High-side switch | Current limit 
 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
 

Parameter Value Unit 

Voltage (typ) 24 V 

# of Channels 16 - 

IOUT, per CH 0.5 A 

Short-circuit threshold (typ) 1 A 

S 

Power Supply Output Current Requirements @ 24VDC 

Use cases 
# of 

channels 

IOUT, per CH  

(A) 

Total IOUT 

(A) 

Case #1 - nominal current 16 0.5 8 

Case #2 - fault case 16 1 16 

Case #2 - fault case w/ TPS27S100 16 0.75 12 
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High-side switch | User set CL 

How is ILIM set? 
 
An external resistor generates a reference 
current from an internal reference voltage 
that is compared to ILOAD 

 
 
 
 

 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
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High-side switch | User set CL 

+

-

+

–

Power 
MOSFET

Gate

OUT

VS

CL GND

IOUT/K(CL)

VCL(th)

R2R1

R(CL)

Drain

Source

OP1

OP2

Current Sense

+
+

MN1

MN2

BufferIN

ISNS

VREF

IOUT

How is ILIM set? 
 
An external resistor generates a reference 
current from an internal reference voltage 
that is compared to ILOAD 

 
During current limiting, the FET regulates 
the RDSON to increase the VDS and create a 
constant current source 

 

Short Circuit and current limiting improves system 

reliability and reduces system costs 
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High-side switch | User set CL 

+

-
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–

Power 
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How is ILIM set? 
 
An external resistor generates a reference 
current from an internal reference voltage 
that is compared to ILOAD 

 
During current limiting, the FET regulates 
the RDSON to increase the VDS and create a 
constant current source 

K

I

R

V
I

out

CL

thCL

CL
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Short Circuit and current limiting improves system 

reliability and reduces system costs 
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Safe inductive and capacitive load driving through 
integrated clamp and adjustable current limiting 

Short Circuit and current limiting protection 
improves system reliability and reduces system 
costs 

Integrated current sense and open-load detection 
enables the detection and diagnosis of faults 



TI Information – Selective Disclosure 

Smart High-side switch | 
Diagnostics 

• Increasing safety and reliability 

requirements are driving the need for 

smarter outputs that can detect and 

respond to fault conditions 
 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
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Smart High-side switch | 
Diagnostics 

• Increasing safety and reliability 

requirements are driving the need for 

smarter outputs that can detect and 

respond to fault conditions 

• Smarter outputs enable: 

– Reduce system downtime 

– Smart power management 

• High-side switches integrate load current 

sense and open load detection 

functionality to meet requirements 
 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
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Smart High-side switch | 
Diagnostics 
 

– High-side switches can output multiple 

system variables to the system 

• Load Current 

• Temperature Sense 

• Supply Voltage Sense 

 

 

 

 
 

 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
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Smart High-side switch | 
Diagnostics 
 

– High-side switches can output multiple 

system variables to the system 

• Load Current 

• Temperature Sense 

• Supply Voltage Sense 

 

 

 

 
 

 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
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Smart High-side switch | 
Diagnostics 
 

– High-side switches can output multiple 

system variables to the system 

• Load Current 

• Temperature Sense 

• Supply Voltage Sense 

 

 

 

 

– Values are output as an analog current 

on the SNS pin 
 

 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
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Smart High-side switch | 
Diagnostics 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
 

Open load detection enables detection of broken cables or mis-wiring conditions.  
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Smart High-side switch | 
Diagnostics 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
 

Open load detection enables detection of broken cables or mis-wiring conditions.  

On State Detection 
 

If load current drops below the threshold in datasheet, the device will 

register a fault.  
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Smart High-side switch | 
Diagnostics 

 

Integrated current sense and open-load detection 

enables the detection and diagnosis of faults 
 

Open load detection enables detection of broken cables or mis-wiring conditions.  

Off State Detection 
 

Open Load Detection requires a pull up resistor on the output.  If  

VOUT > threshold the device recognizes that there is no load 

attached.  

 

Choose pull-up resistor to overcome any pulldown including 

leakage other than the load. (A resistor divider for  VOUT 

monitoring is shown) 

 

 

 

 

 

 

 

 

 

 

 

 

 

On State Detection 
 

If load current drops below the threshold in datasheet, the device will 

register a fault.  
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Learn More: 11 Ways to Protect Your Power Path 
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