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Detailed Agenda 

ÅIntroduction to Smart High Side Switches 
ïFunctional Block Diagram 

ïApplications 

ïFeatures and Diagnostics 

 

ÅChallenges for different load profiles 
ïResistive loads 

ïBulb Loads 

ïCapacitive loads 

ï Inductive Loads 

ÅTI Resources 

ÅSummary 
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Power Switches Overview 
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Load Switches 
Power Distribution & 

Savings 

eFuse 
Input Power Protection 

Smart High Side 
Switches 

Output Power Protection  

 

 

Product Families 

ÅNon-current / Current Limited  

ÅPower Mux  

ÅSolid State Relays  

Sectors/EEôs 
ÅIndustrial PC cards 

ÅIndustrial PCs 

ÅPLC, power sequencing 

 

 

Product Families 

Å> 40V eFuse 

Å< 30V eFuse 

ÅHot Swap Controllers  

ÅIdeal Diode Controllers 

Sectors/EEôs 
ÅPLC  

ÅFactory Automation 

ÅMotor Drives 

 

 

Product Families 

ÅSmart High Side (HS) Switch 

 

 

Sectors/EEôs 
ÅRemote I/Os 

ÅDigital I/Os 

ÅCNC controllers 

ÅMotor Drives 

ESD & Surge 
Port Protection 

 

 

Product Families 

ÅFlat-clamp TVS 

ÅESD port protection 

 

Sectors/EEôs 
ÅAppliances 

ÅBuilding Automation 

ÅGrid Infrastructure 

ÅBody Electronics & Lighting 

Benefits 
ÅExtends battery life 

ÅSimplifies power sequencing 

ÅMitigates inrush current damage  

ÅSaves space & reduces solution 

size 

Å Inrush current control  

www.ti.com/LoadSwitch 

Benefits 
ÅProtects against under/over-voltage,  

over-current, and inrush events 

ÅMaximizes equipment uptime & 

reduces maintenance costs 

ÅPrevents failure during hot-plugging, 

hot-swapping & transient events 

ÅFaster time to market ï UL 

recognized 

Benefits 
ÅIncreased reliability against short-

circuit 

ÅAccurate, real-time load 

diagnostics 

ÅDrive inductive loads like 

solenoids, relays 

 

Benefits 
ÅMeets or exceeds the maximum 

specified level in the IEC 61000-4-

x standard 

ÅPackages are 80-90% smaller 
than that of the competition 

ÅLow leakage provides better 
fidelity 

www.ti.com/eFuse www.ti.com/HighSideSwitch http://www.ti.com/esd 

http://www.ti.com/LoadSwitch
http://www.ti.com/eFuse
http://www.ti.com/HighSideSwitch
http://www.ti.com/esd


Gate Logic
Diagnostics 

and 

Protection

VDS Clamp
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Status Output
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OUT

IN

Smart High Side Switch 

ÅA high-side switch is a power management device 

that connects to a battery input and switches on/off 

downstream loads and protects against short circuit 

and other faults  

 

ÅA low-side switch is a power management device 

that connects from the load and switches on/off to 

ground  

 

ÅHigh-side switch is preferred due to improved 

protection, as constant load current can be avoided 

when a short to ground at the load occurs 
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Learn More: Basics of Power Switch App Note 

VBAT/VIN 

LOAD 

High Side Switch 

Low Side Switch 

http://www.ti.com/lit/an/slva927/slva927.pdf


 

TPS1HA08-Q1 

40V, 8 mɋ, 1-ch 

Integrated Watchdog 

Seat Heating 

 

TPS4H000/TPS4H160-Q1 

40V, 1ɋ/160mɋ, 4-ch  

Adjustable Current Limit 

ADAS 

Smart High Side Switch Solutions 

 
 

Front Lighting 

27W Loads 

TPS1/2HB16-Q1 

TPS1/2HB35-Q1 Signal Turn 

Indicators 

Parking Light 

55W Loads 

TPS1/2HB08-Q1 

High Beam 

Head lamp 

Fog Lamp  

Low Beam 

65W Loads 

TPS1HA08-Q1 

TPS1/2HB08-Q1 

 
 

Rear Lighting 

27W Loads 

TPS1/2HB16-Q1 

TPS1/2HB35-Q1 

Third Stop Lamp 

Stop Lamp 

Reverse Lamp 

Fog Lamp 

Signal Turn 

Indicators 

10W/5W Loads 

TPS1H100B-Q1 

TPS2/4H160B-Q1 

Tail Light 

License  

Plate Light 

Int. Lighting 

LEDs 

LEDs and Relays 

TPS1/2/4H000-Q1 

Power ON from headlights to taillights and everything in between 

 

TPS1HA08-Q1  
40V, 8mɋ, 1-ch 

High accuracy current sense 

Powertrain Transmission 

TPS1H100-Q1 

40V, 100mɋ, 1-ch  
Adjustable current limit   

Infotainment/Cluster 

21W Loads 

TPS1/2HB35-Q1 

TPS1/2HB50-Q1 



Smart High Side Switches in Industrial Applications 
- Smart High Side Switches provide protection for outputs in any given factory automation module (PLC, DCS, CNC, etcé) 

- 24V Digital Output 

- 24V Analog Output 

- Sensor Supply for Analog/Digital Input 

ISO PWR 

MCU 
BUS 
ASIC 

+24V 

Backplane 
Protection 

Field Power 

Field Power 
Protection 
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Any Module 

5-24V LVDS /  
RS-485 
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Module 

Type 
Device Description 

Ò 100mA TPS4H000 4-CH, 40V, 1ʍ, TSSOP 

Ò 500mA 
TPS4H160 4-CH, 40V, 160mʍ, TSSOP 

TPS27S100 1-CH, 40V, 100mɋ, TSSOP, UL cert pend. 

Ò 1A TPS27S100 1-CH, 40V, 100mɋ, TSSOP, UL cert pend. 

** = Sampling Now 

http://www.ti.com/solution/plc-dcs-io-module-digital-output


Smart High Side Switch Features 
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TI Smart High Side Switch Features  

ïSmart High-Side Switches | Overview | TI.com 

 

http://www.ti.com/power-management/integrated-load-switches/smart-high-side-switches/overview.html
http://www.ti.com/power-management/integrated-load-switches/smart-high-side-switches/overview.html
http://www.ti.com/power-management/integrated-load-switches/smart-high-side-switches/overview.html


Current Sense Accuracy 

ÅSensed load current is calculated by  

ὍὕὟὝ ὍὛὔὛὙρ ʀὝȟὍὕὟὝ) 

Where ʀὝȟὍὕὟὝ is residual error 

 

ÅIn addition to load current, FET Temperature can also be 

sensed by configuring SELx pin.  

ÅHigh accuracy current sense at allows open load 

detection by measuring change in current flow. 

Å ISNSR is calibrated in device production test at 25°C and 

offset correct to improve low current accuracy 

ÅAccuracy specified in datasheet is+/-4% for ὍὕὟὝ >1A and 

+/-10% for ὍὕὟὝ  = 300mA, over temperature and process. 
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SEL1

DIA_EN

VBB

SNS

SEL2

GND

Current 

Sense

Temperature 

Sense

Fault 

Indication

Internal 

Power 

Supply

MUX

R
1

SNS 

FET
FET

Load

GND

Charge 

Pump

  ADC FilterDIGITAL 

SNS_OUT

GND

R
2

MCU

V Accurate, real-time load diagnostics even in light loads (such as LEDs) 

V Reduce system cost - eliminates the need for current sense calibration 

V Enables predictive maintenance by looking for slow current creeps 

Highest Accuracy 

Current Sense 



Open Load detection enables detection of broken cables or miswiring conditions. TI Smart High 

Side Switches provide both off state and off state open load detection 

Off State Detection 
 

Open Load Detection requires DIA_EN pin high and 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) 

Load Diagnostics ï Open Load Diagnostics 

VOUT

V(OL,off)

Load

R(PULLUP)

  ADC Filter

MCU

SNS

Fault 

Indication
  ADC

HSD

1
M

 ɋ

VBAT

OUT

On State Detection 
 

If load current drops below threshold in datasheet, 

the device will register a fault.  

Open Load Detection  

On-State 

Rser 



Adjustable Current Limit 

1. An external resistor is used to generate a threshold reference 
current based on a reference voltage. 

2.  A current proportional to the load current is created and 
compared against the threshold reference.   

3. When the proportional current exceeds the threshold, the 
current is clamped at the current limit threshold. 

 
The current limit is implemented by the FET regulating the RDSON to 

increase the VDS and create a constant current source 
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Adjustable Current Limit 

TI devices all include an adjustable low current limit so that the device can better meet system requirements 
Advantages: 
Å High Reliability ς protects power supply during short circuit or inrush current 
Å Predictive Maintenance ς Protects against slow current creep failures 
Å Lower System Costs ς Reduce PCB trace and connector size as well as input power stage robustness 

Circuit Breaker Mode Current Clamping Mode 



AEC Q100-012 Short Circuit Testing 
 

Test Item Sample Size Test Cycles 

Cold Repetitive Short Circuit Test - Short Pulse -40C, 10ms EN pulse, cool down. 1 Million 

Cold Repetitive Short Circuit Test - Long Pulse -40C, 300ms EN pulse, cool down 1 Million 

Hot Repetitive Short Circuit Test 25C, keeping short 1 Million 

Short Circuit at the load 

ÅRSHORT = 50 mɋ 

ÅLSHORT = 5 uH 

 

Cable inductance stores energy which makes the short 

more challenging to survive 

 
Learn More: Short-Circuit Reliability Test App Note 

AEC Q100 mandates protection against output short circuits, including input and output parasitic elements modeling a 

cable. All TI Smart Power Switches are tested according to these standards  

http://www.ti.com/general/docs/litabsmultiplefilelist.tsp?literatureNumber=slva709
http://www.ti.com/general/docs/litabsmultiplefilelist.tsp?literatureNumber=slva709
http://www.ti.com/general/docs/litabsmultiplefilelist.tsp?literatureNumber=slva709


Smart High Side Switch behavior during Short Circuit 
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Circuit Breaker 
Current Limiting 

Regulation 

Ids 

Vds 

Ids 

Vds 

Lower energy on 5 µH inductive short with circuit breaker mode than 
regulation mode.  



AEC Q100-012 Grade A 

Test Procedure 
Lots/Samples  

per lot 
Temp Cycles  Failure ATE Test 

Cold Repetitive Short Pulse 3/10 -40ᴈ 1,000,000 0 PASS 

Cold Repetitive Long Pulse 3/10 -40ᴈ 1,000,000 0 PASS 

Hot Repetitive Pulse 3/10 25ᴈ 1,000,000 0 PASS 

TI Smart 
Power Switch 



Load Profiles 
Resistive 

Bulb 

Capacitive 

Inductive 

 

 

 



Resistive Loads 
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Application Example: Seat Heating  

Channel 1 

Channel 2 

Almost all loads include a resistive component, however 

some loads are purely resistive. 

Device On Resistance Max DC Current 

TPS1H000-Q1 

1 ʍ 0.75 A TPS2H000-Q1 

TPS4H000-Q1 

TPS1H200-Q1 200 mʍ 2.5 A 

TPS2H160-Q1 
160 mʍ 2.5 A  

TPS4H160-Q1 

TPS1H100-Q1 
100 mʍ 4 A 

TPS27S100 

TPS2HB50-Q1 50 mʍ 4 A 

TPS2HB35-Q1 35 mʍ 5 A 

TPS2HB16-Q1 16 mʍ 7 A 

TPS2HB08-Q1 
8 mʍ 

8 A 

TPS1HA08-Q1 11 A 

Å For driving resistive loads, the primary concern is 

heating caused by DC current flow 

 

Å Thermal issues are caused primarily by the on-

resistance of the switch, though are affected by ambient 

temperature and heat dissipation as well 

 

Å Regardless of load, all load profiles must consider 

the heating caused by DC current flow  


