Enable better reliability in HEVs and EVs with
best-in-class isolation technology

Solid-state relays (SSRs)
Alex Triano
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Where are isolated switches used in EVs?

TRACTION INVERTER
» Discharge of HV capacitors

Trend towards 800-V and

higher battery packs are BATTERY MANAGEMENT

increasing the need for +  Pre-charge of HV capacitors
. . » Battery pack and port voltage
isolated switches monitoring

throughout the vehicle. * Insulation resistance monitoring
between HV rail and chassis ground

DC/DC & ON-BOARD CHARGER
* Insulation resistance monitoring

between HV rail and chassis ground
» Discharge of HV capacitors
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What isolation technologies are available?

Electromechanical Photo / Optical Inductive Capacitive isolation
relay transformer

Insulation material Air, gas, or Epoxy or Laminate or Silicon dioxide (SiO,)
Epoxy Polyimide Polyimide

Dielectric strength ~1 Vius/ UM ~20 Vgys/ pm ~300 Vgys/ pm ~500 Vgys/ pm

(1sec) ~20 Vgys / pm ~300 Vrys/ pm

Advantages Low resistance Low-EMI emissions High speed (us) High speed (us)
High power transfer High power transfer Low power consumed

Disadvantages Slow speed (ms) Photodegradation and IC design to limit EMI IC design to limit EMI
Mechanical wear, partial discharge (PD)
vibration/magnetic Limited power transfer
immunity Limited power transfer

Operating ambient -40C to 85C -40C to 85C -40Cto 125C -40Cto 125C

temp.

Cost $$$ $ $ $
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Pre-charging high voltage capacitors

o
Failure to manage inrush current into high voltage
capacitors can cause welding or pitting within a
mechanical HV contactor.

\. J

. Solution \
Pre-charge circuits are used along with a power
resistor (R,) in order to limit inrush current during
startup.

J

e

HV positive contactor

TI's solid-state relays

TPSI3050-Q1 & TPSI3052-Q1: Isolated switch drivers
* 5kVgusreinforced isolation rating

* AEC-Q100 Grade 1 qualified up to +125C

» Integrated isolated bias supply

* Can drive SCRs, MOSFETSs, IGBT, or SiC FETs to
form a solid-state relay solution

10-V or 15-V gate voltage options

Up to 80% smaller than a mechanical contactor

|

R1

HV Battery >

| ==

S eOeEOaooa

Pre-charge switch

M\

Capacitor

Pre-charge path
Normal operation

HV negative contactor
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http://www.ti.com/product/TPSI3050-Q1
http://www.ti.com/product/TPSI3052-Q1

Active discharge

Voc-tink

Problem ‘Active Discharge‘
I
When the vehicle turns off or in the case of an

emergency crash, need to discharge high voltage 1000
capacitors to a safe level within seconds.

HV BUS

_______________

Isolated Power
Supply

-

Transformer Transformer
Driver

600V oo

DCLink
Capacitor

™

)|

Solid-state relays can be used to connect and
disconnect a high power pull-down resistor.

FET
Control

Unsafe to touch

Gate
Driver | — —

Isolator

TI's solid-state relays ~N

TPSI3050-Q1 & TPSI3052-Q1: Isolated switch driver
* 5kVgxusreinforced isolation rating cov [
+ AEC-Q100 Grade 1 qualified up to +125C safe tottouch L
« Integrated isolated bias supply i -
* Can drive SCRs, MOSFETSs, IGBT, or SiC FETs
to form a solid-state relay solution
\- 10-V or 15-V gate voltage options /

Time
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http://www.ti.com/product/TPSI3050-Q1
http://www.ti.com/product/TPSI3052-Q1

Active discharge

emergency crash, need to discharge high voltage
capacitors to a safe level within seconds.

Solid-state relays can be used to connect and
disconnect a high power pull-down resistor.

Problem
When the vehicle turns off or in the case of an J

TI's solid-state relays ~N

TPSI3050-Q1 & TPSI3052-01: Isolated switch driver

5kVrus reinforced isolation rating

AEC-Q100 Grade 1 qualified up to +125C

Integrated isolated bias supply

Can drive SCRs, MOSFETSs, IGBT, or SiC FETs

to form a solid-state relay solution

10-V or 15-V gate voltage options /

Voc-tink

1000V

600V

60V

Active Discharge

|

Unsafe to touch

Safe to touch

OFF Signal OFF + 2s

HV BUS
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http://www.ti.com/product/TPSI3050-Q1
http://www.ti.com/product/TPSI3052-Q1

Insulation resistance monitoring

Problem N
HV battery terminals must be insulated from °
chassis to protect drivers and passengers. % .
Electric Vehicle Safety Standards (ISO 6469-3) W1
) HV Battery Risop
N + | MCU
R R
HV isolated switches (SW1-SW2) are used to — L Apct
connect known resistors (R,-Rs) and monitor the : oo
unknown insulation resistance (R,sop and Rigon) w2
J Rison ; /77

TI's solid-state relays % .
@

TPSI2140-Q1: 1400-V, 50-mA isolated switch

* Solid-state relay, >26-year projected lifetime Chassis

+ 3.75kVgxpsisolation rating /%7 Ground

* AEC-Q100 Grade 1 qualified up to +125 C

» Suitable for 400-V or 800-V battery systems

» 2-mA avalanche capability survives hi-pot
and surge tests without reed relay disconnect

* Enables use of <IMohm HV resistors, o

\ leading to improved accuracy measurements)
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http://www.ti.com/product/TPSI2140-Q1

Insulation resistance monitoring

Problem N
HV battery terminals must be insulated from
chassis to protect drivers and passengers. % R,
TPS12140-Q1
Electric Vehicle Safety Standards (ISO 6469-3) HV Battery R ; 8 |
) 1SOP . 2 .
N | 7 MCU
— R3
HV isolated switches (SW1-SW2) are used to — ' W 25;11
connect known resistors (R;-R3) and monitor the - TPS2140-Q1 GPI02
unknown insulation resistance (R,sop and Rigon) .
J Rison ; EN /77
- 20 | G
TI's solid-state relays % .
o

TPSI2140-Q1: 1400-V, 50-mA isolated switch
+ Solid-state relay, >26-year projected lifetime Chassi
: . : assis

+ 3.75kVgxpsisolation rating /)7 Ground

* AEC-Q100 Grade 1 qualified up to +125 C

» Suitable for 400-V or 800-V battery systems

» 2-mA avalanche capability survives hi-pot
and surge tests without reed relay disconnect

+ Enables use of <IMohm HV resistors, 10

\ leading to improved accuracy measurements)
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http://www.ti.com/product/TPSI2140-Q1

Summary

v'Isolated switches are used throughout EVs to solve problems including:
— Pre-charging high voltage capacitors
— Active discharge
— Insulation resistance monitoring

v TI's new portfolio of solid-state relays use inductive and capacitive isolation
— Highest dielectric-strength materials helps reduce solution size and cost.
— Qualified up to AEC-Q100 grade 1, +125 C.
— Robust isolation barrier with >26 year projected lifetime.
— Size, reliability, and cost advantages over mechanical relay and photo/optical technologies.

Learn more at ti.com/SSR
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