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Look inside 
any car 

built in the 
last decade, 

and you’ll 
find a dizzying 

array of electronic 
systems, each of 

which requires myriad 
components designed 

to deliver accurate and 
reliable performance in 

harsh operating conditions. 
To meet this need, Vishay 

manufactures a broad range 
of passive and active discrete 

components that can withstand 
the high temperatures and peak 

transients of automotive systems, 
from engine control to infotainment 

and multi-phase converters in 
advanced driver assistance systems. 

The company’s devices also support the 
innovative applications in today’s hybrid and 

electric vehicles, including traction inverters, 
DC/DC converters for 48V power subsystems, 

battery management with cell balancing, 
on-board and off-board battery charging, energy 

recuperation systems, and more.

Vishay has established its own Automotive Grade 
standard for its electronic components destined for 

this wide range of automotive applications. With the 
ultimate goal of zero defects, zero incidents, and zero 

failures, Vishay’s Automotive Grade standard incorporates 
key automotive industry quality initiatives. The process 

begins with a robust design policy in which new and modified 

FOREWORD

products are developed using design rules, failure modes and 
effects analysis (FMEA), and lessons learned. Testing to failure 
confirms that design margins meet the demands of automotive 
use. Automotive Grade products are qualified to the latest AEC 
qualification and presented for approval using production part 
approval process (PPAP). They are produced in facilities certified 
to IATF16949, and product families are verified to AEC Stress 
Test Qualification standards every two years. For continuous 
improvement, error proofing is performed to identify and 
eliminate potential causes of defects during the entire process. 
Only components that fulfill all of these stringent requirements 
earn the Automotive Grade stamp on their datasheets.

In the following pages, we explore three automotive categories 
and how Vishay’s Automotive Grade diodes and rectifiers, 
MOSFETs, optoelectronics, resistors, inductors, and capacitors 
meet their specific needs. The first category is 48V systems. 
Here we outline a complete 3kW 48V/12V buck-boost 
converter design, a 25kW inverter with a 3-phase topology for 
hybrid motor drives, and an eFuse for safely connecting and 
disconnecting high current loads to the battery.

The second category is electric car battery charging 
management. In this section, we explore a 22kW onboard 
charger (OBC) that operates from a 3-phase input voltage; the 
use of an optocoupler with a phototransistor output to maintain 
a safe galvanic isolation barrier between high- and low-voltage 
buses; employing a linear optocoupler as a cost-effective 
approach to isolating voltages and currents in high-voltage 
battery packs, and replacing conventional mechanical relays 
with Vishay’s Intelligent Current Sense and Safety Switch (ICSS).

The final category is sensors for the dashboard. Here we discuss 
Vishay’s optoelectronic sensor devices that enable Human 
Machine Interaction. These automated systems monitor user 
input and lighting conditions so that drivers can keep their eyes 
safely on the road. We invite you to continue reading about how 
our solutions are essential to your automotive designs. ▼

MUSTAFA DINC has over 23 years of experience in the automotive industry, currently serving as Vishay Intertechnology’s 
Vice President of Business Development Automotive. He joined the company in 1999 as an automotive field application 
engineer and went on to become Senior Director of Global Automotive Field Application Engineering and EU FAE 
Engineering. At Vishay, Mr. Dinc has worked with a wide variety of product lines—from semiconductors to passive 
components—in most automotive designs for applications, including Powertrains, Chassis, ADAS, EV/HEV, Sensors, and 
more. He has also been deeply involved in product definitions for 48V mild hybrid vehicles, onboard chargers for electric 
and plug-in hybrid electric vehicles, and DC/DC converters for hybrid vehicles. He holds a Diplom-Ingenieur (Dipl.-Ing.) in 
electrical engineering and electronics from RWTH Aachen University in Germany.                
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As dual board net systems–vehicles with both a 12V bus 
and a 48V bus–are becoming more popular, a high-
power bi-directional 48V to 12V DC/DC converter is a 

key building block in the vehicle’s architecture.  To optimize the 
overall efficiency of the vehicle, energy must be transferred in 
either direction between the 12V battery and the 48V battery, 
depending on the vehicle’s electrical demands and the state of 
the batteries’ health.  

Therefore, a complete 3kW 48V/12V buck-boost converter 
design (Figure 1) utilizes an insulated metal substrate (IMS) with 
a heat sink for the power stage with a standard FR4 controller 
board mounted on top. In general, these types of converter 
designs cannot operate at maximum efficiency over a wide 
power range. However, this design features six modular power 
stages capable of 500W each.

By switching the protection MOSFETs (TR1/TR2 and TR5/TR6 
in Figure 2) on and off, it is possible to activate or deactivate 
the power stages separately. Therefore, this topology allows for 
efficiency to be maximized under any operating condition. Also, 
a total breakdown can be prevented in the event of an individual 
power stage failure (such as a defect of TR4 in Figure 2). 

Another important schematic detail is the half-bridge design 
(TR3/TR4) with different MOSFETs. The high-side MOSFET 
usually operates at a fourth of the output current, therefore, the 
RDS(ON) is not critical. 

The gate-source charge (Qgs) and the gate-drain charge (Qgd) 
parameters are more important. These MOSFETs are driven 
through gate resistors R3 and R4 in Figure 2 (Vishay MMU0102). 
Unlike low power thick film resistors, thin film MELFs are 
designed to handle large pulses and will not drift over time and 
temperature. These values influence the switching losses, which 
are the dominating power-loss factor at a frequency of 100kHz 
to 150kHz. The low-side MOSFET consists of two Vishay 
SQJQ184E connected in parallel to minimize the resistance. In 
this case, the RDS(ON) is the dominating power loss.

The primary storage inductor (L2 in Figure 2) needs to support 
both the DC output current along with the ripple current. The 
switching frequency and inductance value determine the ripple 
current amplitude. Increasing the switching frequency or the 
inductance value will reduce the ripple current, but tradeoffs in 
size and performance must be considered. The designer must 

Free Up Your Design 
With 6 Independent 
Phases
VISHAY INTERTECHNOLOGY

Figure 1: 3kW 48V/12V buck-boost converter (Source: Vishay)

Learn More

WSLP3921 Power Metal 
Strip® Current Sense 
Resistors

https://www.mouser.com/new/vishay/vishay-mmx-professional-melf-resistors/
https://www.mouser.com/new/vishay/vishay-dale-wslp3921-wslp5931-resistors/


mouser.com/vishay / 5

Learn MoreLearn More

IHDM-1008BC Edge-
Wound Through-Hole 
Inductors 

SQJQ184E TrenchFET® 
Gen IV MOSFETs

Figure 2: Simplified schematic of power stage 
with only one phase. (Source: Vishay)

“The designer must ensure that 
the inductor is rated for the 

desired output current for both 
self-heating and saturation.”

also ensure that the inductor is rated for the desired output 
current for both self-heating and saturation.  

Vishay IHDM inductors are a great choice for these inductors 
because they have a good combination of low DC losses, low 
core loss (AC losses), and the best saturation performance of 
any of the inductor material choices. The IHDM series covers 
a wide range of inductance values, from 0.1uH to 200uH, with 
current handling capability from just a few amps to several 
hundred amps. These inductor series are also available in 
several materials that allow efficient operation at frequencies 
from 100KHz up to 5MHz.

The input and output currents are measured using current shunts 
R1 (2mΩ) and R2 (0.5mΩ) in Figure 2,  in this case, the Vishay 
WSLP3921 series. This is necessary to distribute the current 
equally to the individual modules when using a multistage design. 
The Vishay Power Metal Strip® technology was selected for its 
high temperature capability and long-term stability.

The combination of C1/L1 (IHLP4040) and C6/L3 (IHLP5050) in 
Figure 2 makes up the input/output filter that suppresses the 
ripple current. In this case, the Vishay IHLP® series was used for 
the filter inductors for the same reasons outlined above for the 
main storage inductor. 

The capacitors next to the half bridge (C3/C4 in Figure 2) limit 
the peak current. Because of the high ripple currents, multiple 
capacitors with low equivalent series resistance (ESR) are 
connected in parallel. These are preferably multi-layer ceramic 
capacitors (MLCCs). An NTC thermistor such as the Vishay NTCS 
series that features polymer terminations for enhanced reliability 
under thermal stress, allows the temperature to be monitored and 
the power consumption to be reduced on demand. This Vishay 
reference design performance is very impressive as it provides an 
efficiency of approximately 97 percent.

The right design and component selection is critical for 
DC/DC conversion applications that require shifts in electrical 
requirements for 48V systems while withstanding the harsh 
automotive environment. ▼

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-dale-ihdm-1008bc-inductors/
https://www.mouser.com/new/vishay/vishay-transportation-systems-solutions/
https://www.mouser.com/new/vishay/vishay-dale-wslp3921-wslp5931-resistors/
https://www.mouser.com/new/vishay/vishaydaleihlp/
https://www.mouser.com/new/vishay/vishaydaleihlp/
https://www.mouser.com/new/vishay/vishay-bc-components-ntcs-e3-thermistors/
https://www.mouser.com/new/vishay/vishay-bc-components-ntcs-e3-thermistors/
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Different types of electric/hybrid vehicle configurations are 
being implemented in the automotive market today, which 
increases the need for higher voltage/power levels to 

meet the new system requirements.

For example, with all of the possible add-on parallel hybrid drive 
configurations available today, a high-power 48V inverter is a 
key part of the system implementation. In this 25kW 
design, a 3-phase topology was 
selected to optimize the 
inverter and the machine 
cost. Each phase features 
a half-bridge switch 
configuration along 
the associated 
gate drive 
and 

current sense amplifier circuitry in a very compact arrangement. 
Only one of the phases (three poles per phase) is shown in 
Figure 1 below.

The Vishay SQJQ184E MOSFETs (TR1/TR2 in Figure 2) used 
in this design feature a bond wireless construction that allows 
for very high pulsed drain currents and very low junction-case 

thermal resistance in a compact 8mm x 8mm 
package.  The two MOSFETs are in 

tight proximity to the DC bus 
and the output phase 
connection to minimize 
parasitics.

The phase current 
is measured 

using a 
Vishay 

48V Inverter Power 
Stage Solution
VISHAY INTERTECHNOLOGY

Figure 1: The 
25kW/48V inverter design 
with only one phase shown 
(Source: Vishay)

https://www.mouser.com/new/vishay/vishay-sqjq-automotive-mosfets/
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Learn MoreLearn More

MKT1820 DC Film 
Capacitors

WSLP2726 Power Metal 
Strip® Current Sense 
Resistors

“ ...with all of the possible 
add-on parallel hybrid drive 

configurations available today, 
a high-power 48V inverter 
is a key part of the system 

implementation.”

Figure 2: One pole is shown 
in the simplified schematic of 
power stage. (Source: Vishay)

WSLP2726 current shunt that features a very high power- 
to-footprint ratio and very low resistance values (in this case 
0.2mΩ) for high efficiency and very low inductance (again to 
minimize parasitics).

The DC bus voltage is connected directly to the thick-copper 
PCB in each of the phases. A localized DC link capacitor (C1 in 
Figure 2) is provided in each phase and is connected near the 
DC bus and the power MOSFETs to lower parasitics and reduce 
transients (stress on the MOSFETs).

In this design, a Vishay MKT1820 47uF/63V film capacitor 
was used, which features high-temperature operation up to 
150°C and 4-pin terminations for vibration robustness.  Another 
MKT1820 is near the phase connections for filtering purposes.

The printed circuit board features a thick copper layer for the 
high current connections and provides a low thermal resistance 
path between the MOSFETs and the heat sink underneath.

As the move to 48V systems continues it is critical that the proper 
components are selected in terms of thermal capacity, while also 
paying close attention to the printed circuit board layout in terms 
of stray inductances and capacitances that can cause unwanted 
transients and additional power losses. ▼

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-mkt1820-dc-film-capacitors/
https://www.mouser.com/new/vishay/vishay-wslp-2726-4026-resistors/
https://www.mouser.com/new/vishay/vishay-wslp-2726-4026-resistors/
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Figure 1: An electronic fuse (eFuse) has been designed to switch loads 
up to 200A at 48V on a compact double-sided FR4 printed circuit board 
with passive cooling. (Source: Vishay)

Learn More

SQJQ160E TrenchFET® 

Gen IV MOSFETs

Safely Connect with 
Vishay’s 48V Resettable 
eFuse
VISHAY INTERTECHNOLOGY

With the arrival of 48V systems, a new method of 
safely connecting and disconnecting high current 
loads –such as electric power steering, electric 

turbocharger, etc.–to the battery is required. This results in 
problems associated with arcing, which occurs when using 
mechanical relays. Therefore, an electronic fuse (eFuse) 
has been designed to switch loads up to 200A at 48V on a 
compact double-sided FR4 printed circuit board with passive 
cooling (Figure 1).

https://www.mouser.com/new/vishay/vishay-transportation-systems-solutions/
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The design features two sets of MOSFETs (TR2/TR3 in Figure 
2) connected in a bi-directional arrangement to handle the 
high load current. Without this type of connection, the current 
could flow back through the MOSFET body diode to the 
battery when the load is deactivated. Each switch requires 10 
Vishay SQJQ160E MOSFETs connected in parallel to minimize 
resistance and power dissipation. With this arrangement, total 
losses can be limited to ~10W at 200A operation. To prevent 
greater damage to the load and protect the vehicle wiring in 
case of a short circuit, the load current is continuously measured 
using the shunt resistor R2 in Figure 2 (4x the Vishay WSLP3921 
300µΩ in parallel). When a defined overload current is detected, 
the controller can quickly disconnect the battery from the short-
circuited load.

Until the load is deactivated during this short amount of time, 
the eFuse can handle a considerable amount of overload current 
because of the high pulse drain current capability of the bond 
wireless MOSFETs. Also, the continuous current measurement 
is used by the vehicle’s body control module (via serial interface) 
to monitor the state of health (charge level, remaining lifetime, 
etc.) of the battery. Another common issue that occurs when first 
connecting the battery to the load during vehicle start-up is the 
potential in-rush current because of any uncharged capacitor 
banks in the load. If this resulting high peak current is allowed to 
occur, downstream components could be damaged, and battery 
life could be reduced. Therefore, a pre-charge circuit must be 
used to limit the in-rush current to an acceptable level.

Learn MoreLearn More

D2TO20 Series 
SMD Power 
Resistors

XMC7K24CA 
XClampR™ TVS 
Diodes

In this design, a Vishay SQJA84E MOSFET (TR1 in Figure 2), 
a Vishay VSS8D5M6 Schottky diode and a Vishay D2TO20 
resistor (R1 in Figure 2) are used to limit the in-rush current 
to a maximum of 5A at 48V. This thick film resistor provides 
superior power handling and heat conduction due to physical 
construction and an integrated heatsink. Before energizing the 
load, TR1 is switched on for a predefined time (10ms), and the 
output voltage X3 in Figure 2 is monitored.  If the output voltage 
has not reached ~90% of the input voltage after that time, the 
process is terminated, assuming a short circuit in the load or 
wiring.  If the output has reached the appropriate level, then TR1 
is switched off, and TR2/TR3 is switched on to energize the load. 
Note that the Schottky diode is used to prevent backflow of the 
current through the MOSFET body diode when it is off.

In terms of protection features, a Vishay NTCS0805 (NTC1 
in Figure 2), featuring polymer terminations for superior 
mechanical reliability under thermal stress, is used to monitor 
the temperature, and Vishay XMC7K24CA and 5KASMC30A 
transient voltage suppressors are connected in series (D1a and 
D1b in Figure 2) to protect the components against transients 
from the vehicle load. A novel electronic switch and resettable 
fuse design has been presented that can be used in any 48V 
load application up to 200A and replace mechanical relays that 
are prone to excessive arcing and shorter lifetimes. ▼

Figure 2: The eFuse 
power stage as shown in 
a simplified schematic. 
(Source: Vishay)

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-dale-wslp3921-wslp5931-resistors/
https://www.mouser.com/new/vishay/vishay-d2to35-d2to20-resistors/
https://www.mouser.com/new/vishay/vishay-xmc7k24ca-tvs-diodes
https://www.mouser.com/new/vishay/vishay-siliconix-sqja-mosfets/
https://www.mouser.com/new/vishay/vishay-slimsmaw-tmbs-rectifiers/
https://www.mouser.com/new/vishay/vishay-bc-components-ntcs-e3-thermistors/
https://www.mouser.com/new/vishay/vishay-automotive-tvs-esd-diodes/
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Discretely Get Up to 
22kW on Your On-Board 
Charger
VISHAY INTERTECHOLOGY

Figure 1: The 22kW 
OBC power factor 

correction stage 
(Source: Vishay) 
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Today’s on-board charging (OBC) systems convert power 
from the AC grid into a DC voltage used to charge the 
high-voltage battery pack in either an electric vehicle or a 

plug-in hybrid vehicle.

As the trend toward fast-charging systems continues, the power 
demanded from OBC has been steadily increasing from 5.5kW 
to 11kW, and now up to 22kW. This development, paired with a 
high-efficiency and power-density demand at a low system cost, 
has driven the need for 3-phase topologies.

This 22kW OBC is designed to operate from a 3-phase input 
voltage (without a neutral) that ranges from 340VAC to 480VAC 
and provides an output voltage range from 250V to 500V with 
a maximum current of ~50A. The input stage (Figure 1 and 
Figure 2) utilizes a T-type Vienna rectifier, a common topology 
that is used for power factor correction (PFC), that meets the 
end requirements in terms of harmonics and reactive power, and 
allows the charger to operate over a wide input voltage range.  
This topology also works with a virtual neutral point that allows 
the DC bus to be split into two symmetrical stages.

With this approach, it is possible to use 650V silicon MOSFETs 
for the main DC/DC stage instead of much more expensive 
1200V silicon carbide (SiC) devices required with other 
topologies. The T-type Vienna rectifier allows for power factor 
correction (PFC), but like all boost-derived topologies, it cannot 
handle the inrush current drawn by the DC link capacitors (C1/
C2/C5/C6 in Figure 2) during the initial power-up. This bank of 
capacitors (either aluminum electrolytic or film, depending on the 
application requirements) is required to handle the high ripple 
currents generated by PFC switching.

Although the PFC diodes (D1-D6 in Figure 2) have excellent 
surge capability and the three PFC inductors (L1-L3 in Figure 2) 
are in series between the AC input and the DC link capacitors, 
active control of the inrush current is still necessary. This 
function could be accomplished with a mechanical relay, but this 
device would be very large (to handle the 40ARMS current), and it 
would not meet the typical lifetime requirements of the OEMs. 
The Vishay VS-40TPS12LHM3 thyristors (TH1-TH4 in Figure 2) 
are connected as normally open bi-directional switches in two of 
the input legs.  

In parallel with the thyristors are the Vishay high energy 
absorption PTCEL inrush current limiters (PTC1/PTC2 in Figure 
2). They are switched on when the charger is first energized and 
then switched off when the DC bus is charged to the appropriate 
level. It is also worth mentioning that the necessary X/Y filter 
and safety capacitors (for example, the Vishay AY2 series) are 
located in the fuse block and EMI filter section in Figure 2 that is 
not shown in detail.

The Vishay VS-E5PH6012LHN3 diodes (D1-D6 in Figure 2) and 
SQW61N65EF MOSFETs (Q1-Q6 in Figure 2) work together 
to provide the active rectification.  The 650V MOSFETs are 
configured as bi-directional switches and are switched at 30kHz 
(with low losses) because of the minimal reverse recovery current 
of the diodes, which are hyper-fast devices with soft recovery 
characteristics. This combination also reduces the induced noise 
back onto the AC power grid and simplifies the design of the 
input filter.

Figure 2: The simplified schematic of the power factor correction stage (Source: Vishay)

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-aec-q101-scr-thyristors/
https://www.mouser.com/new/vishay/vishay-vse5ph6012lhn3-fred-pt-g5-rectifier/
https://www.mouser.com/new/vishay/vishay-sqw61n65ef-automotive-power-mosfet/
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Figure 4: Simplified schematic of the main DC/DC converter stage (Source: Vishay)

In the main DC/DC section of the charger (Figure 3 and Figure 
4), the Vishay SQW61N65EF MOSFETs (M1-M4 and M5-M8 in 
Figure 4) are configured in H-bridges across the positive DC 
link stage (M1-M4) and the negative DC link stage (M5-M8 in 
Figure 4). The two stages are symmetrical, and each form an 
LLC resonant converter that switches from 150kHz to 250kHz. 
Each stage utilizes two transformers to minimize the size and 
profile compared to a single transformer implementation. The 
two stages work independently, but in the case of a difference in 
the respective output voltages, they shut down simultaneously to 

Figure 3: 
The 22kW OBC main 
DC/DC converter stage 
(Source: Vishay)

“ As the trend toward fast-charging systems 
continues, the power demanded from OBC has 
been steadily increasing from 5.5kW to 11kW, 
and now up to 22kW.”
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PTCEL PTC 
Thermistors

SQW61N65EF-GE3 
Automotive E Series 
Power MOSFETs

MKP385eTHB AC & 
Pulse Metallized Film 
Capacitors

VS-40TPS12LHM3 High-
Voltage Thyristor, Phase 
Control SCR, 40 A

VS-E5PH6012LHN3  
Hyperfast Rectifier, 60 
A FRED Pt® G5

avoid an imbalance in the DC bus. An important component in the 
LLC converter is the resonant capacitor (C5 and C15 in Figure 4) 
because it must handle high peak voltages, large ripple currents, 
and high di/dt.

Using a single film capacitor for this function is usually not 
possible because of the ripple current requirement, so multiple 
capacitors connected in parallel are usually required. In this 
case, the Vishay MKP385e series of high-voltage resonant 
capacitors was used; seven 15nF/2000V capacitors in parallel 
to handle the 35ARMS. The output of the main DC/DC converter 
(both stages) must be rectified to provide a DC voltage 
for the charging of the battery pack. A full-bridge rectifier 
configuration is used for each stage of the converter. The Vishay 
VS-E5PX7506LHN3 was used for each diode in the bridge (D7-
D10 in Figure 4 in the positive stage, D11-D14 in Figure 4 in 
the negative stage) because they are optimized for low-voltage 
drop at the peak sinusoidal current and low reverse-recovery 
energy at the resonant frequencies involved. In this application, 
the VS-E5PX7506LHN3 provides high-efficiency performance 
under all operating conditions, with a maximum efficiency of 
~96.7 percent at 400VAC input and 500V/45A output (and coolant 
temperature at 60°C).

In terms of the mechanical design, a liquid-cooled cold plate is 
sandwiched between the power factor correction (PFC) board 
and the main DC/DC board on the other side. The TO-247 power 
devices (MOSFETs, diodes, thyristors) are all secured to the cold 
plate with screws and Kapton film for the insulation barrier.

A discrete OBC design has been presented that is capable of 
operating up to 22kW with a 3-phase AC input. It utilizes a cost-
effective topology that can still provide operating efficiencies up 
to nearly 97 percent. ▼

VS-E5PX7506LHN3 
Hyperfast Rectifier, 75 
A FRED Pt® G5  

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-ptcel-ptc-thermistors/
https://www.mouser.com/new/vishay/vishay-sqw61n65ef-automotive-power-mosfet/
https://www.mouser.com/new/vishay/vishay-vs-e5px7506lhn3/
https://www.mouser.com/new/vishay/vishay-bcc-mkp385e-thb-capacitors/
https://www.mouser.com/new/vishay/vishay-aec-q101-scr-thyristors/
https://www.mouser.com/new/vishay/vishay-vse5ph6012lhn3-fred-pt-g5-rectifier/
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How to realize force sensing, 
proximity, gesture control, and 

ambient light dimming with digital 
optoelectronic components

VISHAY INTERTECHNOLOGY

Vishay’s optoelectronic sensor devices enable human 
machine interaction, (HMI) keeping an eye on user input 
and lighting conditions so that drivers can keep their eyes 

on the road. Vishay’s portfolio of optical sensors can easily be 
connected to the central controller via the I2C interface. 

Application-specific integrated circuit (ASIC) internal settings can 
be adjusted, allowing sensitivity, measurement speed, driving 
currents, and other parameters to be fine-tuned to the given 

Sensing the Future with 
Automotive HMI

Figure 2: The sensor’s high sensitivity in the region of 3mm to 10mm allows for small changes in the surface displacement to be detected. (Source: Vishay)
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Figure 1: Dashboards that utilize Human 
Machine Interaction (HMI) are common 

on today’s modern automobiles. 
(Source: Vishay)

application specifications. This allows for the measurement 
of force on a given surface for input detection, proximity, and 
gesture control of the center console, and the screen backlight 
for contrast regulation.

Force sensing is understood as an input or control function 
that requires a force or pressure, however strong, to trigger a 
function.

Figure 3: Force-sensing 
implementation example 

(Source: Vishay)

It can be employed so that a false detection from an accidental 
brush over a touch screen or button can be avoided and 
expand on input possibilities, such as coupling this with menu 
selections. The low-profile AEC-Q101-qualified VCNL3030X01 
proximity sensor was designed to have high sensitivity with a 
programmable driver current through the internal infrared emitter 
that can be adjusted in 10mA steps.

This sensor is a great choice for a force-sensing application, 
where fine-tuning sensor performance to the given mechanical 
setup is of key importance.

To implement this function, the sensor is placed underneath a 
surface where a force will be applied (Figure 2). The sensor’s 
high sensitivity in the region of 3mm to 10mm allows for small 
changes in the surface displacement to be detected. 

This distance will define the possible deflection resolution, with 
200μm being possible at higher distances, down to 20μm with 
the surface optimally placed between 3mm-4mm above the 
sensor. 

The amount of displacement of the surface above the sensor 
will relate to a certain force, and so a threshold for the amount 
of force that needs to be applied to trigger an event can be set. 
The 16bit analog-to-digital converter (ADC) resolution allows for 
a high dynamic range, such that the sensor will not saturate at 
the given operating condition.

A force-sensing implementation example is shown in Figure 3.

Learn More

VCNL3030X01 
Proximity Sensors 

“Force sensing is understood as 
an input or control function that 

requires a force or pressure, 
however strong, to trigger a 

function.”

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-semi-vcnl3030x01-sensors/
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Learn More

VCNL4035X01 
Proximity Sensors

Figure 4: Vishay’s proximity sensor can be used in the center display of a car 
(Source: Vishay)

Proximity and Gesture Control
For the center display in a car (Figure 4), Vishay’s AEC-Q101-
qualified VCNL4035X01 proximity sensor can be used for both 
proximity and gesture control. 

Instead of an internal emitter, this part includes three current 
drivers that each has a designated pin. This allows external 
emitters to be driven directly without the need for additional 
circuity. The ability to choose which external infrared emitters are 
used and where they are placed with regard to the sensor allows 
for a highly flexible solution with the circuit topology defining the 
use case.

In an application where a gesture is to be detected, narrow 
angle emitters can be used, such that the area in which motion 
is to be detected is well-defined. Using wide angle emitters, on 
the other hand, allows the sensor solution to cover a wide area, 
allowing user input to be detected, regardless of which direction 
the user’s hand enters the sensor’s field of view. To further 
expand on this idea, considering each channel has its own ADC, 

the direction of detection can be differentiated. For example, 
allowing user input from the passenger side while keeping the 
driver from being distracted.

A combination of the above can also be realized with a single 
sensor by connecting one of the driver channels to the gate 
of a MOSFET, which drives an emitter at currents greater than 
200mA. A single channel can be used to detect the presence of 
a user, and the other two channels can be used to sense either a 
gesture or the presence of a hand at a certain position in front of 
the display. 

https://www.mouser.com/new/vishay/vishay-vcnl4035-sensor/
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Learn More

VEML6031X00 Ambient 
Light Sensors

Figure 5: Ambient light sensors can be implemented for display dimming at night. 
(Source: Vishay)

Display Dimming
While the proximity sensors gather information about what is 
happening in front of the display, Vishay’s AEC-Q101-qualified 
VEML6031X0 ambient light sensor (ALS) can be implemented for 
display dimming (Figure 5).

The main challenge faced in these applications is the 
increasingly dark cover materials used in automotive interiors, 
at times allowing less than 1 percent of visible light to pass 
through. This requires a sensor with very high sensitivity (down 

to 0.0023lx/count) so that even very low light conditions can be 
sensed and reacted to accordingly.

To account for the increase of dark current with regard to 
temperature fluctuations, the part features active temperature 
compensation to make sure that the read lux value always stays 
within range.

The robust 6-pin automotive package allows for stability across 
a high-temperature range and features opaque side walls so 
that stray light does not affect the results. Because the 
sensitivity is trimmed within the package, it results in a low part-
to-part tolerance, reducing the complexity of calibration in the 
end design. 

To test all of these features, Vishay offers a complete support 
package with every sensor, including a dedicated application 
note and demo board, and demonstration software to get up 
and running quickly. Ray simulation files and C/C++ libraries are 
also offered so that application-based optical and mechanical 
implementations can be simulated and prototypes can be set up 
easily. ▼

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-transportation-systems-solutions/
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In today’s electric/hybrid vehicle applications, a high-voltage DC/
DC converter (Figure 1) is typically required to transfer power 
from the high-voltage battery pack (400V in this design) to the 

12V vehicle bus.  A key function of this design is maintaining a 
safe galvanic isolation barrier between the high-voltage and low-
voltage buses. To transmit low-voltage measurements over the 
barrier to the controller on the high-voltage side, an optocoupler 
with a phototransistor output can be utilized.

Optocoupler Regulates 
a 400V/12V DC/DC 
Converter
VISHAY INTERTECHNOLOGY

Figure 1: 2kW 400V/12V DC/DC converter (Source: Vishay)

In terms of the overall converter operation, the 400V DC input 
voltage is filtered with L1 and C1 (Figure 2) to suppress any 
ripple on the bus. The high-voltage MOSFETs (TR1-TR4 in 
Figure 2) are connected in a full-bridge arrangement to drive 
the main transformer (T1 in Figure 2) and are controlled by an 
integrated circuit that generates the necessary pulse-width 
modulation (PWM) signals. The transformer is a Vishay PQ40/40 
custom planar design that can transmit up to 2.5kW of power 
and is in a 65mm x 42mm x 28mm package. 

On the low-voltage side, the AC voltage from the transformer 
output is actively rectified using Vishay SQJQ144AE MOSFETs 

“To transmit low-voltage 
measurements over the barrier 

to the controller on the high-
voltage side, an optocoupler 
with a phototransistor output 

can be utilized.”
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Learn MoreLearn More

SQJQ144AE 
TrenchFET® Gen IV 
Power MOSFETs

VOMA617A 
Phototransistor 
Output Optocoupler

(TR5/TR6 in Figure 2) and then filtered with a Vishay IHDM 2.5µH 
inductor (L2 in Figure 2) and C2 (in Figure 2) to provide 12VDC.  

The Vishay IHDM series is a customizable design in terms of 
inductance value, voltage rating, terminations, and mounting 
orientation. In order to minimize the MOSFET losses and keep 
the converter efficiency as high as possible, three SQJQ144AE 
devices were connected in parallel for each switch. 

The control signals for the low-voltage rectification MOSFETs are 
generated by the same control IC on the high-voltage side and 
transmitted to the low-voltage side using a pulse transformer to 
ensure that galvanic isolation is maintained.

The voltage is measured on the output side and transmitted 
to the control IC on the high-voltage side using the Vishay 
VOMA617A optocoupler (Figure 3). An important parameter of 
this component is a high CTR (Current Transfer Ratio) with a 
low input current, and a high isolation test voltage (3750VRMS) to 
maintain the galvanic isolation safely.

A cost effective control method has been presented that 
provides the necessary galvanic isolation barrier between 
the high-voltage and low-voltage buses to meet the safety 
requirements of today’s electric/hybrid vehicles. ▼

Figure 3: VOMA617A control cir-
cuit schematic (Source: Vishay)

Figure 2: Simplified schematic of the power stage (Source: Vishay)

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-sqjq144ae-aecq101-mosfet/
https://www.mouser.com/new/vishay/vishay-automotive-optocouplers/
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available with different 
transfer gain (K3) options. All 
that is required to implement 
an actual design is to supply 
an input signal in the intended 
IP1 current range and use the 
voltage from the feedback 
PIN (P1) as feedback to 
the IRLED driver. The most 
common approach is to use 
an operational amplifier to 
directly drive the IRLED. Figures 3 and 4 provide examples of 
how the VOA300 can be used to implement isolated current 
shunt measurements and high-voltage measurements. The 
current is measured using a Vishay WSBS8518-35 shunt (RS in 
Figure 3) that has integral sense pins for ease of mounting to the 
PCB. The resistance value selection is a compromise between 
the power losses and the output voltage signal-to-noise ratio. 

As the electric/hybrid vehicle market continues to grow, 
original equipment manufacturers (OEMs) are increasing 
high-voltage bus levels to reduce the system currents 

and improve efficiency. As a result, the need to measure voltages 
and currents in the high-voltage battery pack used by the low-
voltage control system becomes more difficult because they 
must be isolated from each other for safety reasons. Using a 
linear optocoupler is a cost-effective approach to achieving 
this purpose. An implementation of such a voltage and current-
sensing module for a high-voltage battery management system 
(BMS) is shown in (Figure 1).

The Vishay VOA300 linear optocoupler consists of an AlGaAs 
IRLED irradiating an isolated feedback (P1 in Figure 2) and 
an output PIN photodiode (P2 in Figure 2) in a bifurcated 
arrangement (Figure 2). The feedback photodiode captures a 
percentage of the LEDs flux and generates a control signal (IP1 
in Figure 2) that can be used to control the LED drive current. 
This technique compensates for the LED’s non-linear, time, 
and temperature characteristics. By using 
matched PIN photodiodes for the isolated 
feedback (P1) and output PIN photodiode 
(P2), the time and temperature stability of the 
input-output transfer gain (K3 in Figure 2) is 
insured. All these features result in the output 
signal (IP2 in Figure 2) tracking the feedback 
control signal (IP1 in Figure 2) under any 
operating condition, and the VOA300 is 

Voltage and Current 
Sensing for High-
Voltage BMS
VISHAY INTERTECHNOLOGY

Figure 1: Voltage and current-sensing 
module for high-voltage BMS 

(Source: Vishay)

Figure 2:Vishay VOA300 linear optocoupler (Source: Vishay) 
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Figure 4: Voltage 
measurement schematic 
(Source: Vishay)

Figure 3: Current 
measurement schematic 
(Source: Vishay)

Learn More

Learn More

Learn More

TNPV e3 Thin Film 
High-Voltage Chip 
Resistors 

WSBS8518-35 Power 
Metal Strip® Battery 
Shunt Resistors

VOA300 Linear 
Optocouplers 

The WSBS8518-35 has a very low TCR (down to +-10 ppm/°C) 
that maximizes the accuracy of the output signal, and offers the 
highest linearity (from milliamps to kiloamps). Using a current 
shunt method is also very cost effective as compared to a Hall 
effect sensor implementation.

The resistor divider (Ra/Rb in Figure 4) using Vishay high-
voltage TNPV1210 and TNPW0805 is used for the isolated 
voltage measurement. Very high resistance values were selected  
to minimize the losses. The low TCR (down to 10ppm) and 
tolerance (down to 0.1 percent) of the TNPV/TNPW provide 
excellent accuracy, so no further calibration is required. Only the 
transfer factor K3 in the VOA300 must be calibrated by software. 
Depending on the application, adjusting the series resistance of 
the IRLED and adding filter capacitors might be necessary. Also, 
transmitting unipolar signals is straight-forward because of the 
nature of single-channel optical paths. However, transmitting 
bipolar signals, as in bi-directional current measurements, 
requires some additional hardware. The idea is to either split 
or shift the bipolar signal to obtain one or two unipolar signals, 
which can be transmitted as shown.

A cost effective approach to providing isolated voltage and 
current signals between the low-voltage and high-voltage buses 
has been presented.  In this case, an optically isolated device 
was used to safely maintain the isolation barrier that is required 
in any electric/hybrid vehicle. ▼

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-tnpv-e3-resistors/
https://www.mouser.com/new/vishay/vishay-dale-wsbs-resistors/
https://www.mouser.com/new/vishay/vishay-transportation-systems-solutions/
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Intelligent Current Sense 
and Safety Switch for 
BMS, High Current 
Loads

As the current requirements continue to increase for 
both 12V and 48V vehicle systems, the need to replace 
conventional mechanical relays and contactors with new 

methods for life expectancy and safety is growing. The Intelligent 
Current Sense and Safety Switch (ICSS) (Figure 1), has been 
developed by Vishay specifically for battery management 
systems (BMS) and to control any high current vehicle loads. 
The design consists of a control board and a power stage and 
features pre-charge and current measurement functions. The 
ICSS is controlled via a CAN bus network for ease of vehicle 
integration so that the load can be switched on/off and the pre-
charge parameters easily accessed.

VISHAY INTERTECHNOLOGY

To allow high currents to be switched safely and efficiently, 
without damaging the components because of thermal 
stress, the power stage (shown in Figure 2 with the control 
board removed) has been designed with bare die technology 
for optimal cooling. Because the power MOSFET die is not 
constrained by a plastic molded package, the heat can be 
efficiently transferred to the heatsink with very little loss. In this 
design, the Vishay SQC60002E_KGD (Known Good Die) were 
connected in a bi-directional arrangement (TR1/TR2 in Figure 3) 
to prevent backflow of current through the MOSFET body diode 
when the load is deactivated.

A pre-charge function must be used to prevent component 
damage from a high in-rush current during the initial vehicle 
startup. In this design, a Vishay SQSA80ENW MOSFET (TR3 
in Figure 3) and a Vishay DTO25 resistor (R2 in Figure 3) limit 
the in-rush current to a maximum of 5A at 48V. Power thick film 
resistors are ideal due to their superior power-handling. Before 
energizing the load, TR3 is switched on for a predefined time 

Figure 1: Intelligent 
Current Sense and Safety 

Switch (ICSS) (Source: Vishay)
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Figure 3: Simplified schematic of the 
ICSS power stage (Source: Vishay)

(10ms), and the output voltage X3 (in Figure 3) is monitored.  If the output voltage has not reached 
~90 percent of the input voltage after that time, the process is terminated, with the assumption a 
short circuit has occurred in the load or wiring. If the output has reached the appropriate 
level, then TR3 is switched off, and TR1/TR2 is switched on to energize the load.  

With regard to protection features, a Vishay NTCC300E4 wire bondable thermistor 
(NTC1 in Figure 3) is used to monitor the MOSFET die temperatures. Using 
wirebondable NTCs ensures very close proximity to the MOSFET junction 
temperature, the crucial measurement point. In the case of an over-temperature 
condition, the load is disconnected from the battery. The control circuitry is monitored 
for temperature overloads and a Vishay NTCS surface-mount thermistor (NTC2 in 
Figure 3).  The load current is continuously monitored for battery health and overcurrent 
conditions using a customized version of a Vishay WSB8518-34 current shunt (R1 in Figure 
3), which has a very low TCR (down to +-10 ppm/°C) and inductance which maximizes the 
accuracy of the output signal.

A new high-current measurement and safety 
switch has been presented that can be used in 
any 12V or 48V battery management system as 
well as to control any high current load in the 
vehicle. ▼

Figure 2: ICSS 
power stage 

(Source: Vishay)

https://www.mouser.com/manufacturer/vishay/
https://www.mouser.com/new/vishay/vishay-bc-components-ntcs-e3-thermistors/
https://www.mouser.com/new/vishay/vishay-sqmosfets/
https://www.mouser.com/Search/Refine?N=4294759685&Keyword=NTCC300E4
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Summary
ADAM KIMMEL Mouser Electronics

The thermal and transient intensity of traditional automotive 
systems demands high-performing components to withstand 

the loads. The rise of electrification has also created innovative 
features such as DC/DC conversion for 48V power subsystems.
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Vishay develops products to meet the challenges posed by 
both the traditional automotive environment and the new 
electrification opportunities. It is crucial to maintain the high-
quality standard of existing technology while incorporating 
electric vehicles’ unique features. Vishay developed an 
automotive-grade standard based on relevant automotive 
industry quality initiatives to ensure this high quality. This 
standard includes a detailed design policy to leverage industry 
best-practices, failure modes and effects analysis (FMEA), and 
qualitative lessons. Vishay applies rigorous testing to all its 
products to validate the conditions defined in its standard.

We’ve now explored how Vishay’s products address the unique 
challenges posed by 48V systems, electric car battery charging 
management, and dashboard sensors. Let’s re-cap.

48V Systems
48V subsystems are a vital enabler to the connected EV, as they 
reduce resistive losses and more efficiently distribute power to 
electrically-driven features such as electric power steering and 
the heating, ventilation, and air conditioning (HVAC) systems. 
They also support battery energy management and waste energy 
recovery, extending the vehicle range with a single charge.

3KW 48V/12V BUCK-BOOST CONVERTER DESIGN
Because manufacturers tend to favor a phased transition to 
electrification, they design vehicles with 48V and 12V systems. 
This architecture requires a bi-directional 48V-12V DC/DC 
converter to provide efficient power transfer between the 
systems.

Vishay developed a 3kW converter design to address this critical 
need. The design includes six modular 500W power stages 
that can be activated or deactivated independently to maximize 
the system efficiency at each operating point. Also, the parallel 
circuit power-stage construction provides redundancy in the 
event one of the stages fails. 

25KW INVERTER WITH A 3-PHASE TOPOLOGY
The variety of hybrid/EV configurations in the automotive market 
creates the opportunity for an advantaged 48V inverter. Vishay 
has developed a 25kW 3-phase inverter to optimize the costs 
of both the inverter and the machine in an efficient packaging 
envelope. The inverter’s MOSFETs provide very high pulsed-
drain currents with low junction-case thermal resistance, and its 
phase current shunts offer a high power-to-surface area ratio 
with low inductance. Vishay engineers designed the layout to 
reduce the current path lengths to reduce transients and losses.

eFUSE FOR SAFE BATTERY INTERFACE 
WITH 10KW LOADS
The vehicle’s high-load functions, such as power steering and 
electric turbochargers, carry a risk of excessive arcing when 
using mechanical relays to connect them to the 48V battery. 
Vishay designed an eFuse for loads up to 200A and 48V on 
a compact, double-sided FR4 PCB with passive cooling to 
mitigate this risk.

The eFuse connects two bond wireless MOSFETs bi-directionally 
to prevent current backflow to the battery. Engineers oriented 
the MOSFETs in parallel (similar to the 3kW converter) to reduce 
resistance and power dissipation.

https://www.mouser.com/manufacturer/vishay/
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Electric Car Battery Charging 
Management
Battery charge management is critical to EV performance, as 
the battery chemistry is susceptible to temperature and the 
charge times are very high at the moment. Vishay addressed this 
opportunity with several innovative product solutions.

22KW ON-BOARD CHARGER (OBC) WITH A 
3-PHASE INPUT VOLTAGE
Charge time is one of the most considerable barriers to the 
widescale adoption of EVs. The power demand from fast 
charging continues to pressure delivery systems to increase 
OBC power from 5.5kW to 22kW. This higher level, paired with 
consumer desire for increased efficiency and power density at 
low cost, opens the door for an effective 3-phase solution.

Vishay designed a high-power, 3-phase OBC that also carries 
a virtual neutral point to split the DC bus into two equal stages. 
This feature enables the use of silicon (vs. SiC) MOSFETs, 
protecting cost.

OPTOCOUPLER TO MAINTAIN A SAFE GALVANIC 
ISOLATION BARRIER
With the significantly higher voltages added by EV applications 
to the existing lower voltages, it is essential to maintain the 
appropriate isolation barrier to protect safety. Vishay developed 
a 2kW 400V/12V DC/DC converter regulated by a linear 

optocoupler with a phototranistor output to transfer power cost-
effectively by isolating voltages between high and low sources.

To ensure the desired galvanic isolation performance, engineers 
designed the optocoupler with a high current transfer ratio and 
high-isolation test voltage.

Ensuring the isolation barrier is sufficient requires the system to 
read the different voltage levels accurately. Linear optocouplers 
are an effective method for measuring the isolated high and 
low-voltages.

INTELLIGENT CURRENT SENSE AND SAFETY 
SWITCH (ICSS) FOR BMS AND HIGH-CURRENT 
LOADS
As current levels continue to increase in both 48V and 12V 
systems, Vishay recognized the need to upgrade the traditional 
mechanical relays with a more intelligent solution to extend the 
life of the components and increase safety. The ICSS seamlessly 
integrates into the vehicle and turns the load on and off when 
needed.

Like many of Vishay’s components, the ICSS contains optimal 
cooling to minimize thermal stress damage. Engineers designed 
the switch with internal thresholds for current inrush, and 
embedded thermistors measure the MOSFET temperature and 
open the circuit between load and battery. These parameters 
provide operators a view of the health of the battery and its 
proximity to over-current.
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Dashboard Sensors
Optoelectronic sensor devices that enable Human-Machine 
Interaction (HMI) are automated systems that monitor user input 
and lighting conditions to assist the driver in optimizing the 
driving environment. In addition to sensing the ambient lighting 
condition, dashboard sensors can also sense force. This feature 
automatically tells the vehicle how to respond to an event and 
how much to respond.

Vishay’s optoelectronic sensors also contain proximity and 
gesture control. When tuned appropriately, the sensors can 
allow passengers in the car to assist the driver in navigating the 
infotainment and in operating the controls. A display dimmer 
senses the ambient lighting condition and adjusts the display 
brightness to match.

Takeaway
Vishay has used its expertise in traditional automotive 
electronics to develop technology to support the growing EV 
industry. Its product innovations in 48V systems, battery-charge 
management, and dashboard sensors are prime examples of 
how electrification creates opportunities for innovation and 
how companies such as Vishay are committed to providing the 
market efficient cost-effective solutions ▼

“Vishay has used its 
expertise in traditional 
automotive electronics 
to develop technology 
to support the growing 

EV industry.”

https://www.mouser.com/manufacturer/vishay/
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