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Technological breakthroughs continue to improve people’s quality of life, and e-mobility applications are a perfect example of this. They cover a 
broad range of human transportation, and while providing easier ways to get from Point A to Point B, they also help reduce the person’s carbon 
footprint and greenhouse gas emissions.

The first things that generally come to mind are electric vehicles (EVs), trucks and buses; but other modes of transportation utilizing electric motors 
exist as well, such as bikes, scooters, skateboards and even hoverboards.

Cars specifically are a rapidly growing market, now approaching 100 million cars per year. Within each car there can be an average of 40 motors 
integrated within various subsystems throughout the vehicle, and over 100 motors for the premium versions. The math equates to 4 billion to 10 
billion motors used in cars each year. Where are these motors used? Figure 1 demonstrates the various locations that employ them.

Electrical systems in EVs
Motors in EVs can be segmented into three different usage models, and as you’ll see, this equates to a huge number of opportunities for motion 
control in each vehicle:

• Continuously running applications using permanent magnets or synchronous motors that run field-oriented control (FOC) algorithms for 
highest efficiency (examples include HVAC fans, A/C compressors, front and rear traction, power steering, power braking and battery cooling 
pumps)

• High-run–time applications that also use permanent magnets or brushless DC (BLDC) motors running FOC or sensor-less back-EMF 
algorithms (examples include windshield wipers, ventilated seats, steerable headlights and ride stabilization)

• Low-run–time applications that use BLDC or brushed DC motors for cost optimization (examples include power/folding side mirrors, power 
seats, power sunroof, folding rear seats, trunk/hatch lift, trailer hitch retraction, sliding doors, running board retraction, power windows, power 
door locks, steering wheel tilt/extend, pedal extension and HVAC dampers)
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Figure 1: Motorized subsystems in a typical car
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Most EV applications require a relatively complex charging system that includes an on-board charger and battery management system to adjust 
the battery voltages as needed (see Figure 2). The electrical bus could contain two or three batteries with different voltage rails, such as 12V, 48V 
and a higher voltage for the inverters and HVAC compressor (100V – 900V). Typically, three-phase permanent magnet synchronous/BLDC motors 
and two-phase brushed DC motors will reside on the 48V or 12V busses, while many legacy electronic control units are driven by 12V as well. This 
provides a wide range of motion control supply voltages to work with.

Microchip offers support for various configurations
Pumps are a very common subsystem of EVs for liquids such as water, coolant and fuel. Batteries and inverters often require coolant to actively 
circulate and reduce operating temperature, while fuel pumps are needed for hybrid vehicles. Figure 3 shows a block diagram of some typical 
components used for pump control connected via LIN or CAN and how Microchip can help support these kinds of configurations.

Another similar configuration shown in Figure 4 demonstrates a block diagram for an air conditioner compressor and fan control system. This 
architecture is comprised of a dsPIC device that handles the commutation (12 total PWM channels) and motor phase-current feedback (used for 
FOC) of the motion control for both motors and is connected as a node on a CAN bus back to the main system MicroController Unit (MCU). The 
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Figure 2: Electrical layout and voltage rails for complex EV system

Figure 3: Typical block diagram of pump control system and 
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dsPIC device in this diagram has on-board op-amps and analog-to-digital converters (ADCs) for ease of connection to the motor phase-current 
signals, but if needed, external op-amps such as the MCP6024 devices can be used as well.

A third block diagram showing the general architecture for a traction motor inverter can be seen in Figure 5. The bottom center of the diagram 
shows the “brain,” or the motor control device, which could consist of a DSP, an MCU, or even an FPGA and could include ASIL-D and security 
because of the sensitivity of the design. Isolation is required for the gate drive, logic, FETs, current and voltage sensing, diagnostics, and main DC/
DC supplies due to the high-voltage battery pack, which could range from 100V to 900V. The MOSFETs that are used to drive the motor (usually an 
IPM synchronous reluctance motor) should be silicon carbide for optimal efficiency and performance. The motor will also typically have some sort 
of rotor position feedback (inductive sensors) with galvanic isolation, which provides good protection against stray magnetic fields commonly seen 
in EVs. One EV typically has two traction motors — one for the front and one for the back.

Let’s “shift gears” and look at a typical reference design for an e-scooter application (see Figure 6). This uses similar components to the other 
motion control diagrams seen with fan and pump applications but features a BLDC motor with Hall sensor feedback to provide a reasonable level 
of position/speed and accuracy. The red board shown toward the bottom is a Microchip reference design that can be used to help lower risk during 
development and accelerate time to market, and the associated user’s guide (with schematics and BOM) can also be found on Microchip.com.
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Figure 4: Typical block diagram of air conditioner compressor and fan control with 
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Figure 5: Block diagram of an EV traction motor inverter and associated controls



Benefits of inductive sensing
One major trend seen in motor control for EV applications is the use of inductive sensors for rotor position feedback. This includes traction motors, 
pumps, integrated starter generators (used in hybrid EVs) and actuators. These have replaced magnetic sensors (such as Hall sensors), linear 
variable differential transformers and resolvers, which provide good position feedback but can be susceptible to stray magnetic fields. The target 
consists of metal tabs in a pattern that spin above a PCB with a specific layout that induces current during rotation and can be fed to the dsPIC’s 
internal op-amps and ADC for further processing. It allows for long-lasting, contact-free positioning in harsh conditions, ideal for EV applications.

Summary
To summarize, e-mobility covers a very wide range of human transportation applications — not just traction motors and EVs but also e-bikes, 
e-scooters and other recreational equipment. Additionally, EVs have very complex electrical systems when compared with normal cars, with two or 
even three different electrical busses (12V/48V/high voltage). Microchip has great solutions for all types of e-mobility motor control applications, 
including traction motors, fans, pumps, compressors and many others that all have different run-time and control requirements. Finally, there is 
a growing trend to replace traditional magnetic sensors with inductive sensors due to their reliability in harsh conditions and immunity to stray 
magnetic fields (see more about this here).
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Figure 6: E-scooter reference design

https://www.microchip.com/en-us/products/sensors-and-motor-drive/inductive-position-sensors

