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F
acing cost constraints and a need to save weight and 
minimize costs, designers are increasingly consider-
ing integrating inverter and drive units in electric 
vehicles (EVs). Integration of inverters directly into 

the electric motor and transmission reduces the size, weight, 
and wiring complexity of the powertrain. Such designs can 
also optimize thermal management for the entire system 
and potentially simplify the EV manufacturing process by 
streamlining vehicle assembly. 

Integrating the traction inverter with the drive unit (mo-
tor) is sometimes known as “eAxle” or “powertrain integra-
tion.” However, offsetting its advantages in efficiency and 
packaging simplification is a set of complex engineering 
challenges. In other words, it takes 
thought and effort to secure those po-
tential advantages (see table).

Thermal-Management Challenges of 
Inverter-Motor Integration

One of the top challenges in integrat-
ed designs is thermal management. The 
inverter and motor both generate heat, 
but they have different cooling needs 
and thermal profiles. Inverters require 
fast, uniform heat removal from power 
semiconductors (SiC/GaN), while mo-
tors dissipate heat more slowly and 
from bulkier components (windings, 
stator).

One option is the use of shared 
or dual-loop cooling systems. This 
means, for example, incorporating 
sintered thermal interfaces and im-

mersive cooling strategies and the use of thermal isolation 
barriers to avoid cross-heating between units.

In terms of EV integrated drive units, where the inverter, 
motor, and sometimes gearbox are packaged into a single 
compact assembly, thermal management is arguably the 
most critical engineering concern. Key design requirements 
for thermal management are to maintain optimal tempera-
ture ranges for both the power electronics (typically ≤ 175°C 
for SiC; ≤ 125°C for Si) and motor components (≤ 180 to 
200°C for stator windings) under peak load, ambient heat, 
and limited airflow — without performance loss or thermal 
fatigue over time.

Another major challenge is heat density mismatch. In-

Inverter-Motor Integration 
Can Deliver Benefits— 
But It Takes Planning
To achieve EV potential by squeezing more functionality into a given volume and 
delivering value at a compelling price point means there are strong incentives for 
integrating motor and inverter. 
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verters (especially SiC-based) generate localized hotspots 
with high thermal flux (~100 to 300 W/cm2) while motors 
dissipate heat volumetrically, mostly from stator windings 
and rotor losses. Therefore, any shared cooling loop must 
accommodate two very different thermal profiles without 
favoring one subsystem over the other.

One must also contend with conflicting cooling require-
ments. Inverter modules need quick, direct conduction cool-
ing from chip to cold plate (low thermal-resistance path) 
while motors benefit from massive surface area exposure or 
fluid cooling for bulk heat removal. This may make the use 
of a dual-loop or a thermally decoupled design unavoidable.

Another obvious challenge comes from space constraints. 
Integration often eliminates the space between the inverter 
and motor housing, limiting room for traditional heat sinks, 
insulators, or coolant channels.  That means cooling must 
be achieved via innovative compact methods, such as em-
bedded cold plates, heat pipes, or direct-fluid immersion us-
ing oil or refrigerant.

Another related challenge is thermal crosstalk (see fig-
ure), where heat from one domain (e.g., motor under high 
torque) can elevate the temperature of the other (the invert-
er modules), even if they’re lightly loaded. This can be ad-

dressed through thermal-isolation layers, independent sen-
sors, and active thermal-management logic.

EVs also have widely varying transient thermal loads. For 
example, during hard acceleration or regenerative braking, 
thermal load spikes quickly. An implication is that design-
ers should use materials with high thermal conductivity and 
low thermal mass, plus phase-change materials or high-
speed cooling loops.

Mechanical Packaging and EMI Shielding
Co-packaging the inverter and motor leads to tight spa-

tial constraints, increasing complexity of mounting. Thus, 
vibration isolation becomes more challenging, and it limits 
connector routing choices. Plus, the close proximity of high-
speed switching devices and motor windings increases risk 
of electromagnetic interference (EMI).

These challenges can be addressed with integrated shield-
ing and ground plane strategies, the use of advanced materi-
als and PCB stackups for EMI and thermal control, as well 
as the use of compact packaging for the DC bus, gate drivers, 
and control boards within EMI-safe zones.

Direct mounting of power modules onto the motor casing 
for structural and thermal integration can provide both sim-

The comparative transient thermal loads generated by the inverter and motor need to be considered across a wide range of 

scenarios to ensure that combined heating doesn’t damage components in either system. Illustrated here are 

representative scenarios of hard acceleration, regenerative braking, and steady-state operations, but many other 

scenarios should also be considered and modeled.

☞LEARN MORE @ electronicdesign.com | 2

https://www.electronicdesign.com/technologies/eda/thermal-management/video/21271983/heat-pipe-design-guidelines-for-better-thermal-designs
https://www.electronicdesign.com/technologies/power/whitepaper/21252903/electronic-design-thermal-interface-materials-cool-options-for-better-power-density
https://www.electronicdesign.com/technologies/eda/printed-circuit-boards/video/21277293/design-and-simulation-software-empowers-printed-circuit-board-stackup-configuration
http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF


plicity and robustness. Consider adopting custom busbars 
with low inductance profiles that handle high currents in 
minimal space, and elastomeric mounts or other shock-ab-
sorbing materials to protect sensitive electronic assemblies.

Electrical Noise and Parasitics
High dv/dt switching in inverters can couple into mo-

tor windings, causing common-mode currents, insulation 
stress, and even bearing degradation. Furthermore, inte-
grating the inverter and motor has the potential to worsen 
parasitic inductance and capacitance coupling.

However, these challenges can be addressed, in part, by 
using SiC or GaN devices with controlled switching profiles; 
adopting shielded cable routing, proper grounding, and 
common-mode chokes; and carefully co-designing the lay-
out of the inverter and motor winding topology. Also con-
sider implementing a multilayer shielding strategy, adopting 
conductive coatings on housings, and using internal metal 
partitions or Faraday cages around switching components.

Where possible, optimize PCB layout to minimize high-
frequency current loops and maximize return path sym-
metry. Adopt differential signaling for control and feedback 
lines and use double-shielded cables for resolver and sensor 
signals.

It can also be helpful to integrate filters, e.g. common-
mode chokes and EMI filters, near I/O ports and RC snub-
bers (a resistor and a capacitor connected in series, used 
to mitigate voltage spikes and ringing caused by inductive 
loads when a switch opens), or gate resistors, to slow switch-
ing edges if needed.

Finally try to establish a single-point ground reference 
and avoid ground loops with star or equi-potential bonding 
designs.

Control Complexity
Aside from all of the aforementioned challenges of cohab-

itation between inverter and motor, the tight integration also 
suggests the need for co-optimization of motor control and 
power electronics. That’s because these systems are harder 
to debug or tune independently.  Furthermore, the dynamic 
interactions between thermal states, torque demands, and 
switching limits must be managed in real-time.

Model predictive control (MPC) and adaptive algorithms 
can help overcome these challenges, as can real-time digital 
twins or AI-assisted tuning.

Manufacturing, Serviceability, and Reliability
Combining an inverter and motor implies that the as-

sembly will have to be designed with tight tolerance con-
trol, especially for thermal and EMI interfaces, let alone the 
fact that the assembly process may be challenging. Likewise, 
field service is likely to become more difficult, suggesting 

that the practical answer is to swap entire units and have 
them repaired at a depot or back at the factory. 

Bear in mind that inverter power electronics and motor 
components have different failure modes and stress profiles. 
The whole unit then becomes only as good as its “weakest” 
element.

These challenges can be addressed by applying modu-
lar design philosophies, where some subcomponents (e.g., 
power modules or PCBs) can still be replaced.

The use of degradation monitoring sensors (vibration, 
temperature, voltage, etc.) as well as predictive maintenance 
and fault isolation can also help make the integration of 
these two systems more successful.
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