AN14504

EV Traction Inverter Control Reference Design Gen 3 SW application note
Rev. 2.0 — 27 October 2026

Application note

Document information
Information Content

Keywords Traction Inverter Reference Design, Dynamic Gate Strength, Software, System FuSa, Efficiency,
S32K39 MCU, FS26 SBC, GD3162 HV Gate Driver

Abstract The purpose of the software application note document is to provide detailed information related

to software for the EV Traction Inverter Reference Design Gen 3.



https://www.nxp.com

NXP Semiconductors AN14504

EV Traction Inverter Control Reference Design Gen 3 SW application note

IMPORTANT NOTICE

For engineering development or evaluation purposes only

NXP provides this evaluation product under the following conditions:

Evaluation kits or reference designs are intended solely for technically qualified professionals,
specifically for use in research and development environments to facilitate evaluation purposes.

This evaluation kit or reference design is not a finished product, nor is it intended to be a part of a
finished product. Any software or software tools provided with an evaluation product are subject to the
applicable terms that accompany such software or software tool.

The evaluation kit or reference design is provided as a sample IC pre-soldered to a printed circuit
board to make it easier to access inputs, outputs, and supply terminals. This evaluation kit or reference
design may be used with any development system or other source of 1/0O signals by connecting it to
the host MCU or computer board via off-the-shelf cables. Final device in an application will be heavily
dependent on proper printed circuit board layout and heat sinking design as well as attention to supply
filtering, transient suppression, and 1/O signal quality. This evaluation kit or reference design provided
may not be complete in terms of required design, marketing, and or manufacturing related protective
considerations, including product safety measures typically found in the end device incorporating the
evaluation product. Due to the open construction of the evaluation product, it is the responsibility of the
user to take all appropriate precautions for electric discharge. To minimize risks associated with the
customers’ applications, adequate design and operating safeguards must be provided by the customer
to minimize inherent or procedural hazards. For any safety concerns, contact NXP sales and technical
support services.
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1 Introduction

The purpose of the SW application note document is to provide detailed information related to SW for the EV
Traction Inverter Control Reference Design Gen 3. It outlines the configuration of a 3-phase permanent magnet
synchronous motor (PMSM) vector control drive equipped with three Hall effect current sensors and resolver
position detection. The design is targeted for automotive motor control applications.

This design serves as an example of motor control SW using the NXP family of automotive motor control
S32K39 MCUs based on Arm Cortex-M7 technology.

The following are the supported features:

» 3-phase PMSM speed and current field oriented control (FOC)

» Current sensing with Hall effect sensors

* Integration of a user interface for application control using the FreeMASTER debugging tool
* Motor control application tuning (MCAT) tool

* Rotor position and speed measurement using a resolver transducer

2 System concept

The system is designed to drive a 3-phase PMSM, meeting specific performance criteria as outlined below:

» Uses the S32 Design Studio ref.[1]
* Incorporates the FS26 safety SBC, designed to support the S32K3 series
* Incorporates GD3162 isolated HV gate drivers, offering a comprehensive set of functions and condition
monitoring capabilities
» Control methodology includes:
— FOC for 3-phase PMSM with resolver position sensor
— Closed-loop speed control with an adjustable sampling period
— Closed-loop current control with an adjustable sampling period
— Bidirectional rotation support
— Independent control of flux and torque
— Position and speed computations performed by the enhanced time processing unit (eTPU)
— Sensing of 3-phase motor currents
— Sampling of FOC state variables over a 100 ps period
— Dynamic gate strength control
— DC link discharge control
* Utilization of the Automotive Math and Motor Control Library (AMMCLIib), featuring FOC algorithms built on
precompiled SW library blocks ref.[2]
* Integration of the eTPU motor control function set to offload CPU
* Incorporates the FreeMASTER software for control interface (motor parameters, current loop, speed loop)
» Features a graphical control page MCAT within FreeMASTER software displaying required speed, actual
motor speed, start/stop status, DC bus voltage level, motor current, and system status
* Provides scope functionality within FreeMASTER software for observing various motor control variables
» Offers a high-speed recorder with FreeMASTER software for capturing reconstructed motor currents and
vector control algorithm quantities
* Implements protection mechanisms for DC bus overvoltage and undervoltage, overcurrent, and startup failure
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Figure 1. EV Traction Inverter Control Reference Design Gen 3

3 PMSM field oriented control

3.1 Fundamental principle of PMSM FOC

High-performance motor control is characterized by smooth rotation over the entire speed range of the motor,
maintaining full torque control even at zero speed, and rapid acceleration/deceleration. This level of control is
realized through the utilization of FOC for PMSM.

The FOC concept is based on an efficient torque control requirement, which is essential for achieving a high
control dynamic. Analogous to standard DC machines, AC machines featuring surface-mounted permanent
magnets develop maximum torque when the armature current vector aligns perpendicularly to the flux linkage
vector. Therefore, when only considering the fundamental harmonic of stator magnetomotive force, the torque
T, developed by an AC machine, expressed in vector rotation, is given by the following equation:
3 4 s 1

Te = Ep l/)S x IS ( )
where p is the number of motor pole pairs, i is the stator current vector and y, represents the vector of the
stator flux. Constant 3/2 indicates a nonpower invariant transformation form.

The requirement for the rotor flux vector to be perpendicular to the stator current vector is handled electrically
through enhanced current control. This highlights the requirement for the stator current vector to be positioned
in such a manner that the flux component, crucial for magnetizing the machine, is separated from the
component responsible for generating torque.

This positioning can be accomplished by decomposing the current vector into two components projected in

the reference frame, commonly referred to as the dq frame, which rotates synchronously with the rotor. It

has become a standard practice to orient the dq reference frame in such a way that the d-axis aligns with the
position of the rotor flux vector, enabling the current in the d-axis to modulate the amplitude of the rotor flux
linkage vector. The reference frame position must be updated so that the d-axis is always aligned with the rotor
flux axis.
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Given that the rotor flux axis is fixed to the rotor position in PMSMs, a mechanical position transducer or
position observer can be employed to measure both the rotor position and the position of the rotor flux axis.
When the reference frame phase is set such that the d-axis aligns with the rotor flux axis, the current in the g-
axis represents solely the torque-producing current component.

Furthermore, aligning the reference frame speed to be synchronous with the rotor flux axis speed results in
both the d- and g-axis current components becoming DC values. This alignment implies the utilization of simple
current controllers to control the demanded torque and magnetizing flux of the machine, therefore simplifying
the control structure design.

* Measure the motor quantities (DC bus voltage and currents, rotor position/speed)

» Transform measured currents into the 2-phase orthogonal system af using a Clarke transformation, after that
transform the currents in a8 coordinates into the dq reference frame using a Park transformation

* The stator current torque- and flux-producing components are separately controlled in the dq rotating frame

* The output of the control is the stator voltage space vector and it is transformed by an inverse Park
transformation back from the dq reference frame into the 2-phase orthogonal system af fixed with the stator,
the output 3-phase voltage is generated using a space vector modulation

The Clarke/Park transformations discussed above are part of the AMMCLIb set ref.[2].

In order to decompose currents into torque- and flux-producing components (isq, isq), the position of the motor-
magnetizing flux has to be known. This requires knowledge of the accurate rotor position as being strictly fixed
with magnetic flux. This application note deals with the sensor-based FOC control, where the position and
velocity are obtained by the position/velocity estimator executed by eTPU. Position and speed are processed by
the eTPU coprocessor that runs independently on the system core.
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to to to SVM
Phase C 2-phase B rotating 9, g-controlier |—9 stationary B Phase C
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Figure 2. FOC transformations

3.2 PMSM model in rotational reference frame dq

The PMSM model in the dq reference frame is popular for FOC structures, because both controllable quantities,
current and voltage, are DC values. Being DC values allows employing only simple controllers to force the
machine currents into the defined states. Furthermore, full decoupling of the machine flux and torque can be
achieved, which allows dynamic torque, speed, and position control. The equations describing voltages in the 3-
phase windings of a PMSM can be written in matrix form as follows:

. 2
w1 Y @)
Up [ =R, Iy | + % ¢b
Uc iC lpc

where R is the stator resistance, and the total linkage flux in each phase is given as:
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3
l/}a Laa Lab Lac ia COS(@e) ( )
Wl = Loa Lpp Lic||ip|+Wpy| cosd6.-%)
2 Lea Ly Lecfllc cos(06+2—§7)

where Lg,, Lpp, Lo, are stator phase self-inductances and L, = Lpa, Lpe = Lop, Lea = Lo @are mutual inductances
between respective stator phases. The term Wpy, represents the magnetic flux generated by the rotor
permanent magnets, and 6, is the electrical rotor position.

B ap frame - stator coordinates
dq frame - rotor coordinates

We

iSg k--=4 Is flux
component

torque / | ; e

component

iSa a
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Figure 3. Orientation of stationary and rotational reference frames, with current components transformed into
both frames

The voltage equations of the dq reference frame model are obtained by transforming the 3-phase voltage
equations (Equation 2) and flux equations (Equation 3) into a 2-phase rotational frame aligned and rotating
synchronously with the rotor, as shown in Figure 3. Following this transformation, the resulting equations are

derived as:
ud Id Ld 0 d id 0 'Lq id [O] (4)
[uq]‘RS[iq]+[o Lq]df i) Y L, 0 ]]ig] @Ml

where Lq, Lq are the dq inductances, and w is the electrical angular velocity. It can be seen that Equation 4
represents a nonlinear cross-dependent system with cross-coupling terms in both the d- and g-axis and back-
EMF voltage component in the g-axis.

3.2.1 Current control

When the FOC concept is employed, both cross-coupling terms are compensated to allow independent control
of current dq components. The design of the controllers is then governed by the following pair of equations,
derived from Equation 4 after compensation:

. dig (5)
le = Rsld + Ldﬁ

UQ = RSIq + Lq% (6)
The previous equations describe the model of the plant for the d and g current loop. Both equations are
structurally identical, therefore the same approach of controller design can be adopted for both d and g
controllers. The only difference is in values of d- and g-axis inductances, which results in different gains of the
controllers. The closed current loop can then be designed with the following transfer functions representing the
RL circuit and PI controller:
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1 7
F RL(S) =TsR )
K ps+k (8)
FPI( ) N !
The transfer function of a simplified closed current loop can be derived based on Equation 7 and Equation 8:
Kp K 9)

Fpi{s)Frils ) _ TS T

F'(S) 1+FPI[S FRL s L{KP+R)S

The characteristic equation (Equation 9) reveals a second order system. However, the numerator of the transfer
function introduces zero due to the PI controller. It increases the system overshoot, lowering the potential closed
loop bandwidth. The NXP’s motor control solution compensates the zero by a zero cancellation block in the
feedforward. This addition can be performed in the MCAT tool. The zero cancellation block is defined as a first
order filter with the following transfer function:

_1 10
Fyc(s) = Kp (19)
KI s+l
Introducing Equation 10 to Equation 9 the closed current loop transfer function is rearranged as:
Fpis)F Rifs) 7 a
SRS T
Fi(s)=Fy(s)Tr =
1( ) ZC( )1+FP1(S)FRL(S) SZV(KTR)ﬁ%
The proportional and integral gains of the current controller can be designed by comparing the closed loop
characteristic polynomial with the ideal second order system:
(12)

K
52+s( il ) + =52+ 28 WS + w2

where wg represents the system’s natural frequency and € is the damping factor. The proportional and integral
gains of the current controller in the continuous domain can then be derived from Equation 12 as follows:

Kp=2EwL-R (13)
K;=wyL (14)

The system’s natural frequency is defined as:
wo=2mf (15)

where fj is the frequency parameter, which can be modified in the MCAT tool by the application user. However,
in real applications the control loop is updated in discrete steps. Therefore, a discrete representation of the
current controller by bilinear discretization method from s to z domain is used:

KJ{2)=K, (16)

K{z)= K3 ()

where T is the sampling period of the current loop, which is adjustable in NXP’s EV-INVERTERGEN3
application. In the NXP’s EV-INVERTERGENS3 solution, the recurrent Pl controllers are set as a default in
the MCAT tool regarding the FOC current loop. The difference equation derived by the bilinear discretization
method for the recurrent form of the Pl controller can be determined by inserting Equation 18 to the transfer
function of PI controller (Equation 8).

— 2zl (18)
S= T z+1
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Performing multiple mathematical operations, the following difference equation is derived:

u(k)=u(k-1)+ (KP+K1%)e(k) + (-KP+KI%)€{](‘1) (19)

The terms with the proportional and integral gains in Equation 19 derived by the bilinear discretization method
are defined as recurrent Pl controller’s coefficients CC1 and CC2:

s 2
CCl=Kp+ K (20)

s 21
CC2= -Kp+ K3 @1

The block diagram of the entire NXP’s solution of FOC current loop structure implemented in S32K396 is shown
in Figure 4:
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Figure 4. FOC current loop structure

Note: The information about rotor position is needed in the FOC current loop to transform the measured 3-
phase currents to the dq reference frame. The angle tracking observer (ATO) is used in the NXP’s application
to process the signals from the resolver to the electrical rotor position. The position is needed for Park
transformation as illustrated in Figure 4.

3.2.2 Speed control

The speed loop is the outer loop of the FOC structure with one Pl controller. The output from the speed
controller creates a reference for the g-axis current controller. Using a Pl controller with an anti-windup function
is advantageous to avoid current overloading of the motor or inverter. The parameters of the speed controller
can be defined based on the transfer function of the mechanical system:

ke
Fusds)= 7
where k; is the torque constant, J is the moment of inertia, and B is the viscous friction coefficient.

(22)

Note: The viscous friction coefficient B is commonly neglected in many motor control applications due to its
negligible value. Currently, the NXP’s motor control solution is not considering coefficient B in the controllers’
tuning.
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If the time constant of the motor electrical part is much smaller than the time constant of the motor mechanical
part, the current loop can be neglected entirely in the design of the speed loop. The closed speed loop transfer
function can then be derived based on the transfer functions of the speed controller and the mechanical system:

kKp  keKp (23)
_ _Fp(Fmecs) 7T 57T
F(U(S) - 1+FPI(S)FMEC(S) - L{ktKP] ktKI
N T S+T

Similar to the design of the current loop, zero is created in the transfer function numerator due to the influence
of the PI controller. The zero in the transfer function can be compensated in the same way as in the case of the
current loop, using a first order filter. This addition can be performed in the MCAT tool.

kek| (24)

FpiSIFMECS) ]
Fo(s)=Fz(s =

Note: MCAT tool also allows to choose the incremental ramp instead of zero cancellation block in the
feedforward path.

The characteristic polynomial from Equation 24 is then compared with the ideal polynomial of the second order
system as follows:

keKp (25)

kK
2o (252 )5+ 27 = 24 2w + o

The proportional and integral gains of the speed controller in the continuous domain can be then derived from
Equation 25 as follows:

28wg] (26)
Kp= k.

J (27)
KI = k_t(l)g

The discrete form of the controllers for the real application can be derived with the bilinear discretization method
from s to z domain with the following equations:

Kdz)=K,
K{z)= K3

where T is the sampling period of the speed loop, which is adjustable in NXP’s EV-INVERTERGENS3
application. In the NXP’s EV-INVERTERGEN3 with S32K396, the parallel Pl controller is set as a default in
the MCAT tool regarding FOC speed loop. However, the MCAT tool allows to make a change from parallel to
recurrent Pl speed loop controller type. The block diagram of the entire NXP’s solution of the FOC speed loop
structure is shown in Figure 5.

(28)

(29)
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Figure 5. FOC speed loop structure

3.3 Current, voltage, and position sensing

The EV-INVERTERGENS3 uses three Hall effect sensors placed in output phases. DC, AC, or pulsed stator
phase current, which flows through the sensor, produces a voltage drop based on the Hall effect. This effect is
interfaced with the AD converter of the microcontroller through conditional circuitry schematic diagram sheets
Figure 7 and Figure 8. The schematic diagram Figure 8 shows a gain setup and input signal filtering circuit
for an operational amplifier that provides the conditional circuitry and adjusts voltages to fit into the ADC input
voltage range.

Figure 6. Board layout

top
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Figure 7. Signal conditioning circuit for Hall effect sensor HC5FW 900-S

The phase current is sampled during the PWM period. In standard motor operation, where the supplied voltage
is generated using the space vector modulation, the sampling instant of phase current occurs during the PWM

period. The total number of ten samples is used for the average value calculation. Calculated value is used for

FOC algorithm utilization. The typical bandwidth for open loop transducers HC5FW is 40 kHz.
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Figure 8. Signal conditioning circuit for phase A current sensing

In a typical voltage sensing implementation, a resistive voltage divider is used to scale the DC bus voltage

to suit the input range of the voltage sensor U11. A differential output voltage that is proportional to the input
voltage is created on the other side of the optical isolation barrier. A typical 100 kHz wide bandwidth provides
enough information for the effective motor control use case.
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Figure 9. Isolated voltage sensing circuit

The excitation signal for the resolver is generated by a series of operational amplifiers. Excitation circuits consist
of a Sallen-Key third-order filter and output amplifier. The Sallen-Key filter produces a sine wave for resolver

excitation at 10 kHz. The output amplifier modulates excitation amplitude at the specific level necessary for the
resolver.
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Output signal from resolver sin and cos signals are connected directly to conditioning circuits. After conditioning,
signals are processed in SDADC running in differential mode.

3.4 Field weakening

Field weakening is an advanced control approach that extends standard FOC to allow electric motor operation
beyond a base speed. The back electromotive force (EMF) is proportional to the rotor speed and counteracts
the motor supply voltage. If a given speed is to be reached, the terminal voltage must be increased to match
the increased stator back-EMF. A sufficient voltage is available from the inverter in the operation up to the base
speed. Beyond the base speed, motor voltages ug and ug are limited and cannot be increased, because of the
ceiling voltage given by the inverter. Base speed defines the rotor speed at which the back-EMF reaches the
maximal value, and the motor still produces the maximal torque.
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As the difference between the induced back-EMF and the supply voltage decreases, the phase current flow is
limited, therefore the currents iy and iy cannot be controlled sufficiently. Further increase in speed eventually
results in a back-EMF voltage equal to the limited stator voltage, which means a complete loss of current
control. The only way to retain the current control even beyond the base speed is to lower the generated back-
EMF by weakening the flux that links the stator winding. Base speed splits the whole speed motor operation into
two regions: constant torque and constant power, see Figure 11.
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Figure 11. Constant torque/power operating regions

Operation in the constant torque region means that maximal torque can be constantly developed while the
output power increases with the rotor speed. The phase voltage increases linearly with the speed and the
current is controlled toward its reference. The operation in the constant power region is characterized by a rapid
decrease in developed torque while the output power remains constant. The phase voltage is at its limit while
the stator flux decreases proportionally with the rotor speed, see Figure 12.
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Figure 12. Constant flux/voltage operational regions

FOC splits phase currents into the g-axis torque component and the d-axis flux component. The flux current
component iy is used to weaken the stator magnetic flux linkage ¥s. Reduced stator flux ¥ yields lower back-
EMF and the condition of field weakening is met. More details can be seen from the following phasor diagrams
of the PMSM operated exposing FOC control without (left) and with field weakening (right) Figure 13.
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Figure 13. Steady-state phasor diagram of PMSM operation up to base speed (left) and above speed (right)

FOC without field weakening is operated by demanding the d-axis current component to be zero (iy = 0) to
excite the electric machine just by permanent magnets mounted on the rotor. This is an operation within the
constant torque region (see Figure 11) because the whole amount of the stator current consists of the torque-
producing component i only (see Figure 13, left). If the rotor speed exceeds the base speed, the back-EMF
voltage Eg1 = we1¥ss approaches the limit given by VSI, and the i, current cannot be controlled. Hence, field
weakening has to take place.

In FW operation, iy current is controlled to negative values to weaken the stator flux linkage ¥, by -L4ly
component as shown in Figure 13 (right). Thanks to this approach, back-EMF voltage induced in the stator
windings E;; is reduced below the VSI voltage capability. The g-axis current iy current can be controlled again
to develop torque as demanded. Unlike the previous case, this is an operation within the constant power region
(see Figure 11) where iy current is limited due to the stator current /s limitation as evident in Figure 13 (right).

There are some limiting factors that must be considered when operating FOC control with field weakening:

* Voltage amplitude Us is limited to u,,,¢ defined by actual DC bus voltage as shown in Figure 14 (left)

* Phase current amplitude i,y is limited by the capabilities of power devices and motor thermal design as
shown in Figure 14 (right)

* Flux linkage in the d-axis is limited to prevent demagnetization of the permanent magnets
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Figure 14. Voltage (left) and current (right) limits for PMSM drive operation

NXP’s AMMCLIb offers a software solution for the FOC with field weakening respecting all limitations discussed
above. This library-based function is discussed in Section 4.4.4 "AMMCLIib integration".

Note: Field weakening functionality is implemented through the AMCLIB_FWSpeedLoop_FLT function.
Operation in the field weakening region was not evaluated using the software version and dynamometer test
setup described in system application note AN14505.

4 Software implementation on the S32K396

4.1 eTPU

The eTPU is a programmable 1/O controller with its own core and memory system, allowing it to perform
complex timing and I/O management independently of the CPU. The eTPU is used as a coprocessor,
specialized for advanced timing functions, such as handling complex motor control and communication tasks
independently of the CPU.

A new complex library of eTPU functions enabling the eTPU to drive motor control applications was developed.
This library represents a step forward compared to its predecessor, the motor control function sets (set3 and
set4). The new motor control eTPU library benefits from NXP eTPU development tools from CodeWarrior. The
eTPU(2) development suite is based on the Eclipse IDE and includes the C and assembly compiler, simulator,
and debugger.

4.1.1 eTPU based resolver to digital converter (RDC)

The resolver digital interface uses an eTPU-based trigger to initiate sine wave generator (SGEN). SGEN
generates a single harmonic sinusoidal frequency needed to resolver coil excitation. A sinusoidal SGEN output
signal is passed through an external low-pass filter and used as a resolver excitation signal. In the resolver
position sensor, this excitation signal is modulated by the sine and cosine of the actual motor angle. The
feedback sine and cosine signals are sampled by an on-chip ADC and the conversion results can be transferred
to eTPU DATA RAM by direct memory access (DMA). Then, the eTPU can process the digital samples of
resolver output signals. Motor angular position, angular speed, revolution counter, and diagnostics are results of
the sine and cosine feedback signal processing. See Figure 15.
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Figure 15. eTPU resolver digital interface block diagram

Processing of the feedback signals is executed on a separate channel. Another channel is used to perform
linear extrapolation of the last updated position from ATO to any other time. The use of another channel is an
important feature because the ATO updates come with a certain period (~50 ps), which most likely is not aligned
with the control loop frequency.

Optionally, another eTPU channel can be used to process diagnostics either on the same eTPU engine after
the feedback signal processing is finished or on the other eTPU engine in parallel to the motor angle and speed
calculation. This enables the CPU application to read the new motor angle and, at the same time, check the
diagnostic results to ensure that the motor angle is correct.

Two SDADC modules are used to continuously sample the sine and cosine signals in parallel, as shown in
Figure 16. These modules are configured to obtain 32 samples of each signal per period instead of 1 sample at
the presumed peak, as it is implemented in most of the SW resolver applications. This oversampling method,
together with demodulation and filtration, brings more robustness toward the induced noise. Furthermore, the
position is evaluated twice per resolver excitation period.
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Figure 16. Oversampling and demodulation of resolver feedback signals

4.2 S32K396 - key modules for PMSM FOC control

The key modules for motor control on the S32K396 device are introduced in this part of the application note.
Using the eTPU motor control library function set, this programmable timer coprocessor is capable of resolver
feedback signal processing. To enable full eTPU resolver functionality, it is crucial to use SDADCs together with
a DMA module. For phase current sensing, the SARADC is used.

Figure 17 shows module interconnection for a typical PMSM FOC application working in sensor-based mode
using current sensing with eTPU motor control library functions involvement.
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Figure 17. S32K396 module interconnection block diagram

4.2.1 Module involvement in PMSM FOC control

This section discusses timing and module synchronization to accomplish PMSM FOC on the S32K396 and the
internal hardware features. The timing diagram of the automatic synchronization between eFlexPWM, eTPU,
and ADC in the EV-INVERTERGEN3 PMSM FOC application is shown in Figure 18.
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The eFlexPWM module generates a main triggering signal for the whole application. The LCU creates the
triggers for the 3-phase currents and DC bus voltage measurement. It performs an oversampling of these
variables ten times per PWM period. When conversions of 3-phase currents and DC bus voltage measurement
are done, data are stored in BCTU FIFO. Data are transferred by DMA to Core TCM. The interrupt service
routine (ISR) is triggered after the DMA transfer. At the beginning of ISR, position is read from eTPU memory
and FOC is calculated with PWM update values. eTPU is triggering SGEN and providing shifting of sampling
signal automatically by an independent regulator.
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4.3 S32K396 device initialization

To simplify and accelerate application development, an embedded part of the PMSM FOC motor control
application has been created. Peripherals are initialized in the main() function. For each S32K396 module, there
is a specific configuration function:

* Clock_Ip_Init(); - Clock configuration

* Oslf_Init(); - Operation system timer configuration

* IntCtrl_Ip_Init(); - Configuration of custom interrupt

» Power_Ip_SetMode(); - Mode entry initialization

* Siul2_Port_Ip_lInit(); - Pin configuration

* Siul2_Port_Ip_SetinputBuffer(); - Assign eTPU input from TRGMUX

e Siul2_lcu_Ip_Init(); Siul2_Icu_lp_Enablelnterrupt(); Siul2_Icu_Ilp_EnableNotification(); - Configure and enable
GD3162 interrupts

* Trgmux_Ip_Init(); - TRGMUX configuration

* Igf_Init(); - Input Glitch Filter configuration

e Lcu_lp_Init(); Lcu_EnableOutput(); - LCU configuration

* Lpspi_lp_Init(); - LPSPI initialization

 Sbc_fs26_Init(); Sbc_fs26_WriteRegister(); - FS26 initialization

* Gd3162_EnableFlybackSupplies(); - Enable flybacks for GD3162 HS and LS

» CDD_Gd3162_InitDriver(); CDD_Gd3162_RequestReset(); CDD_Gd3162_ConfigDevice(); - GD3162
initialization

* Gd3162_EnableGateStrengthGpioControl(); - GD3162 gate strength GPIO control configuration

* Adc_Sar_Ip_lInit(); - SARADC configuration

* Betu_lp_Init(); - BCTU configuration

* Sgen_Init(); - SGEN configuration

* Etpu_lp_Init(); Etpu_Resolver_Ip_Init(); - Resolver on the eTPU initialization

» Etpu_lp_Start(); - Start eTPU functionality

» Sdadc_Ip_Init(); Sdadc_Ip_EnableHwTrigger(); Sdadc_Ip_SetHwTrigger(); - SDADC configuration

» Sdadc_Ip_SwTriggerConversion(); - SDADC synchronous start

* Dspss_Start(); - DSPSS start

* Dma_lIp_Init(); Dma_Configure(); - DMA configuration

* DmaMux_Configure(); - DMA MUX configuration

e FlexCan_lp_Init(); - FlexCAN initialization

* FMSTR_Init(); - FreeMASTER initialization

» Gd3162_SetGateStrengthByGpio(); - GD3162 gate strength control through GPI1O

» FlexPwm_lIp_Init(); FlexPwm_ConfigureTriggers(); - FlexPWM configuration
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4.3.1 Clock configuration

The S32K396 platform supports up to 320 MHz. The eTPU bus interface, memories, and functional module run
at M7_CORE_CLK, which is up to 320 MHz. The new DSPSS module is connected to CORE_CLK. However,
the RAM clock of the DSPSS is derived by M7_CORE_CLK. Table 1 shows the clock configuration in this
application.

Table 1. S32K396 clocking configuration

Clock Frequency

CORE_CLK 160

M7_CORE_CLK 320

AIPS_SLOW_CLK 40

FlexCAN 40

eTPU M7_CORE_CLK

SDADC 80

SGEN 20

DSP 160

SARADC 80

BCTU CORE_CLK

DMA CORE_CLK

eFlexPWM CORE_CLK

LCU CORE_CLK

TRGMUX AIPS_SLOW_CLK

LPSPI AIPS_SLOW_CLK
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The configuration of the overall system clock is performed within a function called Clock_Ip_Init(). See the code
example below.

Clock Ip StatusType Clock Ip Init(Clock Ip ClockConfigType const * Config)

{

#if

Clock Ip StatusType ClockStatus = CLOCK IP ERROR;
Clock _Ip PllStatusType PllStatus;

)
( )Clock Ip axExtOscCallbacks;
( )Clock Ip au8IrcoscCallbackIndex;
( )Clock Ip axIntOscCallbacks;
(v01d)Clock Ip au8PcfsCallbackIndex;
( )Clock Ip axPcfsCallbacks;
( )Clock Ip au8DividerCallbackIndex;
( )Clock Ip axDividerCallbacks;

( ) CLOCK _IP MODULE INSTANCE;
( ) CLOCK _IP CALLBACK;

( ) CLOCK _ 1P EXTENSION INDEX;
( ) CLOCK _IP POWER | MODE INDEX;
(V01d)CLOCK IP SELECTOR _ INDEX;

( )CLOCK IP DIVIDER INDEX;

( ) CLOCK_IP GATE INDEX;

( ) CLOCK _ IP PCFS INDEX;

( ) CLOCK _ IP CMU INDEX;

(defined(CLOCK IP ENABLE USER MODE SUPPORT))
#if (STD ON == CLOCK IP ENABLE USER MODE SUPPORT)
/* Set user access allowed for Clock */

Clock Ip Command(Config, CLOCK IP SET USER ACCESS ALLOWED COMMAND) ;

#endif

#endif

CLOCK IP DEV ASSERT (NULL PTR !'= Confiqg);
Clock Ip InltClock(Conflg)

if (DriverContext.ClockTreeIsConsumingPl1)
{
Pl11Status = Clock Ip GetPllStatus();
if (CLOCK IP PLL LOCKED == PllStatus)
{
Clock Ip DistributePll();
ClockStatus = CLOCK IP SUCCESS;

}

else

{
ClockStatus = CLOCK IP SUCCESS;

}

return ClockStatus;

}
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4.3.2 Port control and pin multiplexing
The EV-INVERTERGENS application has the following pins configuration:

Table 2. Port control and pin multiplexing

Module Signal name Pin name/Functionality Description

eFlexPWM1 |PWM_GD_AH PTC31/PWM_1_A[0] Complementary PWM output for phase A HS
PWM_GD_AL PTA6/PWM_1_BJ0] Complementary PWM output for phase A LS
PWM_GD_BH PTC30/PWM_1_A[1] Complementary PWM output for phase B HS
PWM_GD_BL PTA7/PWM_1_BJ[1] Complementary PWM output for phase B LS
PWM_GD_CH PTC29/PWM_1_A[2] Complementary PWM output for phase C HS
PWM_GD_CL PTC8/PWM_1_B[2] Complementary PWM output for phase C LS

LPSPI2 GD3162_HS_CS PTF3/LPSPI2_PCS0 GD3162 HS LPSPI chain chip select
GD3162_HS_MOSI PTF2/LPSPI2_SOUT GD3162 HS LPSPI chain data output
GD3162_HS_MISO PTF1/LPSPI2_SIN GD3162 HS LPSPI chain data input
GD3162_HS_SCK PTFO/LPSPI2_SCK GD3162 HS LPSPI chain clock

LPSPI4 GD3162_LS_CS PTE23/LPSPI4_PCS0 GD3162 LS LPSPI chain chip select
GD3162_LS_MOSI PTC11/LPSPI4_SOUT GD3162 LS LPSPI chain data output
GD3162_LS_MISO PTE21/LPSPI4_SIN GD3162 LS LPSPI chain data input
GD3162_LS_SCK PTC27/LPSPI4_SCK GD3162 LS LPSPI chain clock

SIUL GD3162_EN_FLYBK_HS PTD30/GPIO126 GD3162 enable the HS flybacks power supply
GD3162_EN_FLYBK_LS PTD31/GPIO127 GD3162 enable the LS flybacks power supply
GD3162_FSS LS PTC28/GPI092 GD3162 fail save state for the LS
GD3162_FSS _HS PTF4/GPIO164 GD3162 fail save state for the HS
GD3162_FSENB PTGO0/GPIO192 GD3162 fail save output enabled
GD3162_INTB_LS PTC25/EIRQ20 GD3162 LS failure interrupt
GD3162_INTB_HS PTC26/EIRQ21 GD3162 HS failure interrupt
GD3162_GS_LA PTB1/GPIO33 GD3162 phase A falling edge GS control
GD3162_GS_HA PTF21/GPIO181 GD3162 phase A rising edge GS control
GD3162_GS_LB PTC20/GPIO84 GD3162 phase B falling edge GS control
GD3162_GS_HB PTC24/GPIO88 GD3162 phase B rising edge GS control
GD3162_GS _LC PTC9/GPIO73 GD3162 phase C falling edge GS control
GD3162_GS_HC PTF18/GPIO178 GD3162 phase C rising edge GS control

LPSPI3 FS26_LS_CS PTF16/LPSPI3_PCS0 FS26 LPSPI chain chip select
FS26_LS_MOSI PTA17/LPSPI3_SOUT FS26 LPSPI chain data output
FS26_LS_MISO PTD20/LPSPI3_SIN FS26 LPSPI chain data input
FS26_LS_SCK PTE7/LPSPI3_SCK FS26 LPSPI chain clock

CANO CANO_RX PTC23/CANO_RX FreeMASTER CAN communication interface
CANO_TX PTC21/CANO_TX

SWG1 — Pin A8 Resolver excitation signal
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Module Signal name Pin name/Functionality Description
ADC3 ADC3 channel P1 PTA8/ADC3_P1 Phase A current measurement
ADC4 ADC4 channel P5 PTB8/ADC4_P5 Phase B current measurement
ADC5 ADCS5 channel P2 PTD27/ADC5_P2 Phase C current measurement
ADC6 ADCG6 channel P4 PTAO/ADC6_P4 DC bus voltage measurement
ADCO/ADC1 [MTRTD1_SIG PTD1/ADC1_S13/ADCO_PO |Measurement of the external temperature
MTRTD2_SIG PTE26/ADC1_PO/ADCO_S12 |oNsOf
SDADC2 SIN_OUT_RSLV_P PTB9/SDADC2_AN[0] Resolver differential positive sin feedback
signal
SIN_OUT_RSLV_N PTD26/SDADC2_ANI1] Resolver differential negative sin feedback
signal
SDADC3 COS_OUT_RSLV_P PTD28/SDADC3_AN]IO0] Resolver differential positive cos feedback

signal

COS_OUT_RSLV_N

PTA1/SDADC3_AN[1]

Resolver differential negative cos feedback
signal

4.3.3 FlexCAN configuration

In this application, the FIexCAN is used for communication between the S32K396 and FreeMASTER Run-Time
Debugging Tool. The S32K396 contains up to six instances of FlexCAN. The instance FlexCAN_O is used in this
application. The FlexCAN RTD configuration is shown in Figure 19.
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Name Config Time Support FlexCAN configurations FlexCAN General Timeout Configuration

0 FlexCAN Hardware Channel FLEXCAN_O v
Name FlexCAN_Config0
Number Of MB 2

Enable Legacy RxFiFO
Enable FD Can
FlexCAN operation modes Normal mode or user mode

Payload Size (bytes) 8

Enable EnhancedCBT Can

Enable BitRate Switch

Can FD ISO

Auto Bus Off ]
Remote Request Store

FlexCAN Protocol Clock 40000000
v FlexCAN bitrate

Name FlexCAN_Ip_TimeSeg0
Synchronization segment
Propagation segment
Phase segment 1

Phase segment 2

Prescaler division factor

N VAN A -

Resync jump width
Bitrate (Kbps) 500
Sampling point (%) 75

aaa-060426

Figure 19. FlexCAN configuration

4.3.4 eTPU Resolver configuration

In this application, the eTPU is used to implement the resolver to digital converter. This project uses the eTPU
RTD to implement the software resolver, shown in Figure 20. The resolver function is designed so that it
cooperates closely with SDADC modules. SDADCs are configured to provide 32 samples per period of resolver
feedback signal. Considering the resolver excitation frequency to be 10 kHz means a 320 kHz output data rate
is required for the SDADC. With the given limitations of SDADC clocking and oversampling rate configurations,
the closest possible output data rate that can be configured is 320.512 kHz. See Table 3. This determines the
resolver excitation frequency to be 10.016 kHz, 99.84 ps period respectively. Resolver bandwidth configuration
can be changed by modifying ATO P and | gains. The current configuration of ATO is for 1 kHz bandwidth.
Excitation P and | gains are tuned for a balanced phase-shift reaction. Therefore, it is recommended to use this

configuration. For more information about eTPU resolver implementation and its configuration, refer to the eTPU
RDC and RDC Checker User Guide ref.[3].
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v items not ck ble in time)

Name ResolverinstanceContainer

Excitation Channel Engine_B_Channel_7 v
ATO channel Engine_B_Channel 0 v
Dma Request Channel (on ATO Update 2nd) Engine_B_Channel 0 v

v ATO Notification (on ATO Update 2nd)
Add an item by clicking the plus button
+

Sample channel Engine_A_Channel 7 -
v Sample Notification
Add an item by dlicking the plus button

+

Diagnostics channel Engine_A_Channel 6 A
v Diagnostics Notification

Add an item by dlicking the plus button
-

Resolver Pole Pairs 4

Priority High v
Channel Base Address 0Ox4e0

Next Free Address 0x748

Resolver eTPU memory block size 616

eTPU Memory Block Overlaps No overlap detected

Signals Pba Address 0x40688648

ADC Result Delay [ns] 31500

Semaphore ID Semaphore_0 v
RDC Checker Used a

RDC Checker Signals Address 0x0

aaa-060341

Figure 20. eTPU Resolver configuration

Etpu Resolver Ip ConfigType Etpu Resolver Ip Config BOARD INITPERIPHERALS IO =
{
/* .SmprId */ ETPU_RESOLVER SEMAPHORE 0,
/* .Options */ (uint8) (ETPU_RESOLVER OPTIONS CALCULATION_ ON
|
ETPU RESOLVER OPTIONS EXC ADAPTATION ON
|
ETPU RESOLVER OPTIONS EXC GENERATION ON
| ETPU RESOLVER OPTIONS RDC_CHECKER ON),

/* .ExcitationPeriod */ 320000,
/* .AtoPGain */ 593075,
/* .AtoIGain */ 20972,
/* .ExcPGain */ 0,

/* .ExcIGain */ 1007,
/* .QEwmaSpeed */ 8304721

)7

4.3.5 SDADC configuration

The sine and cosine analog feedback signals need to be converted to a digital representation and transferred to
eTPU DATA RAM for resolver function processing. This should be done independently of the CPU using an on-
chip ADC and DMA. Although many of the ADC modules can be used, the described configuration adapts the
SDADC.

Two SDADC modules are used to continuously sample the sine and cosine signals in parallel. They are
configured to obtain 32 samples of each signal per period. The following table details the configuration for a 10
kHz excitation signal and a 320 kHz sampling frequency.
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Table 3. SDADC configuration for resolver

Configuration item

Value
SDADC clock 80 MHz
SDADC sampling frequency 40 MHz
ADC decimation rate 125

Result output data rate

40 MHz / 125 = 320 kHz

Input mode Differential
FIFO size 16 words
FIFO threshold 8

DMA request on FIFO full

selected and enabled

Note: In this application, differential mode is configured for SDADC to sense resolver feedback signals (sine
and cosine). Differential configuration for SDADC brings the advantage of noise rejection.

The SDADC in S32K396 platform removes the internal high-pass filter component, and DSP SUBSYSTEM
(DSPSS) is added for signal processing. SDADC_2 and SDADC_3 instances are used for sine and cosine

signals respectively. The configuration parameters of SDADC_2 instance are shown in Figure 21. The
SDADC _3 instance has similar configuration parameters.

v SdAdcGeneral

Name

Sdadc Dev Error Detect

Sdadc Dspss Enable

Sdadc Dspss Error Notification Capability
SdAdc Dspss Schedule mode

v Sdadc Dspss Init Dma Channel +
Add an item by dlicking the plus button
Sdadc Timeout Method

Sdadc Timeout Value 0

v AdcConfigSet

Name AdcConfigSet
¥ AdcHwUnit +|| X
AdcHwUnit_2

Name

AdcHwUnit 3 Adc Logical Unit ID

Adc Hardware Unit

Dspss Output Transfer Type
User Gain

Conversion resolution

Adc Result Overwrite Enable
Fifo full notification

Wdg cross over notification
Sdadc Wraparound Enable
Sdadc Wraparound Value

Name

Sdadc Decimation Rate

Sdadc Fifo Threshold

Skipped

Sdadc Output Settling Delay

Sdadc Calibration Average Steps

SdAdcGeneral

DSPSS_SAMPLE_THRESHOLD_MODE

OSIF_COUNTER_DUMMY

AdcHwUnit_2

0

SDADC_2
ADC_DMA

4
RESOLUTION_16

NULL_PTR
NULL_PTR

0

v SdAdcHwUnitSpecificConfiguration

SdAdcHwUnitSpecificConfiguration
DECIMATION_RATE_125

Sdadc Calibration Number Of Samples

Figure 21. SDADC General configuration
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The following initialization process is needed by SDADC:
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NXP and may only be used strictly in accordance with the applicable license
terms found at https://www.nxp.com/LA OPT NXP_SW. Only the "internal use
license" in Section 2.2 in the NXP SOFTWARE LICENSE AGREEMENT is granted for this software.

/* SDADC configuration */

Sdadc_Ip Init (2, &SdadcIpConfig O_BOARD InitPeripherals);
Sdadc_Ip Init (3, &SdadcIpConfig 1 BOARD InitPeripherals);
Sdadc_Ip_EnableHwTrigger(2);

Sdadc_Ip EnableHwTrigger(3);

Sdadc_Ip SetHwTrigger (2, SDADC_IP TRIGGER RISING EDGE, 2);
Sdadc_Ip SetHwTrigger (3, SDADC_IP TRIGGER RISING EDGE, 2);

Note: When DSPSS is enabled, the SDADC converted data will be transferred to the data memory (XMEM) of
DSPSS aligned to 16-bit. The data for the e TPU resolver should be obtained from DSPSS RAM.

4.3.6 SGEN configuration

S32K396 has two SGEN modules, which can supply a high-quality sinusoidal voltage signal. It can be
programmed with the desired oscillation frequency and amplitude voltage. A wide frequency range (1 kHz
to 50 kHz) is easily programmable through a simple register interface. The linearity and noise performance
are carefully optimized through digital processing. For more details, see the S32K39, S32K37, and S32K36
Reference Manual ref.[4].

The sine wave targets as the excitation signal for resolver to replace the PWM signal as excitation. In this
way, no more tuning circuits are needed and the cost can be decreased. The output signal wave is configured
to 10 kHz with a maximum amplitude of 2 V. The trigger signal is from the eTPU, which is routed by the
TRGMUX module. The SGEN peripheral does not have the RTD module. The example code below shows the
configuration of SGEN in the EV-INVERTERGENS3 application:

void SGEN_Init(uint32_t freq, uintl6_t amplitude, uint8_ t trig)
{
IP SGEN 1->CTRL
IP_SGEN_1->CTRL
IP_SGEN_ 1->CTRL
IP SGEN 1->CTRL
IP_SGEN_1->CTRL

D IP SWG SYN CTRL IOAMPL (amplitude);

~D IP SWG SYN CTRL LDOS MASK;

D TP SWG SYN CTRL IOFREQ((freq*16777216)/ (INPUTFREQUENCY*1000));
D _IP SWG_SYN CTRL TRIG MODE (trig);

D IP SWG SYN CTRL WINDOW (3);

- — o —

IP SGEN 1->CTRL |=D IP SWG_SYN CTRL_LDOS (1) ;
IP SGEN 1->CTRL &= ~D IP SWG SYN CTRL LDOS MASK;

/* Enable output, start SGEN */
IP SGEN 1->CTRL &=~D IP SWG_SYN CTRL PDS MASK;

4.3.7 DSP configuration

DSPSS is a signal processing block as shown in Figure 22. This block is built to implement FIR filtering
capability for motor resolver application.
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PMEM

XMEM

A

/ \+— Time slicer

#

APB debug > #2 DSPSS

CTl interface >

#
#4

]

4 core interrupts out

6 DMA control handshakes

4 triggers out

4 DS gate trigger inputs

1 error interrupt to core

ECC error out to ERM

Thread scheduler [—>| Arbiter between
T T the core, DMA
— — and SDADC
Y L Y L
6 DMA 20 circular
controllers buffers
SDADC arbiter l—>]
4 SDADC data 16 bits Peripheral bus
DSPSS with

Figure 22. Block diagram of DSPSS

four threads

I:l Hardware context

aaa-058718

CoolFlux DSP is the main processing block of this subsystem, which provides multithreaded processing

capability (up to four threads). The subsystem has dedicated program and data memories for parallel access.
This block processes samples obtained from the SDADC interface and then keeps the processed data in a local
SRAM, which is then accessed by core or DMA. Figure 22 shows the diagram of the DSPSS. For details, see
the S32K39, S32K37, and S32K36 Reference Manual ref.[4].

Figure 23 shows the configuration of DSPSS with the coefficients of the FIR filter. The DSPSS input threshold
defines the input block size that the thread processes when data is available in the input buffer. The DSPSS
output threshold defines the number of processed samples in the output buffer needed to trigger output data
transfer, such as triggering DMA to transfer data.
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v SdAdcDspssSpecificConfiguration
Name DspssConfig_0
SdAdc Dspss Schedule Order 2
SdAdc Dspss Input Threshold 20
SdAdc Dspss Output Threshold 16
SdAdc Dspss Output Buffer Size 512
Sdadc Dspss Default Configuration DSPSS_FIR_FILTER_10KHZ_RESOLVER v

# Name SdAdc Dspss FIR Coefficients

aaa-060343

Figure 23. DSPSS configuration

Next, configure each used thread using thread descriptors and set the start address and length for the output
buffer. The DMA can transfer the processed data from XMEM to the eTPU DATA RAM for the resolver.

There are 4 threads in the DSPSS, and only the two threads are used in this project. The configuration
parameters for them are the same. After the thread configuration, the next step is configuring the DMA for
transferring processed sine and cosine signals to eTPU DATA RAM. Then, deassert DSPSS reset to initialize
the threads until the initialization has been finished and start the DSPSS execution by calling DSPSS_ Start().

/* Sine and cosine */
DSPSS_CFSDADC ThreadDescriptorType *pThreadDescriptorsArrStart =
(DSPSS CFSDADC ThreadDescriptorType*)XMEM O BASEADDRESS;
const uint8 sinThreadIdx = 2U;
const uint8 cosThreadIdx = 3U;

DSPSS CFSDADC ThreadDescriptorType *pThDescriptorSin
DSPSS CFSDADC ThreadDescriptorType *pThDescriptorCos

&pThreadDescriptorsArrStart [sinThreadIdx];
&pThreadDescriptorsArrStart [cosThreadIdx];

/* DMA CoolFlux -> eTPU - sine signal */
Dma Ip LogicChannelTransferListType sin dma[2] =
{
{DMA IP CH SET SOURCE ADDRESS, (uint32) pThDescriptorSin->BufferOutputStart +
XMEM 0 BASEADDRESS},
{DMA IP CH SET DESTINATION ADDRESS,
(uint32) Etpu Resolver Ip Instance BOARD INITPERIPHERALS I0.pSignalsPba},
}i

/* DMA CoolFlux -> eTPU - cosine signal */
Dma Ip LogicChannelTransferListType cos dma[2] =

{
{DMA_TIP_CH_ SET_SOURCE_ADDRESS, (uint32)pThDescriptorCos->BufferOutputStart +
XMEM 0 BASEADDRESS},
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{DMA IP CH SET DESTINATION ADDRESS,
(uint32)Etpu_Resolver Ip_ Instance BOARD INITPERIPHERALS I0.pSignalsPba +

RES_SIGNAL_ ADDRESS OFFSET },

}i

/* DMA for transferring resolver ATO trigger (write to eTPU HSRR) */
Dma Ip LogicChannelTransferListType hrs dma[2] =

{

{DMA IP CH SET SOURCE ADDRESS,

(uint32)hrs},

{DMA IP CH SET DESTINATION ADDRESS, (uint32 t) (uint32)&pEtpu Ip Regs-
>CHAN [Etpu_Resolver Ip_ Instance BOARD INITPERIPHERALS I0.u8ChanNumAto].HSRR.R},

}i

Dma Ip SetLogicChannelTransferList (DMA LOGIC CH 1, sin dma, 2);
Dma Ip SetLogicChannelTransferList (DMA LOGIC CH 2, cos_dma, 2);
Dma Ip SetLogicChannelTransferList (DMA LOGIC CH 3, hrs dma, 2);
Dma Ip SetLogicChannelCommand (DMA LOGIC CH 1,DMA IP CH SET HARDWARE REQUEST) ;
Dma_Ip SetLogicChannelCommand (DMA LOGIC CH 2,DMA IP CH SET HARDWARE REQUEST);
Dma Ip SetLogicChannelCommand (DMA LOGIC CH 3,DMA IP CH SET HARDWARE REQUEST) ;

4.3.8 ADC configuration

S32K396 has seven ADC instances, which have eight channels with 15-bit resolution. In this application, four
ADC instances are utilized to sample simultaneously phase A, phase B and phase C currents and DC bus
voltage. This is achieved by utilizing a body cross-triggering unit (BCTU) instance that triggers at the same time
as ADC3 (AdcHwUnit_3), ADC4 (AdcHwUnit_4), ADC5 (AdcHwUnit_5), and ADC6 (AdcHwUnit_6). Figure 24
and Figure 25 give the RTD configuration for ADCs, taking one ADC configuration as an example. The others
are almost similar to the example one.

v AdcSarGeneral

Name

AdcSar Timeout Method
AdcSar Timeout Value

AdcSar Dev Error Detect
Sdadc IP enable

AdcSar Enable Watchdog Api
AdcSar Enable SelfTest Api

AdcSar Enable End Of Channel Api

AdcSar Enable Tempsense Api

AdcSar Enable Asynchronous Calibration

Figure 24. SARADC General configuration

AdcSarGeneral
OSIF_COUNTER_DUMMY v
100000
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¥ AdcHwUnit

AdcHwUnit_3
AdcHwUnit 4
AdcHwUnit 5
AdcHwUnit_6

Figure 25. SARADC HW Unit configuration

s

x

Name

Adc Hardware Unit

Adc Connversion Mode

Adc Prescaler Value

Adc Calibration Prescale

Adc Enable High Speed

Adc Power Down Delay

Adc Mux Delay

Adc Auto Clock Off

Adc Bypass sampling

Adc Result Overwrite Enable
Adc Presampling channel 0-31
Adc Presampling channel 32-63
Adc Presampling channel 64-95
Adc Ctu mode

Injected external trigger mode

Normal external trigger mode

User Offset
User Gain
Conversion resolution

Bypass resolution processing
DMA Enable

End of normal chain notification
End of injected chain notification

End of Ctu conversion notification

Data alignment

Adc Hardware Average Enable

Adc Unit Normal Sampling Duration 0
Adc Unit Normal Sampling Duration 1
Adc Unit Normal Sampling Duration 2

AdcHwUnit_3

ADC3 v
One shot v
2

1

0

0

VREFL v
VREFL v
VREFL v
Trigger Mode v
Disabled v
Disabled v
0

0

RESOLUTION_14 v
NULL_PTR

NULL_PTR

NULL_PTR

Right aligned ¥
22

22

22
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4.3.9 BCTU configuration

The BCTU has 2 instances where the configured instance in the EV-INVERTERGENS3 project is BCTU_1. It

can support associated ADCs that trigger simultaneously. It routes each ADC conversion result to memory
through DMA. There are ways to obtain ADC conversion results such as directly accessing the ADC result
register, reading the BCTU FIFO through DMA, and reading the BCTU FIFO through an interrupt. Reading the
BCTU FIFO through DMA can improve the utility of the main core. Therefore, the BCTU FIFO and DMA must be
configured. Figure 26 and Figure 27 show the RTD configuration for BCTU.
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v BctuGeneral

Name BctuGeneral

Bctu Timeout Method OSIF_COUNTER_DUMMY
Bctu Timeout Value 100000

Sdadc IP enable B
Bctu Dev Error Detect

¥ BetuHwUnit +|| X

0 Name
Bctu Hardware Unit
Bctu Logical Unit Id
Low power mode enable
Global HW triggers enable
New Data DMA enable mask
Fifo Dma Raw Data
Trigger Notification

v Internal Triggers =
BctulnternalTrigger_0

¥ Bctu ADC notifications

¥ Bctu LIST items +

W N - O %

Bctu... P2_ChanNum2
Bctu... P4_ChanNumd4

BctuHwUnit_0

1

0

a

0

NULL_PTR
Name BctulnternalTrigger_0
Trigger Source BCTU_TRGMUX_56
Enable Trigger Loop
Data Destination BCTU_FIFO1
Enable HW triggering a

Defines the BCTU ADC command list operating ST
mode

Adc Target Mask OxF
0
Conversion List Start Index 0
+

Add an item by dicking the plus button

X

Name ADC Channel ID Next channel wait on trigger Last channel
Bctu... P1_ChanNum1

O 0
Bctu... PS_ChanNum5 [ (]
O O
% ™M

Figure 26. BCTU General configuration
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¥ Result FIFOs + X

BctuResultFifos_0 Name BctuResultFifos_0
FIFO index BCTU_FIFO1 v
Watermark value 3

Interrupt notifications enable

Watermark notification NULL_PTR
Watermark DMA enable a
DMA Fifo Buffer Pointer BctuDmafFifo1

v Select Dma Channel for Fifo

i

/Dma_lp/Dma/MclConfig/dmalogicChannel_Type_0 v

aaa-060225

Figure 27. BCTU Results FIFOs

4.3.10 DMA configuration

In this application, seven DMA channels are used to speed up the control loop operation and offload the CPU.
The first two DMA channels are used to transfer preprocessed resolver feedback sine and cosine signals from
DSPSS to eTPU DATA RAM. The next four DMA channels are used to transfer the 3-phase currents and DC
bus voltage measurement from ADC to the control loop. The last DMA is used for transferring resolver ATO
trigger. The DMA configuration with source and destination addresses of respective signals are shown by the
example code below.

void DMA_configuration (void)

{

/* Set the proper destination and source addresses for the transfers */
static volatile const uint32 t hsr[2]={2,3};

/* BCTU */
Dma Ip LogicChannelTransferListType list bctu dma([2] =
{
{DMA IP CH SET SOURCE_ADDRESS, (uint32 t)&IP BCTU 1->FIFO1DR},
{DMA_TIP_CH SET_DESTINATION_ADDRESS, (uint32_ t)measured_currents_voltage+0x1000000},
i

/* Sine and cosine */
DSPSS_CFSDADC_ThreadDescriptorType *pThreadDescriptorsArrStart =
(DSPSS_CFSDADC_ThreadDescriptorType*)XMEM 0_BASEADDRESS;

const uint8 sinThreadIdx = 2U;

const uint8 cosThreadIdx = 3U;
DSPSS_CFSDADC_ThreadDescriptorType *pThDescriptorSin
DSPSS_CFSDADC_ThreadDescriptorType *pThDescriptorCos

&pThreadDescriptorsArrStart [sinThreadIdx];
&pThreadDescriptorsArrStart [cosThreadIdx];

/* DMA CoolFlux -> eTPU - sine signal */

Dma Ip LogicChannelTransferListType sin dma[2] =

{
{DMA TP CH SET SOURCE ADDRESS, (uint32) pThDescriptorSin->BufferOutputStart + XMEM O BASEADDRESS},
{DMA_IP CH_SET DESTINATION_ ADDRESS,

(uint32) Etpu Resolver Ip_ Instance BOARD INITPERIPHERALS I0 .pSignalsPba},

}i

/* DMA CoolFlux -> eTPU - cosine signal */
Dma_Ip_LogicChannelTransferListType cos_dma[2] =
{
{DMA_IP_CH_SET_SOURCE_ADDRESS, (uint32)pThDescriptorCos->BufferOutputStart + XMEM O_BASEADDRESS},
{DMA IP CH SET DESTINATION ADDRESS, (uint32)Etpu Resolver Ip Instance BOARD INITPERIPHERALS I0.pSignalsPba
+ RES SIGNAL ADDRESS OFFSET 1},
bi

/* DMA for transferring resolver ATO trigger (write to eTPU HSRR) */
Dma Ip LogicChannelTransferListType hsr dma[2] =
{
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{DMA_IP CH_SET_ SOURCE_ADDRESS,
{DMA_TIP " CH_SET DESTINATION ADDRESS,

>CHAN [Etpu_| Resolver _Ip_ Instance BOARD INITPERIPHERALS_IO0. uSChanNumAto]

}i

Dma Ip SetLogicChannelTransferList (DMA LOGIC CH O,
Dma Ip SetLogicChannelTransferList (DMA | LOGIC CH i,
Dma Ip SetLogicChannelTransferList (DMA LOGIC CH 2
Dma Ip SetLogicChannelTransferList (DMA LOGIC CH L 3,
Dma_Ip_ SetLogicChannelCommand (DMA LOGIC CH_| 0, DMA IP_CH_SET HARDWARE REQUEST
Dma_Ip_SetLoglcChannelCommand(DMA LOGIC CH_ 1, DMA IP CH_ SET HARDWARE _REQUEST
Dma_Ip_ SetLogicChannelCommand (DMA LOGIC CH_. 2 DMA IP CH SET HARDWARE_REQUEST
Dma_Ip_SetLogicChannelCommand(DMA LOGIC | CH 3y DMA 1P CH SET HARDWARE_REQUEST

(uint32)hsr},
(uint32_t) (uint32) &pEtpu_Ip Regs-—
HSRR.R},

list bctu dma, 2);
sin dma, 2);
cos_dma, 2);
hsr_dma, 2);

Detailed configuration from the config tool RTD settings for DMA channels used for 3-phase currents, DC bus

voltage measurement, and eTPU resolver function can be found in Table 4.

Table 4. DMA configuration

Items 3-phase currents and DC |Sin signal Cos signal Linked HSR
bus voltage signals
Instance 1 1 1 1
Channel 16 17 18 19
Source address (] (2] 3] hsr
Destination address 4] 3] [6] 7]
Source transfer size 2 bytes 2 bytes 2 bytes 4 bytes
Destination transfer size 2 bytes 2 bytes 2 bytes 4 bytes
Source signed offset 0 bytes 2 bytes 2 bytes 4 bytes
Destination signed offset 2 bytes 4 bytes 4 bytes 0 bytes
Transfer minor loop size 8 bytes 32 bytes 32 bytes 4 bytes
Transfer major loop count 10 2 2 2
Source last address adjustment 0 bytes 0 bytes 0 bytes - 8 bytes
Destination last address - 80 bytes - 128 bytes - 128 bytes 0 bytes
adjustment
Source modulo — 512 bytes 512 bytes —
Destination modulo — — — —
Channel linking Disabled Disabled Enabled Disabled
Linked channel — — HSR DMA —
channel

(1] &P_BCTU_1— FIFO1DR

[2] pThDescriptorSin — BufferOutputStart + XMEM_0_BASEADDRESS
[3] pThDescriptorCos — BufferOutputStart + XMEM_0_BASEADDRESS
[4] measured_currents_voltage +0x1000000

[5] Etpu_Resolver_lp_Instance_BOARD_ INITPERIPHERALS_I0.pSignalsPba
[6] Etpu_Resolver_lp_Instance_BOARD_ INITPERIPHERALS_I0.pSignalsPba + RES_SIGNAL_ADDRESS_OFFSET
[71 &pEtpu_lp_Regs — CHAN[Etpu_Resolver _Ip_Instance_ BOARD_INITPERIPHERALS_ 10.u8ChanNumAto].HSRR.R
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4.3.11 eFlexPWM configuration

In the EV-INVERTERGENS3 application, the eFlexPWM1 module is used for generating the PWMs

and synchronization. The eFlexPWM Submodules 0,1, and 2 are employed to generate center aligned
complementary PWMs for the module. The eFlexPWM Submodule 3 is utilized to generate triggers for the
3-phase currents and DC bus voltage measurement. In this application, five triggers are generated per
PWM period. These are further doubled by the LCU module to achieve oversampling of 10 per PWM period,
which is set to 100 ys with the HW deadtime insertion of 1 us. The RTD settings of the individual eFlexPWM
Submodules are shown in the following figures.

¥ FlexPWM submodules

FlexPwmSubModule 0
FlexPwmSubModule_1
FlexPwmSubModule_2
FlexPwmSubModule_3

x

Name

FlexPWM submodule

Pwm Signal

Period [ticks]

Clock Source Selection
Initialization Control Selection
Reload Source Selection
Force Source Selection
Prescaler

Alternate prescaler

Full Cydle Reload

Half Cycle Reload

Reload Frequency

INIT register Offset

Channel B Relation To Channel A

FlexPwmSubModule_0
SubModule_0
FLEXPWM_IP_CENTER_ALIGNED
16000
FLEXPWM_IP_CLKSOURCE_PERIPHERAL_CLK
FLEXPWM_IP_INIT_LOCAL_SYNC
FLEXPWM_IP_LOCAL_RELOAD
FLEXPWM_IP_LOCAL_FORCE
FLEXPWM_IP_DIV1
FLEXPWM_IP_DIV1

]

FLEXPWM_IP_LDFQ_FACH1
0
FLEXPWM_IP_COMPLEMENTARY

Polarity of paired channel FLEXPWM_IP_COMP_SOURCE23
Deadtime Count 0 160
Deadtime Count 1 160
Debug Enable @
v FlexPWM Channels 1
FlexPwmChannel 0 Name FlexPwmChannel 0
FlexPWM Channel FLEXPWM_IP_PWMA
Polarity FLEXPWM_IP_POL_HIGH
Duty cycle [ticks] 8000
CTU Trigger FLEXPWM_IP_NO_TRIGGER

Channel Output on Fault, Stop, Debug

Interrupt Selection

FLEXPWM_IP_OUTPUT_STATE_LOGIC_O
FLEXPWM_IP_DISABLE_INT

Mask output channel when initializing [}

Figure 28. eFlexPWM1 Submodule 0

aaa-060226

AN14504

All information provided in this document is subject to legal disclaimers.

© 2026 NXP B.V. All rights reserved.

Application note

Rev. 2.0 — 27 October 2026

Document feedback
36/76


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_AN14504

NXP Semiconductors

AN14504

EV Traction Inverter Control Reference Design Gen 3 SW application note

v FlexPWM submodules

FlexPwmSubModule_0
FlexPwmSubModule_1
FlexPwmSubModule_2
FlexPwmSubModule_3

X
Name FlexPwmSubModule_1
FlexPWM submodule SubModule_1
Pwm Signal FLEXPWM_IP_CENTER_ALIGNED
Period [ticks] 16000
Clock Source Selection FLEXPWM_IP_CLKSOURCE_PERIPHERAL_CLK
Initialization Control Selection FLEXPWM_IP_INIT_MASTER_SYNC
Reload Source Selection FLEXPWM_IP_MASTER_RELOAD
Force Source Selection FLEXPWM_IP_MASTER_FORCE
Prescaler FLEXPWM_IP_DIV1
Alternate prescaler FLEXPWM_IP_DIV1
Full Cycle Reload a
Half Cycle Reload £
Reload Frequency FLEXPWM_IP_LDFQ_EACH1
INIT register Offset 0
Channel B Relation To Channel A FLEXPWM_IP_COMPLEMENTARY
Polarity of paired channel FLEXPWM_IP_COMP_SOURCE23
Deadtime Count 0 160
Deadtime Count 1 160
Debug Enable a
¥ FlexPWM Channels o
FlexPwmChannel 0 Name
FlexPWM Channel
Polarity
Duty cycle [ticks]
CTU Trigger
Channel Output on Fault, Stop, Debug
Interrupt Selection

¥ Notification Callback

Figure 29. eFlexPWM1 Submodule 1

FlexPwmChirgCallback

NULL_PTR
NULL_PTR

FLEXPWM_IP_PWMA
FLEXPWM_IP_POL_HIGH

FLEXPWM_IP_NO_TRIGGER
FLEXPWM_IP_OUTPUT_STATE_LOGIC_ 0
FLEXPWM_IP_DISABLE_INT

Mask output channel when initializing &
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¥ FlexPWM submodules X
FlexPwmSubModule_0 Name FlexPwmSubModule_2
FlexPwmSubModule_1 | gio, oy submodule SubModule_2 -
FlexPwmSubModule_2
FlexPwmSubModule_3 Pwm Signal FLEXPWM_IP_CENTER_ALIGNED v
Period [ticks] 16000
Clock Source Selection FLEXPWM_IP_CLKSOURCE_PERIPHERAL_CLK
Initialization Control Selection FLEXPWM_IP_INIT_ MASTER_SYNC
Reload Source Selection FLEXPWM_IP_MASTER RELOAD
Force Source Selection FLEXPWM_IP_MASTER_FORCE
Prescaler FLEXPWM_IP_DIV1
Alternate prescaler FLEXPWM_IP_DIV1
Full Cycle Reload a
Half Cycle Reload
Reload Frequency FLEXPWM_IP_LDFQ_EACH1 v
INIT register Offset 0
Channel B Relation To Channel A FLEXPWM_IP_COMPLEMENTARY
Polarity of paired channel FLEXPWM_IP_COMP_SOURCE23
Deadtime Count 0 160
Deadtime Count 1 160
Debug Enable a
~ FlexPWM Channels b &
FlexPwmChannel 0 Name FlexPwmChannel 0
FlexPWM Channel FLEXPWM_IP_PWMA
Polarity FLEXPWM_IP_POL_HIGH
Duty cycle [ticks] 8000
0
CTU Trigger FLEXPWM_IP_NO_TRIGGER v
Channel Output on Fault, Stop, Debug FLEXPWM_IP_OUTPUT_STATE_LOGIC_0
Interrupt Selection FLEXPWM_IP_DISABLE_INT
Mask output channel when initializing @
¥ Notification Callback
FlexPwmChirgCallback
NULL_PTR
NULL_PTR
aaa-060228
Figure 30. eFlexPWM1 Submodule 2
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FlexPwmSubModule_0
FlexPwmSubModule_1
FlexPwmSubModule_2
FlexPwmSubModule_3

v FlexPWM submodules

X

Name

FlexPWM submodule

Pwm Signal

Period [ticks]

Clock Source Selection
Initialization Control Selection
Reload Source Selection
Force Source Selection
Prescaler

Alternate prescaler

Full Cydle Reload

Half Cycle Reload

Reload Frequency

INIT register Offset

Channel B Relation To Channel A

FlexPwmSubModule_3
SubModule_3

FLEXPWM_IP_CENTER_ALIGNED

16000

FLEXPWM_IP_CLKSOURCE_PERIPHERAL_CLK

FLEXPWM_IP_INIT_MASTER_SYNC

FLEXPWM_IP_MASTER_RELOAD

FLEXPWM_IP_MASTER_FORCE
FLEXPWM_IP_DIV1
FLEXPWM_IP_DIV1

FLEXPWM_IP_LDFQ_EACH1
0
FLEXPWM_IP_INDEPENDENT

Debug Enable a
¥ FlexPWM Channels >
FlexPwmChannel 2 Name
FlexPWM Channel
Polarity

Duty cycle [ticks]

CTU Trigger

Channel Output on Fault, Stop, Debug

Interrupt Selection

Mask output channel when initializing

Figure 31. eFlexPWM1 Submodule 3

FlexPwmChannel 2
FLEXPWM_IP_PWMA
FLEXPWM_IP_POL_HIGH
0

FLEXPWM_IP_BOTH_EDGES

FLEXPWM_IP_OUTPUT_STATE_LOGIC_0

FLEXPWM_IP_DISABLE_INT

aaa-060229

4.3.12 LCU configuration

The LCU is a module that can create synchronous and asynchronous logical operations of the input signals
according to the internal LUT. The LUT configures the logic function of the logic cell. It delays the signals and

combines them with AND/OR functions and other functions.

In the EV-INVERTERGENS3 application, the LCU is employed for the following operations:

 Creates the triggers for the 3-phase currents and DC bus voltage measurement oversampling (10 times per
PWM period). This is done by the Logic Cell 0 of the LCUO.
» Extends the pulse width for triggering the eTPU extrapolation generated by the eFlexPWM valO compare
event. This is done by the part of Logic Cell 1 of the LCUO module.

Figure 32 shows the LCU module functional configuration diagram of Logic Cell 0 and Logic Cell 1. The inputs/

outputs of the corresponding logic cells are defined in the LCU RTD configuration.
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LCUO_LC[0]_inp_0

Lco

PWM_1_3 _MUX_TRIGO

LCUO_LC[0]_inp_1

PWM_1_3_MUX_TRIG1

LCUO_LC[0]_out_0

1] 1L
LCUO_LC[0]_inp_2

LCUO_LC[0]_inp_3

~9 us

LCUO0_LC[0]_out_1

LCUO_LC[0]_out_2

LCUO_LC[1]_inp_0

LC1

PWM_1_0_MUX_TRIGO

-1 1

~312ns

BCTU_1_Trg39

LCUO_LC[1]_out_0

Figure 32. LCU module functional configuration diagram

» eTPU_A_input[7]

aaa-060252

Figure 33 shows the logical instances configuration where the configured LCU instance in EV-INVERTERGEN3

application is LCUO.

v LU

Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration

Name Lcu Logic Instance Lcu Logic Input  Leu Logic Output
+
0
Name
Logic Instance Name
LCU Hardware Instance

Operation Mode
Using Force Signal

IculnstanceCfg_1

LCU_LOGIC_INSTANCE_1

LCU_IP_HW_INST_0
INTERRUPT

Using Sync Signal For Software Sync Mode

Figure 33. LCUO Logic instances configuration

Preset Custom. v

Preset Custom.. w

Preset | Custom. v

aaa-060253
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Figure 34, Figure 35, Figure 36, and Figure 37 define the LCU logic inputs (Input O - Input 3) configuration of

Logic Cell 0. Figure 38 illustrates the LCU logic input (Input 0) configuration of Logic Cell 1.

v v

Name |Lcu Logic Instance Lcu Logic Input Leu Logic Output

Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration

Preset Custom... v

Preset Custom.. ¥

Name ConfigTimeSupport

+ X Alw

A WN = O

+|| X v
0 Name mdLculnputConfiguration_0
. Logic Input Name FlexPWM1_SUB3_EVEN
2
3 Hardware Instance LCU_IP_HW_INST 0 v
4 Hardware Logic Cell LCU_IP_ HW_LC 0 v
Hardware Input LCU_IP_HW_INPUT_O v
Mux Select LCU_IP_.MUX _SEL_LU_IN_O v
Using Software Override feature
LCU_IP_SW_SYNC_IMMEDIATE v
LCU_IP_SW_OVERRIDE_LOGIC_LOW v
aaa-060254
Figure 34. LCUO Logic Cell 0 Input 0 configuration
v v Preset Custom... v
Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom.. ¥
Name Lcu Logic Instance Lcu Logic Input Lcu Logic Output
+lixHaliv
0 Name mdLculnputConfiguration_1
2 Logic Input Name FlexPWM1_SUB3_ODD
2
3 Hardware Instance LCU_IP_HW_INST_0 v
4 Hardware Logic Cell LCU_IP_ HW_LC 0 v
Hardware Input LCU_IP_HW_INPUT 1 v
Mux Select LCU_IP_MUX_SEL_LU_IN_1 v
Using Software Override feature
LCU_IP_SW_SYNC_IMMEDIATE v
LCU_IP_SW_OVERRIDE_LOGIC_LOW v
aaa-060255
Figure 35. LCUO Logic Cell 0 Input 1 configuration
v v Preset Custom... v

General Logic Control Unit (LCU) Configuration

Name | Lcu Logic Instance Lcu Logic Input Lcu Logic Output

Name

Logic Input Name

Hardware Instance

Hardware Logic Cell

Hardware Input

Mux Select

Using Software Override feature

mdLculnputConfiguration_2
LCU_CHO_OUT
LCU_IP_HW_INST_0
LCU_IP_HW_LC_0
LCU_IP_HW_INPUT 2
LCU_IP_MUX_SEL_LU_OUT_0

LCU_IP_SW_SYNC_IMMEDIATE

LCU_IP_SW_OVERRIDE_LOGIC_LOW

Figure 36. LCUO Logic Cell 0 Input 2 configuration

Preset Custom.. ¥
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v v Preset Custom... v

Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom.. ¥

Name |Lcu Logic Instance Lcu Logic Input| Leu Logic Output

+ X A v

0 Name mdLculnputConfiguration_3
! Logic Input Name LCU_LOGIC_INPUT_3
; Hardware Instance LCU_IP_HW_INST_O v
4 Hardware Logic Cell LCU_IP_ HW_LC O v
Hardware Input LCU_IP_HW_INPUT 3 v
Mux Select LCU_IP_MUX_SEL_LU_OUT 1 v
Using Software Override feature
LCU_IP_SW_SYNC_IMMEDIATE v
LCU_IP_SW_OVERRIDE_LOGIC_LOW v
aaa-060257

Figure 37. LCUO Logic Cell 0 Input 3 configuration

v Ly Preset Custom... v

Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration

Preset Custom.. W
Name |Lcu Logic Instance Lcu Logic Input| Leu Logic Output
+ X A
0 Name mdLculnputConfiguration_4
2 Logic Input Name LCU_LOGIC_INPUT 4
2
3 Hardware Instance LCU_IP_HW_INST_ 0 v
4 Hardware Logic Cell LCU_IP_HW_LC 1 v
Hardware Input LCU_IP_HW_INPUT 0 v
Mux Select LCU_IP_MUX _SEL_LU_IN_4 v
Using Software Override feature
v -
aaa-061033

Figure 38. LCUO Logic Cell 1 Input 0 configuration

Figure 39, Figure 40, and Figure 41 show the LCU logic outputs (Output 0 - Output 2) configuration of Logic Cell
0. Figure 42 illustrates the LCU logic output (Output 0) of Logic Cell 1.
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v Preset Custom... v
Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom.. ¥
Name Lcu Logic Instance Lcu Logic Input | Lcu Logic Output
+ x v
0 Name mdLcuOutputConfiguration_0
; Logic Output Name LCU_LOGIC_OUTPUT_0
3 Hardware Instance LCU_IP_HW_INST_0 v
Hardware Logic Cell LCU_IP_HW_LC 0 v
Hardware Output LCU_IP_HW_OUTPUT_0 v
Output LUT Control OXEEEE
LUT Rise Filter 0
LUT Fall Filter 1455
LCU Interrupt Callback ~ NULL_PTR
Enable Debug Mode
Invert Output
LUT DMA Enable
LUT Interrupt Enable
Using Force Signal
v Force Signal Configuration Struct
lcuogicOutput_ForceSignalCor
LCU_IP_CLEAR_FORCE_SIGNA v
LCU_IP_SYNC_SEL_INPUTO v
Force Input Sensitivity
0 lculogicOutput_ForceSignalSelect 0
LCU_IP_FORCE_SEL_INPUTO v
aaa-060258
Figure 39. LCUO Logic Cell 0 Output 0 configuration
v L Preset Custom... v
Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom.. W
Name Lcu Logic Instance Lcu Logic Input Leu Logic Output
+ X A v
0 Name mdclLcuOutputConfiguration_1
d Logic Output Name LCU_LOGIC_OUTPUT_1
2
3 Hardware Instance LCU_IP_HW_INST_0 v
Hardware Logic Cell LCU_IP HW IC O v
Hardware Output LCU_IP_HW_OUTPUT 1 v
Output LUT Control 0xFOFO
LUT Rise Filter 1455
LUT Fall Filter 0
LCU Interrupt Callback ~ NULL_PTR
Enable Debug Mode
Invert Output
LUT DMA Enable
LUT Interrupt Enable
Using Force Signal
v Force Signal Configuration Struct
lculogicOutput_ForceSignalConfiguration
LCU_IP_CLEAR_FORCE_SIGNAL_IMMEDIATE v
LCU_IP_SYNC_SEL_INPUT1 v
v Force Input Sensitivity
0 lculogicOutput_ForceSignalSelect 0
LCU_IP_FORCE_SEL_INPUTO v
aaa-060259
Figure 40. LCUO Logic Cell 0 Output 1 configuration
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v LU Preset Custom... v
Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom.. W
Name |Lcu Logic Instance Lcu Logic Input | Leu Logic Output
+ X A v
0 Name mdlLcuOutputConfiguration_2
; Logic Output Name LCU_LOGIC_OUTPUT 2
3 Hardware Instance LCU_IP_HW_INST_O v
Hardware Logic Cell LCU_IP HW IC 0 v
Hardware Output LCU_IP_HW_OUTPUT 2 v
Output LUT Control OxFFEE
LUT Rise Filter 0
LUT Fall Filter 0
LCU Interrupt Callback  NULL_PTR
Enable Debug Mode
Invert Output
LUT DMA Enable
LUT Interrupt Enable
Using Force Signal
v Force Signal Configuration Struct
lculogicOutput_ForceSignalConfiguration
LCU_IP_CLEAR_FORCE_SIGNAL_IMMEDIATE v
v
¥ Force Input Sensitivity
0 . lcuLogicOutput_ForceSignalSelect 0
LCU_IP_FORCE_SEL_INPUTO v
aaa-060443
Figure 41. LCUO Logic Cell 0 Output 2 configuration
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v L Preset Custom. v
Name ConfigTimeSupport General Logic Control Unit (LCU) Configuration
Preset Custom. v
Name Lcu Logic Instance Lcu Logic Input W
+ X A
0 Name mdclLcuOutputConfiguration_3
! Logic Output Name ~ LCU_LOGIC_OUTPUT_3
; Hardware Instance LCU_IP_HW_INST_0 v
Hardware Logic Cell LCU_IP_HW_LC 1 v
Hardware Output LCU_IP_HW_OUTPUT_ O v
Output LUT Control O0xAAAA
LUT Rise Filter 0
LUT Fall Filter 50
LCU Interrupt Callback NULL_PTR
Enable Debug Mode
Invert Output
LUT DMA Enable
LUT Interrupt Enable
Using Force Signal
0
aaa-060261
Figure 42. LCUO Logic Cell 1 Output 0 configuration

4.3.13 TRGMUX configuration

For the variable configuration of the S32K396 device lot of internal trigger signals are configurable over the
TRGMUX modules (TRGMUX_APP and TRGMUX_MSC).

In this application, the synchronous measurement of the motor phase currents, DC bus voltage, and the position
are necessary. As the source of synchronization, the eFlexPWM1 module is used. The eFlexPWM1 submodule
3 in conjunction with the LCU is used to sample the motor phase currents and DC bus voltage 10 times per
PWM period (TRGMUX configuration 0 and 1). The RTD configuration of TRGMUX 0 and TRGMUX 1 is shown
in Figure 43 and Figure 44.

~ TRGMUX Preset Custom.. v
Name ConfigTimeSupport General Specific Configuration

Name Trgmux Logic Instance Trgmux Logic Group

+| x
0 Name trgmuxLogicGroup_0

3 Hardware Instance TRGMUX_IP_HW_INST_0 v
i Hardware Group TRGMUX_IP_LCUO_1 v
4 Hardware Lock

5

v Trgmux Logic Trigger + || X

# Name Logic Trigger Name Hardware Output Hardware Input
0 trgmuxLogicTrigger 0  TRGMUX_LOGIC_GROUP_0_TRIGGER 0  TRGMUX_IP_OUTPUT_LCUO_1_INP_I1  TRGMUX_IP_INPUT_PWM1_3_MUX_TRGO
1 trgmuxLogicTrigger_1  TRGMUX_LOGIC_GROUP_0_TRIGGER_1 TRGMUX_IP_OUTPUT_LCUO_1_INP_I2 TRGMUX_IP_INPUT_PWM1_3_MUX_TRG1

aaa-060271
Figure 43. TRGMUX 0 configuration
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¥ TRGMUX Preset  Custom. v
Name ConfigTimeSupport General Specific Configuration

Name Trgmux Logic Instance Trgmux Logic Group

+||x

0 Name trgmuxLogicGroup_1

s Hardware Instance TRGMUX_IP_HW_INST_ 0 v
; Hardware Group TRGMUX_IP_BCTU1 v
4 Hardware Lock

S

v Trgmux Logic Trigger +|| X

# Name Logic Trigger Name Hardware Output Hardware Input
0 trgmuxlogicTrigger 0  TRGMUX_LOGIC_GROUP_1_TRIGGER 0  TRGMUX_IP_OUTPUT_BCTU1_TRG39  TRGMUX_IP_INPUT_LCUO_LC1_OUT_I13

aaa-060272

Figure 44. TRGMUX 1 configuration

The position extrapolation is triggered by the eFlexPWM1 submodule 0 (TRGMUX configuration 2 and 5). The
RTD configuration of TRGMUX 2 and TRGMUX 5 is shown in Figure 45 and Figure 46.

~ TRGMUX Preset Custom... v
Name ConfigTimeSupport General Specific Configuration

Name Trgmux Logic Instance | Trgmux Logic Group

+|| X

0 Name trgmuxLogicGroup_2

L Hardware Instance TRGMUX_IP_HW_INST_O v
§ Hardware Group TRGMUX_IP_ETPUA_IN6_13 v
a Hardware Lock

5

v Trgmux Logic Trigger + | X

# Name Logic Trigger Name Hardware Output Hardware Input
0  trgmuxlogicTrigger 0 TRGMUX_LOGIC_GROUP_2 TRIGGER 0  TRGMUX_IP_OUTPUT_ETPUA_IN6_13_IN7  TRGMUX_IP_INPUT_LCUO_LC2 OUT_I1

aaa-060273
Figure 45. TRGMUX 2 configuration
¥ TRGMUX Preset Custom.. v
Name ConfigTimeSupport General Specific Configuration
Name Trgmux Logic Instance Trgmux Logic Group
+ || X
0 Name trgmuxLogicGroup_S
: Hardware Instance | TRGMUX_IP_HW_INST_0 v
2
3 Hardware Group TRGMUX_IP_LCUO_2 ¥
a Hardware Lock
5

¥ Trgmux Logic Trigger +|| X

Name Logic Trigger Name Hardware Output Hardware Input
0 trgmuxLogicTrigger 0  TRGMUX_LOGIC_GROUP_5_TRIGGER 0  TRGMUX_IP_OUTPUT_LCUO_2_INP_IT  TRGMUX_IP_INPUT_PWM1_0_MUX_TRGO

aaa-060276

Figure 46. TRGMUX 5 configuration

The last necessary routing is the extrapolation signal phase synchronization, which is driven by the eTPU
(TRGMUX configuration 3 and 4). The RTD configuration of TRGMUX 3 and TRGMUX 4 is shown in Figure 47

and Figure 48.
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¥ TRGMUX Preset Custom. v
Name ConfigTimeSupport General Specific Configuration

Name Trgmux Logic Instance | Trgmux Logic Group

+ X
0 Name trgmuxLogicGroup_3

! Hardware Instance TRGMUX_IP_HW_INST_1 v
; Hardware Group TRGMUX_IP_TRGMUX_APP_OUT_0 v
& Hardware Lock

5

v Trgmux Logic Trigger + | X

# Name Logic Trigger Name Hardware Output Hardware Input
0 trgmuxLogicTrigger 0 TRGMUX_LOGIC_GROUP_3_TRIGGER 0  TRGMUX_IP_OUTPUT_TRGMUX_APP_OUTO  TRGMUX_IP_INPUT_ETPUB_OUT_ 7

aaa-060274
Figure 47. TRGMUX 3 configuration
¥ TRGMUX Preset Custom. v
Name ConfigTimeSupport General Specdific Configuration
Name Trgmux Logic Instance Trgmux Logic Group
+| x
0 Name trgmuxLogicGroup_4
! Hardware Instance | TRGMUX_IP_HW_INST 0 v
2
3 Hardware Group TRGMUX_IP_SWG_1 v
7 Hardware Lock
5

~ Trgmux Logic Trigger + X

# Name Logic Trigger Name Hardware Output Hardware Input
0 trgmuxlogicTrigger 0  TRGMUX_LOGIC_GROUP_4_TRIGGER 0 TRGMUX_IP_OUTPUT_SWG_1_ HWTRG = TRGMUX_IP_INPUT_TRGMUX_MSC_INO

aaa-060275

Figure 48. TRGMUX 4 configuration

A summary of TRGMUX modules configuration including TRGMUX output, selected trigger, functionality, and
configuration number is shown in Table 5.

Table 5. TRGMUX configuration

TRGMUX |TRGMUX_APP Output Selected trigger Functionality Configuration
number
APP LCU_O_lc1_inp_i1 PWM_1_3_MUX_TRIGO |Routing the triggers for the currents |0
. and DC bus voltage to the LCU for
APP LCU_0_lc1_inp_i2 PWM_1_3 _MUX_TRIG1 multiplication 0
APP BCTU_1_Trg39 LCU_O0_LC1_out_i3 Currents and DC bus voltage 1
conversion trigger
APP eTPU_A_input[7] LCU_0_LC2 out_i1 Extrapolation trigger 2
APP LCU_0_Ic2_inp_i1 PWM_1_0_MUX_TRIGO 5
MSC TRGMUX_APP_ eTPU_B_output[7] Resolver excitation signal phase 3
TRGMUX_OUTO shift
APP SWG_1_Hardware trigger |TRGMUX_MSC_ 4
TRGMUX_INO

4.3.14 LPSPI configuration

LPSPI provides an efficient interface to an SPI bus, which is a synchronous serial communication interface used
in embedded systems. This interface is typically used to perform short distance communications between MCUs
and peripheral devices.
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In this application, LPSPI is used to perform communication for GD3162 LS, GD3162 HS, and FS26. The
RTD configuration of LPSPI for these features is shown in the following figures. Figure 49, Figure 50, and
Figure 51 show the LPSPI driver configuration of GD3162 LS, GD3162 HS, and FS26. Figure 52, Figure 53,
and Figure 54 define the LPSPI general configuration of FS26, GD3162 HS, and GD3162 LS.

Name ConfigTimeSupport SpiDriver SpiGeneral
Preset Custom.. ¥
Name SpiDriver

v SpiExternalDevice +j| X

GD_Ls Name GD_LS

GD_HS SpiBaudrate 8000000

FS26
SpiUseBaudrateConfig
SpiCsldentifier PCSO v
SpiCsPolarity Low v
SpiDataShiftEdge TRAILING v
SpiHwUnit csiB2 v
SpiShiftClockidleLevel Low -
SpiDataWidth 8
SpiDefaultData 0
SpiTransferStart MSB v
SpiByteSwapTransfer
SpiTimeClk2Cs 0.000001
SpiTimeCs2Clk 0.000001
SpiTimeCs2Cs 0.000001
SpiCsBehavior CS_KEEP_ASSERTED Y
SpiHostRequest DISABLE v

aaa-060285
Figure 49. LPSPI Driver GD3162 LS configuration
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Name ConfigTimeS: SpiDriver Spi |

Preset Custom.. ¥

Name SpiDriver

v SpiExternalDevice + X

GD_LS Name GD_HS
f;‘: = Sp?Baudrate . 7{3000000
SpiUseBaudrateConfig @
SpiCsldentifier PCSO v
SpiCsPolarity Low v
SpiDataShiftEdge TRAILING v
SpiHwUnit CsiB1 v
SpiShiftClockidleLevel Low Vi
SpiDataWidth 8
SpiDefaultData 0
SpiTransferStart MSB v
SpiByteSwapTransfer O
SpiTimeClk2Cs 0.000001
SpiTimeCs2Clk 0.000001
SpiTimeCs2Cs 0.000001
TRANSFER_1_BIT v
HALF_DUPLEX_SIN v
SpiCsBehavior CS_KEEP_ASSERTED v
SpiHostRequest DISABLE v

aaa-060286
Figure 50. LPSPI Driver GD3162 HS configuration

Name ConfigTimeSupport SpiDriver SpiGeneral

Preset Custom.. ¥

Name  SpiDriver

v SpiExternalDevice + X

GD_LS Name FS26
fSDZ-GH S SpiBaudrate 1000000
SpiUseBaudrateConfig )
SpiCsldentifier PCSO v
SpiCsPolarity Low v
SpiDataShiftEdge LEADING v
SpiHwUnit CSIBO v
SpiShiftClockldleLevel Low v
SpiDataWidth 8
SpiDefaultData 0
SpiTransferStart MSB v
SpiByteSwapTransfer B
SpiTimeClk2Cs 1e-6
SpiTimeCs2Clk 1e-6
SpiTimeCs2Cs 6.4e-6
TRANSFER_1_BIT ¥
HALF_DUPLEX_SIN v
SpiCsBehavior CS_KEEP_ASSERTED v
SpiHostRequest DISABLE v
aaa-060287
Figure 51. LPSPI Driver FS26 configuration
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Name

LpspilpDevErrorDetect
SpiGlobalDmaEnable

SpiTimeoutMethod

SpiTransmitTimeout

v SpiPhyUnit +
0

1
2

Name ConfigTimeSupport SpiDriver SpiGeneral

SpiGeneral

SpiEnableDmaFastTransferSupport
SpiHalfDuplexModeSupport (

SpiEnableLargeFrameSize

OSIF_COUNTER_DUMMY
100000

X

Name

SpiPhyUnitMapping
SpiPinConfiguration

SpiSamplePoint
SpiPhyUnitSelectClockFunctionalGroup
SpiPhyUnitMode

SpiPhyUnit_FS26
LPSPI_3

0

0
BOARD_BootClockRUN
SPI_MASTER

Figure 52. LPSPI General FS26 configuration

Preset Custom.. ¥

aaa-060288

Name

LpspilpDevErrorDetect
SpiGlobalDmaEnable
SpiEnableLargeFrameSize

SpiTimeoutMethod
SpiTransmitTimeout
¥ SpiPhyUnit s+
0

1
2

Name ConfigTimeSupport SpiDriver SpiGeneral

SpiGeneral

SpiEnableDmaFastTransferSupport
SpiHalfDuplexModeSupport

OSIF_COUNTER_DUMMY
100000

x

Name

SpiPhyUnitMapping
SpiPinConfiguration

SpiSamplePoint
SpiPhyUnitSelectClockFunctionalGroup
SpiPhyUnitMode

SpiPhyUnit_HS

LPSPI 2

0

0
BOARD_BootClockRUN
SPI_MASTER

Figure 53. LPSPI General GD3162 HS configuration

Preset Custom.. ¥
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Name ConfigTimeSupport SpiDriver SpiGeneral

Preset Custom.. ¥
Name SpiGeneral

SpiEnableDmaFastTransferSupport
SpiHalfDuplexModeSupport
LpspilpDevErrorDetect
SpiGlobalDmaEnable
SpiEnableLargeFrameSize

SpiTimeoutMethod OSIF_COUNTER_DUMMY
SpiTransmitTimeout 100000

¥ SpiPhyUnit + X

0 Name SpiPhyUnit_LS
L SpiPhyUnitMapping LPSPI4 v
“ SpiPinConfiguration 0

SpiSamplePoint 0

SpiPhyUnitSelectClockFunctionalGroup BOARD_BootClockRUN
SpiPhyUnitMode SPI_MASTER

aaa-060290

Figure 54. LPSPI General GD3162 LS configuration

4.3.15 GD3162 configuration

In this application, six GD3162 drivers are used, which are configurable over the SPI interface in two hardware
chains. The GD3162 drivers also support the dynamic gate strength (GS) control, which increases the
performance of the inverter. In the EV-INVERTERGENS, the GS can be controlled over the pins or via SPI.

GS control over the pins allows separate adjustment of rising and falling edges per phase. This solution is
considered to be faster. Although GS control over the SPI is slower, it allows to configure GS per each transistor
switch. Additionally, a safety feature is implemented to ensure that if the MCU becomes unresponsive, the

GD is set to a predefined state based on the FS26 outputs. For PIN and LPSPI configuration details, check
Section 4.3.2 "Port control and pin multiplexing" and Section 4.3.14 "LPSPI configuration”. The high-level
peripheral configuration for GD3162 is shown in Figure 55.
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| Phase C
| Phase B
Phase A
INTB_HS (PTC26 - EIRQ21) « ‘
HS SPI interface
(LPSPI2: PTF3, PTF2, PTF1, PTF0) @ ‘
PWM A phase HS N
(eFlexPWM1_AQ - PTC31/PTC30/PTC29) *| GD3162
A A A A
A phase GS rising edge
(GPI0[181/88/178] PTF21/PTC24/PTF18)
f': FSS_HS
FSENB
FS26 PMIC FSOB Fss Ls
FS1B —
A phase GS falling edge
(GPI0[33/84/73] PTB1/PTC20/PTC9) vy vy
PWM A phase LS N
(eFlexPWM1_B0 - PTA6/PTA7/PTCS) *| ©D3162
LS SPI interface @ ‘
(LPSPI4: PTE23, PTC11, PTE21, PTC27) ‘ —
INTB_LS (PTC25 - EIRQ20) <« —
aaa-060303
Figure 55. High-level peripheral configuration for GD3162

The RTD configuration of GD3162 is comprehensive. It is shown through multiple figures, starting with the
general configuration in Figure 56. The SPI configuration is illustrated in Figure 57. The PIN configuration is
defined in Figure 58 and Figure 59. The gate device configuration begins with Figure 60 and continues through
multiple settings, ending with Figure 75.

Name C Gd3162D¢ Refs Gd3162¢ I SPI PinCe Gate Device C; Aout Confi Published

Name Gd3162General

Gd3162 Timeout Method OSIF_COUNTER _SYSTEM v
Gd3162 Timeout Duration (us) 1000

Gd316x Device Type GD3162 v
Number of Gate device

Development Error Detection

Disable Production Error Reporting
Perfom and Check Bist Api
CDD_Gd3162_ConfigDevice Api
CDD_Gd3162_MeasureAout Api
CDD_Gd3162_Confighout Api
CDD_Gd3162_GetFaultStatus Api
CDD_Gd3162_AdcRequest Api
CDD_Gd3162_RawPinState Api

Set FSENB and FSSTATE Api
CDD_Gd3162_GetStatus Api
CDD_Gd3162_RequestReset Api
CDD_Gd3162_ReadReqBist Api
CDD_Gd3162_LowVolGateStrengthControl Api
CDD_Gd3162_GetDeviceld Api

Version Info Api

CDD_Gd3162_DeinitDriver Api
VerifyWriteRegister Feature
ReadintBAndIntAPad API

eee 8.

aaa-060304
Figure 56. GD3162 General Configuration
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Name Confi Gd3162D Gd3162 PinC Gate Device C Aout C Published
Name SpiConfig
SPI transmit method  SYNCHRONOUS v
+ DaisyChainConfig
vo
Name HS_chain
Daisy Chain Index 0
Spi External Driver /pspi/Lpspi/SpiDriver/GD_HS v
Number of devices in Daisy Chain 3
~ Device Assignment -
0 /6d3162_Ip/Gd3162_Ip/GD_A_HS v =
1 /Gd3162_Ip/Gd3162_Ip/GD_B_HS vl =
2 /Gd3162_Ip/Gd3162_Ip/GD_C_HS v|i=
+
v1
Name LS_chain
Daisy Chain Index 1
Spi External Driver /pspi/Lpspi/SpiDriver/GD_LS v
Number of devices in Daisy Chain 3
~ Device Assignment -
0 /Gd3162_Ip/Gd3162_Ip/GD_ALS vl=
1 /Gd3162_Ip/Gd3162_Ip/GD_B_LS v =
2 /Gd3162_Ip/Gd3162_Ip/GD_C_LS vl (=
+
+
aaa-060305
Figure 57. GD3162 SPI Configuration
Name C 631620y Gd3162 PinConfiguration| Gate Device C Aout C Published
Name|Pin FSENB Configuration Pin FSSTATE Configuration  Setting Config Phase Pin INTB C Pin INTA G lcu C
ve
Name Pin_GS_ENB SettingConf.0
Pin_GS_ENB Setting Index 0
Port GS_ENH instance PORT_F v
Dio GS_ENH channel 21 .-
Device Assignment High Side | /Gd3162_1p/Gd3162_Ip/GD_A_HS v||=
Port GS_ENL instance PORT 8 v
Dio GS_ENL channel 1
Device Assignment Low Side | /Gd3162_Ip/Gd3162_Ip/GD_A LS v
v
Name Pin_GS_ENB SettingConf_1
Pin_GS_ENB Setting Index 1
Port GS_ENH instance PORT_C v
Dio GS_ENH channel 2 —
Device Assignment High Side | /Gd3162_1p/Gd3162_1p/GD_B_HS v||—
Port GS_ENL instance PORT_C v
Dio GS_ENL channel 20
Device Assignment Low Side | /Gd3162_1p/Gd3162_1p/GD_B LS .
v2
Name Pin_GS_ENB_SettingConf 2
Pin_GS_ENB Setting Index 2
Port GS_ENH instance PORT_F v
Dio GS_ENH channel 18 —
Device Assignment High Side | /Gd3162_Ip/Gd3162_Ip/GD_C_HS = |-
Port GS_ENL instance PORT_C v
Dio GS_ENL channel 9
Device Assignment Low Side | /Gd3162_Ip/Gd3162_Ip/GD_C_LS v
o
aaa-060306
Figure 58. GD3162 Pin Configuration Setting Config Phase
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Name C Gd3162D Gd3: SPI Gate Device Configuration Aout Configuration Published
Name Pin FSENB Configuration Pin FSSTATE Configuration Setting Config Phase Pin INTB Configuration| Pin INTA Configuration Icu C i
vo
Name INTB SettingConf_0
Pin_INT_B Setting Index 0 =
Port INT_B instance PORT_C v||—
Dio_INT_8_Channel 25
v
Name INTB SettingConf_1
Pin_INT_B Setting Index 1 =
Port INT_B instance PORT_C v||—
Dio_INT_8_Channel 26
o
aaa-060307
Figure 59. GD3162 Pin Configuration INTB
Narme C Gd3162D Gd3: SPI ion PinC Gate Device C ion| Aout Configuration. Published
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting =
Name  GD_AHS -
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name  GD_B_HS =
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting|Reaction Setting
Name  GD_CHS -
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting =
Name GDALS =
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting =
Name  GDB.LS -
Name| Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name  GD_.CLS -
ay
aaa-060309
Figure 60. GD3162 Gate Device Configuration Name
Name ConfigTi ort Gd3162DemE: P: Refs Gd3162G | SPI confi ion PinConfi ion Gate Device Confi ion Aout Configuration Published Inf
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting Reaction Setting
Gate Device Index 0 =
Name |Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Gate Device Index 1 =
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting Reaction Setting
Gate Device Index 2 -
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Gate Device Index 3 ==
Name |Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Gate Device Index 4 =
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting Reaction Setting
Gate Device Index S =
o
aaa-060310
Figure 61. GD3162 Gate Device Configuration Index
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9
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting | Reaction Setting
ModeSettingConf

~ Mode1Register

Name

Name Mode1Register
AOUT reports second quanity a

Segmented drive enable ]

Active Miller Clamp enable O

Timer scaling bit TIME_2_NOT_SCALED
Soft Shutdown enable a

Two-level tumn-off enable a

DC Link Discharge control enable O
Desaturation Fault manager enable &
Short Current Fault manager enable [
Overcurrent Fault manager enable ()

v Mode2Register
Name Mode2Register
Short-circuit Fast Filter enable O
Realtime Report (VGE/VCE) enable O
Realtime Monitor/Report selection RTMON_VCE
FSISO pin activated O
Internal current source enable O

ISENSE/COMP pin functionality selection  COMP_CONTROL

Gate Strength controller selection GS_EN_PIN_CONTROL

Figure 63. GD3162 Gate Device Configuration Mode Register

Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI confi ion PinConfig: Gate Device Confi Aout Config Published Inf n
Name|Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting| Reaction Setting
Side work (HIGH/LOW) HIGH v =
Name|Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting| Reaction Setting
Side work (HIGH/LOW) HIGH v =
Name Gate Device Index m Mode Register Setting Generic Setting Reaction Setting
Side work (HIGH/LOW) HIGH v =
Name Gate Device Index m Mode Register Setting Generic Setting Reaction Setting
Side work (HIGH/LOW) LOW v =
Name Gate Device Index m Mode Register Setting Generic Setting Reaction Setting
Side work (HIGH/LOW) LowW v =
Name Gate Device Index m Mode Register Setting Generic Setting Reaction Setting
Side work (HIGH/LOW) LOW v =
g
aaa-060311
Figure 62. GD3162 Gate Device Configuration Side work
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI confi jon PinConfig Gate Device Config Aout Confi jon Published Information

)

v

aaa-060312

Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting | Reaction Setting
Name Config1_Register

Configure VCC undervoltage behavior ()

VCC undervoltage threshold VCCUVTH 115V

Overcurrent threshold VCCOCTH 125V

Overcurrent fault detection filter time TIME_3_0_US

Figure 64. GD3162 Gate Device Configuration Config1

Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfiguration Gate Device Configuration Aout Configuration Published Information

Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register ™

aaa-060313
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Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfiguration Gate Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting | Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register| ™
Name Config2_Register
Two-level turn-off (2LTO) voltage level LTOV_SELECT_0x0C v =
Short-circuit COMP threshold voltage | SCCOMP_TH_2_00_V v
Short-circuit fault detection filter time TIME_SELECT_OX06 v
aaa-060314
Figure 65. GD3162 Gate Device Configuration Config2
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162G | SPI configuration PinConfigurati Gale— Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Reg: OT_TH_Regi OTW_TH_Regi: e
Name Config3_Register
Assert INTB pin in Fail-safe mode O =
Segmented drive activation delay time  TIME_140_NS v
Soft Shutdown current SSD_CUR_1.0A v
Soft Shutdown duration time TIME_SELECT_OX04 v
aaa-060315
Figure 66. GD3162 Gate Device Configuration Config3
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfigurati >n Gate Device Configuration| Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register ™
Name Config4_Register
Desaturation detection filter time TIME_SELECT_OX01 =
Segmented drive voltage threshold SEGDRV_TH_13 5.V
Desaturation dectection current IDESAT_CUR_1000_UA
[?esatulaﬁon detection leading edge blanking TIME_580 NS =
time
aaa-060316
Figure 67. GD3162 Gate Device Configuration Config4
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfig Gale— Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Configb_Register Config7_Register OT_TH_Register OTW_TH_Regi "2
Name Config5_Register
PWM_DEADT TIME_SELECT_OX05 v
PWM edge for AMUXIN ADC delay PWM_RISING_EDGE v =
AOUT pin signals distribution TSENSEA_1_AOUT_DESAT_VOLTAGE_MODE v
Number of errors to set a COMERR fault MAX_ERR_16 v
Number of valid messages to decrement
COMERR counter DECRENENE 4 o
aaa-060317
Figure 68. GD3162 Gate Device Configuration Config5
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfi ion Gate Device Configuration Aout Configuration Published Inf d
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register ConfigS_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register ™
Name Config6_Register
VCC Positive gate supply setpoint VCC_REG_OV_SELECT_OX07 ==
Watchdog window timeout TIME_2000_US
RTMON_Delay TIME_SELECT_OXO0A
aaa-060319
Figure 69. GD3162 Gate Device Configuration Config6
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Name ConfigTimeSupport|Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfiguration Gate Device Configuration Aout Configuration Published Information
Name|Gate Device Index Side work (HIGH/LOW) Mode Register Setting| Generic Setting| Reaction Setting
Name Config1_Register Config2_Register Config3_Register Config4_Register|Config5_Register|Configé_Register Config7_Register OT_TH_Register OTW_TH_Register ™
Name Config7_Register
Drive strength when FSISO is triggered  GH_2_ONLY

v =
AMC voltage threshold AMC_TH_1_00_V v
AMUXIN or DESAT ADC Delay Time TIME_2_US v
Desaturation fault threshold voltage DESAT_TH_SELECT_OX0A v
aaa-060320
Figure 70. GD3162 Gate Device Configuration Config7
Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfiguration Gate Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register ™
Name OT_TH_Register =
Power device overtemperature threshold 90
aaa-060321

Figure 71. GD3162 Gate Device Configuration OT_TH

Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfig:

jon Gate Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting| Reaction Setting

Name Config1_Register Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register| ™
Name OTW_TH_Register

Power device overtemperature warning
112
threshold

aaa-060322

Figure 72. GD3162 Gate Device Configuration OTW_TH

Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI confi ion PinConfig

)

ion Gate Device Configuration Aout Configuration Published Information
Name  Gate Device Index|Side work (HIGH/LOW) Mode Register Setting Generic Setting| Reaction Setting

Config2_Register Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register W ™

Name ConfigAoutRegister

TSENSEA current source magnitude  ITSNS_1_00_MA

v
TSENSEA offset TOFST_0.0_V v =
TSENSEA Range ADC O
AMUXIN Range ADC O
AMUXIN offset AMUXINOS 0.0V v
2nd quantity reported to the AOUT DESAT v
aaa-060323

Figure 73. GD3162 Gate Device Configuration ConfigAout

Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfiguration Gate Device Configuration Aout Configuration Published Information
Name Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting
Config3_Register Configd_Register Config5_Register Config6_Register Config7_Register OT_TH_Register OTW_TH_Register ConfigAoutRegister DischargeControlR... ™

Name DischargeControlRegister
Discharge Mode Pulse Width ()]

Discharge Mode Period O =
Threshold Plus ]
Threshold Level Voltage TLV_SELECT_OxOF v
Discharge Bus Mode 0O
Discharge Threshold Level Mode ()
aaa-060325
Figure 74. GD3162 Gate Device Configuration DischargeControl
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Name ConfigTimeSupport Gd3162DemEventParameterRefs Gd3162General SPI configuration PinConfi

ion Gate Device Cc

fi ion| Aout Cc

Publiched Inf;
P

)

Name |Gate Device Index Side work (HIGH/LOW) Mode Register Setting Generic Setting Reaction Setting

Name
VCC Overvoltage reaction
VCC Undervoltage reaction

Over Temperature Shutdown of Gate device
reaction

Over Temperature Shutdown of Power device
reaction

Over Temperature waming of Power device
reaction

Gate Strength Command Error reaction
Overcurrent reaction

Desaturation reaction

Short-circuit reaction

Deadtime fault reaction

SPI Error reaction

Configuration Mode CRC Error reaction
Realtime Monitor Error reaction
Watchdog Fault reaction

Internal Communication Error reaction
VEE Out of Range reaction

VREF Undervoltage reaction

ReactionConf
VCC_OV_REACTION_NO_EFFECT
VCC_UV_REACTION_INTB

OTSD_IC_REACTION_INTB

OTSD_REACTION_INTA

OTW_REACTION_NO_EFFECT

GSERRM_REACTION_INTA
OC_REACTION_INTB
DESAT_REACTION_INTA
SC_REACTION_INTA
DTFLTM_REACTION_INTB
SPIERR_REACTION_NO_EFFECT
CONFCRCERR_REACTION_NO_EFFECT
RTMON_REACTION_NO_EFFECT
WDG_FLT_REACTION_INTB
COMERR_REACTION_INTB
VEE_OR_REACTION_INTB
VREF_UV_REACTION_INTA
BIST_FAIL_REACTION_INTB
VDD_UVOV_REACTION_INTB
VSUP_OV_REACTION_NO_EFFECT
CLAMP_REACTION_INTB
PWMON_REACTION_NO_EFFECT

Figure 75. GD3162 Gate Device Configuration Reaction Setting

9
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4.4 Software architecture

4.4.1 Introduction

This section describes the software design of the PMSM FOC framework application. The application overview
and description of software implementation are provided. The aim of this chapter is to help in the understanding
of the designed software.

4.4.2 Application data flow overview

The application software is interrupt-driven running in real-time. There is one periodic interrupt handler
associated with the eTPU analog sensing interrupt, executing all motor control tasks. This includes both current
and speed loop control. All tasks are performed in an order described by the application state machine shown in
Figure 78, and application flowcharts shown in Figure 76 and Figure 77.

MAIN
I* Initialization and configuration
of device peripherals

Device peripherals
reset and configuration

I* Enable external interrupts l

Enable interrupts

I* Initial state machine settings l
State = init;
Event = e_init;
I* FreeMASTER polling function l
FMSTR_Poll();

I* State machine periodical calling False

aaa-058719

Figure 76. Flowchart diagram of main function with background loop

To achieve a precise and deterministic sampling of analog quantities and to execute all necessary motor control
calculations, the state machine functions are called within a periodic interrupt handler. Therefore, to call state
machine functions, the peripheral causing this periodic interrupt must be properly configured and the interrupt
enabled. As described in Section 4.3 "S32K396 device initialization", all peripherals are initially configured,

and all interrupts are enabled after a RESET of the device. When interrupts are enabled and all S32K396
peripherals are correctly configured, the state machine functions are called from the ISR. The background loop
handles noncritical timing tasks, such as the FreeMASTER communication polling.
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ISR

Read HW user controls;

I* State variable acquisition l

MEAS_GetUdcVoltage();
MEAS_Get3PhCurrent();

I* Fault detection routine l

FaultDetection();

!

FaultDetectionEvent

False e_fault

I* State machine periodical calling r

StateTable[Event][State]();

I* FreeMASTER recorder function l

FMSTR_Poll();

RTFI

Figure 77. Flowchart diagram of periodic interrupt handler

I* Clear interrupt flag

aaa-058720

4.4.3 State machine

The application state machine is implemented using a two-dimensional array of pointers to the functions using

a variable called StateTable[Event][State](). The first parameter describes the current application event, and the
second parameter describes the actual application state. These two parameters select a particular pointer to the
state machine function, which causes a function call whenever State Table[Event][State]() is called.
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Power on/hw. reset

I* Disable all external interrupts

Device peripherals
reset and configuration

I* Enable external interrupts

I* Executed in ISR e_init

e_init_done

e_fault

e_fault_clear

e_fault

e_align

aaa-058721

e_calib_done

Figure 78. Application state machine

The application state machine consists of the following six states, which are selected using variable state
defined as:

AppStates:

* INIT —state =0
FAULT — state =1
READY - state = 2
CALIB — state = 3
ALIGN - state =4
* RUN —state =5

To signalize/initiate a change of state, twelve events are defined and are selected using variable event defined
as:

AppEvents:

e e fault—event=0

* e _fault_clear — event = 1
* e _init—event =2

* e _init_done —event =3

* e ready —event=4

* e app_ on—event=5

* e _calib—event=6

* e _calib_done —event=7
* e align—event=8

* e _align_done —event=9
* e run—event=10

* e_app_off—event = 11
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4.4.3.1 State - FAULT

e_fault_clear

e_fault

aaa-058722

Figure 79. FAULT state with transitions

The application goes immediately to the FAULT state when a fault is detected. The system allows all states to
pass into the FAULT state by setting cnirState.event = e_fault. FAULT is a state that transitions back to itself

if the fault is still present in the system and the user does not request the clearing of fault flags. There are two
different variables to signal fault occurrence in the application. The warning register tempFaults represents the
current state of the fault pin/variable to warn the user that the system is getting close to its critical operation.
The fault register permFaults represents a fault flag, which is set and puts the application immediately into

the fault state. Even if the fault source disappears, the fault remains set until manually cleared by the user.

Such mechanisms allow for stopping the application, and analyzing the cause of failure, even if the fault was
caused by a short glitch on monitored pins/variables. State FAULT can only be left when the application variable
switchFaultClear is manually set to frue (using FreeMASTER). That is, the user has acknowledged that the fault
source has been removed and the application can be restarted. When the user sets switchFaultClear = true, the
following sequence is automatically executed. See the code below.

if (ptr->cntrState.usrControl.switchFaultClear)
{
/* Clear permanent and temporary SW faults */
ptr->permFaults.motor.R = 0; // Clear motor faults
ptr->permFaults.stateMachine.R = 0; // Clear state machine faults
FlexPwm Ip ClearFaultFlagHw (ptr->flexpwm instance==0?
IP EFLEXPWM 0:IP EFLEXPWM 1,0xF); // Clear PWM faults

/* Clearing the GD faults */

if ((ptr->permFaults.GD3162 LS) || (ptr->permFaults.GD3162 HS))
{

ptr->permFaults.GD3162 LS = FALSE;
ptr->permFaults.GD3162 HS = FALSE;

}

/* Clearing resolver fault */
ptr->permFaults.resolver = FALSE;

/* When all Faults cleared prepare for transition to next state */
ptr->cntrState.usrControl.readFault TRUE;
ptr->cntrState.usrControl.switchFaultClear FALSE;
ptr->cntrState.event e fault clear;

}

Setting an event to cnirState.event = e_fault_clear while in FAULT state represents a new request to proceed
to INIT state. This request is purely a user action and does not depend on actual fault status. In other words, it
is up to the user to decide when to set switchFaultClear to true. However, according to the interrupt data flow
diagram shown in Figure 77, function FaultDetection() is called before state machine function State Table[Event]
[State](). Therefore, all faults are checked again and if there is any fault condition remaining in the system,

the respective bits in permFaults and tempFaults variables are set. As a consequence of permFaults not

being equal to zero, the function FaultDetection() modifies the application event from e_fault _clear back

to e_fault, which means a jump to fault state when the state machine function State Table[Event][State]()

is called. Therefore, the INIT state is not entered, even though the user tries to clear the fault flags using
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switchFaultClear. When the next state (INIT) is entered, all fault bits are cleared, which means no fault is
detected (permFaults = 0x0) and the application variable switchFaultClear is manually set to true.

The application scans for the following system warnings and errors:

* DC bus overvoltage

* DC bus undervoltage

* Phase A, phase B, and phase C overcurrent
* Overspeed

The thresholds for fault detection can be modified in the MCAT. In addition, the fault state is entered if the
following errors are detected:

* Resolver error (check resolver states)
* GD3162 errors (HS, LS)
* FOC error (irrelevant event call in the state machine)

4.4.3.2 State - INIT

e_init J
e_init_done e_app_off

aaa-058723

Figure 80. INIT state with transitions

State INIT is a one-pass state/function and can be entered from all states, except for the READY state, provided
there are no faults detected. All application state variables are initialized in state INIT. After the execution of

the INIT state, the application event is automatically set to cntrState.event = e_init_done, and state READY is
selected as the next state to enter.

e_init

Initialization of
application variables

e_init_done

© aaa-058724

Figure 81. Flowchart of state INIT

4.4.3.3 State - READY

e_init_done

e_ready

e_app_on

aaa-058725

Figure 82. READY state with transitions

In the READY state, the application is waiting for the user command to start the motor. The application is
released from waiting mode by the FreeMASTER interface setting the variable switchAppOnOff = true. See the
flowchart in Figure 83.
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ISR I* Analog sensing routine periodical calling

Read HW user controls;

o I* User accessible switch for stopping application
e_init_done

True

State = ready SwitchAppOnOff

Event = e_ready

e_app_off | False e_app_on

e_app_on
I* State variable acquisition

o A

MEAS_GetUdcVoltage();
MEAS_Get3PhCurrent();

l I* Fault detection routine

FaultDetection();

aaa-058726

Figure 83. Flowchart of state READY

4.4.3.4 State - CALIB

e_app_on k

o calib e_calib_done

aaa-058727

Figure 84. CALIB state with transitions

In this state, ADC DC offset calibration is performed. Once the state machine enters CALIB state, all PWM
outputs are enabled.

CALIB is a state that allows transition back to itself, provided no faults are present, the user does not request

a stop of the application (by switchAppOnOff = false), and the calibration process has not finished. When the
application event is automatically set to cnfrState.event = e_calib_done, the state machine can proceed to state
ALIGN.

A transition to the FAULT state is performed automatically when a fault occurs. A transition to INIT state is
performed by setting the event to cnirState.event = e_app_off, which is done automatically on the falling edge of
switchAppOnOff = false using FreeMASTER.

4.4.3.5 State - ALIGN

( e_calib_done

e_app_off
e_align_done
aaa-058728
Figure 85. ALIGN state with transitions
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This state shows the alignment of the rotor and stator flux vectors to mark zero position. The zero position

is obtained at the ALIGN state, where a DC voltage is applied to the d-axis voltage for a certain period. This
application of voltage causes the rotor to rotate to an align position, where stator and rotor fluxes are aligned.
The rotor position, in which the rotor stabilizes after applying this DC voltage, is set as a zero position. To wait
for the rotor to stabilize in an aligned position, a certain time period is selected during which the DC voltage is
constantly applied. The period of time and the amplitude of the DC voltage can be modified in the INIT state.
Timing is implemented using a software counter that counts from a predefined value down to zero. During this
time, the event remains set to cntrState.event = e_align. When the counter reaches zero, the counter is reset
back to the predefined value, and the event is automatically set to cnirState.event = e_align_done. This reset
enables a transition to the RUN state. See the flowchart in Figure 86.

Ie_calib_done

State = align;
Event = e_align;

i

EnableOutput();

l

uDQReq filtArg1 = alignVoltage;
uDQReq filtArg2 = 0;

thTransform. filtArg1 = GDFLIB_Sin(0);
thTransform.filtArg2 = GDFLIB_Cos(0);

l

GMCLIB_Parkinv(&uAlBeReq,
&thTransform, &uDQReq);

l

alignCntr<=0

True

POSPE_ClearPospeEIRes(&resolverPospe);

statePWM = ACTUATE_ SetDutycycle(flexpwm_instance,&pwmflt);

le_align_done

aaa-058729

Figure 86. Flowchart of state ALIGN

A transition to the FAULT state is performed automatically when a fault occurs. Transition to INIT state is
performed by setting the event to cnirState.event = e_app_off, which is done automatically on the falling edge of
switchAppOnOff = false, using FreeMASTER.
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4.4.3.6 State - RUN

f e_align_done

e_run
e_app_off
aaa-058730

Figure 87. RUN state with transitions

In the RUN state, the FOC algorithm is calculated, as described in Section 3 "PMSM field oriented control".

A transition from RUN state to FAULT state is performed automatically when a fault occurs. A tran

sition to INIT

state is performed by setting the event to cntrState.event = e_app_off, which is done automatically on the falling

edge of switchAppOnOff = false using FreeMASTER.

Calculation of fast current loop is executed at every ADC end of sequence interrupt, while calculation of slow
speed loop is executed every Nth ADC end of sequence interrupt. Arbitration is done using a counter that
counts for the value N down to zero. When zero is reached, the counter is reset back to N and a slow speed

loop calculation is performed. This way, only one interrupt is needed for both loops and the timing
is synchronized. Slow loop calculations are finished before entering fast loop calculations. The va
depends on the ratio of speed and current loop sample time, which are set in MCAT.

of both loops
lue of N

3-Phase High-Voltage Power Stage

Ud
S32K39X i T

Real-Time Drivers OJ N\ OJ N OJ N

FreeMASTER

B - [y
_L OJ N OJ N OJ N [@ Resolver

GS control Lf
6xGD3162
Udcbus | |ia [ib |lc r€Scos reSgin r€Sexc
FlexCAN SIUL LPSPI eFlexPWM  —» TRGMUX — BCTU SARADC SDADC + DSPSS ‘ SGEN ‘
RTD Driver RTD Driver RTD Driver RTD Driver RTD Driver RTD Driver |RTD Driver RTD Driver
¥ L) v ¥
Application control LCU DMA DMA
RTD Driver RTD Driver RTD Driver
Ya comp
B!
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digital converter
eTPU
RTD Driver
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Speedg, o

S32K396

Figure 88. Module interconnection
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4.4.4 AMMCLIb integration

The application software of the FOC with resolver position sensing and field weakening is built using NXP’s
AMMCLIb set. This set is a precompiled, highly speed-optimized off-the-shelf software library designed

for motor control applications. The most essential blocks of the FOC structure are presented in Figure 88.
AMMCLIb supports all available data type implementations: 32-bit fixed-point, 16-bit fixed-point, and single
precision floating-point. In order to achieve high performance of the S32K396 core, floating point arithmetic is
used as a reference for this motor control application with PMSM.

The current loop function, AMCLIB_CurrentLoop, unites and optimizes the inner loop of the FOC cascade
structure. This function consists of two PI controllers and basic mathematical operations that calculate errors
between required and feedback currents and limits for Pl controllers based on the actual value of the DC bus
voltage. All functions and data structures are presented in Figure 89.

AMCLIB_CurrentLoop

GFLIB_ControllerPIrAW_FLT
pCtrl — pIDQFbck — fltArg1 pCtrl — pPIrAWD

pCtrl — pIDQReq — fltArg1 é_» l: pPUDQReq — fitArg1
»(+ Y
fltUDcBuUSs ﬂtUPPSFLimitT fitLowerLimit
u
Current loop T L 43 : J

id req Q Currentd | Ydreg
= PI controller

iq

i u
qreq Current q qreq 2 N w1
R IR > X X
= Pl controller . . .
i
q fitUpperLimit | fitLowerLimit

pCtrl — pIDQReq — fltArg2 O_’ : pUDQReq — fltArg2
+ >

pCtrl — pIDQFbck — fltArg2 T
GFLIB_ControllerPirAW_FLT

pCtrl — pPiIrAWQ

pCtrl — pPirAWQ.fltUpperLimit
(to be used in AMCLIB_FWSpeedLoop)

rfEky
|

[ 4

aaa-058733

Figure 89. Functions and data structures in AMCLIB_CurrentLoop

Required d- and g-axis stator currents can be either manually modified or generated by the outer loop of the
cascade structure consisting of speed loop and field weakening, as shown in Figure 90. To achieve a highly
optimized level, AMCLIB_FWSpeedLoop merges two functions of the AMMCLib, namely speed control loop
AMCLIB_SpeedLoop and field weakening control AMCLIB_FW. AMCLIB_SpeedLoop consists of speed PI
controller GFLIB_ControllerPIpAW, speed ramp GFLIB_Ramp placed in the feedforward path, and exponential
moving average filter GFLIB_FilterMA placed in the speed feedback. AMCLIB_FW function is NXP’s patented
algorithm (US Patent No. US 2011/0050152 A1) that extends the speed range of PMSM beyond the base speed
by reducing the stator magnetic flux linkage. All functions and data structures used in the AMCLIB_FW function
are shown in Figure 90.
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AMCLIB_FW SpeedLoop

AMCLIB_SpeedLoop

pCtrl — pRamp

fltVelocityRe:
RVelodlyReq | GFLIB_Ramp_FLT ®—> ‘: MLIB_Abs_FLT
pCtrl — pFilterW GFLIB_ControllerPIpAW_FLT

fitVelocityFbck R
Speed loop and FW V2| GDFLIB_FiterMA_FLT pCtrl — pPIPAWQ

Field | 'dreq

weakening > GFLIB_Sign_FLT E<:| pIDQReq — fitArg1

ig lim i
Speedreq l a pCtrl — pFilterFW pIDQReq — fitArg2
) pIDQReq — fitArg2 v . 4’
—_— ¥ .—».—»

Speed 'q req 7®—' °

controller *pCtrl — plQFbck

Speedgpck pCtrl — fitUmaxDivimax L i
pCtrl — pUQLim GFLIB_SinCos_FLT |cos

*pCtrl — pUQReq|
——— | MLIB_Abs_FLT GFLIB_ControllerPIpAW_FLT n/2
pCtrl — pPIpAWFW

aaa-058734

Figure 90. Functions and data structures in AMCLIB_FWSpeedLoop
AMCLIB_FW key advantages:

Fully use the drive capabilities (speed range, load torque)
* Reduces stator linkage flux only when necessary
» Supports four quadrant operations

The algorithm is robust — as a result, the PMSM behaves as a separately excited wound field synchronous
motor drive

* Allows maximum torque optimal control

More details related to AMMCLib FOC functions can be found in the S32K396 AMMCLib User Manual ref.[2].
Parameters of the PI controllers placed in the speed and current control loop can be tuned by using NXP’s
MCAT tool. Detailed instructions on how to tune the parameters of the FOC structure by MCAT are presented in
AN4642 ref.[5] and AN4912 ref.[6].

4.4.5 MCAT integration

MCAT is a graphical tool dedicated to motor control developers and operators of modern electrical drives. The
main feature of the proposed approach is automatic calculation and real-time tuning of selected control structure
parameters. Connecting and tuning the new electric drive setup becomes easier because the MCAT tool offers
the possibility to split the control structure and therefore control the motor at various levels of the cascade
control structure.

The MCAT tool runs under the FreeMASTER online monitor, which allows the real-time tuning of the motor
control application with PMSM. Respecting the parameters of the controlled drive with PMSM, the correct
values of control structure parameters are calculated, which can be directly uploaded to the application or
stored in an application static configuration file. The electrical subsystems are modeled using physical laws and
the parameters of the PI controllers are determined using the pole-placement method.

The MCAT tool generates a set of constants to the dedicated header file (for example, {Project Location}\src
\Config\PMSM_appconfig.h). The names of the constants can be redefined within the MCAT configuration
file Header_file_constant_list.xml ({Project Location\FreeMASTER _controN\MCAT\src\xml_files\). The
PMSM _appconfig.h file contains the following:

* Application scales

Fault triggers

« Control loops parameters

» Speed sensor and/or observer settings
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* FreeMASTER scales

The PMSM_appconfig.h file should be linked to the project, and the constants should be used for the variables
initialization.

FreeMASTER enables an online tuning of the motor control variables using the MCAT control and tuning view.

However, FreeMASTER must be aware of the used control-loop variables. A set of the names is stored in
FM_params_list.xml ({Project Location\FreeMASTER_contro\MCAT\src\xml_files\).

5 FreeMASTER and MCAT user interface

In the EV-INVERTERGENS3 application, communication between FreeMASTER and the S32K396 is provided
via the CAN communication plugin. By default, the CAN interface for USB is used to communicate with the host
PC via USB. The driver for PCAN-USB adapter can be downloaded from www.peak-system.com.

FreeMASTER and MCAT user interface are described in application note AN12235: 3-phase Sensorless PMSM
Motor Control Kit with S32K144 ref.[7].

For an in-depth description of motor control application tuning using MCAT, please see NXP application note
AN4642: Motor Control Application Tuning (MCAT) Tool for 3-Phase PMSM ref.[5].

6 Conclusion

The design described in this application note shows the simplicity and efficiency of using the S32K396
microcontroller for PMSM motor control and introduces it as an appropriate candidate for various applications in
the automotive area. The MCAT tool provides an interactive online tool that makes the PMSM drive application
tuning friendly and intuitive.
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7 Abbreviations

Table 6. Abbreviations

Acronym Description

ADC analog-to-digital converter

AMMCLib automotive math and motor control library
ATO angle tracking observer

BCTU body cross-triggering unit

DMA direct memory access

DSPSS digital signal processing subsystem
EMF electromotive force

eTPU enhanced time processing unit

FIR finite impulse response

FOC field oriented control

ISR interrupt service routine

LCU logic control unit

LPSPI low-power serial peripheral interface
MCAT motor control application tuning

PMSM permanent magnet synchronous motor
PWM pulse-width modulation

RDC resolver to digital converter

RTD real-time drivers

SARADC SARADC successive approximation register analog-to-digital converter
SDADC sigma-delta ADC

SGEN sine wave generator

TCM tightly coupled memory
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9 Note about the source code in the document

Copyright 2026 NXP. NXP Confidential. This software is owned or controlled by NXP and may only be used
strictly in accordance with the applicable license terms found at https://www.nxp.com/LA_OPT_NXP_SW. Only
the "internal use license" in Section 2.2 in the NXP SOFTWARE LICENSE AGREEMENT is granted for this
software.
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10 Revision history

Table 7. Revision history

Document ID Release date Description

AN14504 v.2.0 27 October 2026 |+ Section 2 "System concept”, Control methodology includes, added the
following items:

— Dynamic gate strength control
— DC link discharge control

» Section 3.4 "Field weakening": Added note " Field weakening functionality is
implemented..."

» Section 4.2.1 "Module involvement in PMSM FOC control"
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