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What You Will Learn in this session

˃ SiC 3-Level and 2-Level inverter platform with Xilinx ZYNQ

Basis for a versatile power system controller for Silicon Carbide –

How to use ZYNQ in modern power system controllers

Linux, Python and Jupyter-Notebook, Scilab, Matlab, Hardware in the loop possibilities and 
solutions

ZYNQ7000 TLIMOT inverter features

ZYNQ Ultrascale+ extension 

˃ Make you familiar with Xilinx open source EDDP and SPYN projects

The project and PYNQ framework

˃ Safety for drives with ZYNQ Ultrascale+



© Copyright 2019 Xilinx

2016 Industrial

Internet of Things

1990….2005 DSP age

Evolution of Typical Electric Drives

Torque

Control

Speed

Control

La

ra

Lc
rc

rb

Lb

Motor 
Load

Mechanical 

Sensors

Currents

Angle Feedback

2006

Ethernet

Industrial 

Ethernet 

(Field Bus)

P1 P2 

Positioning

Control

Encoder 

Protocol

…Cloud…

Field Bus

(CAN, 

ProfiBus)

Power 

Modulation

IGBT
Mosfet

SiC

2017… 

Machine Learning

Machine 

Learning

Machine 

Learning

2016

TSN Model Predictive Control (MPC)
- No modulator (variable switching frequency)
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PythonLinux / RTOS
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Incumbency of Mixed Criticality

Drive

Single Core CPU + Single Core DSP

Typically “time critical”

Network I/F Motion Control Motor Control

RTOS

Single CPU

Bare Metal

Single DSP

PLC

High performance Single Core CPU

Typically “end user application dependent”

Application 1 Application 2 HMI

RTOS

Single CPU

OS

Safety Logic

Two independent Core CPU

“safety critical”

Safety Application

Single CPU

Bare Metal

Safety Application

Single CPU

Bare Metal

Voter

Integration into Single Hardware Unit 
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Drive systems integration evolution
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SiC Power Switches
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Power switches go Wide Band Gap semiconductor 

MATERIAL Band Gap
Germanium 0.66

Silicon 1.1
Gallium Arsenide 1.4

Silicon Carbide 3.3
Gallium Nitride 3.4

Wide-bandgap semiconductors permit to operate:

• At much higher voltages,

• At higher switching frequencies

• At higher temperatures than silicon and gallium 

arsenide 
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SiC Advantages

Tesla Model 3 is using Silicon Carbide MOSFETs for its 

main inverter - Source PntPower.com (2019)

40KW rapid charger - Source On Semiconductor (2018)

Source: Rohm Semiconductor

Technology
> Silicon Carbide (SiC) is a power transistor comprised of silicon (Si) 

and carbon (C)

> It sustains high voltages, with low series resistance, and low 

conduction losses

> Its high band gap allows it to switch higher voltages and currents 

at higher temperatures

Benefits

> Smaller inductors

> Smaller heat sinks

> Higher switching frequency than IGBT

> Smaller capacitors

Applications

> Solar inverters

> Motor drives

> DC-AC inverters

> Power Factor Correction
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˃ SiC drive challenges

Control of SiC gate rise and fall time

Dead time

Gate charge

dV/dt

˃ Precise and fast control strategies for best SiC 

usage

Fast FOC (Field Orientation Control)

Model Predictive Control (MPC)

˃ Fast Acquisition and Data Logging for advanced 

applications

Predictive maintenance

Machine Learning based diagnostic and optimization

General Challenges

˃ Power Switches Topology

Selection of proper topology to minimize component

More switches compared to 2-levels

Certain topologies require blocking diodes

‒ Additional cost

‒ Less reliability

˃ Power Modulator Stage 

Four switches to be controlled per inverter phase instead of just two

More PWM compared to 2-LEVEL

For equally split dc-link (dc-link/2) is required an actively controlled neutral 
point

Increased control effort to balance dc_link/2

State space vectors 3 times more complex 
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Xilinx TLIMOT 3-Level and 2-Level 

Inverter

Experience with SiC Since 2014

System View
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Xilinx-QDESYS SiC 3-Level, 10kW Inverter (2014)

DC_Link

Capacitors

PicoZed SOM 

MicroZed SOM

12 Silicon Carbide MOSFETS

ZYNQ®-7000
ISM_NET

Industrial 

Networking

265 mm

All trademarks or registered trademarks are property of their respective owners.

˃ High speed inverter designed

in 2014

Still a top notch platform

Extensible to ZYNQ Ultrascale+

˃ Small switching losses at high 

frequencies, i.e., from 96 kHz to 

625kHz - Tested

˃ Efficiency of Si-C inverters is 

found to be 99.25% even at 625kHz 

for the 10kW inverter - Tested

˃ Tested with PMSM motors up to 

500,000 RPM.

˃ Since 2014 applied in:

Avionics

Automotive

Traction

Industrial Drives

Propulsion

Education (Universities, Researchers)

Lab-tests

54 mm
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QDESYS Zynq-7000 160kW – 2 Level SiC800V 300A

All trademarks or registered trademarks are property of their respective owners.

290mm

PicoZed SOM 

MicroZed SOM
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Propulsion Control – 2 Level SiC Inverters (NASA X-57)

˃ QDESYS Motor Control implemented on Xilinx ZYNQ FPGA+ARM

˃ Redundant Architecture: each power train contributes half of the 

torque

˃ Alluminium enclosure (EMI schielding) Aerospace connectors for 

I/O

˃ Running at 200% of power

˃ Software validated

˃ Environmental screening (shake and brake) completed 
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TLIMOT Hardware Details
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TLIMOT 3-Level Inverter Block Diagram
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Fast Switching Needs a Good Gate Driver

˃ Optimization for fast switching is a challenging task.

˃ Major contributors to the switching behaviour:

Gate driver,

Gate resistor,

Voltage overshoot caused by inductive parasitics

Bus bar behaviour

DC-Link capacitors

This is an example only every application has its own specificity – many semiconductor manufacturers 

produces integrated gate drivers

Lesson learned – gate drivers designed for IGBT perform poorly with SiC – beware!
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Power Switch Topology

SiC1
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P
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NPC (Standard)

Only 3 levels

TNPC (Adopted configuration for TLIMOT) 

2 levels and 3 levels

3L TNPC phase leg 8 semiconductors:

4 SiC 

4 Free-Wheeling Diodes

Maximum DC-link voltages:

> 400VDC using 650V semiconductors,

> 800VDC using 1200V semiconductors,

> 1200VDC using 1700V semiconductors

3L NPC phase leg 10 semiconductors:

> 4 SiC 

> 4 Free-Wheeling Diodes

> 2 Clamping Diodes
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Current Sensors Used With SiC and Zynq

Allegro
> ~120kHz Bandwidth

> 50A…200A

Melexis
> ~250KHz Bandwidth

> +/- 7.5mT

To XADC - Sigma-Delta or external ADC

LEM
> ~240 kHz Bandwidth

> 50A…1200A
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TLIMOT Sensing (Shunt) 

>> 20

˃ Highest bandwidth (Shunt)

˃ Low latency (response time)

˃ Sigma-Delta modulator (in FPGA)

Full digital A/D

Sinc3 filters for reconstruction

Polyphase Sinc3 for lower response time 

Other ADC used
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General Architecture TLIMOT
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Zynq-7000 SoC
1st Generation

220 DSP

(48bit)

220

Local Memories

2Kx32bit

ADC

17 Ch.

1 Ms/s

Smaller device

XADC

Multi-Standards I/Os (3.3V & High Speed 1.8V)
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MUX

2x GigE

with DMA

2x USB

with DMA

2x SDIO

with DMA

GPIO

2x UART

2x CAN

2x 12C

2x SPI

Programmable Logic:

S_AXI_GP0/1 M_AXI_GP0/1

S_AXI_ACP

S_AXI_HP0

S_AXI_HP1

S_AXI_HP2

S_AXI_HP3

Static Memory Controller

Quad-SPI, NAND, NOR

Dynamic Memory Controller

DDR3, DDR2, LPDDR2

Processing System

AMBA® Switches AMBA® Switches

AMBA® Switches

ARM® CoreSightTM Multi-core & Trace Debug 

NEONTM / FPU Engine NEONTM / FPU Engine

Cortex
TM

-A9 MPCore
TM

32/32 KB I/D Caches

Cortex
TM

-A9 MPCore
TM

32/32 KB I/D Caches

512 KB L2 Cache Snoop Control Unit (SCU)

Timer Counters 256 KB On-Chip Memory

General Interrupt Controller DMA Configuration
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Zynq Ultrascale +
2nd Generation

Application Processing Unit

Real-Time Processing Unit

DDR Controller Graphics Processing Unit

ARM MaliTM-400 MP
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High Density HDIO / Hig Performance HPIO / General Purpose GPIO

DSP Block RAM Ultra RAM System Monitors

Programmable Logic AXI Interfaces

DDR4/3/3L,LPDDR4/3

ECC Support

256 KB OCM

with ECC

Geometry

Processor

Pixel

Processor

Memory Management Unit

64 KB L2 Cache

Display Port

USB 3.0

SATA 3.0

PCIe Gen2

PS-GTR
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Clocking, & Debug

Power

System
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Config AES

Decryption,

Authentication,

Secure Boot

Trust Zone

Voltage/Temp

Monitor

220 DSP

(48bit)

220

Local Memories

2Kx32bit

Smaller device

GIC-400 SCU CCI/SMMU 1MB L2 w/ECC 

ARM®

CortexTM-A53

NEONTM

Floating Point Unit

32 KB

I-Cache

w/Parity

32 KB

D-Cache

w/ECC

Memory

Management

Unit

Embedded

Trace

Macrocell
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Vector Floating
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Memory Protection
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General Architecture

A9 #0 A9 #1
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Software Architecture – Linux-Based

Linux (Debian) 

Motor Control in 

PL

Qmfoc.ko

(Kernel Driver)
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(hard realtime)
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GUI and Interfaces
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Real Time Observability with the GUI (National Instrument Labstudio)

Stator Currents Iα,Iβ

Stator Voltages Vα,Vβ

Rotor Angle

Vb

Vc

Stator Voltages vs Time

Stator Currents vs Time

Rotor Angle

Iβ

Iα

Va

Homopolar Component
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Real Time Frequency Analysis

Carrier 78KHz

Motor’s Speed

Motor’s 

Speed

Carrier 78KHz
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Python Interface

Jupyter - Notebook

Full 

Controllability

Displayed Results
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˃ Information 

˃ Requests to: info@qdesys.com

Useful Links TLIMOT

http://www.qdesys.com/pdf/MotorControlSolutions_QDESYS_Material.pdf

mailto:info@qdesys.com
http://www.qdesys.com/pdf/MotorControlSolutions_QDESYS_Material.pdf
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EDDP Open Source (No SiC)
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EDDP – Electric Drive Demonstration Platform

• PMOD connection between 

Control Board & EDPS

• Default motor – 15W BLDC

• Encoder included

• EDPS – Supports Up to 1KW

C
o

n
tr

o
l 
B

o
a
rd

EDPS (Electric Drive Power Stage)

Python Control – SPYN Project

http://images.google.it/imgres?imgurl=http://img.clubic.com/photo/012C000000290419.jpg&imgrefurl=http://www.clubic.com/actualite-33308-dell-lance-de-nouveaux-pc-portables.html&h=230&w=300&sz=8&hl=it&start=23&tbnid=Q1BfyJR56MxjLM:&tbnh=89&tbnw=116&prev=/images?q=portable+PC+dell&start=20&ndsp=20&svnum=10&hl=it&lr=&rls=GGLG,GGLG:2005-50,GGLG:it&sa=N
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Predictive Control

˃ Use system’s model for predicting the future behaviour of the controlled variables

˃ Optimal actuation according to predefined optimization criterion

Deadbeat

• Modulator (PWM)

• Fixed Switching 

Frequency

• Low computation

• No use of constraints

Hysteresis based

• No modulator

• Variable Switching 

Frequency

• Very simple

Trajectory based

• No modulator

• Variable Switching Frequency

• No cascaded structure

MPC

Continuous Control Set

• Modulator 

• Fixed Switching Frequency

• Constraints can be included

MPC

Finite Control Set

• No modulator

• Variable Switching Frequency

• No cascaded structure

Image Source: Predictive Control in Power Electronics and Drives

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 55, NO. 12, DECEMBER 2008 

Model Predictive Control

MPC

Predictive Control
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Finite Control Set Model Predictive Control – SPYN

˃ Jupyter as the interface to the real time controller
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Safety

>> 36
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Safety capabilities

ASILC

SIL3

ASILB

SIL2

LOW 

POWER 

DOMAIN

ASILB

SIL2

SIL3 HFT = 1



© Copyright 2019 Xilinx

Architecture of the single chip HFT=1 Drive

App1 - RT Industrial NetworkingApp2 – IoT Gateway TSN

App3 SIL supervisor 

RTOS Bare Metal

L2 Cache

App4 – Streaming 

App7 PLC

Linux RTOS

App5 – HMI

App6 – ML

Hypervisor

App9 Motor Control

Bare Metal

App8 Motion

Memory Controller

TCM OCM 

External Memory

App10 Safety Loop

Low Criticality Mid Criticality Mid CriticalityMid Criticality

HMI  = Human Machine Interface 

ML   = Machine Learning

TSN = Time Sensitive Network

SIL   = Safety Integrity Level

OCM = On Chip Memory

TCM = Tightly Coupled Memory

AXI

AXI

AXI

Programmable Logic
High Criticality

Improved modularity and 

reduced criticality impact

Model 

Predictive
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Learn More…

˃ Learn More about Motor and Inverter Control with Xilinx

https://www.xilinx.com/publications/solution-briefs/xilinx-drives-and-motor-control-solution-
brief.pdf

˃ Learn More about TLIMOT

https://www.xilinx.com/products/boards-and-kits/1-6g18zh.html

˃ Learn More about EDDP, SPYN (same HW, different designs)

https://github.com/Xilinx/IIoT-EDDP

https://github.com/Xilinx/IIoT-SPYN

White 

Paper

YouTube Videos:

Getting Started with the Electric Drives Demo

SPYN Quick Take Video on YouTube

Xilinx.com Videos:

Available in English (xilinx.com)

Chinese (china.xilinx.com) 

Japanese (japan.xilinx.com)

SPYN Quick Take Video on Xilinx.com
Watch Webinar

ON DEMAND

https://www.xilinx.com/publications/solution-briefs/xilinx-drives-and-motor-control-solution-brief.pdf
https://www.xilinx.com/products/boards-and-kits/1-6g18zh.html
https://github.com/Xilinx/IIoT-EDDP
https://github.com/Xilinx/IIoT-SPYN
https://www.youtube.com/watch?v=aC2plE5bp9s&list=PLRr5m7hDN9TI05_Ib-QnOJddeV04v6Gl1
https://youtu.be/amSb2_Md_w4
https://www.xilinx.com/video/soc/module1-introduction-to-modern-electric-drives.html
https://china.xilinx.com/video/soc/module1-introduction-to-modern-electric-drives.html
https://japan.xilinx.com/video/soc/module1-introduction-to-modern-electric-drives.html
https://www.xilinx.com/video/software/spyn-quick-take-demo.html


© Copyright 2019 Xilinx

Adaptable.

Intelligent.


