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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+
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'Evolution of Typical Electric Drives
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'New Technologies - Software Demand on Drives

Speed of hardware technology changes and
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Incumbency of Mixed Criticality

Safety Logic
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Typically “end user application dependent” Typically "time critical
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Integration into Single Hardware Unit
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' Drive systems integration evolution
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SiIC Power Switches
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'Power switches go Wide Band Gap semiconductor

MATER_IAL Bl ey Wide-bandgap semiconductors permit to operate:
Gerfﬁa“'“m Biete At much higher voltages,
Silicon — « At higher switching frequencies
Gl Umasenice it + At higher temperatures than silicon and gallium
Silicon Carbide 3.3 arsenide
Gallium Nitride 3.4

Si Limit

SiC Limit

Roy (©2mm?)

10' 102 10° 10*
Breakdown Voltage (V)
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'SiC Advantages

V4 i N
- ustomer projects SiC MosFET - OB N
TeCh_ l?]O I Ogy ) . : . . . . 40kW on-board rapid charger for E-Bus fleet (36 SiC MosFETs/system)
> Silicon Carbide (SiC) is a power transistor comprised of silicon (Si)
and carbon (C) Performance traits:
> It sustains high voltages, with low series resistance, and low ~ Beslentedentisharing o
. - Good dvdt control (>25V/ns) @ Q
Conqucuon losses . . . - Active rectification @ Q
> Its high band gap allows it to switch higher voltages and currents - zerofield fails —
at higher temperatures
Benefits

> Smaller inductors
> Smaller heat sinks

> Higher switching frequency than IGBT \_ 40KW rapid charger - Source On Semiconductor (2018) Y
> Smaller capacitors
Applications aam )
> Solar inverters
> Motor drives T T T
. 0SS mparson (a r4
> DC-AC inverters 120 £
. T
> Power Factor Correction g s
100 o~ Ds&mma
[l Conduction loss
~ 80
Semiconductor Properties E Losbsyrgg:}fed
5 g 60 compared—]
with IGBTs
- 4 = "
40 <
L3
B e i — y I
| I_I:. | K SLIGBT SIC-MOSFET Tes.la.Mod;eI 3 is using Silicon Carbide MOSFETSs for its
4H-Silicon Carbide Gallium Arsenide Silicon Source: Rohm Semiconductor \_ main inverter - Source PntPower.com (2019) )

B Bandgap (eV)
B Breakdown Field (MV/cm)

O Thermal Conductivity w / (cm2 x K-1) © Copyright 2019 Xilinx 8 XI I_INX




'General Challenges

> Power Switches Topology
_ _ _ >> Selection of proper topology to minimize component
>> Control of SiC gate rise and fall time > More switches compared to 2-levels

> Dead time > Certain topologies require blocking diodes
> Gate charge - Additional cost

> dV/dt - Less reliability

> SiC drive challenges

> Precise and fast control strategies for best SiC > Power Modulator Stage

usage >> Four switches to be controlled per inverter phase instead of just two
> Fast FOC (Field Orientation Control) >>  More PWM compared to 2-LEVEL
>> Model Predictive Control (MPC) >> For equally split dc-link (dc-link/2) is required an actively controlled neutral
point

> Fast Acquisition and Data Logging for advanced
applications
>> Predictive maintenance
>> Machine Learning based diagnostic and optimization

>> |ncreased control effort to balance dc_link/2
>> State space vectors 3 times more complex

© Copyright 2019 Xilinx 8 XI I_INX



Xilinx TLIMOT 3-Level and 2-Level
Inverter

Experience with SIC Since 2014
System View

XILINX.
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ALL PROGRAMMABLE.
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Xilinx-QDESYS SIC 3-Level, 10kW Inverter (2014)

> 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

& XILINX



QDESYS Zyng-7000 160kW — 2 Level SiC800V 300A

—_
WOIfSpeedﬁ A CREE COMPANY

Q11

(LTI

&
~ A Pt 1 1 CAS300M12BM2 Vv, 1.2 kv
oz ==l || 1.2kv, 5.0 mQ All-Silicon Carbide E.. oosoaoon 12.0 m3
: : Half-Bridge Module ostom 5.0 moQ
TR, C2M MOSFET and Z-Rec™ Diode
-::3}5? ; > »4 ' N : Features Package 62mm x 106mm x 30mm

Ultra Low Loss

High-Frequency Operation

Zero Reverse Recovery Current from Diode
Zero Turn-off Tail Current from MOSFET

Normally-off, Fail-safe Device Operation 9
L =0

Ease of Paralleling [+
Copper Baseplate and Aluminum Nitride Insulator - 9‘

LT

p
=

a2

System Benefits

® Enables Compact and Lightweight Systems
High Efficiency Operation

Mitigates Over-voltage Protection

Reduced Thermal Requirements

Reduced System Cost

PicoZed SOM
MicroZed SOM

==AVNET
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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
/O

Running at 200% of power
Software validated

Environmental screening (shake and brake) completed

© Copyright 2019 Xilinx 8 XI I_INX



TLIMOT Hardware Detalls
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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.

I — > Major contributors to the switching behaviour:
e . [ >> Gate driver,
—2{ne Vour BN BOM 21w Onc[S— 1 v e 15 SiC Mosfet :
>> (Gate resistor,
>> Voltage overshoot caused by inductive parasitics
Bus bar behaviour
DC-Link capacitors

GATE [ Ak jveefs sl owcla 10R025W R0

iz

High speed booster e
Isolator WR0W Re

>

\'

vee_i2

|
i
i
i
PO '
vz |

T b

Hvin 1 +v0
|
co5 H
0, 1

i

100F_35V

s
§

>

v

Lt

DC/DC

COLD ZONE | HOT ZONE

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!

© Copyright 2019 Xilinx 8 XI I_INX



'Power Switch Topology

NPC (Standard) TNPC (Adopted configuration for TLIMOT)
Only 3 levels 2 levels and 3 levels
@ S

i

@ @
3 I “ T

T

L 4
€oIS
T

> — sica ,J
q E x %
SiCc3 'J—
al >
1 3L TNPC phase leg 8 semiconductors:
»—'{K'zD 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

© Copyright 2019 Xilinx 8 XI I_INX



'Current Sensors Used With SIC and Zynqg

r N 7 N 7 )
Melexis LEM Allegro
> ~250KHz Bandwidth > ~240 kHz Bandwidth > ~120kHz Bandwidth
> +/-7.5mT > 50A...1200A > 50A...200A

y, -

Functional Block Diagram

To XADC - Sigma-Delta or external ADC
© Copyright 2019 Xilinx 8 XI I_INX



'TLII\/IOT Sensing (Shunt)

VCC_3F2

Shunt
i Abaolute maximn value > Highest bandwidth (Shunt)

o TR
' N > Low latency (response time)
SigmatDelta L
| Tk S > Sigma-Delta modulator (in FPGA)

7 nszse 243

] o - [ > Full digital A/D
N- 4TpF R4 '\
>>  Sinc3 filters for reconstruction
>>  Polyphase Sinc3 for lower response time

0.01R3W

po fos b b fa

v
v
* R75 .;'S_L

. \
2.5 volts v/- 1volt
22R1 ks

Zenmer 3vde (2.85 to 31.15)

1
I
I
I
1
I
I
1
i
1
: == can D& R78
i
i
I
I
1
L
I
i
'

vee_12P0 0.01UF_16V 75 1ns2258 2437 - \
Ls ~o\
cat VIN NG can cas cas Y
I vo Y
L—LWF_W ono)  ovt T'“_:WT MJW_J-— Sl S For minimun load.
PES|-512-55-M-TR
; Other ADC used
in 10.8 I‘.ﬂ: 13.2
\ —— ;
out 5V min 20MA max 200mA .
| ; ! )
i ZYNQTUOO Internal ADC ADS85x8 12-, 14-, and 16-Bit, 8-Channel, Simultaneous Sampling ADCs
i
COLD ZONE E HOT ZONE Dual 12-bit 1Msps Analog-to-Digital Converters Simeliied Block Diagram
! + Simultaneous Sampiing =N
. l&bﬁmm&dqlalcum Va
7 Series XADC - - oA —
= Ll koo o
e o |
2 Ib e Regaler
g :
Ic oot »—--w-uc
oc e . B o
loo oo FPGA
Ren0 o —(Bmng Dacle 22V 3 (ZYNQ)
Acquires 2 channels simultaneously Acquires 8 channels simultaneously

>> 20 © Copyright 2019 Xilinx 8 X”_INX



General Architecture TLIMOT
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'Zynq-?OOO SoC

1st Generation

Standard I/O

Fixed Computing Platform

I

Variable Platform

I

Processing System

!

Static Memory Controller Dynamic Memory Controller

a

= Quad-SPI, NAND, NOR

..
..

DDR3, DDR2, LPDDR2

AMBA® Switches AMBA® Switches

ARM?® CoreSight™ Multi-core & Trace Debug

NEON™ / FPU Engine NEON™ / FPU Engine

2 JRRY Cortex™-A9 MPCore™ Cortex™-A9 MPCore™
GPIO 32/32 KB I/D Caches 32/32 KB I/D Caches

2x SDIO
with DMA

2x USB
with DMA

2x GigE
with DMA

512 KB L2 Cache Snoop Control Unit (SCU)
Timer Counters 256 KB On-Chip Memory

General Interrupt Controller | DMA Configuration

AMBA® Switches

S_AXI_GP0/1 M_AXI_GPO0/1

Multi-Standards 1/Os (3.3V & High Speed 1.8V)

Programmable Logic:

S_AXI_HPO
S _AXI_HP1
S_AXI_HP2
S_AXI_HP3

S_AXI_ACP

S|lauuey)d
aouew.lopad ybiH

A

A

|

Variable I/O

© Copyright 2019 Xilinx
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Smaller device

220
Local Memories
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'Zynq Ultrascale +

2nd Generation

1MB L2 w/ECC

Graphics Processing Unit
ARM Mali™-400 MP

High-Speed
Connectivity

DDR Controller “

DDR4/3/3L,LPDDR4/3
ECC Support

Display Port

Geometry Pixel

Processor Processor USB 3.0

SATA 3.0

256 KB OCM Memory Management Unit
with ECC PCle Gen2

64 KB L2 Cache
PS-GTR

Platform General Connectivity

Management
Config AES Unit
Decryption,
Authentication, UART

Secure Boot DMA, Timers

WDT, Resets,
Clocking, & Debug

Security System

Control Gigk
CAN

SPI

Trust Zone Quad SPI NOR
System NAND
VoItage_/Temp Management
Monitor SD/eMMC

AXI Interfaces

Block RAM

Ultra RAM System Monitors

High Density HDIO / Hig Performance HPIO / General Purpose GPIO

Application Processing Unit
ARM® NEON
Cortex"-AS53 Floating Point Unit
32 KB Memory Embedded
I-Cache D-Cache |Management Trace
w/Parity Unit Macrocell
IS
S
\.9 GIC-400 SCU CCl/SMMU
e
)
o : , ,
— Real-Time Processing Unit
(O] Vector Floating
X ARM' Point Unit
L Cortex™-R5 Memory Protection
Unit
128 KB 32KB I-Cache | 32 KB D-Cache
TCMWECC wiParity WECC
= Programmable Logic
S
(@)
—
—
<
o _
Q
o)
[35]
3
> e

I
Variable I/O

© Copyright 2019 Xilinx
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'Gen(

eral Architecture

-‘

PS

— e

\S

Linux segment

X

]J DDR3 ZYNQ7/7000

Load

Angle Feedback

Mechanical
Sensors
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'Software Architecture — Linux-Based

Simulation
HW in —
the loop

Machine |
Learning

4 N
NATIONAL
INSTRUMENTS
o %
4 N
Sci 'i'a [; ......
o %
4 N
MATLAB /
4 N
-2
_Ju pyter
o %

—HzZzm-r0

ITMnN=0xTm

Ethernet

~
User’s Interfaces
Application (adc/pwm/SMO)
PL
TLIMOT Qmfoc.ko "
Agent (RPC) " (Kernel Driver) Data Acquisition
PL
Python & .
JyljpStner Motor Control in
Notebook PL
Linux (Debian)
J

© Copyright 2019 Xilinx

Linux dependent *
(soft real-time)

> Deterministic
(hard realtime)
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GUI and Interfaces
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' Real Time Observability with the GUI (National iInstrument Labstudio)

Stator Currents lq, 13

Stator Currents vs Time

780.0 mA

600.0 mA

I¥] MO: DD MO BO TEP2.0 - Stator Currentvs Spac..  — O *

Maker l ElectriFly PN RIMFIRE-15 Tyee | bldc

I-B
Rotor Angle | 7%
® 123 o
Tad O /—|&
e o -
600.0 mA [ E | | C IBE o, aa
80.0 mA Eg I | I 1 1 1
“7E0.0 mA 2582 S 50mS mS 15.0mS 200mS 262ms
Stator Voltages Va,V[3 Stator Voltages vs Time
j j W02 DO MO BO TEP2.D - Stator Voltage vs Time - 2019.9.6 15:44:15 - O
e = Homopolar Component
Vis2
O Fo Rotor Angle
® Vs
O ri | Va
Vb
.
4 Vc
475 -

| I
200mS 262mS

© Copyright 2019 Xilinx
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'Real Time Frequency Analysis

j MO : DO MO BO S4SICINV.0 - FFT Panel - 2019.9.6 16:25:28 - [m]

9.0A

I I I I I I I I
20mS 40mS E.0mS 80mS 10.0mS 120mS 140mS 160mS

ik

1
20.0kHz 40.0kHz 60.0 kHz 80.0 kHz 100.0 kHz 1200 kHz 140.0 kHz 156.3kHz

Full

j MOz DO MO BO S45ICINV.0 - PWM Control - 2019.9.6 16:1%:52 - *

cmo

|P registers v
Kmod Freq Hz | 78125.00] [ 78125.00] o 0 g

MdMax

PiwM Modulation

Pwm.Hz

Wave Mad Ovf. Pl Mode
G L R R 0o
0606 0a 1 12 14156 @ 1 _ e
- Frequency
L : o 2
e Y B T B - - = ++
0a 09 1 1.1 12 a3

39| VRes 1/320=8.32 bits 0 120

416Hz

A 4

Motor’s Speed

) MO : DO MO BO S4SICINV.0 - FFT Panel - 2019.9/6 16:25:28 - o X
80A O #d
®iA
Ois
O Log
\
19.0mS
60
50
3
20
10
1 = 1 1 1
771 kHz 77.5kHz 78.0 kHz 78.5kHz 79.0kHz 79.2kHz
Ful
] MO: DO MD B0 S4SICINV.0 - Main Panel - 2019.9.6 16:19:0 - X
File Edt View IVPL
Makcer | ElectriFly | e | RIMFIRE-15 | e [ bidc |
. Status Manual Reset Angle
Carrier 78KHz RPM . IS o1 o
2000 / \3 4 5/ 5 oA [~ 1% A 45
! 3000 ~ 2 6- /T\.\ Bl o Bl hawK
L o 10 20
\ 1 \.—; o 0= J’D
« 03 Bl oviBus W pwmod 5 4
25 ., 38
MOtOI”S dodink meter ol pfm zone 270
rem | 35707 Amp \% 15.33 Trmn e
A s 71
Speed > ci A [ 1080
d B[ 7o) sm
MRT Spd | 00 | Pos | 1959865 | w -16.54 c
Speed Cumrent Rotor Pos. mode Commands
it Current Angle O Manua [ it Reset
Inv 0 Inv %0
0 0 %0 O Emulation [ Enc Reset
\ A
0 ) 135 s ¥ O Encoder [ Smo Reset
5000 _ _ 5000 @swo [(AgC [ FBKAngDef
| 180 1 1o () Hall Sns [] Deaf FBK
20 - -2 O Resalver
e \ - . N - O Btemal
-10000 10000 ; ’ 138 A 15
-30 0 v
20 -9 Mator Run Cortrol Made
® Toraue
k 0 0 — b
o] [ [ S B o
CIEE —]r = e
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' Python Interface

In

In

In

In

In

In

In

In

In

In [9]:

[2]:

[3]:

[41:

[5]:

[6]:

[71:

[8]:

Jupyter - Notebook

import time

import math

import matplotlib

import numpy as np

import matplotlib.pyplot as plt
from mcm2arlib import mcm2arlib

mcm=mcm2arlib()
mcm. gmx_loadlink("")
mcm. gmx_startup()

print("s/w version = %=" % (mcm.gmgs_sw_version()))

s/w version = 2.1.39

IVPLOGGER_ACQ CTRLST_READY=(1<<3) # acquisition ready

# LPFI fcut to K conversion
def 1pfl_K(Ts,Fcut):
tau=1.8/(2.8%np.pi*Fcut)
n=tau/Ts
T=1.8/(math.exp{l.8/n)-1.8)
K=1.8/(1.8+T)
return K

# arm For ivpl ocquisition

def startivplacg(motor):
mem.gmpm_ivpl_synmod({motor,1) # &=free run, I=sync with electric angle
mcm.gmpm_ivpl_automemsz{motor,1l) # @=monual I=gutomatic somple eval
mcm.gmpm_ivpl_numwaves{motor,4) # num of electric cpcles
mcm.gmpm_ivpl_numsmp{motor,8192) # num samples
mcm.gmpm_ivpl_howmany (motor,-1) # wunlimited
mcm.gme_process() # surround elab
mem.gmxm_ivpl_start(motor) # initiate Log

# display Log data

def dispivplacqimotor):

# get daota

[iphs_a,iphs_b,iphs_c,ibus_x,vphs_a,vphs_b,wphs_c,vbus_x,vphs_n,angle] = mcm.gmgm_ivpl_data_s{motor)

Full
Controllability

© Copyright 2019 Xilinx

In [21]:

Displayed Results

if (mem.gmgm_ivpl_statuz(motor) & IVPLOGGER_ACQ CTRLST_READY) != @:
dizpivplacg(motor) # display

-

-

000 ac0s voi0 oo [T oS 030 005

0o 0cos 0G0 601S 60 062 00 o A 3 0 3 :
os
(17 os
o 044
02 02
00 o0
02
N 02
04
c4
-6
“<h
-8
0002 00 oo aos o0z0 o0s 000 0035 <6 -04 -2 o 02 o 13
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'Useful Links TLIMOT

> Information http://www.gdesys.com/pdf/MotorControlSolutions QDESYS Material.pdf

> Requests to: info@qgdesys.com

© Copyright 2019 Xilinx 8 XI I_INX
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EDDP Open Source (No SiC)
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' EDDP — Electric Drive Demonstration Platform

PMOD tion bet o BEEE “’-‘T E
. connection between o | B = e
Control Board & EDPS < mqusga o L“L _
o0 Im XNITIX 3 “_ = \
—_— F:& i [N [ —
. Defautmotor—15wBDC & [ lsi =
- Encoder included c 910V B
S _.q.éz A“V‘ L
ANBENOBE BHREARCaRY . e

EDPS — Supports Up to 1IKW CHERAN TR mm  mmm

A L Python Control — SPYN Project

SPYN-Starter PYN Q‘

e * Access To Motor Control Parameter
- » Request Status Information from the
o Motor

T lloT-EDDP )

o st + * Programmatic Control of Motor
P PYNQ - Continuous Status Capture from Motor

« Plots to Visualize Captured Data
« Storing Captured Data for Analytics
« Live Interactive Plots to Investigate

% Data
12V

10

! L 0 S P | - g ‘Of
— (7 _ EN. Y o, = (PYc {ienz
! " . o e W o1t Teccosom

v EDPS (Electric Drive Power Stage)
Page 32 | © Copyright 2019 Xilinx 8 X”_lNX
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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

Predictive Control

Deadbeat Hysteresis based

* Modulator (PWM)

* Fixed Switching
Frequency

+ Low computation

* No use of constraints

* No modulator

* Variable Switching
Frequency

» Very simple

Image Source: Predictive Control in Power Electronics and Drives

Trajectory based

* No modulator
* Variable Switching Frequency
* No cascaded structure

IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 55, NO. 12, DECEMBER 2008 © Copyright 2019 Xilinx

Model Predictive Control
MPC

MPC

Continuous Control Set

* Modulator
+ Fixed Switching Frequency
» Constraints can be included

& XILINX



Finite Control Set Model Predictive Control = SPYN

1000

> Jupyter as the interface to the real time controller .
500
In[ ]: » # control widgetses o
Use the hardware switch SWO0 to change between FOC and MPC. 1
£ o
-250
RPM O 1000  (only for FOC)
-500
Ig in mA O 880 (Iq set point for FOC and MPC)
Au*1000 O 000  (switch cost wheigt for MPC) o
-1000
=1000 =750 =500 =250 0 30 500 750 1000
I_a_filtered
1o00 ® | fitered
I_b_fitered
I c_filtered
50
In [ ]: » # Capture Interface Widgets« %00
Capture: la / Ib (filtered) la /b (raw) lalpha / Ibeta Id /g -
Vd/Vq Valpha / Vbeta Va/Vb/Ve V_PWM s
)
Decimation: () 1 Sample Count: O 4096 §

=250
Ready for next Capture. Start the Capture

Load the Capture

-750

-1000

angle in 4+pi/999

© Copyright 2019 Xilinx 8 XI I_INX



Safety
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Device Domains

> Full Power Domain (FPD) —

> Low Power Domain (LPD) —

> Programmable Logic (PL) =

Processing System
Application Processing Unit

il NEON™
| FoangPot nt

Cortex™-A53
216 | 268 |
LCache | D-Cache
wPaty | WECC

Safety capabilities

ARM Mali™-400 MP2

Graphics Processing Unit

Tiers,
WOT, Resess
Clocking, & Debug

Programmable Logic
Storage & Signal Processing

N | i e Full Power Domain
HitrSpoed > |solated Domains e
onn ow wer
s >> Battery Power Domain (BPD Domain AS I L
r—::—;;—‘ >> Low Power Domain (LPD)
. N
— > Full Power Domain (FPD) AS I LC, S I L2
cneral Comnect >> Programmable Logic (PL
= ’ SIS
ML > Each power domain is
et separated
>> By 50x the min spacing

Programmable Logic
I Programmable Logic Power Domain I

ASILB
SIL2

LOW
POWER—
DOMAIN

B
2

Lockstep for R5s

Triple Modular Redundancy (TMR) for
Platform Management Unit (PMU) and
Configuration & Security Unit (CSU)

ECC for TCM, OCM, CSU and

PMU RAMs

Memory & Peripheral Protection Units

provide functional isolation

CCF coverage by clock, voltage, and

temperature monitors

Logic Built In Self Test (LBIST) for
checkers & monitors at power-on
— Peripherals coverage by end-to-end software

protocols

Software Test Library (STL) for GIC,
interconnect, SLCRs & error injection

Voltage & o
Temp Monitors

Clock
Monitors

u
TMR Core

Csl
d SLCRsl

XMPU

XPPU

PL

DDR
Controller

| Full Power
A i
& Domain

© Copyright 2019 Xilinx

SIL3HFT =1

Certificate / Certificat

Zertifikat /| S1REE

XILINX 1502011 C001
exida hereby confirms that the:
Zynq UltraScale+ MPSoC
Xilinx, Inc.
San Jose, CA, USA
Has been assessed per the relevant requirements of:
1SO 26262:2011 Parts 2,4,5,6,7,8,9and 10
IEC 61508:2010 Parts 1,2and 3
and meets requirements providing a level of integrity to:

Systematic Integrity: ASIL C and SIL 3 (HFT1)

‘Safety related function:
The Low Power Domain (LPD) subsystem of the cale+
MPSOC supports the execution of safely related software. A failure in
the LPD subsystem caused by a hardware fault shail not cause the LPD
10 go into an unsafe state for a time greater than the specified fault
tolerance time inferval

Application restrictions:
The MPSC shall be used per the requirements described in the

2ynq
UitraScale+ MPSoC Safety Manual (UG 1226) and Software Safety User
Guide (UG1220)

/J. V2
f L Evaluati ngIAs#AL’or

-
‘4 )
-
Certifying Assessor

Page 1012

ANSI

ANS! Accredted Program
PRODUCT CERTIFICATION
#1004
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Architecture of the single chip HFT=1 Drive

l-cache

Module

Eth|

Mid Criticality Low Criticality Mid Criticality Mid Criticality
App4 — Streaming High Criticality _
L s [T Programmable Logic
App|2 — loT Gateway TSN | PP R~ App7 PLC App9 Motor Control App1 - RT Industrial Networkin
] ] 1 ) | ; : |
l App3 SIL supervisor | ! ! \App8,Motion ! App10 Safety Loop !
v | v v ooy v \ ! |
: : AXI !
Bare Metal Linux RTOS Bare Metal : IDF !
! : | | ! AXI v :
| | | | AX N o1 Mebeny
i Hypervisor | i [ woesnomoncco | oationayzcc [l oxainr |
: : 'I : MicroBlaze 4mmp MicroBlaze 3gﬂti’croBlaze
: : : 32/64bit (18omHz)  32/64bit (180mHz) it (180MHz)
. (" Application ) " Application | Application Application EtherCAT
_QT'[L‘ FSoE
E I-cache | D-cache l-cache | D-cache \-eache | D-cache l-cache | D-cache ProfiNET
: L L L L Prorsat
1 T
! L2 Cache
! 1
1
1

Memory Controller

C2

HMI = Human Machine Interface
ML = Machine Learning

TSN = Time Sensitive Network
SIL = Safety Integrity Level
OCM = On Chip Memory

TCM = Tightly Coupled Memory

External Memory
© Copyright 2019 Xilinx

Improved modularity andiv XILINX

reduced criticalitv impact
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' Learn More...

> Learn More about Motor and Inverter Control with Xilinx

>> https://www.Xxilinx.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)
>> hittps://github.com/Xilinx/lloT-EDDP
>> https://github.com/Xilinx/IloT-SPYN

P YouTube Videos:

§ T oo Sted it the e Dfes Do Plrform Getting Started with the Electric Drives Demo
*Q, < stre | | 4 save

- SPYN Quick Take Video on YouTube
White oo . |
P B i Xilinx.com Vi ;
Paper - : .com dep_s
= Available in English (xilinx.com)
= I Chinese (china.xilinx.com)

Japanese (japan.xilinx.com)
SPYN Quick Take Video on Xilinx.com

Watch Webinar
ON DEMAND

© Copyright 2019 Xilinx 8 XI I_INX



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

Adaptable.
Intelligent.
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