|

_u’l-

| |

!. Ly | PR
Introduction to the
MicroTCA.4 Standard
Dr. Patrick Nonn

04/07/2019

TECHNOLOGY LAB

nnnnnnnnnnnnnnnnnnnnnnn -



Introduction to the MicroTCA.4 Standard
Dr. Patrick Nonn 04.07.2019

AGENDA
1. MicroTCA.4 in a nutshell

— Motivation

— Main Components
2. Use Cases

— LLRF Systems

* European XFEL
* LILAC (NICA)

. wese e
see H

— GigE Vision . £
o mickolca | micRQIca

3. What is MicroTCA Technology Lab? St S ol TECHNOL%?GY ot
— Where we come from i ® : .

— Services
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What is ...
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_ Introduction to the MicroTCA.4 Standard
Requirements Dr. Patrick Nonn 04.07.2019

European XFEL systems need high availability

Uptime
Uptime + Downtime

* More Uptime - Redundancy Availability:
* Less Downtime —» Remote Management

Also important:
* Low-noise signal transport
* Precision timing

* Compact form factor

VME-crates provide none of the above

Where else are requirements similar?  Telecommunication

m'C?OTCA ﬁHELMHOLTZ @
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_ . Introduction to the MicroTCA.4 Standard
What is MicroTCA? Dr. Patrick Nonn 04.07.2019

Micro Telecommunications Computing Architecture
* An open, modular standard for high performance computing system, based on PCI Express

* Evolved from Advanced Telecommunications Computing Architecture (ATCA)
* AdvancedTCA and MicroTCA both use Advanced Mezzanine Card (AMC) standard

* Hot-swappable cards

* Fully managed infrastructure ATCA Crate
* Supports redundant power supplies and shelf controller

AMC Carrier

MicroTCA Crate

mIC?OTCA ﬁHELMHOLTZ %
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Introduction to the MicroTCA.4 Standard

Motivation for MicroTCA.4 Standard Dr. Patrick Nonn 04.07.2019

From VME (FLASH) - MicroTCA (XFEL)
MicroTCA lacks... i 4 ,‘

* High precision timing

* Rear input/output

New MicroTCA standard was developed: VME is 35 years old!!!
* MicroTCA.4

Redundant fans & power supplies
Internal clock & trigger distribution
Modular: reusable components
Complete remote management
Modern high-speed data transfer
Highest signal quality

I/O cables from rear side

* Specifically for science and similar industry
application

mlC?OTCA ﬁHELMHOLTZ %
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Introduction to the MicroTCA.4 Standard

Composition of the MicroTCA Standard

Reference Specification
for Management

PICMG 3.0

AdvancedTCA Base
Specification
(Telco-centric spec)

Dr. Patrick Nonn 04.07.2019

Reference Specification
for Board Implementation

AMC.0

AdvancedTCA Mezzanine
Cards Base Specification

(Telco-centric spec)

* MicroTCA.O
* originates in telecommunication

MTCA Application Guide

Environmental and capability
comparison between
MicroTCA specifications

* base for subsequent standards

-
-
-
-

MicroTCA Air-Cooled
Base Specification
Environment: Controlled Telco/Industrial
(Telco-centric spec)

-
-
-
-

* MicroTCA.1 to MicroTCA.3 are
various levels of ruggedized variants

* MicroTCA.4 was developed with Rugged Air Cooled Hardened Hybrid

Hardened Conduction

Enhancements for Rear

. e . . . . Specifications Air/Conduction Cooled Specifications /0 and Precision Timing
SC | e ntlfl C ap p | | Catl O n | n m | n d Environment: Cooled Specifications Environment: AMC, MicroRTM, Shelf
Extended Telco / Industry Environment: Military Extended Telco / Military (High Energy Physics-centric)
(Telco/Industrial-centric) (MIL-centric) (MIL-centric)
MicroTCA Ruggedization MicroTCA Capabilities
Specification Specification
m|(,?0-rc4 ﬁHELMHOLTz
| GEMEINSCHAFT
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Introduction to the MicroTCA.4 Standard

MicroTCA.4 Hardware: Overview Dr. Patrick Nonn 04.07.2019

Essential Parts for MTCA.4 System
Crate with Backplane

Power Supply Module (PM)
Cooling Unit (CU)

MicroTCA Carrier Hub (MCH)
Advanced Mezzanine Card (AMC)
Rear Transition Module (RTM)

Zone 3 Connector

AMC

mlC?OTCA ﬁHELMHOLTZ %
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A.4 Standard

Dr. Patrick Nonn 04.07.2019

MicroTCA.4 Hardware: MCH

Setup Change MCH Configuration
Base Configuration
o MCH global parameter Configuration
"Age Time remote interfaces:
:oﬁ s’l:/Aa:: Management interface at GbE port disabled ¥
802 1Q VLAN RMCP access [enabled ¥
802.1X telnet access [enabled v
802.1p =
o Miforing ssh access disabled
SumBoIFrame WEB access enabled v
Link Aggregation IP address source for management port DHCP &
RapidiSpannlngiire P address source for GbE port once .
Link Status RMCP session activity timeout minutes o min
BCM5396 counters
‘Switch PCle x80 R‘MCP session acllvlf/ llmeoul‘ seconds 60 sec 3
PCle Virtual Switches Telnet session activity timeout seconds o sec 0 0
Error Counters
o e MicroTCA Carrier Hub (MCH)
= MCH flags:
Maintenance enable watch dog timer no v|
o Enabl allernliv cooling scheme = ] P | atfo rm manaaement
Board Information PM Assignment strategy strict v
System - v
Reboot NAT-MCH Use BM (MCH: RTM)‘a‘sFPM for eRTM15 no
e * Remote Access
Change Password
N.A.T. Webpage
Home Shelf manager parameter H 1
— * Crosspoint switches
allow shelf FRU invalid yes ¥
temperature management enabled v .
u * Hot-swap handlin
Send SEND_MSG confirmation to SMS |disabled ¥ |
use external shelf manager [no v T /
- MICRQICA  veLmHOLTZ
TECHNOLOGY LAB |GEME|NSCHAFT
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MicroTCA.4 Hardware: AMC Backplane Dr. Patrick Nonn 04.07.2019

Backplane Contents

GigabitEthernet

SATA

PCle x4 and/or RapidlO
Clocks

Interlocks

Triggers

JTAG

IPMI

Point-to-point
Connections

Common Options

MCH1 Fabric [A]to

AMC Port 0

AMC Port 2

MCH1 Fabric [D:G]
to AMC Port [4:7]

AMC Port 8

Clocks
MCH1 CLK1 to
AMC TCLKA

MCH1 CLK2to
AMC TCLKB

Clocks |

Clocks
MCH1 CLK3 to
AMC FCLKA

Common Options
MCH2 Fabric [A] to
AMC Port 1

2017 N.A.T. GmbH MTCA.4 Training Slides, Vollrath Dirksen
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Introduction to the MicroTCA.4 Standard

MicroTCA.4 Management: IPMI Bus

MicroTCA Shelf

MicroTCA Carrier

* Intelligent Platform Management ittt il i
Interface MCH
MCMC

capabilities independent from the host
system’s CPU

* Management and monitoring

I
i
1
1
I
|
E / \ IPMB-L IPMB-0
|
I

/ \ BackEIa ne

* Led by Intel in Sept. 1998 oL F-—-——-------- \-—-—- - TPMB-A IPMB-B
. |2C based Serial bUS i MMC MMC MMC EMMC i EMMC E
® Identlfy hardware (FRU) i AMC 1 AMC 2 i AMC 12 Cooling i Power i
_ ) | Unit | | | Module| !
* Hardware diagnostics (tempature, | ! :
expected current consuption etc.) | 12C-bus T
* Initiate boot up and shutdown | - i
) : PRTM 1 [ | pRTM 2 [*® pRTM 12 CL:)oIing I
* Logging of events | i

m|(,?0-rc4 ﬁ HELMHOLTZ
2017 N.A.T. GmbH MTCA.4 Training Slides, Vollrath Dirksen TECHNOLOGY LAB | GEMEINSCHAFT



MicroTCA.4.1: RF Backplane

-
=
-
=
"
.‘f

) ‘: -

Additional Backplane for RTMs

Three extra slots for RF/clock signal generation and distribution modules

RF signal distribution over backplane, thus reduced RF coaxial cabling usage
Supports up to 3 extended RTMs (RTMs without AMC)

Shielding from digital noise from AMCs

Up to 2 power supply RTMs with low-noise, separated, analog, bipolar power distribution
MCH-RTM for system management of RTMs

mlC?OTCA ﬁHELMHOLTZ
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MicroTCA in Comparison to Competing Standards

Introduction to the MicroTCA.4 Standard
Dr. Patrick Nonn 04.07.2019 | Page 13

- ATCA VME (VXS) | cPClI (serial) MicroTCA.4

Board size
(mm)

Rear
Extension

Typical power
per slot

Managed

Lane speed

Application
area

very large
280x320

small

450W+

YES

10-25Gbps

Telecom/
Physics

medium
230x160

small

200W+

no

parallel/6Gbps

Industry

small
100x160

(no)

120W

no

10Gbps

Industry

medium

230x160

small

150W

(no)

10Gbps

Military/
Industry

medium
150x180

large
80W
YES
10Gbps

Physics/
Industry

ﬁ HELMHOLTZ
| GEMEINSCHAFT
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Use Cases of

uloa®
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. _ Introduction to the MicroTCA.4 Standard
MicroTCA in European XFEL

* Biggest success story of MicroTCA
* 800 Superconducting Cavities

* Over 200 MicroTCA Crates (> 2000
components)

LLRF
* Synchronization

* Timing

* Beam Diagnostics

mIC?OTCA ﬁHELMHOLTZ %
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. Introduction to the MicroTCA.4 Standard
European XFEL: Precision RF Controls

Dr. Patrick Nonn 04.07.2019 | Page 16

— —
Electron beam = Cavity ==,
b
. Amplifier
] ] Asinwt .
1. System characterization Low power ~v[\ High power ~MV
—~ Actuator »
. A
2. RF Feedback controller design Master |
Oscillator Sensor
3. Iterative learning controller design
4. Beam-based feedback LLRF Controller ¢
Errorin Q d
Bode Diagram 7 /97 mode 200 . Bunch arrival time I

— 20 H8/9n mode (NG 0 1= :

g2 0 TTTI E ool A o) 100} ZE," . {rms);

% —20r < ; : !

% _40b -400 0] - :

én —601 60050 580 1460 — 0

-80 Correctionin Q o)
5000 "—— Before Adaptation’ <550
0 — After Adaptation

Eﬁ i 0 — — 100 IS o

z s 2 = AU

g —500r _8-5000 AB0f et 13 fs (rms)

_7100?01; ::::;02 Tos ;04 105 ::::106: B ~10000— == 6!;0 1260 2005 550 150 15'] 260 b

Time [us]

Frequency [Hz] Bunch number

Specification for RF Field Control Z
f HELMHOLTZ
AA/A <0.01 % and Ap <10 mdeg. mKROTCA % | GEMEINSCHAFT
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.
European XFEL Software: ChimeraTK

* In order to access the data from the MicroTCA.4
crate bidirectionally over PCle bus, the
ChimeraTK framework was developed at DESY.

( MicroTCA AMC ) ( TMCB2 ) ((Other boocs Server)

PCle
= | Ethernet
Ethernet

* The scope of this toolkit focuses on abstracting
specifics of the underlying system, as well as
giving the user the ability to create a portable
user applications across different control ( Device Access Liorary
system choices |

i
: E :
( PCle Backend )( ReboT Backend )( DOOCS Backend )( Dummy Backend )

* One application (e.g. LLRF Server) can be
adapted for various hardware and control
systems |

[ Application Core ]

Control System Adapter )

K

( Epics Adapter )( oPc-UA Adapter )( Doocs Adapter )( Tango Adapter )

https://github.com/ChimeraTK
micdTea e,



.
LLRF Project Example: LILAC

Upgrade of LU-20 to
Light lon Linear Accelerator
(LILAC)

(NICA)

Nuclotron-based lon Collider Facility
Dubna/ Russia

NUCLOTRON &
0.6-4.5 GeV/u

MultiPurpose
Detector - MPD

«—21m— +—28m— +«22m—

Re-
Source gg LEBT RFQ Buncher IH1

t t t T

20 keV/u 600 keV/u 4.2 MeV/u 7 MeV/u

mIC?OTCA ﬁHELMHOLTZ %
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LLRF Project Example: LILAC

NICA LILAC LLRF Overview

De-
buncher

1
a0
plfeling

3 e —

1 — MicroTCA-Crate In cooperation with BEVATECH

2 — External CPU Te i
3 — Signal-/Clock Generator (Master Oscillator) MIRRCICA 7 Cemeinscrarr

TECHNOLOGY LAB




. . - Introduction to the MicroTCA.4 Standard
MicroTCA.4 GigE Vision

DIPC-7050 GIgE Vision Stack
L 4 A

System architecture for operating GigE GIG — "

Vision standard compliant cameras in a VIS |_0 N (16b/106b)

FPGA/SoC based environment.

Xilinx
DDR3/4

Featu res . . Controller

* Support for Xilinx 7-Series, Zynq, —
Ultrascale and Ultrascale+ devices  Image Processing

* AXIl4 compliant interfaces

* Synchronization between camera devices
using IEEE 1588 or external trigger

* Support for x86 and ARM architectures

mlC?OTCA ﬁHELMHOLTZ %
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Introduction to the MicroTCA.4 Standard

MicroTCA.4 GIigE Vision: Applications Dr. Patrick Nonn 04.07.2019

Camera-based diagnostics for beamlines
at PETRA Il (DESY)

Typical applications: Scintillator screens for diagnostics of X-
ray beams,

* Beam center and its distribution can be calculated from the
image

* GigE Vision cameras are a popular choice for such
applications

D
udp_ip_engine_0 ] 3
[ 4 CTRLAXI M_UDP [ . i - -3 i
S+ om 4] D Fig. Visual representation of a
udp_ip_engine . . .. .
gl vison, coe 0 I ) @ivina 0 beamline center position calculation

MO1_AXIS + 3

gige_vision_core V1.0 AX] Video Direct Memory Access

AXI4-Stream Broadcaster

two_dim_stdev_0

D o5 ol Vivado™ HLS.
e+ in V_am Vv '

20 mean ana s preproacion) - QUICK Setup with Xilinx Vivado IP Integrator

MIRCTeA  F e

TECHNOLOGY LAB




MicroTCA.4 GIigE Vision: Applications

Quality Assurance
* Automated, optical product testing

L L LEL LR

Introduction to the MicroTCA.4 Standard

Dr. Patrick Nonn 04.07.2019 | Page 22
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Introduction to the MicroTCA.4 Standard

Facilities with MicroTCA Installations

\Q(IT B " domond e = 2

Karlsruher Institut fiir Technologie
%OAK
RIDGE

- o SPring
o= A @
KEK-JAPAN T e —

LNLS
HZB Helmholtz : Pt
Zentrum Berlin Syl:gﬁzatl:g: @ S \JL E.l L

SYNCHROTRON

=51 SLAG TARLA-

NATIONAL ACCELERATOR LABORATORY
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Introduction

micelca

TECHNOLOGY LAB

AHELMHOLTZ INNOVATION LAB B ]
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Introduction to the MicroTCA.4 Standard

MicroTCA Technology Lab: Mission Dr. Patrick Nonn 04.07.2019

* Transfer MicroTCA.4  Technology from
Science to Industry

* Promote and provide support for the science
community in regards of MicroTCA.4

* Foster the community and support future
development

* Enabling space for innovative ideas and new
business models

mlC?OTCA ﬁHELMHOLTZ %
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Introduction to the MicroTCA.4 Standard

MicroTCA Technology Lab: A Helmholtz Innovation Lab

° P art Of H e I m h O Itz I n n Ovati O n Labs (H G F [MTCAA TechLab (MicroTCA.4 Technology Lab))
Val i d ati O n F u n d) (MD«CEL (Max-Delbriick Cell Engineering Lab)

* Finance instrument to support the spin-
off and technology transfer from
scientific and technical inventions or
developments from HGF centers to the
industry and society

* 5M € over 5 years

» Started renovation for office space +
Hiring around Oct. 2016, official opening
April 2018

Perovskite Research, Integration

HySPRINT (Hybrid Silicon
& Novel Technologies)

MiBioLab (Microbial
Bioprocess Lab)
{

KIT HUB (KIT Innovation Hub
Y1 »Prevention in Construction®)

(MIL (Miro Innovation Lab))

MICRATCA  F oz

TECHNOLOGY LAB



Introduction to the MicroTCA.4 Standard

MicroTCA Technology Lab: Staff and Relations

* ~10 FTE for MicroTCA Technology Lab
* Hardware, Firmware and Software Developer

* Close collabration with Machine Beam Control Group M-DWISION
of DESY (MSK) Accelerator-Division at DESY

* >60 FTE (~25 FTE for LLRF)
* MSK Responsibilities: D ESY ° M S K
* LLRF Control Systems for Accelerator Structures

* Special Diagnostic Devices mlC?OTCA

- . TECHNOLOGY LAB
* Beam Stabilization Systems e e e
(transversal/longitudinal) in storage rings & linacs

* Timing for accelerator infrastructure (e.g. Klystron)

m'C?OTCA ﬁHELMHOLTZ %
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:
MicroTCA Technology Lab: MMC Stamp

Module Management Controller (MMC) Stamp: Compact solution to realize IPMI controller on the AMC
card.

Speed-up your board design + Prevents reinventing the wheel

We also provide Altium Desigh Templates

mIC?OTCA ﬁHELMHOLTZ %
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MicroTCA TECh“OIOgy Lab: Services Dr. Patrick Nonn 04.07.2019 | Page 29

Solving high speed signal integrity issues on PCB design, FPGA design etc. using High-end digital
measurement equipment (e.g. 80 GSPS LeCroy)

File Toals

| &

Trace View

Ssetup  Record
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Introduction to the MicroTCA.4 Standard

MicroTCA Technology Lab: Training Dr. Patrick Nonn 04.07.2019

Together with N.A.T. we provide training on MicroTCA

* Basic Course (2 days):
* Introduction to the Hardware
* Hands-on exercise: Setting up MCH
* Advanced Course (2 days):
* PCI Express and IPMI
* Hands-on exercise: Maintenance tasks

mIC?OTCA ﬁHELMHOLTZ %
TECHNOLOGY LAB |GEME|NSCHAFT



Introduction to the MicroTCA.4 Standard
Dr. Patrick Nonn 04.07.2019 | Page 31

Thaﬁ( you
for listening
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Example: LLRF and Tuning Control

Interlock =
DWC8vVM1 5158300 Timing
w —
3 _EE Field :
_E‘, S| detection B
& — Switchable
&
Ao > Downconverter it
& £
l g2s
2%
4 8 8®
3 Controller Detuning I » Ss 2
computation SG
g Interlock
> g1t
£« Switeh b ! Upconverter
Piezo Controller /
™ Interlock ] ANC
2 » & <
< o] BB
£ i
A 4
avc A 2
Backplane "
PZT4 FMC25
o
g A 4
2 3>
2 > ADC MISC
g > 12 Slot MTCA.4 Crate
a z3 Tuner Driver <
% &
gq
& o
ER! £
53 E |« DAC v
g i
a A RF Backplane
Stepper motor control e
> 2 Sl o | o | & |
& NEN 2 S I - R A
z
crve Ok ¥ ¥ AR 16|88 8|3
: [ = 3 5|8 | & | &|a| 8
& 3 5| o | o | 5|6 |6
Motor driver Motor driver
i i
Mechanical tuners Mechanical tuners

m'C?OTCA ﬁHELMHOLTZ
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. Introduction to the MicroTCA.4 Standard
MicroTCA.4 Hardware: MCH

Dr. Patrick Nonn 04.07.2019 | Page 33

/ Backplane: LVDS lines

/I

12 x 4 lanes

12 x 4 lanes
 PCle

/ PCle
'

12 x 1 lane
/ (GbE)

Port 1 of Fabric A

MCH 1 AMC [1..12] MCH 2
Zone 3 ‘l ) Zone 3 i
R i | |
Zone 3 ‘ Zone 3 ‘ J Zone 3
MCH-RTM g MCH-RTM
uRTM[1..12]

m|C?OTCA ﬁHELMHOLTZ
2017 N.A.T. GmbH MTCA.4 Training Slides, Vollrath Dirksen
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Introduction to the MicroTCA.4 Standard

MicroTCA.4 Hardware: Scalability Dr. Patrick Nonn 04.07.2019
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MicroTCA.4 Management: Interface

MCH Confiquration gquemues@mskpex19263: ~ - o x

€ 5 C ¥ O Notsecure | mskmchtechlab201/inc * 0P8 0 € & qF 2 File Edit View Search Terminal Help
et mskm

# Bookmarks ™ Gmail - GelenK.. [ Google Translate € YouTube & WhatsApp 9 r/all 2 Google Maps 5l Google Docs » M Other bookmarks

Setup

Base Configuration
Jsm

NAT-MCH by N.A.T.

Change MCH Configuration

Web Interface

2017 N.A.T. GmbH MTCA.4 Training Slides, Vollrath Dirksen

[Surtch | BASE ache.r MCH global parameter Configuration
Age Time remote interfaces:
go:: 3:?3 Management interface at GbE port disabled ¥
532.10 VLAN RMCP access enabled ¥
802.1X telnet access enabled ¥
Gy ssh access aisabled ¥ N
Port Mirroring !.-T—H H-MCM(
Jumbo Frame WEB access enabled ¥
Link Aggregation IP address source for management port DHCP
Rapid Tree IP address source for GbE port DHCP
Link Status RMCP session activity timeout minutes o min
BCM5396 counters - Ty
Switch PCle x80 RMCP session activity timeout seconds 60 sec
PCle Virtual Switches Telnet session activity timeout seconds o sec
Error Counters
Link Status default fan level 30 percent
MCH i ion flags:

Maintenance enable watch dog timer no v
Script Enable alternative cooling scheme no v
Board Information PM Assignment strategy strict ¥
System i x =
Reboot NAT-MCH Use BM (MCH-RTM) as PM for eRTM15 no
Update MCH IPMI Compatibility Mode enabled ¥
Change Password
N.A.T. Webpage
Home Shelf manager parameter Configuration

configuration flags:
allow shelf FRU invalid yes ¥
temperature management enabled ¥
emergency shutdown disabled
Send SEND_MSG confirmation to SMS disabled ¥
use external shelf manager no ¥

Telnet (Terminal)

mlcQOTCA # weLmnoz
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Introduction to the MicroTCA.4 Standard

MicroTCA Technology Lab: Our Partners Dr. Patrick Nonn 04.07.2019

— 3 CAENels

BEVATECH Bevatech GmbH Gear o SClenice CAEN ELS s.r.l.
elspec@ Al O .
b el-spec GmbH EMCOMO Solutions AG
{ Schroff
N.A.T. GmbH nVent Schroff
powerBrldge‘ %HDE&SCHWARZ
Computer powerBridge GmbH Rohde & Schwarz
’“‘ TELEDYNE SP DEVICES Jiivs innovative
Everywhereyoulook systeme

Teledyne SP Devices Struck Innovative Systeme GmbH

@vadatech
e VadaTech

°°°° meseem WIENER Power Electronics GmbH

mIC?OTCA ﬁHELMHOLTZ %
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Introduction to the Mic A.4 Standard

European XFEL Software: ChimeraTK GUIs

* The ChimeraTK software toolkit has control system
adapters to EPICS, DOOCS and OPC-UA

* Adapters for other control systems can be added by
everyone

* Control System Studio (CSS) LLRF Panels available for
free on Techlab Gitlab
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