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Motivation

I know MicroTCA Show me

You

This tutorial

Your supervisor

The Matrix 1999



Things that will be covered..

What is MicroTCA? 

Brief History/Evolution of MicroTCA

Building Blocks of MicroTCA.4 Systems:
● The crate
● AMC + RTM
● MCH
● Backplane
● RF Backplane

Management

Protocols on the backplane:
● PCIe
● Point to Point Links 
● Timing Clocks and Interlocks (MVLDS) 



What is MicroTCA



What is

● It is an open standard, embedded computing specification.

● Specification is written by PICMG (PCI Industrial Computer Manufacturers) Group:

–  nonprofit consortium of companies and organizations

● Defines fully and non-redudant system configurations

– Serviceability, Availability → up to 99.9999% uptime (six-nines) → 31.56 seconds downtime in a year 

● Power budgetting and Hot Swap Capabilities

● Comes with complete component and system management that allow failure detection and isolation

 



Page 6

Family Tree of PICMG Specifications
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● MicroTCA has evolved from ATCA

● Main motivation of MicroTCA:

– ‘Lightweight’ version of ATCA

– Plug the AMC cards directly on a 
backplane

● MicroTCA.0 is the base specification

● MicroTCA.1,2,3,4 are just subsidiary 
specifications on top of the base specification
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Family Tree of PICMG Specifications
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● Rear Transition 
Module (RTM) gets 
introduced

● RF Applications (eg. 
Experimental Physics )
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Quick look at ATCA Systems
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The Crate



Page 10

MicroTCA Crates
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The trade off between functionality – redundancy – reliability 

1U MicroTCA.4 
• Integrated eMCH
• 2x Double Mid-Size AMC 

slots w/ RTM
• 2x Single Mid-Size AMC slots
• Integrated 400W PSU
• No redudant part

3U MicroTCA.4 
• 4x Double Mid-Size AMC 

slots w/ RTM
• 1x Double Mid-size AMC slot
• 1x Double Full-size AMC Slot
• Discreete PSU
• No redudant part

5U MicroTCA.4 (Cube)
• 6x Double Mid-Size AMC 

slots w/ RTM
• 1x Double Full-size MCH slot
• 1x Double Full-size AMC Slot
• Discreete PSU
• No redudant part

9U MicroTCA.4
• 6x Double Mid-Size AMC 

slots w/ RTM
• 1x Double Full-size MCH slot
• 1x Double Full-size AMC Slot
• Discreete PSU
• Redudant MCH + PM
• RF Backplane capable
• JTAG Switch Module 

available



AMC + RTM
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AMC + RTM
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● AMC: 

– Carries mostly the ‘digital logic’.

– Many COTS components available

– Can be single or double width
● RTM

– Extention of the connected AMC 

– Big dependency on the application (in-house 
development)

– RF Front ends, CPUs, GPIO … 

● RTM is the subordinate of the AMC in terms of 
management

● AMC card gets connected to the crate via AMC-
Backplane connector

● RTM and AMC connects through Zone 3 connector

DWC8VM1 (RF Front End) + SIS8300L2 (ADC)

Power Limit: AMC + RTM < 80W 
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AMC Examples
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● A/D & D/A Converters
● CPU
● FMC Carriers
● Timing Boards
● GPUs
● Storage (eg. SSD via SATA)
● Network Interface 
● ...

DAMC-FMC2ZUP from MicroTCA Technology Lab

Concurrent AMC-CPU



MCH
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MicroTCA Carrier Hub
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● Main authority of the crate

● Bare minimum functionality;

– Switch Fabric

– Remote Control and Management Logic

● Additonal functionalities;

– Provide clocking functionality

– Fat Pipe Switch (PCIe)

– JTAG Connectivity to the backplane

● Can be ‘embedded’ inside the backplane. (Seen on smaller crates)

● Zone 3 Connectivity exists. (eg. MCH-RTM used as CPU)

Taken from MTCA.0 Base Specification
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MicroTCA Carrier Hub
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NAT-MCH-PHSY80 from N.A.T UTC006 from Vadatech
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Putting Everything together
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AMC-Backplane
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The AMC-Backplane
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● 170 pins grouped into ports
● Each port composed of 6 wires;

– Differential TX
– Differential RX
– 2 GND Pins 

● Protocols that can be seen on AMC 
Backplane:
– IPMI (Management)
– Gigabit Ethernet
– SATA
– FAT Pipe (PCIe |SRIO | 10/40GigE)
– Point-to-Point Links
– MLVDS Lanes
– Clocks
– JTAG
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‘The Naked View’
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RF Backplane (MicroTCA.4.1)
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RF Backplane (MicroTCA.4.1)
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Motivation: Getting rid of spaghetti, better management for analog signal distribution

Before After
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RF Backplane
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Before



Management
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Management
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● Intelligent Platform Management Interface 
(IPMI) is used for management inside 
MicroTCA system

● Developed by Intel. Still used in servers for 
out-of-band management

● I2c based messages between master ↔ 
Slave

● MCH talks with other cards using IPMB 
lanes

● Shutdown/Start individual cards

● Gather sensor readings 
(Temperature,voltage/current readings etc.)

● Can be used for firmware upgrade
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Management
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● Controller: MCMC
– MicroTCA Carrier Management 

Controller

● Agents: MMC
– MicroTCA Management 

Controller

● Talking each other with I2c writes

● Every AMC must have MMC 
implemented inside. 
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Field Replaceble Unit (FRU)
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● The passport of the AMC
● Implemented as EEPROM connected to the 

MMC of the AMC
● MMC uses FRU to identify itself to the MCH
● Contains ‘fields’ of information such as:

– Manufacturer 

– Board Information

– Serial Number etc

● The AMC Backplane also has it’s own FRU.

Example of a FRU (CPU-AMC)



AMC-Backplane
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Protocols on the AMC-Backplane
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● IPMI (Management)
● Gigabit Ethernet       (Ports 0-1)
● SATA       (Ports 2-3)
● Fat Pipe + Extended Fat Pipe     (Ports 4-11)

– PCIe
– SRIO
– 10/40 GbE

● Point-to-Point Links (Ports 12-15)
● MVLDS     (Ports 4-11)
● Clocks        (TCLKA,TCLKB TCLKC,FCLK)
● JTAG
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Protocols on the AMC-Backplane
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PCIe
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PCIe
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Future

Now

● MicroTCA standard offers PCIe lanes up-to x8 (Gen 3) connectivity between cards
● MCH holds the PCIe switch and can talk the switch

– Choose any-slot to be the ‘root-complex’. (eg. CPU)

– See the link status online

– Configure the PCIe switch parameters

– Multiple root-complex inside single crate possible
● Hot Swap is possible! (Take the AMC out, re-insert again and things should continue work)
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PCIe
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How the data moves inside the crate using PCIe protocol?

FPGA board

CPU board

MCH

PCIe 
switch

CPU FPGA

backplane on-board 
memory

memory

1

2



Protocols on AMC-Backplane

Point-to-Point Links
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Point-to-Point Links
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Point to Point links offer direct communication 
from FPGA to FPGA. 

Used for data aggregation / fast feedback 
between boards

These lines are ‘hard wired’. Double check the 
connectivity before ordering.
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Point-to-Point Links

| Introduction to MicroTCA | ARD-ST3 Workshop 2021 |Çağıl Gümüş, 29.09.2021

Example from European-XFEL

● Data aggregation on point-to-point links on 
Europan-XFEL LLRF Crates:

● Probe + Forward + Reflected signals of 16 
cavities gets send to main controller board.

● Some numbers: 
– 6.25Gbps link rate
– Sending 11x32 bits payload packet
– End to End latency: ~344ns 



MLVDS 
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MLVDS
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● Ports 17-20 Can be used to forward 
clocks, triggers and interlock to all other 
cards on the crate.

● Mesh Topology

● Multipoint LVDS is used in MicroTCA for 
communication between cards. On each 
individual line one card (application 
specific) acts as a driver, other cards can 
be configured as receivers.

● Wired OR is also possible in MLVDS - 
more than one card can drive the same 
line (with the same polarity)
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Data Transfer inside Crate
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Do you want to learn more?
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● Go to techlab.desy.de to learn more about 
the training

● 2 Trainings: 

– Basic

– Advanced

● Dates for 2022 will be announced soon!

● Training can be held virtually/in-house 
depending on the health guidance.

http://techlab.desy.de/


Thank you



Contact

Deutsches 
Elektronen-Synchrotron

www.desy.de

Cagil Gumus (CJ)
MSK- Firmware Team
cagil.guemues@desy.de



Extra Things 
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MicroTCA Carrier Hub
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PCIe Root Complex outside of the crate
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Suffering from weak CPU-AMC? Here is your solution

Pros:
● Cheaper & Poweful PC outside of 

80W limitation
● Many choices in the industry for 

parts
● Many more PCIe slots available on 

the motherboard for more cards

Cons:
● CPU is not managed by MCH
● Boot sequence of crate and PC has 

to be done properly
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PCIe Tree
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‘lspci -tv’ command visualised
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