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Introduction:

At this year’s exhibition “embedded World 2008” customers wantagéathe progress
MicroTCA made over last year. Therefore they looking forpgitof of all the promises by
asking the following questions:

- Which IOs are available as AMC modules?

- What types of chassis are available off the shelf?

- Which types of smaller and cheaper chassis are being developed?

- How easily can | port my software to a MicroTCA basestean?

- For what application is Gigabit-Ethernet, PClexpress or SRapldIO
(SRIO) the best interface?

In this article, the main focus is on the configuration, advastagd bandwidth of Gigabit-
Ethernet, 10 Gigabit-Ethernet, SRIO and PClexpress.

The MicroTCA standard offers different combinations of high spetedfaces in the
backplane. The options for these so-called communications fabriGsgatait-Ethernet,
SATA, SAS, PClexpress up to four lanes per slot, SRI®dpur lanes per slot, 10 Gigabit-
Ethernet.

In most backplanes Gigabit-Ethernet over a switch and SATfaoslot connection are
implemented. All other LVDS lines in the backplane can be useahfpof the available fat
pipes PCle, SRIO and 10 GbE. What fabric is in use ib#lc&plane depends only on the
plugged in AMC modules and the switch on the MCH. Therefore the sackplane can be
used for different fabrics and different applications without aogification.

So, what application demands which fabric?

Ethernet is often demanded as it simplifies the communicatievebatthese sub systems or
modules. In some of these Gigabit Ethernet is used for tramgpodntrol information and
application data. If more bandwidth is needed, Gigabit-Etherneedsasslow performance
control plane and in addition 10 Gigabit-Ethernet is used as date. pl

For host centric applications with existent PCI drivers, R@kss is recommended. As
PClexpress is backward compatible to PCI, the drivers cagulsed without any
modification. Therefore the same application runs on MicroT®&Iand PCI systems.

For Multiprocessing application with high bandwidth and low latencyasheinSRIO is the
first choice. Especially because the DSP chips of Tl, the FR@vef Freescale and the
FPGAs of Altera, Lattice and Xilinx have SRIO implemendedchip. As data packets and
maintenance packets can be sent by any CPU to any other CPWotol@e SRIO switch
itself, implementation is much easier than with PClexpr®@BR40 is used as chip to chip,
board to board and as chassis to chassis communication.



Performance and flexibility of all these fabrics depend orpthgged in AMC modules but
also on the implemented switch chip on the MicroTCA caligr (MCH). This will be
discussed in more details for each of these fabrics.

Gigabit-Ethernet in a MicroTCA system

The performance of a Gigabit-Ethernet link in a MicroTCAtsyn depends on the used
Gigabit-Ethernet switch on the MicroTCA-Carrier Hub (MCBhe solution could be the
implementation with an FPGA. The alternative is to choosavacbst Ethernet Switch chip.
Both of these solutions quickly find their limitations, if onedg# prioritise the data packets
and/or needs the high bandwidth and low overhead on the CPU.

If the MCH uses a manageable, blocking free Gigabit-Ethewitths i.e. the Broadcom
BCM5396, a lot of functions and buffers are available to alloarigation, blocking free data
transmission, higher bandwidth and lower CPU load. The key fusatiosuch a switch are:

- Non-blocking 17-Gigabit Ethernet fully integrated switch fabric
- Sixteen SGMII/SerDes interfaces

- Support of 9-kB Jumbo frames

- 256-KB packet buffer memory

- VLAN 4k 802.1Q or port-based support

- Support of up to 4k unicast MAC addresses

- Support of MAC-based port aggregation (trunking)

- Flow control

- Full-duplex (802.3x) and half-duplex options support

- Support of automatic address learning and aging

- Support for Spanning Tree and Rapid Spanning Tree

- Support of 802.1x MAC Security

- Port-based rate control feature with 64kbps granularity

- Classifies packets using four 802.1p QoS or DiffServ priapityues

802.1Q tag VLAN (Virtual Local Area Network), trunking of porésd 802.1p priority
enables the switch to be designed into a wide variety of apphsdrom unmanaged to
websmart to managed switch.

The media access controllers (MAC) on the BCM5396 also suppdobjtnames which are
typically used for high-performance connections to servers betaseffer a smaller
percentage of overhead on the link for more efficiency.

The Broadcom Ethernet switch on the NAT-MCH is also suitailéufly managed
applications due to the support for Spanning Tree and IEEE 802.1x BAQity.

At the beginning of a MicroTCA project the implementation of thgaGit-Ethernet switch
on the MCH is not visible. But with further progress in thesatigoment, latency, bandwidth
and avoiding of conflicts may become important. At this timeptiogect and the application
will benefit from a fully manageable, blocking free Gigabiéthet switch.



For instance in the case of multiprocessing applications amplitations with several data
transfers in parallel over Gigabit-Ethernet, the applicatanuse VLAN, priorisation and
protecting of processor groups against each other. But how camttred MAN (VLAN) be
quickly being configured and reconfigured without recompiling my aafin code?

The Webserver Interface of the NAT-MCH is an easy to usddothe configuration of
several VLANS. In a matrix structure the groups of LANs farmed by simple mouse clicks.

Picture 1: Port based VLAN Configuration with NAT-MCH Weha interface

For some applications the performance of the Gigabit EthernétlioraTCA system is not
sufficient. Then PClexpress, 10 Gigabit-Ethernet or SRIO sHmulgsed. In the next
paragraph these interfaces will be discussed.

10 Gigabit-Ethernet XAUI (a concatenation of the Roman numeral X, meaning ten, and the
initials of "Attachment Unit Interface")

In IP applications the TCP/IP or UDP protocol is the common angudh applications

Gigabit Ethernet is the best choice as no time is wastqudtwcol transformation.

If more data throughput is needed, 10 Gigabit Ethernet is the llogigeade step. As
described for Gigabit-Ethernet also for 10 Gigabit Ethernetiskd 10 Gigabit-Ethernet Chip
on the MicroTCA Carrier Hub is very important for the sysm@rformance.

On the NAT-MCH the 10 Gigabit switch function is implementethwie Fulcrum MF2220
with 20 ports of 10 Gigabit L2 switches. 12 ports of this clwire connected to the 12 AMC



slots in a MTCA system, one is used as update channel t8*hEC21 and two are connected
to the front panel connectors.

Serial Rapid 10 (SRIO)

In applications with farms of processors, DSPs and/or FPBASRIO fabric is considered
as high performance alternative to 10 Gigabit Ethernet bechtise guaranteed latency time
and the hardware built-in error detection.

The bandwidth of SRIO is also 10 Gigabit/s per link. The agtedmandwidth of the SRIO
switch TSI578 is 80 Gigabit/s.

RapidlO technology offers these advantages over 1G and 10G Ethernet:

* Low CPU overhead

« Higher effective bandwidth

 Superior Quality-of-Service

 Superior latency and latency-jitter characteristics
» Competitive or lower cost

In the past, SRIO had not a big ecosystem. But with the onrdpieiinentation of SRIO on
the Tl DSP chips, Freescale PowerPC and a lot of FPGA coespédug eco system grows.
Therefore more developers get interested in SRIO and béwoefithe advantages.

From each AMC slot of a MicroTCA system up to four SRIO $&afi® Gigabit) can be routed
to SRIO switch chip on the MicroTCA carrier hub. In a redundiéintoTCA system four
additional SRIO lanes can be routed from each AMC slot to tendeVICH. Therefore in a
system with two NAT-MCHs, up to 8 SRIO lanes per slotlmamsed for data traffic.

To support all 12 AMC slots with 4 SRIO lanes two Tundra TSISR80 switch chips are
used on the NAT-MCH. These are full mesh, non-blocking switctahgd chips with lookup
tables for every port.

Each Tundra chip is connected to six AMC slots. As the TSI5Z&igat x4 ports, the
remaining two x4 ports are connected between the two SRIChgsito get the maximum
bandwidth. On request the NAT-MCH can also only connect one x@ &t between the
two SRIO switches and make one x4-SRIO port from each TSI5Talzdeaat the front
panel. With two SRIO connectors at the front panel the smaller ldthdoetween the two
SRIO chips has to be considered.

The TSI578 also supports Multicast. In computing intensive apiglisathe input data can be
transferred simultaneously to all or a group of CPUs/D$RaA-cards in a MicroTCA
system.

In applications where farms of DSPs and also several CRUssad, the overall system
performance benefits from one common interface. SRIO isaseHip to chip, board to
board and as system to system communication interface. Thereiise wasted for
transforming from one to another protocol.

PClexpress:



Beside the hardware also the board drivers have to be consideted. Embedded World the
guestion was raised, how to move an application and 10 boards ff@ha@ CPCI platform
to a MicroTCA system.

In the current PCI and cPCI systems usually drivers aiableafor 1O boards the.
In these cases the PClexpress fabric in MicroTCA systdhre right selection.

PCI Express technology is a low cost, highly scalable, switghedt-to-point, serial /0
interconnect that maintains complete software compatibilithh ®41. The transfer rate is 2.5
Gb/s per lane and per direction, and will scale proportionatelyeidormance by adding
lanes to the link.

The PCI Express protocol features are:

- Boot existing OS without change
- Scalable performance
- Advanced features including QoS, PCle Hot Plug Support, and dajatinte

To verify the software compatibility, N.A.T. plugged a NPMN60-4S0 telecom PMC module
on an AMC-PMC Carrier. This was plugged in a MicroTCA clsgsshich supports double
height AMC modules. As the AMC-PMC Carrier has a transp&@hexpress to PCI bridge,
the Linux driver for the NPMC-860-4S0 runs without any modificationroAC-Host-

CPU.

The NAT-MCH-base6-x24 has one PClexpress Switch PEX8532 to suppoRClexpress
lanes to each of 6 AMC slots (total 24 lanes). For the supp@wtir PClexpress lanes to each
of 12 AMC slots the NAT-MCH-base12-x48 uses two PLX PCI exmesthes.

The switches provide non-blocking switching with full line rateal@y of Service (QoS) is
provided, supporting 2 virtual cannels and 8 traffic classes perQuoe of each ports

can be configured as transparent upstream port, and one of eaatapdresconfigured

as non-transparent upstream port.

Each of the two PEX8532 PCI Express Switches of the NAT-MQpports 6 ports, each
with 4 lanes (PCle x4), in order to connect 6 AMCs. One pibht 8vlanes is used to connect
the two Switches.

Now we have discussed all fat pipe fabrics and which one shosleldxgted for which kind
of application.

Beside the higher bandwidth of the fabrics and compared to ¢éaetasds MicroTCA offers
the simultaneous usage of different fabrics in one system on okyeldnae.

N.A.T. demo at the Embedded World 2008

To prove the operation of different fabrics and other featfrése MicroTCA standard in
one system, N.A.T. showcased at the Embedded World in one system:

- different topologies
Gigabit-Ethernet, SATA, PClexpress, IPMI,



Different CPUs
High Performance Dual Core Pentium
Low Power Single Core PowerQuicclll

- different applications

imaging and industrial control,
- different Inputs

Cameras via Ethernet, Reed Contact via hardwire,
- different outputs

VGA and LEDs (digital 10) and
- different operating systems

Linux with Hotplug-Support and Realtime OS-9

The hardware for the imaging application was:

- NAT-MCH-basel2-GbE-x24 (MicroTCA Carrier Hub)

- AMC-CPU with Dual-Core Pentium, GbE, PCle x4, SATWuntu-Linux
- AMC-VGA (PCle x 4)

- AMC-HD (SATA)

The hardware for the industrial Control application was:

NAMC-8560-10 (PowerQuicclll) (PCle x1, GbE), OS-9
- AMC-IP-Carrier with IP-Module TIP-675 (48 TTL-IOPCle x 1)

Picture: Block diagram of the mixture of different technolegieone system

In the past such a configuration would be built in separateist@ss one chassis but with
several independent backplanes.



This year the Embedded World visitors could see all this differed contrasting functions,
busses and topologies integrated in one chassis and on one singlerteachpta

The data traffic of the image streaming and of the real-tiomérol application worked
simultaneously on the different fabrics. Also on the samedalriultaneous data flow of
different data was monitored, which showcased the advantage @th sghnology.

Because of the switches the CPUs, the VGA and the IO AMQibeauld be plugged in any
slot. Reconfiguring of the system did not need any modificatidhe application code.

To prove the interoperability of the AMC modules, also the mixbiitee multi-vendors of
the modules was changed in the live demo.

Picture: In one chassis: completely different technologies andtavandor assembly
mixture of hardware
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Picture: Data traffic in the backplane (1 and 2 is theallitgEthernet-Stream, 3 is the SATA
data stream, 4 to 6 is the PClexpress data stream,eseeps one of the IPMI management
data streams, which was visualized with NATview connecteédedlanagement-Port of the

NAT-MCH)



Summary:

It is the mixture and flexibility of different fabrics andrfctions, which makes MicroTCA so
interesting for all different applications. Also, it is g&s migrate from other standards to this
one without changing drivers or applications. Therefore MicroTCRasi& possible to

integrate instead of replace older systems and is a goodsdiotextend the lifetime of older
systems.

MicroTCA is the right choice for the following needs:

- more bandwidth

- simultaneous data transfers without conflicts

- Multicast and broadcast

- flexibility and adaptability of the infrastructure without softea&hanges

- reducing costs for remote firmware upgrade and for maintenance

- reducing costs for inventory management of hardware in the fizlidiwide
- smooth and step by step upgrade of older technology

- long life cycle

- robustness

About N.AT.

N.A.T. is the expert for high performance connectivity prodfatsiata and
telecommunication solutions. The product portfolio is dedicated tanbedded market,
covering requirements from local area networks (LAN) up to w&idga networks (WAN).
The N.A.T. product range includes standard interface modulesdalrdnd wide area
networks based on common hardware standards such as AdvancedMC8TQAcr

™ VME, CompactPCI, PMC, PCI and others.

N.A.T. embedded platforms are complemented by sophisticateatplstack solutions like
ISDN, SS7, ATM or TCP/IP adapted to common real time ¢peraystems to build an
optimal solution.



