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Fabric Mezzanine Modules bring I/O and 
acceleration flexibility to Intel® Xeon® ATCA 
Blades 

 
This white paper is the first in a series which will discuss the design advantages of Fabric Mezzanine 
Modules (FMMs). This paper discusses the merits of Advantech’s Customized Commercial-Off-The-Shelf 
(C2OTS) concept through the use of FMM technology applied to AdvancedTCA (ATCA) blades. It explains 
the importance of C2OTS for systems integrators, security and network equipment providers as well as 
government and defense communications contractors. 
 
Furthermore, the paper explains how the adoption of C2OTS on an open, standardized ATCA framework 
can lead to shorter design cycles, lower overall costs and accelerate time to deployment. FMMs and 
ATCA present an ideal architecture from which to build modular computing platforms that allow 
vendors to quickly and continuously implement new capabilities through increased flexibility. The paper 
will reveal how FMMs provide the flexible, open architectural framework necessary to migrate many 
security, communications and defense related computing and communications applications to ATCA. 
 
The second paper in the series will take a closer look at the flexibility which FMMs bring to the fabric 
interface enabling 40GbE connectivity of Intel® Xeon® E5-2600 Processor based blades to 40G ATCA 
backplanes. Various system topologies will be covered which pave the way for the highest performance, 
consolidated control and data plane workloads under a single IA architecture.
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Fabric Mezzanine Modules bring unprecedented I/O and acceleration 
flexibility to Intel® Xeon® AdvancedTCA Blades 
 
Network Equipment Providers (NEPs), military 
communications contractors and a growing 
community of cross-industry OEMs are turning to 
ATCA to meet their next generation networking 
and computing needs. However, selecting an off-
the-shelf ATCA processing blade which meets an 
application’s exact set of performance, 
acceleration and I/O needs is no easy task. Once 
the placement of the core components for a fully 
functional dual processor ATCA blade is done, the 
available real-estate typically limits space for only 
a single AdvancedMC (AMC). 
 
Lack of flexibility can turn out to be problematic 
when custom hardware functions based on 
application-specific intellectual property (IP) or 
“secret sauce” needs to be retained from 
previous generation legacy architectures. Indeed, 
networking OEMs are still migrating legacy 
proprietary hardware that has been in service for 
several years. Likewise, military and government 
communications contractors are increasingly 
leveraging COTS solutions and have an even 
greater investment to protect Field 
Programmable Gate Array (FPGA) based 
hardware designs containing their government 
secret sauce.  For such a custom designer, any 
limitations in the number of available mezzanine 
interfaces or AMC real-estate may lead to the 
discounting of an ATCA architecture, especially if 
the only avenue is to design an entire ATCA 
blade. This is more than unfortunate when one 
realizes that a more flexible and thought-out 
topology for customer specific modules on a 
standard ATCA CPU blade creates an ideal next 
generation product and leverages the system-
level benefits of ATCA. 
 

Growing beyond traditional 
Telecoms with ATCA 
Although ATCA was originally designed to meet 
the needs of the telecom market, there is a 
steadily growing demand today from non-
telecom-centric OEMs to take advantage of ATCA 

as an open-standard architecture for new 
designs. This is an indicator that ATCA is 
becoming an increasingly mature and wide-
reaching architecture for the design of high 
performance computing platforms. OEMs are 
adopting ATCA for the benefits which a field-
proven, scalable architecture and a broad 
ecosystem can bring. OEMs serving other market 
spaces can start to reap the economical benefits 
created by the telecom install base and select 
from a wide choice of systems and standard core 
processing blades. 
 
Maintaining a COTS approach for the main ATCA 
blade is essential for improved product choice, 
availability and supply as well as upgradeability to 
new generation platforms and economies of 
scale. However, as the number of potential ATCA 
applications outside of the original telecom space 
grows rapidly, so does the requirement for a 
wider choice of I/O functions and the need to 
migrate legacy IP. 
 
In broader cross-industry markets, and where 
specialized I/O is required, FPGA options are 
increasingly being used for fast prototyping and 
manufacturing turnaround of dedicated functions 
such as: 
 

 Proprietary acceleration hardware  

 Encoding, Decoding, Transcoding 
Algorithms 

 Signal Processing 

 Image processing 

 Cryptography: Military, Commercial 

 Specialized High speed I/O 

 Flow processing and packet filtering 
 

The next section takes a deeper look at the 
options available to migrate these functions to 
ATCA. 
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Adapting Customized Hardware IP 
on Rear Transition Modules 
When evaluating viable approaches for the 
integration of proprietary hardware functions on 
an open-standard platform there are basically 
two main avenues available: Design it yourself 
(make) or take a standard COTS product and add 
the missing functions you require (make and 
buy). Both approaches have their particular pain 
points, but the “make” option is by far the 
biggest undertaking.  In-house design is only 
viable if the time and resources are available to 
invest in the development of an entire ATCA 
blade or AMC. The necessary specs and testing 
suites are certainly there to facilitate a ground-up 
design, but the NRE investment and recurring 
costs incurred by hardware revisions, technology 
refresh and other critical life-cycle management 
needs must be taken into account when 
calculating total-cost of ownership, not to 
mention the resources required to meet time-to-
market imperatives. One winning “make and 
buy” approach which Advantech has repeatedly 
employed is based on Intellectual Property 
sharing. This approach has proven successful in 
accelerating customer design cycles for rapid 
prototyping and the whole development process. 
Through the close teamwork and sharing of 
proprietary information such as schematics, 
layouts, firmware and test rigs, it is possible to 
compress development cycles, removing initial 
complexity and resulting in improved time-to-
market. Table 1 weighs up the implications of 
make vs. IP sharing. 

 
MAKE OPTIONS  

(Often FPGA based) 
KEY ELEMENTS FOR IP 

SHARING 

Higher OEM R&D 
Investment for own: 
• ATCA Blade design 
• AMC design 
• RTM design 

Share ATCA Blade, RTM and 
Mezzanine  IP: 

• Schematics 
• Layouts; 
• Firmware 
• Test Rigs 

Implies continued re-
investment for platform 
refreshes 

Shared framework  speeds 
prototype bring-up 

 Lower Risks – Minimal OEM 
design complexity 

 Highly accelerated time-to-
market 

 

Table 1 Weighing up Make Vs C2OTS and IP Sharing 

 

Table 2 ATCA RTM Design Kit Overview 

The simplest approach for the placement of 
custom IP and one which doesn’t involve a full 
AMC design or loss of an AMC slot on the front 
board is to use the Rear Transition Module 
(RTM). This is often a good fit when specialized 
processing needs to be performed close to the 
application I/O. The two principal items which 
need to be shared to achieve a successful RTM 
design are a well defined transition module 
interface and a comprehensive RTM design 
specification. Advantech has implemented a 
common mechanical and electrical interface for 
its RTMs that allows the front blade and RTM to 
interface and communicate in a defined manner. 
This is described in Table 2. By clearly defining 
the Field Replaceable Unit (FRU) management 

RTM Design Kit  

Reference schematic, layout and MMC firmware.  
Simplifies design. Minimizes risk.  

Accelerates Time-to-Market 
 

Advantech provides a design kit in the form of an easy-to-

implement toolbox for fast and smoother design. It clearly 

defines the RTM interface: 

• Common mechanical and electrical spec for RTMs 
• Common RTM pin-out to allow multiple front blades 

and RTM modules to interact 
• Defines FRU management for RTMs 
• Guarantees electrical compliance between blades and 

RTMs 
• Same RTM may be re-used across generations of blades 

without re-design 
 

Mandatory signals supported on every front board & RTM 
 

• Power on J30 
• Front blade for AMC style power hot swap 

switching under  BMC control 
• 12V payload (2.5A max) and 3.3V management 

power (300mA) 
• Higher power is possible with some guidelines 

• Management Signals: PS, ENABLE, IPMB 
• RTM Link Signals 
• RTMs report power requirements in an AMC compliant 

way 
• Agnostic of the actual hardware configuration 
• Disk mounted yes/no, etc.  

• Front blade BMCs includes the RTM in the power 
budget and correctly report power requirements to the 
shelf manager. 
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process and ensuring electrical compatibility, the 
same RTM can be used on successive iterations of 
the front blade without the need to redesign. A 
wide choice of connectivity to the front blade 
over the zone 3 connector allows high speed 
interfaces such as PCI Express (PCIe), 10 GbE 
Attachment Unit Interface (XAUI) and Serial 
Gigabit Media Independent Interface (SGMII) to 
the OEM’s custom hardware circuitry. Figure 1 
provides a synthetic overview of the exposed 
signals and interfaces available for a custom RTM 
design. 
 

Designing with Fabric Mezzanine 
Modules 
 

Accelerating COTS solution performance by 
tightly coupling FPGAs with Intel® processors is 
greatly facilitated by Intel® QuickAssist 
technology. Both communications and military 
systems designers previously developed 
hardware-based accelerators on small plug-in 
modules that contained FPGAs, memory and 
support circuitry in an approach which dictated a 

custom design route. Intel® QuickAssist was 
defined to provide a standard way for COTS-
based solutions to connect FPGAs to Intel® 
processors. Originally developed to solve the 
most demanding tasks by connecting the 
modules to the processor’s front side bus, it 
satisfied the exact same needs everyone is still 
facing today: To provide a clearly defined method 
to add on special I/O functions to reduce 
development efforts, increase performance and 
save time. Typical FPGA-based accelerators were 
designed to connect directly to the processor to 
perform functions such as packet filtering and 
cryptography. Many of these types of functions 
are now using PCIe for connectivity. Building on 
the ubiquitous PCIe and its Gen.3 bandwidths, 
Advantech has adopted a similar method for 
integrating custom hardware or specialized 
functions by means of a Fabric Mezzanine 
Module (FMM). This method takes the RTM 
customization concept one step further by 
modularizing the custom IP rather than placing it 
down on the PCB. The FMM specification defines 
the high speed interfaces with the ATCA blade 

 

Figure 1 Custom RTM Block Diagram 
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and its associated FRU management 
implementation. In addition the specification 
supports a zone 2 connector interface to enable 
custom fabric connectivity like XAUI, KR4, or 
SRIO. Signal integrity issues are resolved by the 
use of a re-driver on the blade between the zone 
2 connector and the Fabric Mezzanine. A FRU 
EEPROM on the mezzanine describes the FMMs 
thermal & power requirements and provides 
zone 2 interface information. All other aspects 
are managed by a baseboard management 
controller (BMC) on the ATCA blade (see Figure 
2). 
 
Another benefit of the Fabric Mezzanine is that it 
defines support for front panel or rear panel I/O 
and as such can be used for physical I/O on the 
front panel of the ATCA blade or the RTM panel, 
or on other architectures such as PCIe cards, 
servers and network appliances. By adopting an 
FMM approach for custom design, OEMs can 
effectively redeploy their secret sauce across 
different form factors for a broader product 
offering which scales from appliances to densely 
populated ATCA systems. 

 

 
Figure 2 Example of a Fabric Mezzanine Module 

implementation on an ATCA Blade with re-drivers to the 
fabric interface 

FMMs have higher PCI Express bandwidth than 
AMCs and integrate better in terms of thermal 

design and board real estate as shown in Figure 
3. Moreover, FMMs can be reused on RTMs and 
across different blade designs where AMCs are 
too large to fit.  
 
Examples of applications where FMMs have been 
designed by OEMs for specialized functions 
include:  
 

 IP flow classification, flow state tracking 
and complex regular expression processing 
in hardware on an FPGA FMM. 

 10Gbps TCP/IP offload engine for layer-3, 
layer 4-7 network infrastructure and 
network security systems applications. 

 Defense signal processing applications 
using Software Defined Radio  and other 
related fields such as Electronic Warfare 
and Electronic Support Measures  

 Dataplane and Application Offload using 
programmable network flow processors for 
inline or look-aside acceleration for specific 
DPI, security processing or algorithmic 
acceleration. 

 Commercial and Military networks 
requiring specialized stateful firewall, 
IPsec/L2TP secure tunneling, Network 
Address Translation (NAT) routing to detect 
addressing irregularities, and intrusion 
filtering. 

 

 

 

Figure 3 Dual 10GbE AMC (Left) compared to same function 
on an FMM Mezzanine (Right) 
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A Fabric Mezzanine Module is described in Figure 
4. It is extremely compact, just 7 x 7.5 cms and 
uses FMC compliant connectors for high speed 
differential I/O of over 10 Gbps. There is 
adequate space to fit 40mm BGA ASICs and 
FPGAs and associated components with a 
thermal budget of up to 20W. The I/O area 
provides sufficient overhang for connector 
support on front panels or rear transition 
modules.  
 
The Fabric mezzanine concept modularizes 

integration to facilitate the work of system 

integrators who need to provide much more 

modularity in port and  I/O configuration options 

in order to scale with different market and 

application needs.  In addition to providing an 

innovative and effective method for FPGA co-

processing or custom fabric support, the FMM 

concept can be taken further to provide broader 

PHY choice, additional storage options, 

complement QuickAssist Acceleration Technology 

implementations on Intel-based designs or add 

further coprocessor options.  

FMMs pave the way to mass 
customization 
Customization is a reality and it poses questions 

for designers about how to better position 

themselves to handle non-standard product 

requests. This addresses both the COTS supplier 

and the OEM. There is always a need for a 

product which is “slightly” different from the 

standard product at hand. In order for 

customization to become a part of a company’s 

strategic business model, designers must 

understand both the evolution of designing and 

manufacturing and the methods of how to 

accommodate change for success in today’s 

market. As a product gains market acceptance, it 

enters a stage of high volume or mass 

production. If the product continues to succeed, 

it may enter a stage of what is called mass 

Figure 4 Fabric Mezzanine Module Overview 
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customization where each product is produced in 

mass quantities but with unique characteristics 

per each buyer’s needs.  For organizations to 

grasp the value of mass customization, they need 

to have a strong platform-based product line with 

varying degrees of customization available. Once 

methods are  determined  based  on  the  various 

types of  modularity, individual product 

production  becomes  more  a  matter  of 

automating the production process than 

manually creating different products. Advantech 

has learned to leverage the various types of 

modularity to gain the greatest advantages, and 

can quickly respond to a broader range of ATCA 

customer requirements through FMM designs. 

OEMs desiring to migrate to ATCA can gain the 

same advantages by designing their own FMMs 

and draw on the expertise of Advantech to design 

or co-design custom FMMs. At the time of writing 

of this paper, Advantech has already developed 

more than six FMMs to enable C2OTS flexibility 

for 10 and 40 GbE fabric connectivity, Dual 10GbE 

front panel connectivity, crypto acceleration and 

GPU functionality with graphics output. The next 

sections will describe those FMMs and their ATCA 

hosts in more detail. The first blades to support 

Fabric Mezzanines are Advantech’s MIC-5322 and 

MIC-5333, based on dual Intel® Xeon® processor 

E5-2600s.  The Intel® Xeon® processor E5-2600 

series encompasses specific versions that were 

designed to support the needs of embedded 

communications applications including thermal 

profiles that make them ideally suited for 

AdvancedTCA form factor blades. Supported as 

part of the SCOPE Alliance’s profiles and carrier 

grade base platform definition, numerous 

network platforms have been built using 

AdvancedTCA. Advantech is a premier member of 

the Intel® Intelligent Systems Alliance and the 

Networks and Communication group has a broad 

selection of platform and blade products that 

support these Intel® embedded multi-core 

processors in a broad range of Linux, Windows 

and RTOS operating systems environments from 

an ecosystem of partners. 

MIC-5332 Dual Intel® Xeon® E5-2600 
Series Processor Blade 
Advantech’s MIC-5332 is a dual processor ATCA 
blade based on the Intel® Xeon® E5-2600 
Processor. It enables the highest performance 
available in ATCA form factor with up to 16 cores 
and 32 threads of processing power, fast PCI 
Express gen. 3 lanes running at up to 8Gbps and 
best in class virtualization support. Two QPI 
interfaces between the CPUs improve memory 
and I/O access throughput and latencies when 
one processor needs to access resources hosted 

Figure 5 MIC-5332 
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by the other socket. With four DDR3 DIMMs per 
socket in a quad channel design running up to 
1600MT/s, the MIC-5332 not only offers superior 
memory bandwidth over 3-channel designs, but 
can also support memory densities up 256GB 
using latest LR DIMM technology. It outperforms 
previous generation dual socket designs while 
keeping similar thermal characteristics with 
balanced airflow resistance.  
Using Intel’s latest PCH with its integrated 4-port 
SAS controller, the need for an external storage 
controller is eliminated making the MIC-5332 an 
ideal choice for cost sensitive control plane 
applications. While supporting two 10GBaseKR 
interfaces in the base model, support for dual 
dual-star fabric implementations can be added by 
installing an FMM-5001, the first of Advantech’s 
FMM designs.  
The FMM type II socket with PCIe x16 
connectivity provides extension possibilities for 
additional front port I/O, offload and acceleration 
controllers such as Intel® QuickAssist 
accelerators, IPSec offload engines or customer 
specific logic.  This unmatched flexibility 
combined with the highest performance Intel® 
Xeons available make the MIC-5332 equally well 
suited for application and data plane workloads.  
The MIC-5332 supports hot-swappable RTMs 
such as the RTM-5104 for High Availability needs, 
rear I/O and dual SAS storage with RAID as well as 
an optional FMM type II socket for further I/O 
and offload as shown in Figure 7.  
 

MIC-5333 Dual Intel® Xeon® E5-
2600 Series Processor Blade 
Advantech’s MIC-5333 is based on the Intel® 
platform for communications infrastructure 
formerly known as “Crystal Forest.” In addition to 
it's two high performance dual Intel® Xeon® E5-
2600 Series processors, the PCH is based on the 
Intel® Communications Chipset 89xx Series 
incorporating acceleration and offload features 
for encryption and enhanced security. One of the 
unique advantages of the MIC-5333 is the 
increased number of available FMM sites from 
one to three. With two FMM Type I sites 
connected to the Fabric Interface and one FMM 

type II connected to the front panel, the flexibility 
in blade function personalization is extensive.  

When coupled with the RTM-5104 Rear 
Transition Module shown in Figure 7, a fourth 
FMM site is available, making the standard COTS 
front ATCA blade and RTM ideal for mass 
customization with an abundance of I/O and 
acceleration options. The RTM-5104 is a single 
slot (6HP) ATCA rear transition module for I/O 
extension of Advantech ATCA CPU blades.  

 
 
 
 
 
 

Figure7 RTM-5104 with FMM site for Rear I/O processing 

 

Figure 6 MIC-5333 with 3 FMM sites 
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Examples of available FMMs  
The simple shortform FMM interface 
specification has allowed Advantech and several 
OEMs to develop various FMMs in an extremely 
short period of time. Several examples are shown 
in Figure 8. The initial modules were designed to 
provide maximum fabric flexibility to Intel® 
Xeon® E5-2600 blades for dual 40GbE 

connectivity to ATCA backplanes with aggregated 
10GbE lanes using Intel® 82599 LAN controllers or 
dual 40GbE connectivity using the Mellanox C3. 
An FMM based on the Intel® Communications 
Chipset 89xx Series offers QuickAssist technology 
for  offload, acceleration or encryption and a GPU 
based FMM is available with VGA graphics 
output.

In Conclusion 
Throughout this paper we have emphasized that OEMs continue to deploy special designs in order to 

differentiate from competition or to successfully ensure the continuity of legacy functions. From the 

OEM’s perspective, COTS products often meet project requirements but there is frequently a need for a 

product which differs “slightly” from the one at hand. Thanks to Advantech’s growing choice of FMM 

add-on modules, the flexibility of its ATCA blade designs and strong support of the C2OTS process for in-

house FMM design, mass customization has become an integral part of Advantech’s strategic business 

offering to customers. It provides the necessary modularity to accommodate the build flexibility needed 

to succeed in today’s markets. OEMs can draw from Advantech’s understanding of mass customization, 

based on a strong ATCA platform product line offering a broad set of build options. C2OTS design 

flexibility and ATCA platform modularity with FMMs fosters greater OEM innovation and differentiation 

whilst significantly reducing engineering effort, resources, costs and risks. 

Figure 8 Example of functions available on FMMs 
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