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Abstract  
The hardware platform management layer of the PICMG

®
 AdvancedTCA

®
, MicroTCA

®
 and 

AdvancedMCÊ frameworks (collectively, xTCA, defined by [1], [2], and [3]) has been a key factor in the 

widespread adoption of these open modular architectures in communications and other applications. This 

mandatory layer does ñclose to hardwareò management: tracking the thermal, power and interconnect 

aspects of xTCA boards, modules and shelves (or chassis), among other functions. This paper introduces 

the hardware platform management layer of xTCA, with a focus on the local management controllers that 

are required to be part of each board and module. Further, the paper discusses using intelligent mixed 

signal FPGAs, such as Microsemiôs new SmartFusionÊ family, as the core of those controllers. An 

intelligent mixed signal FPGA can integrate a wide range of local management controller functions into a 

single chip, including monitoring voltages, currents and temperatures, executing the xTCA compliant 

management firmware and notifying upper management layers of any locally detected exception 

conditions. That single chip can incorporate additional blocks of IP to further optimize it for management 

applications and even integrate board-specific logic that would otherwise require a separate PLD on the 

board. The xTCA specifications allow the above functions to be implemented in a standardized fashion, 

enabling fully interoperable systems to be built from independently implemented board, module and shelf 

components. Pigeon Point management solutions, which are used as examples in this paper, are 

incorporated widely in xTCA board, module and shelf products.  

Overall xTCA Hardware Platform Management Architecture  
Figure 1 shows the hardware platform management architecture for AdvancedTCA (ATCA) shelves and 

boards, including carrier boards that can be designed to host AdvancedMC (AMC) hot-swappable 

mezzanine modules.  

The ATCA and AMC architectures (including the hardware platform management layer emphasized in 

Figure 1) are defined in formal specifications developed and maintained by PICMG (www.picmg.org), 

supplemented by interoperability measures [4] defined by the Communications Platform Trade 

Association (CP-TA, www.cpta.org). These specifications define the interfaces and functionality of the key 

architectural elements, such as the management controllers shown in Figure 1, so that independent 

implementations of those elements can successfully interoperate within a shelf or chassis. Pigeon Point 

Systems provides reference implementations of these controller types, which are used as examples in 

this paper. 
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Figure 1:  ATCA/AMC Hardware Platform Management Architecture 

In this paper, we focus on the board and module level management controllers, leaving aside the Shelf 

and System Manager levels (except to note that an ATCA Shelf Manager is usually implemented on a 

dual redundant basis, with active and standby instances). The board/module controller types for 

ATCA/AMC are as follows:  

Á Intelligent Platform Management Controller (IPM Controller or IPMC): The local management 
controller for ATCA boards and potentially for other types of field replaceable units (FRUs) in an 
ATCA shelf, such as the fan trays and power entry modules shown in Figure 1. IPMCs communicate 
with the Shelf Manager via a dual-redundant implementation of the Intelligent Platform Management 
Bus (IPMB; in this case called IPMB-0).  

Á Carrier IPMC: An IPMC that has the additional capability of managing AMC modules via an onboard 
local IPMB called IPMB-L. A Carrier IPMC represents its installed modules to the levels of 
management above it.  

Á Module Management Controller (MMC): The local management controller for an AMC module, which 
communicates with its managing Carrier IPMC via IPMB-L.  

ATCA boards can be designed to work with a Rear Transition Module (RTM), which can be intelligent 

(with a local MMC, managed by a Carrier IPMC on the main ATCA board) or non-intelligent (with no local 

MMC, managed by an IPMC on the main ATCA board).  

Figure 2 shows the corresponding hardware platform management architecture for MicroTCA (µTCA), 

which complements ATCA and allows AMC modules to be directly inserted in a backplane, versus into 

AMC slots on an ATCA carrier board. AMC modules, by design, can be used in either ATCA or µTCA. To 
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emphasize this commonality, the µTCA specification defines the concept of a MicroTCA carrier that 

provides equivalent AMC interfaces to the ATCA carrier. A µTCA shelf can have up to 16 carriers, but 

essentially all the µTCA shelf products shipping today have just one carrier.  

 

 
Figure 2:  µTCA Hardware Platform Management Architecture 

For this paper, we again leave aside the µTCA System and Shelf Manager levels (except to note that 

Figure 2 shows two placement options for the Shelf Manager, only one of which is implemented in any 

given shelf). Here are the key constituent module level elements of a µTCA carrier and the corresponding 

local management controllers:  

Á MicroTCA Carrier Hub (MCH): Provides the central switching (for Ethernet and/or PCI Express
®
, for 

example) and management resources for the carrier, possibly on a dual redundant basis. The local 
controller for an MCH is the MicroTCA Carrier Management Controller (MCMC); an MCH also 
implements a Carrier Manager function which manages and represents all the FRUs in the carrier. A 
Carrier Manager communicates up to its Shelf Manager by various means, depending on the 
configuration, and down to its managed FRUs via a dual redundant IPMB-0 and multiple separate 
legs of IPMB-L. Each of these IPMB variants is logically equivalent to the IPMB variant of the same 
name in the ATCA/AMC architecture.  

Á AMCs: Implement the main application functionality of a µTCA shelf, under the management direction 
of a Carrier Manager and levels above, and relying on fabric switching, power and cooling services 
provided by the MCH(s), Power Modules (PMs) and Cooling Units (CUs) in the carrier. A µTCA 
carrier can support up to 12 AMC modules.  
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Á Cooling Units: Fan trays that provide cooling for a carrier and possibly for adjacent carriers, each 
managed by an Enhanced Module Management Controller (EMMC). The only logical difference 
between an MMC and EMMC is that the latter communicates with its Carrier Manager over a dual 
redundant IPMB-0 instead of the single IPMB-L that is used for MMCs. A µTCA carrier can have up to 
two Cooling Units.  

Á Power Modules: Provide power for the FRUs in the carrier, possibly on an active/backup basis, each 
with an EMMC. A µTCA carrier can have up to four PMs. 

ATCA IPMC As an Example of a Local xTCA Management 
Controller  
The local board/module management controllers listed in connection with Figures 1 and 2 have much in 

common. Figure 3 provides some details of an ATCA IPMC, many of which are present in some form with 

the other types of local management controllers. To provide a feel for the physical size of a typical IPMC 

implementation, Figure 3 shows a SmartFusion-based IPMC implementation, including an instance to 

scale with the ATCA board and its non-intelligent RTM.  The SmartFusion device in the figure is housed 

in a 256-pin BGA package. 

 
Figure 3:  ATCA IPMC, as an Example Local Board/Module Management Controller 

One key aspect of an IPMC, as illustrated in Figure 3, is a microcontroller that implements, for instance, 

the Intelligent Platform Management Interface (IPMI, [5]) messages that go back and forth via IPMB-0 

between the IPMC and its Shelf Manager. An xTCA specification-mandated watchdog timer helps to 

ensure the robustness of the IPMC functionality and automatically disables the IPMB buffers if the timer 

expires and resets the controller. The IPMC implements various controls whose state should be 

preserved across such watchdog resets. One area of such controls is the power enables for the payload 

part of the board, which implements the boardôs main functionalityðhigh speed switching or media 

processing, for instance. For most boards, an IPMC watchdog reset must not affect those power enables.  

Another area where control state preservation can be important is the implementation-defined point-to-

point E-Keying enables. An active enable signal represents an assessment by the Shelf Manager that a 
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particular point-to-point fabric interface (such as one based on serial RapidIO
®
) is compatible with the 

peer interface on another board to which it is connected via the backplane.  

The payload, which usually includes a substantial processor such as a Xeon
®
 or PowerPC

®
, connects 

with the IPMC via a payload interface that supports IPMI messaging. The implementation of this interface 

can be as simple as a UART-based serial connection. For some boards, especially those with an x86-

based payload, it is critical to implement an IPMI-defined register interface via the Low Pin Count (LPC) 

PCI-subset bus to enable off-the-shelf IPMI stack software to run on the payload. The payload may use 

LPC to access other low-speed peripherals, such as serial ports, as well.  

The IPMC on an ATCA board comes up before the payload and enables the payload only after 

negotiating a power allocation for the board with the Shelf Manager. The payload power can be delivered 

on multiple rails derived from the ï48 V input provided by the shelf. The IPMC can monitor this power 

subsystem at the level of providing IPMI sensors representing the state of the ï48 V main and subsidiary 

rails. Furthermore, the IPMC can sequence the enabling and disabling of the rails, based on various 

criteria, including time delays and voltage threshold measurements.  

Some types of xTCA management controllers implement multiple legs of IPMB-L. For instance, a Carrier 

IPMC implements a separate IPMB-L leg for each AMC slot (up to 8) while a µTCA MCMC implements a 

separate IPMB-L leg for each AMC slot (up to 12) in the µTCA carrier. There are robustness and 

performance benefits in implementing each of these legs as a separate logical IPMB, so that a fault or 

heavy traffic on one leg does not affect the traffic on other legs.  

Ethernet Connections for xTCA Management Controllers  
While IPMB, which operates at 100 kbps in xTCA, is the mandatory within-the-shelf management link for 

xTCA management controllers, a supplementary connection to the higher speed serial fabrics in a shelf 

can be very useful. Rather than implementing an independent Ethernet for management, that traffic can 

be multiplexed onto an existing fabric, such as the ATCA Base Interface, which provides a dual 

10/100/1000 Mbps Ethernet LAN connection to every board, typically connected to the payload.  

An Ethernet network controller (NC) can implement a sideband interface for the management controller in 

addition to the main interface, often PCI Express based, for the payload. As shown in Figure 4 (a), this 

shared interface to an in-shelf Ethernet allows management traffic directed to or from an IPMC to share 

the Ethernet with payload-oriented traffic.  

Figure 4 (b) shows a legacy implementation of such a sideband interface, based on SMBus (basically 

I
2
C). SMBus-based sideband interfaces have been widely supported in server-oriented NCs for many 

years, but these interfaces are not compatible between NC vendors (or even sometimes between NC 

products from the same vendor!). In response to these incompatibilities and the relatively low speed of 

I
2
C-based sidebands, the Distributed Management Task Force (DMTF, www.dmtf.org) has defined the 

Network Controller Sideband Interface (NC-SI, [6]), which is based on the Ethernet Reduced Media 

Independent Interface (RMII), supporting 10/100 Mbps speeds. Server-oriented NCs are now widely 

implementing an NC-SI port. Figure 4 (c) shows an NC-SI-based sideband approach. Both example 

sideband implementations assume a SmartFusion-based IPMC.  
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  (a) General   (b) SMBus Sideband  (c) NC-SI Sideband 

Figure 4:   Sharing an Ethernet Connection for Payload and Management Traffic  

When a payload serial console interface is connected to the IPMC, as shown in Figure 4, one of the IPMI 

applications that can use the sideband interface is serial over LAN (SOL), which allows a LAN-attached 

SOL client application to communicate with a serial console interface as if it were physically connected to  

the corresponding serial port. SOL can be implemented in an IPMC both for a payload serial console and 

for the serial console of the IPMC, itself.  

Payload processor console ports can, for example, allow monitoring of the boot phase of the payload 

processor during development, diagnosis, or debugging activities. Similarly, IPMC console port access 

can aid in monitoring the local activities of an IPMC, which can be especially important for a Carrier IPMC 

that is interacting with AMC modules installed on its board. In either case, using an in-shelf LAN for this 

traffic can be hugely preferable, from a logistics and operational expense point of view, to connecting 

individual serial console cables to each console port.  

Similarly, remote visibility to a trace of IPMB traffic with an xTCA management controller, such as an 

ATCA Carrier IPMC or a µTCA Carrier Manager interacting with the modules that it manages, can shed 

crucial light on tough integration problems.  

Figure 5 shows both of these remote access applications in the context of the ATCA/AMC and 

µTCA/AMC management controller types. Figure 5 demonstrates SOL access to the consoles of the 

µTCA Carrier Manager labeled [D] and IPMB trace visibility for the Carrier IPMC labeled [C].  
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Figure 5:  Applications of Ethernet-Attached xTCA Management Controllers 

Figure 5 also shows a way to perform management controller firmware upgrades via in-shelf Ethernet 

links. xTCA includes a firmware upgrade architecture, defined in the IPMC Firmware Upgrade 

specification (known as HPM.1, [7]), which defines implementation-independent formats for upgrade 

images and IPMI command protocols for delivering upgrade data to the appropriate management 

controller(s) in an xTCA system. HPM.1 firmware upgrades are almost universally supported in current 

xTCA boards and modules, but mostly occur via IPMB inside the shelf. Ethernet-based upgrades can be 

as much as ten times faster, which can make a dramatic difference when there are dozens or hundreds of 

controllers to update. Upgrade speed can be an even bigger consideration when programmable logic 

devices (PLDs) are upgraded via HPM.1, as can happen with the IPMC labeled [B] in Figure 5. That 

IPMC includes both microcontroller and PLD elements, both of which can be upgraded; the 

corresponding upgrade image (also marked [B] in the figure) has both types of upgrade data.  

Implementing xTCA Management Controllers Using 
Intelligent Mixed Signal FPGAs  
One way to implement an xTCA management controller is with an intelligent mixed signal FPGA such as 

SmartFusion. The microcontroller in such a device implements the controller firmware. The analog 

subsystem implements the sensors for voltages, currents, temperatures and the like. Finally, the FPGA 

fabric adds customizability, both for xTCA architectural additions, such as the IPMI-defined payload 

interfaces or extra I
2
C ports, and for board-specific logic that might otherwise require a separate PLD 

device.  

Creating a compliant and interoperable xTCA management controller is no small project, however. 

Considering just the hardware platform management related portions of the governing specifications [1-7], 

well over a thousand pages of specification content must be considered. Most xTCA board and module 

developers choose to use an existing management controller implementation, such as one from the 

Pigeon Point Board Management Reference (BMR) family.  

Figure 6 provides a high-level block diagram of an example xTCA management controllerðspecifically, 

an ATCA IPMC based on a SmartFusion intelligent mixed signal FPGA (the A2F200 or A2F500, which 

differ primarily in how much programmable logic capacity they have). The specific BMR design shown in 

the figure is BMR-A2F-ATCA. For a brief summary of SmartFusion devices, refer to the SmartFusion 

Architecture Overview.  
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Figure 6:  Example ATCA IPMC Based on SmartFusion Intelligent Mixed Signal FPGA 

In this example, the SmartFusion core silicon includes an Ethernet RMII MAC, so an NC-SI-compliant 

sideband can be supported, enabling all the services mentioned earlier, including SOL, fast Ethernet-

based HPM.1 firmware upgrades and IPMB trace access. To support the legacy SMBus sideband, an 

implementer could configure a firmware-implemented I
2
C master function, using GPIO ports.  

For an ATCA board that is also an AMC carrier, the Carrier IPMC functionality is layered onto the IPMC 

functionality in the BMR designs with the additional functionality in the BMR-A2F-AMCc design, which is 

covered by the optional block on the left of the diagram. That block enables a single AMC site; the AMC.0 

architecture provides for up to 8 such sites on an AMC carrier board. The SmartFusion intelligent mixed 

signal FPGA allows configuring devices resources to fit the number of AMC sites actually implemented on 

a given board. The specific power controller devices used for the AMC sites in the BMR-A2F-AMCc 

design are specifically designed for AMC sites and conform closely to AMC.0 requirements. The power 

controllers provide a voltage output that tracks the current being consumed by the payload power input on 

each site. This voltage is among the analog inputs connected to the SmartFusion programmable analog 

subsystem and provides useful data for hardware platform management purposes. 

The presence of an FPGA fabric in the core management controller silicon enables numerous 

possibilities, such as the following:  

Á Configuring a soft GPIO block in the fabric so that the states of the GPIOs are preserved across 
watchdog resets, thereby avoiding the need to add an external latch device. Furthermore, the block 
can be configured so that the states of the GPIOs can be read by the controller firmware when it 
comes up after a watchdog reset, to align with the hardware state.  



 

Using Intelligent Mixed-Signal FPGAs for xTCA Hardware Platform Management 9 

Á Including one or more soft IP blocks (such as CoreLPC in the SmartFusion example) that add 
management-specific functionality, such as support for the IPMI-defined register-based payload 
interface. Management-focused microcontrollers often have such support, but with an FPGA, the LPC 
block can be configured with additional capabilities. For instance, it can enable LPC-based access to 
other peripheral blocks in the FPGA fabric, such as additional UARTs, thereby possibly eliminating 
additional external chips.  

Á Configuring additional I
2
C ports so that each IPMB-L leg in a Carrier IPMC or MCMC (up to 13 legs!) 

can be a logically separate IPMB, ensuring that a fault or heavy traffic on one leg has no impact on 
the other legs.  

Á Adding board-specific logic that might otherwise require an additional PLD chip.  

The optional SPI flash device shown at the top of Figure 6 is only needed if the built-in embedded 

nonvolatile memory (ENVM) is not sufficient for the application. Among the considerations in this area are 

the following: 

¶ Whether the controller firmware needs to be stored on a dual-redundant basis. The HPM.1 firmware 

upgrade architecture in xTCA enables two firmware images on a management controller so that if one 

image (perhaps a newly installed one) has a problem, the controller can automatically roll back to the 

previous image. 

¶ How much ENVM is implemented on the chosen SmartFusion device and the choice of optional BMR 

firmware modules included by the controller developer. For instance, for a modestly configured IPMC 

implementation, two firmware images can likely be accommodated in the internal ENVM of an 

A2F200 and an external SPI flash may not be needed. 

Another possible motivation for including the SPI flash device is support for in-application upgrades of the 

FPGA fabric. The HPM.1 upgrade architecture supports upgrading PLD content in a management 

controller as well as executable firmware and SmartFusion devices support such upgrades. The initial 

SmartFusion BMR releases lay the hardware foundation for fabric upgrades, but the firmware support is 

not present initially. Such upgrades are intended to be supported only when the payload of a board is not 

powered, to simplify upgrade arrangements. Developers who wish to support such upgrades in the future 

should include an appropriately sized SPI flash device in their controller designs. 

The analog subsystem of the SmartFusion mixed signal FPGA includes the hard-logic-implemented 

analog compute engine (ACE), with two separate controllers that 1) collect analog samples from up to 32 

analog inputs, including voltage, current and temperature sources, with programmable order and 

frequency and 2) post-process those samples, applying linear transformations and threshold detection, 

among other functions. All these operations can happen without any involvement of the ARM
®
 

CortexÊ-M3 processor.  

When a SmartFusion device is used as the core of an xTCA local management controller, the ACE can 

implement IPMI-compliant analog sensor processing (including linear transformations and threshold 

detection) without reliance on the Cortex-M3. The ARM processor becomes involved only when a 

threshold is crossed (which requires notification of the Shelf Manager) or when the current value of a 

sensor is requested by some management client.  

In addition to implementing IPMI analog sensors, the ACE can be configured for additional roles. For 

instance, ACE-implemented sensors could support power-up and power-down voltage threshold based 

sequencing for a dozen or more power rails supporting the payload of the board. 

Figure 7 shows a block diagram for another xTCA management controller type, the Module Management 

Controller (MMC), also based on SmartFusion. An MMC is the local management controller for an AMC 

module. 
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Figure 7:  Example AMC MMC Based on SmartFusion Intelligent Mixed Signal FPGA 

Many of the features and options needed in an MMC design are the same as for the IPMC example 

shown in Figure 6, including: 

Á Configuring a soft GPIO block in the fabric so that the states of the GPIOs are preserved across 
watchdog resets, thereby avoiding the need to add an external latch device.  

Á Including one or more soft IP blocks (such as CoreLPC in the SmartFusion example) that add 
management-specific functionality, such as support for the IPMI-defined register-based payload 
interface. The inclusion of CoreLPC in the FPGA can enable LPC-based access to other peripheral 
blocks in the FPGA fabric, such as additional UARTs, thereby possibly eliminating additional external 
chips.  

Á Adding board-specific logic that might otherwise require an additional PLD chip.  

One specific consideration for an MMC is that the AMC.0 specification [3] limits the power consumption of 

an MMCðthat is, all devices powered by the Management Power input in the lower left corner of the 

diagramðto 150 mA at 3.3 V. Using a switching voltage regulator to provide the 1.5 V supply for the 

SmartFusion device maximizes the efficiency of that supply and contributes to meeting that constraint. 

Conclusion 
Intelligent mixed signal FPGAs, and specifically the SmartFusion device, are an excellent fit for the wide-

ranging needs of an xTCA management controller. SmartFusionôs intelligent integration combines the key 

functionality necessary for a full function and cost-effective xTCA management controller: 

¶ Hard-logic-implemented, cost-effective, high performance microcontroller subsystem based on 32-bit 

ARM Cortex-M3. 
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¶ Optimizations for xTCA management via flash FPGA fabric, with tiles available for additional board-

specific functions. 

¶ Advanced analog monitoring with zero load on the Cortex-M3 for analog processing. 

Pigeon Point Board Management Reference (BMR) solutions for xTCA local management controllers are 

the dominant choice for xTCA board and module developers who (wisely!) choose not to develop such 

controllers on their own. Pigeon Point management solutions have shipped in tens of thousands of xTCA 

boards and shelves and have been thoroughly validated by the largest telecom equipment manufacturers. 

These solutions are developed and supported by experts in xTCA hardware platform management who 

play leadership roles in the evolution of the applicable PICMG specifications. 

With a Pigeon Point BMR solution based on the SmartFusion intelligent mixed signal FPGA, an ATCA 

board or AMC module developer can do the following: 

¶ Preserve precious development bandwidth for the main value-add and differentiating portions of the 

board or module 

¶ Minimize the cost and footprint of the mandatory management controller 

¶ Maximize its functionality, performance, interoperability and specification compliance 
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SmartFusion Architecture Overview 
Along with microcontroller (MCU), FPGA and analog, SmartFusion intelligent mixed-signal FPGAs 

integrate substantial flash and SRAM memory and comprehensive clock generation and management 

circuitry. The SmartFusion architecture enables data storage and execution of code from a single 

monolithic device. In addition, in-application programming (IAP) enables real-time updates and 

reprogramming of the complete chip.  
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