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In the previous article of this series we covered the basic system management aspects and architecture of MicroTCA. In this 
second article we will explain the basic processes of the start up of a Field Replaceable Unit (FRU) using the example of the 
insertion of an AMC module aka Advanced Mezzanine Card into a MicroTCA chassis. This leads us to the first big bullet 
point: 
 
Hot Swap & FRU States  
As MicroTCA has been designed for mission critical systems and high availability it has inherent support for live insertion 
and extraction of all FRUs. The AMC specification and MicroTCA specifications define a hot swap model for the system 
components which clearly defines the module’s states and the transitions between them (figure 1). We do not want to recap 
all of the PICMG specifications in this article, but give a practical overview and present the background know-how required 
for system integration. This includes a basic understanding of FRU states: 
 

- M0: FRU Not Installed. In this state the FRU is not present in the system (i.e. extracted or waiting to be extracted). 
- M1: FRU Inactive. In this state, the FRU has been inserted into the system, but is not yet activated. The module’s 

presence in the system has been detected and the power rail for the management circuitry on the module has been 
applied. The Blue LED on the module’s front panel is permanently on. 

- M2: FRU Activation Request. After the handle switch has been fully closed in M1, this state is entered where an 
activation request is initiated. The Blue LED is blinking slowly. 

- M3: FRU Activation In Progress. This state is entered after the shelf manager has acknowledged the activation of 
the module. The Blue LED is turned off. The detailed power negotiation including the physical activation of 
module power is happening in this state. 

- M4: FRU Active. In this state the FRU is fully operational inside the system. E-keying is used to activate the links 
and interfaces of the FRU. The Blue LED is off. 

- M5: FRU Deactivation Request. The handle switch has been opened. The Blue LED starts to blink in short 
intervals. A deactivation request is sent to the shelf manager. 

- M6: FRU Deactivation In Progress. This state is entered after the shelf manager acknowledges the deactivation 
request. All AMC ports & interfaces are shut down and the power for the module (except the rail powering the 
management portion of the AMC) is removed. The Blue LED is still blinking in M6. 

 

 
Figure 1.  FRU State Diagram 



Most of the debug information available during system integration and debug refers to the FRU states above, and, 
of course, the above builds the bridge between the FRU states and the user perceptible items: the physical 
position of the module, the state of the handle switch and the signaling of the Blue LED (As shown in table 1). 
 

Table 1: FRU States 
 

FRU 
State 

Name Blue LED Handle Switch 

M0 FRU Not Installed 
Off (extracted) or 
On (inserted) 

Open 

M1 FRU Inactive On 
Open (Extraction) or 
Closed (Insertion) 

M2 
FRU Activation 
Request 

Long Blink Closed 

M3 
FRU Activation In 
Progress 

Off Closed 

M4 FRU Active Off Closed 

M5 
FRU Deactivation 
Request 

Short Blink Open 

M6 
FRU Deactivation In 
Progress 

Short Blink Open 

 
FRU Physical Insertion 
Now, let’s take this step by step and clarify the role and actions performed by each element of the MicroTCA 
infrastructure. The physical insertion comprises the start of the insertion until the module is fully seated and the 
handle switch is closed. When the backplane connectors mate during insertion the state of the presence detect 
signals changes. This is recognized by the power module.  
Yes, you are right to ask, why by the power module and not by the MCH? The answer is quite simple: there is a 
lack of pins on the MCH physical backplane connector. There is no space to put all the hot swap signals to all the 
modules on a MicroTCA Carrier Hub. Thus, the management controller on the power module (EMMC) detects 
the change in presence detect signals and sends a notification to the Carrier Manager (presented by the active 
MCH). The MCH sends commands to the power module to turn on management power for that module and 
release the reset to the module’s management controller. After that the MCH starts to read the AMC’s FRU 
Information (i.e. FRU EEPROM) and stores the relevant information locally.  
After a sanity check and after the module’s handle switch has been closed, the physical insertion process is 
completed. The FRU activation state starts with the transition to M2. The most important thing to highlight about 
the physical insertion management is that it is a co-work of the MCH and the Power Module(s), once more. 
 

 
Figure 2: AMC and face plate with Handle and Blue LED,  

shown here on an Advantech Processor AMC Module. 



FRU Activation & Power Budgeting 
The FRU activation process starts in M2 when the handle switch has been closed. The Carrier Manager is 
notified by the module’s MMC through a Hot Swap Event message when the handle state changes. The Carrier 
Manager will send another message in return to change the Blue LED state to “Long blink”.  
The first decision to be taken is if the module should be activated or not. The policy for making this decision is 
contained in a data structure named the “MicroTCA Carrier Activation and Current Descriptor” which provides 
the following options: 
 

- The Shelf Manager activates this FRU automatically. The FRU transitions to M3 when the Carrier 
Manager receives the “Set FRU Activation (Activate)” command from the Shelf Manager. 

- The Carrier Manager activates this FRU, and it proceeds to M3. 
- The System Manager activates this FRU. The FRU waits in M2 until the System Manager decides to 

activate it.  
 

One descriptor is provided per slot in the Carrier FRU EEPROM on the backplane. 
If activation is rejected, the FRU state changes back to M1 (Blue LED on). If activation proceeds, the state 
changes to M3 (Blue LED off). In M3 the Carrier Manager does the power budgeting to decide if the carrier 
infrastructure can deliver sufficient power to the FRU. The parameters considered in the power budgeting are 
divided into two groups:  
 
First, a set of parameters dedicated to that special slot on the backplane and the FRU: 

- the current drawn by the FRU (i.e. AMC module’s power consumption) 
- the maximum current the backplane can carry for this slot 
- the maximum current the Power Module can deliver to this slot. 
 

The second group comprises the carrier’s overall power budget: 
- the current drawn by the FRU (same as above) 
- the maximum total power of the carrier (limited by the power module’s output power and backplane’s 

current carrying capabilities) 
- the power already assigned to other FRUs on the carrier. 

 
If both evaluations indicate that there is enough power left for the FRU being inserted, the power to the FRU is 
activated and the module advances to state M4. 
Power budgeting seems to be a straight forward thing, but the flexibility inherent to MicroTCA can make it a 
quite complicated process: 

- a carrier can support 1 to 4 power modules 
- a carrier may be equipped with 1 to 4 power modules 
- power modules have varying output current & power capabilities 
- power modules may be used as redundant PMs with hot standby 

 
 
 

MicroTCA and related specifications 
 

The MicroTCA specification builds upon the Advanced Mezzanine Card (AMC) and AdvancedTCA (ATCA) specifications, 
especially in terms of system management architecture and interfaces. For a detailed understanding of MicroTCA system 
management it is inevitable to have a solid understanding of all three specifications. 
These specifications can be obtained from the PCI Industrial Computers Manufacturers Group (PICMG). 
 
 
 
FRU active & E-keying 
The final step to complete in M4 is E-keying. E-keying is the process to match the fabric interfaces supported by 
the modules inserted into the carrier backplane, the fabric routing (connectivity) of the carrier backplane and the 
fabrics supported by the MCH and make sure that only compliant interfaces are enabled. Non compliant ports 
connected by a specific backplane routing stay disabled to avoid physical damage and interoperability issues. 
So, what are the variables in the E-keying game?  First of all, there are the interfaces presented by the AMCs 
themselves. The AMC standard defines 21 ports on the AMC card edge connector. Table 2 gives an overview of 
common AMC port implementations. For the fat pipes implementation there is a number of different 



implementations defined by AMC.x subsidiary specifications. Most importantly, these specifications are 
guidelines and, whether this makes sense or not, there is a provision for custom implementations. This is 
especially true for the extended options which are the most prominent candidates for custom implementations.  

Table 2: AMC port options & MicroTCA routing 
 

Connector Region AMC 
Port # 

Signal Conventions Non-redundant 
MCH Fabric # 

Redundant 
MCH Fabric # 

Basic 

Common 
Options 

0 AMC.2 1000BASE-BX A 1/A 

1 AMC.2 1000BASE-BX  2/A 

2 AMC.3 SATA/SAS B 1/B 

3 AMC.3 SATA/SAS C 2/B 

Fat 
Pipe 

4 
AMC.1 

x4 
PCIe 

AMC.4 
x4 

SRIO 

AMC.2 
10G 

Base-BX4 

D 1/D 

5 E 1/E 

6 F 1/F 

7 G 1/G 

Extended 

Extended 
Fat 
Pipe 

8 

 
AMC.4 

x4 
SRIO 

AMC.2 
10G 

Base-BX4 

 2/D 

9  2/E 

10  2/F 

11  2/G 

Extended 
Options 

12      

13      

14      

15      

16      

17      

18      

18      

20      

 
Secondly, the connectivity on the backplane is the most variable thing in MicroTCA. Figure 3 shows an example 
backplane implementation and how the AMC ports hook up to the MCH slot. AMC ports may be wired to the 
MCH slots (dual star) like common for the base interface and parts of the fat pipes region or may be run as local 
point to point links between two AMC slots. A popular implementation is to run Ports 2 and 3 as local links 
between slots. A typical usage case is an x86 processor AMC connected to SAS/SATA HDD AMCs for mass 
storage extension. 
Thirdly, the MCH(s) may support different kind of fabrics as well such as PCIe, GbE, SRIO and 10GE. It is the 
Carrier Manager’s responsibility to perform the E-keying and to identify matching and non-matching interfaces 
based on backplane topology. It uses “Set Port State” commands to enable or disable the individual ports of an 
AMC or MCH. 

 
Figure 3: MicroTCA connectivity example 

 



Another important issue of E-keying to understand is the term “link” and its implications. A link can consist of 
anything between 1 to 4 ports. For example, the base fabric GbE Serdes links consist of a single port each. Fat 
pipe interfaces such as XAUI (10GE) use 4 ports per link and others like PCIe may consist of 1, 2 or 4 ports or 
even aggregate two 4-port links to one by 8 link.  
To make things a little bit more complicated, the two links may have the same width, but still may not be 
compliant. This can be found when the architecture of the underlying fabric implements an asymmetric hierarchy 
that differentiates between upstream and downstream ports. The best example is PCIe again where there is a 
(single) root complex at the top of the hierarchy and all devices use their upstream port to connect up the 
hierarchy towards the root complex. Switches and endpoints follow this scheme. Switches connect the secondary 
devices they host through downstream ports. To make a long story short, the only valid combination is to 
connect downstream to upstream ports. Connecting downstream to downstream ports and upstream to upstream 
ports does not work. This is reflected by the “Asymmetric match type” fields in the link descriptors defined by 
the PICMG specifications. Modules use this field to indicate whether they implement an upstream or 
downstream port. Carrier manager E-keying needs to be aware of these issues to guarantee seamless integration. 
A practical example of such a scenario on MicroTCA is a system with two processor AMCs inserted. Assuming 
that the two AMCs are connected by a local 4-port link on the backplane, and assuming both processor AMCs 
implement PCIe downstream ports on these links, the conflict between the modules is obvious. E-keying will not 
enable the PCIe ports on these ports to resolve the conflict. 
One thing to highlight in the previous example is the fact that E-keying is performed on a link by link basis, not 
on a module by module basis. I.e. although the two processor AMCs have conflicting implementations for the 
PCIe ports, the base fabrics and other ports/links may be free of conflict. Consequently, these will be enabled by 
E-keying. 
This means that it is not a requirement to have 100% percent matching modules in respect to all ports/links in the 
system. If there is just a partial match, only the corresponding links will be enabled, other links will be disabled. 
This feature boosts the value of the ecosystem of AMC board vendors by guaranteeing the re-usability of AMC 
cards in a lot of different configurations even though the port maps are not 100% compliant. It is the part of the 
system designer and integrator to pick the right AMCs, MCHs and backplane to create a system that fulfills the 
requirements of the target application. Standard profiles like that defined by the SCOPE Alliance or the one 
presented in table 2 will simplify this task.  
 
The third and final article of this series will shed more light on the management software options available to 
MicroTCA System Integrators. 


