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(57) ABSTRACT 
A server on a chip that can be a component of a node card. 
The server on a chip can include a node central processing 
unit Subsystem, a peripheral Subsystem, a system intercon 
nect Subsystem, and a management Subsystem. The central 
processing unit Subsystem can include a plurality of pro 
cessing cores each running an independent instance of an 
operating system. The peripheral Subsystem includes a plu 
rality of interfaces for various configurations of storage 
media. The system interconnect Subsystem provides for 
intra-node and inter-node packet connectivity. The manage 
ment Subsystem provides for various system and power 
management functionalities within the Subsystems of the 
server on a chip. 
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SERVER ON A CHP AND NODE CARDS 
COMPRISING ONE OR MORE OF SAME 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is a Continuation of U.S. applica 
tion Ser. No. 13/662,759, filed Oct. 29, 2012, which is a 
Continuation-In-Part of U.S. application Ser. No. 13/475, 
713, filed May 18, 2012, which claims priority from Provi 
sional Application U.S. Application 61/489,569, filed May 
24, 2011, U.S. application Ser. No. 13/475,713 is also a 
Continuation-In-Part of U.S. application Ser. No. 12/794, 
996, filed Jun. 7, 2010, all of which are incorporated herein 
by reference in their entireties. U.S. application Ser. No. 
13/662,759, filed Oct. 29, 2012 is a Continuation-In-Part of 
U.S. application Ser. No. 13/475,722, filed May 18, 2012, 
which claims priority from Provisional Application U.S. 
Application 61/489,569, filed May 24, 2011; U.S. applica 
tion Ser. No. 13/475,722 is also a Continuation-In-Part of 
U.S. application Ser. No. 12/794.996, filed Jun. 7, 2010 and 
all of which are incorporated herein by reference in their 
entireties. U.S. application Ser. No. 13/662,759, filed Oct. 
29, 2012 is a Continuation-In-Part of U.S. application Ser. 
No. 13/527,498, filed Jun. 19, 2012, which claims priority 
from Provisional Application U.S. Application 61/553,555, 
filed Oct. 31, 2011, incorporated herein by reference in their 
entireties. U.S. application Ser. No. 13/662,759, filed Oct. 
29, 2012 is a Continuation-In-Part of U.S. application Ser. 
No. 12/794,996, filed Jun. 7, 2010, which claims priority 
from Provisional Application U.S. Application 61/256,723, 
filed Oct. 30, 2009, incorporated herein by reference in their 
entireties. U.S. application Ser. No. 13/662,759, filed Oct. 
29, 2012 is a Continuation-In-Part of U.S. application Ser. 
No. 12/889,721, filed Sep. 24, 2010, which claims priority 
from Provisional Application U.S. Application 61/245,592, 
filed Sep. 24, 2009, incorporated herein by reference in their 
entireties. U.S. application Ser. No. 13/662,759, filed Oct. 
29, 2012 is a Continuation-In-Part of U.S. application Ser. 
No. 13/234,054, filed Sep. 15, 2011, which claims priority 
from Provisional Application U.S. Application 61/383,585, 
filed Sep. 16, 2010; U.S. application Ser. No. 13/234,054 is 
also a Continuation-In-Part of U.S. application Ser. No. 
12/794.996, filed Jun. 7, 2010, incorporated herein by ref 
erence in their entireties. U.S. application Ser. No. 13/662, 
759, filed Oct. 29, 2015 is a Continuation-In-Part of U.S. 
application Ser. No. 13/284.855, filed Oct. 28, 2011, incor 
porated herein by reference in its entirety. U.S. application 
Ser. No. 13/662,759, filed Oct. 29, 2012 is a Continuation 
In-Part of U.S. application Ser. No. 13/543,086, filed Apr. 
23, 2012, incorporated herein by reference in its entirety. 

FIELD 

0002 The disclosure relates generally to provisioning of 
modular compute resources within a system design and, 
more particularly, to a system on a chip that provides 
integrated CPU, peripheral, Switch fabric, system manage 
ment, and power management functionalities. 

BACKGROUND 

0003 Server systems generally provide a fixed number of 
options. For example, there are usually a fixed number of 
CPU sockets, memory DIMM slots, PCI Express 10 slots 
and a fixed number of hard drive bays, which often are 
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delivered empty as they provide future upgradability. The 
customer is expected to gauge future needs and select a 
server chassis category that will serve present and future 
needs. Historically, and particularly with x86-class servers, 
predicting the future needs has been achievable because 
product improvements from one generation to another have 
been incremental. 
0004. With the advent of power optimized, scalable serv 
ers, the ability to predict future needs has become less 
obvious. For example, in this class of high-density, low 
power servers within a 2U chassis, it is possible to install on 
the order of 120 compute nodes in an incremental fashion. 
Using this server as a data storage device, the user may 
require only 4 compute nodes, but may desire 80 storage 
drives. Using the same server as a pure compute function 
focused on analytics, the user may require 120 compute 
nodes and no storage drives. The nature of scalable servers 
lends itself to much more diverse applications that require 
diverse system configurations. As the diversity increases 
over time, the ability to predict the system features that must 
scale becomes increasingly difficult. 
0005. It is desirable to provide smaller sub-units of a 
computer system that are modular and can be connected to 
each other to form larger, highly configurable Scalable 
servers. Thus, it is desirable to create a system and method 
to modularly scale compute resources in these power-opti 
mized, high density, Scalable servers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 illustrates an example of a system board on 
which one or more node cards may be installed; 
0007 FIG. 2 illustrates an embodiment of the details of 
each node card; 
0008 FIG. 3 illustrates an example of a quad node card; 
0009 FIGS. 4 and 5 illustrate two examples of node cards 
with one or more connectors; 
0010 FIG. 6 illustrates an example of a single server 
node card; 
0011 FIG. 7 illustrates a logical view of a system on a 
chip (SOC); 
0012 FIG. 8A illustrates an architectural block diagram 
view of a SOC showing subsystems thereof; 
0013 FIG. 8B illustrates an architectural block diagram 
view of a SOC showing architectural elements thereof; 
(0014 FIG. 9 illustrates a logical view of a SOC node 
CPU subsystem: 
0015 FIG. 10 illustrates a logical view of a peripheral 
Subsystem; 
0016 FIG. 11 illustrates an architectural block diagram 
view of a system interconnect Subsystem; 
0017 FIG. 12 illustrates a logical view of a system 
interconnect Subsystem; 
0018 FIG. 13 illustrates a logical view of a power 
management unit of a management Subsystem; and 
(0019 FIG. 14 illustrates a software view of a power 
management unit. 

DETAILED DESCRIPTION OF ONE OR MORE 
EMBODIMENTS 

0020. The disclosure is particularly applicable to 
examples of the node cards illustrated and described below 
and it is in this context that the disclosure will be described. 
It will be appreciated, however, that the disclosure has 
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broader applicability since the disclosed system and node 
cards can be implemented in different manners that are 
within the scope of the disclosure and may be used for any 
application since all of the various applications in which the 
system and node cards may be used are within the scope of 
the disclosure. 

0021 FIG. 1 illustrates an example of a system 40 that 
may include a system board 42 on which one or more node 
cards 46 may be installed. The system board 42 may be fit 
into a typical server chassis 44 and the system board 42 may 
have the one or more node cards 46, Such as one or more 
server node units (described below with reference to FIG. 2) 
plugged into the system board. There are a number of 
functions that are needed to complete a full classic server 
which includes Ethernet PHY's to interface the one or more 
ServerNodes 46 or a cluster of ServerNodes and server 
control functions (fan control, buttons etc. . . . ). The system 
board 42 is the component that ties the ServerNodes 46 to 
these components. The system board 42 is desirable if a 
hierarchical hardware partition is desired where the “build 
ing block” is smaller than the desired system, or when the 
“building block” is not standalone. The system board 42 
roles can include: Ethernet network connectivity, internal 
fabric connections between ServerNodes or groups a Server 
Nodes in a sub-system (the fabric design in FIG. 1) and 
chassis control and management. The system board is the 
component that connects the fabric links between Server 
Nodes and allows them to communicate with the external 
world. Once the fabric design, hardware partitioning and 
storage decisions have been made, the system board 42 can 
glue the system components together and the input/output 
(I/O) of the system may include: management data input/ 
output (MDIO) for SFP communication, comboPHYs for 
internal fabric links, storage and Ethernet access, UART and 
JTAG ports for debug and SMBus and GPIOs for chassis 
component control and communication. 
0022 Now, several different examples of node cards that 
may be plugged into the system board are described in more 
detail. These node cards leverage highly integrated SoCs 
designed for Server applications, that enable density and 
system design options that has not been available to date. 
Cards can be defined that have the functionality of one or 
more servers and these Cards can be linked together to form 
clusters of servers in very dense implementations. A high 
level description of the Card would include a highly inte 
grated SOC implementing the server functionality, DRAM 
memory, Support circuitry Such as Voltage regulation, and 
clocks. The input/output of the card would be power and 
server to server interconnect and/or server to Ethernet PHY 
connectivity. SATA (serial advanced technology attachment) 
connections can also be added to interface to drives. An 
example of a node card is shown in FIG. 2 with one or more 
system on a chip (SOC) units (i.e., SoCs). 
0023 The fabric connections on each node card 46 can be 
designed to balance: usage of SOC PHY's, link redundancy, 
link bandwidth and flexibility in usage of the 8 links at the 
edge connectors. A node card 46 like that shown in FIG. 3 
can be used in conjunction with a system board where the 
system board provides power to the node cards and connec 
tions to interconnect off the system board Such as an 
Ethernet transceiver. The system board could house one or 
more node cards. In the case of housing more than one node 
card, the system board creates a cluster of Servers that utilize 
a server to server interconnect or fabric that is integrated in 
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the SOC or a separate function on the card. This system 
board can be made in many forms, including industry 
standard form factors such as ATX or in customer form 
factors. The system board could be a blade or could fit into 
a standard chassis Such as a 2U or any other size. 
0024 FIG. 2 illustrates an example a node card 60. The 
node card may be a printed circuit board with a male 
physical connector, on which there is one or more servers 
that get power from Some of the signals on the physical 
connector and use some of the signals on the connector for 
server to server communication or server to Ethernet PHY 
connections. In one embodiment, the physical connector 
may be PCIe (Peripheral Component Interconnect Express) 
connector. The node card 60 may have an enable of the 
physical connector (see CARD EN in FIG. 2) that enables 
the server. The node card may have regulators included on 
the PCB to provide regulated power supplies to various parts 
of the server off the power supply that is provided through 
the PCIe physical connector and the enables (CARD EN) 
may be connected to the regulators. The Voltages on the node 
card may be 12V. The regulators may generate a common 
voltage that may be 3.3V (as shown in the example in FIG. 
2), 1.8V, 0.9V and/or 1.35 or 1.5V. Each node card may have 
one or more SoCs 62, memory and appropriate regulators, 
but may also have multiple servers on the PCB including 
multiple SOC and multiple sets of DRAM (dynamic random 
access memory) and the DRAM is soldered on the PCB and 
signals are routed to the SOC. Alternatively, the DRAM is 
on a DIMM (ual in-lin memory impodule) and the DIMM is 
connected to the PCB using a connector whose signals are 
routed to the SOC. 

0025. In the example in FIG. 2, the node card 60 may 
include one or more system on a chip (SOC) 62 (such as 
SOCO-SOC3 as shown in FIG. 2) and each SOC 62 (i.e., 
each an instance of a SOC unit) is part of a node 64, such 
as Node NO-N3 as shown, wherein the node may be a 
compute node, a storage node and the like. The SoCs on the 
node card may have heat sinks. Each node 64 may further 
include one or more LEDs, memory (DDR, for example), a 
clock, a temperature sensor (TEMP) connected to the SOC, 
an SD slot and an SPI FLASH slot as shown in FIG. 2. 
Thus, the node card 60 may also have a storage card Such as 
SD, uSD, MMC, eMMC that is connected to the SOC (as 
shown in the example below in FIG. 6). In one embodiment, 
a NAND or NOR can be used and connected to the SOC 
(such as in the examples in FIGS. 4-5 below) and/or a serial 
flash may be used and connected to the SOC. 
0026. The node card may also have one or more com 
munication and/or storage connects 66, Such as connects to 
various SATA devices, connects to XAUI interconnects and 
a UART that may be through an edge connector. In the node 
card, the server-to-server communication may be XAUI and 
one or more XAUI is routed to the PCIe physical connector 
and the XAUI signals are routed from the PCIe physical 
connector to the SOC and/or the XAUI signals are routed 
between SoCs on the PCB. In the node card, the server-to 
server communication may be SGMII and one or more 
SGMII is routed to the PCIe physical connector and the 
SGMII signals are routed from the PCIe connector to the 
SOC or the SGMII signals are routed between SoCs on the 
PCB. 

0027. The node card may also have a SATA connector. 
The SATA signals may be routed from the SOC to the SATA 
connector or multiple SATA connectors are added to the 
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PCB and multiple SATA connectors are routed from the 
SOC to the SATA connectors. The node card may also have 
a mini SATA on the Card or mSATA on the Card. The SATA 
may be routed to the PCIe physical connector from the SOC. 
In some embodiments, multiple SATA connections are made 
between the SOC and PCIe physical connector and PCIe X1 
or x2, or x4, or x8 or x16 or x32 is used. The node card may 
use multiple PCIe physical connectors or any combination 
of multiple PCIe connectors such as X1 or x2, or x4, or x8 
or x 16 or x32. The DC values applied to the PCIe connector 
and routed onto the PCB for set up, control, ID or informa 
tion and the DC values are routed to GPIOs on one or more 
SoCs. 

0028. The edge connector may also have signaling for 
JTAG and ALTBOOT (described below in more detail). The 
edge connector may also provide SLOT signaling, GPIO 
signaling and power (with an enable). The JTAG signals are 
routed from one or more SoCs to PCIe physical connector 
and the serial port and/or UART signals are routed from the 
PCIe physical connector to one or more SoCs. The SOC may 
have an addition signal or set of signals is routed to the PCIe 
physical connector that is used to arbitrate usage of the serial 
port or UART. In the system, a digital signal can be applied 
to the PCIe connector to cause an alternative boot procedure 
by connecting this signal from the PCIe connector to a signal 
on one or more SoCs that causes or enable an alternative 
boot. The digital signal or signals can be applied to the PCIe 
physical connector to cause an interrupt to the SOC or SoCs 
by connecting the SOC or SoCs to this digital signal on the 
connector. The system may have a level shifter(s) that is 
used on the PCB to translate a signal applied on the PCIe 
connector edge to a signal that is applied to the SOC(s). 
Furthermore, the digital signal that is routed from an SOC to 
the PCIe connector that resets and/or controls and/or pro 
vides info to an Ethernet phy or SFP that is not on the PCB 
and may be for reset, enable, disable, mdio, fault, loss of 
signal, rate. 
0029. Thus, the node 64 of the node card 60 forms what 
can be thought of as an independent cluster node. Each SOC 
62 is an example of a node central processing unit (CPU) of 
the node card 60. An independent operating system (OS) is 
booted on the Node CPU. Linux Ubuntu brand operating 
system is an example of Such an independent operating 
system. 
0030. As discussed below in greater detail, each SOC 62 
includes one or more embedded PCIe controllers, one or 
more SATA controllers, and one or more 10 Gigabit (10 
GigE) Ethernet MACs. Each node 64 is interconnected to 
other nodes via a high speed interconnect such that the 
topology of the interconnect is logically transparent to the 
user. Each node 64, even those that don't have direct access 
to an outside network, has network connectivity. Preferably, 
each node 64 has flash (i.e., flash storage space) that can be 
logically partitioned. A local file system (e.g., a Linux file 
system) can be created on one or more of the flash partitions. 
For example, the user can create a root and Swap partition on 
local flash partitions. Furthermore, flash partitions can be 
aggregated to form large flash Volumes. Typical operating 
system storage capabilities can be provided to create net 
work file systems, clustered files systems, and/or iSCSI NAS 
systems on either the a storage portion of a node (e.g., a 
storage node portion) or remotely in the external network. 
As discussed below in greater detail, each node 64 includes 
power management functionality that is optimized transpar 
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ently to the user. Accordingly, a skilled person will appre 
ciate that the node 64 provides all of the characteristics that 
would normally be attributed to a node of a computer cluster 
as well as value-added functionalities (e.g., storage func 
tionality, power management functionality, etc). 
0031 FIG. 3 illustrates an example of a quad node card 
100. The quad node card 100 may have one or more systems 
on a chip 103 (SoC0-SoC3 in this example), one or more 
volatile memory devices 104, such as four 4 GB DDR3 
Mini-DIMMs (1 per node), one or more storage interfaces 
106, such as sixteen SATA connectors (4 per node), one or 
more SD slots (one per node, MMC not supported) and one 
or more SPI flash chips (1 per node). The quad node card 
may be powered by 12V dc, Supplied via edge connectors 
108 all other voltages are internally generated by regula 
tors. The quad node card may have server interconnect 
Fabric connections 110 routed via the edge connector 108, 
through a system board to which the node card is connected, 
to other node cards or external Ethernet transceivers and I2C 
and GPIO rout via the edge connector, per system board 
requirements. The quad node card 100 does not have Eth 
ernet PHY transceivers in some implementations, other 
implementations may choose to use Ethernet transceivers on 
the node card and route this as the interconnect and the node 
card is not a stand alone design, but may be used with a 
system board. 
0032. The quad Card example consists of 4 server nodes, 
each formed by a Calxeda R. EnergyNode SOC, with its 
DIMM and local peripherals, which runs Linux indepen 
dently from any other node. By design, these nodes can be 
directly interconnected to form a high bandwidth fabric, 
which provides network access through the system Ethernet 
ports. From the network view, the server nodes appear as 
independent servers; each available to take work on. 
0033 FIGS. 4 and 5 illustrate two examples of node cards 
120, 130 with one or more connectors 108. The connectors 
may be a PCIe connector that makes a convenient physical 
interconnect between the node card and the system board, 
but any type of connector can be used. The connector type 
is selected based on its performance at the Switching fre 
quency of the fabric interconnect. For example, industry 
standard MicroTCA connectors available from Tyco Elec 
tronics and Samtec operate up to 12 GHz. In the examples 
in FIGS. 4 and 5, the node card has the SOCs 102, the 
memory 104, the storage interfaces 106 and the fabric 
connector 110, but may also include one or more persistent 
memory devices 112, such as NAND flash. The node card 
definition can vary as seen below with variation in a number 
of SATA connectors and/or in a number of fabric intercon 
nect for server-to-server communication. The type of PCIe 
connector in the node card could vary significantly based on 
quantity of interconnect and other signals desired in the 
design. FIGS. 4 and 5 shows two PCIe x 16 connectors, but 
the node cards could vary using any quantity of PCIe 
connector and any type of PCIe (X1, X2, X4 etc. . . . ). Though 
not shown in FIG. 4 or 5 for brevity, since fabric connec 
tivity exists with the node cards, the physical Ethernet 
interfaces depicted on the System Board 42 can also reside 
on the node cards. 
0034 FIG. 6 illustrates an example of a single server 
node card 140. The single server node card 140 may have 
one processor SOC 102, a 4 GB DDR3 DRAM 104 down 
(no DIMM), a microSD slot 114, a SATA data connector 
106, a mSATA connector 116, one or more XAUI channels 
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(four in this example) to the edge connector 108 for fabric 
connectivity and may be smaller than 2-inch.times.4-inch. 
This combination provides the compute, networking IO. 
system memory, and storage interfaces needed for a robust 
ARM server, in a form factor that is easily integrated into 
many chassis designs. This node card implements a X.16 PCI 
connector with a custom electrical signaling interface that 
follows the Ethernet XAUI interface definition. The node 
card 140 may be a two-sided printed circuit board with 
components on each side as shown in FIG. 6. 
0035 FIGS. 7, 8A and 8B show a SOC 200 (i.e., an 
instance of a SOC unit) configured in accordance with the 
present invention. The SOC 200 is a specific example of the 
SoCs discussed above in reference to FIGS. 2-6 (e.g., SOC 
62 and/or SOC 102). In this regard, the SOC 200 can be 
utilized in Standalone manner Such as, for example, as 
discussed in reference to FIG. 6. Alternatively, the SOC 200 
can be utilized in combination with a plurality of other SoCs 
on a node card Such as, for example, with each one of the 
SoCs being associated with a respective node of the node 
card as discussed above in reference to FIGS. 2-5. 

0036. The SOC200 includes a node CPU subsystem 202, 
a peripheral Subsystem 204, a system interconnect Subsys 
tem 206, and a management Subsystem 208. In this regard, 
a SOC configured in accordance with the present invention 
can be logically divided into several Subsystems. Each one 
of the Subsystems includes a plurality of operation compo 
nents therein that enable a particular one of the Subsystems 
to provide functionality thereof. Furthermore, as will be 
discussed below in greater detail, each one of these Subsys 
tems is preferably managed as independent power domains. 
0037. The node CPU subsystem 202 of SOC 200 pro 
vides the core CPU functionality for the SOC, and runs the 
primary user operating system (e.g. Ubuntu Linux). As 
shown in FIGS. 7-9, the Node CPU subsystem 202 com 
prises a node CPU 210, a snoop control unit (SCU) 212, L2 
cache 214, a L2 cache controller 216, memory controller 
217, an accelerator coherence port (ACP) 218, main 
memory 219 and a generalized interrupt controller (GIC) 
220. The node CPU 210 includes 4 processing cores 222 that 
share the L2 cache 214. Preferably, the processing cores 222 
are each an ARM Cortex A9 brand processing core with an 
associated media processing engine (e.g., Neon brand pro 
cessing engine) and each one of the processing cores 222 has 
independent L1 instruction cache 224 and L1 data cache 
226. Alternatively, each one of the processing cores can be 
a different brand of core that functions in a similar or 
substantially the same manner as ARM Cortex A9 brand 
processing core. Each one of the processing cores 222 and 
its respective L1 cache 224, 226 is in a separate power 
domain. Optionally, the media processing engine of each 
processing core 222 can be in a separate power domain. 
Preferably, all of the processing cores 222 within the node 
CPU subsystem 202 run at the same speed or are stopped 
(e.g., idled, dormant or powered down). 
0038. The SCU 212 is responsible for managing inter 
connect, arbitration, communication, cache-to-cache, sys 
tem memory transfers, and cache coherency functionalities. 
With regard to cache coherency, the SCU 212 is responsible 
for maintaining coherence between the L1 caches 224, 226 
and ensuring that traffic from the ACP 218 is made coherent 
with the L1 caches 224, 226. The L2 cache controller 216 
can be a unified, physically addressed, physically tagged 
cache with up to 16 ways. 
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0039. The memory controller 217 is coupled to the L2 
cache 214 and to a peripheral switch 221 of the peripheral 
subsystem 204. Preferably, the memory controller 217 is 
configured to control a plurality of different types of main 
memory (e.g., DDR3, DDR3L, LPDDR2). An internal inter 
face of the memory controller 217 includes a core data port, 
a peripherals data port, a data port of a power management 
unit (PMU) portion of the management subsystem 208, and 
an asynchronous 32-bit AHB slave port. The PMU data port 
is desirable to ensure isolation for Some low power states. 
The asynchronous 32-bit AHB slave port is used to config 
ure the memory controller 217 and access its registers. The 
asynchronous 32-bit AHB slave port is attached to the PMU 
fabric and can be synchronous to the PMU fabric in a similar 
manner as the asynchronous interface is at this end. In one 
implementation, the memory controller 217 is an AXI inter 
face (i.e., an Advanced extensible Interface) offered under 
the brand Databahn, which includes an AXI interface, a 
Databahn controller engine and a PHY (DFI). 
0040. The ACP218 provides the function of ensuring that 
system traffic (e.g., I/O traffic, etc) can be driven in order to 
ensure that there is no need to flush or invalidate the L1 
caches 224, 226 to see the data. In this regard, the ACP 218 
can server as a slave interface port to the SCU 212. Read/ 
write transactions can be initiated by an AXI master through 
the ACP218 to either coherent or non-coherent memory. For 
read/write transactions to coherent regions of memory, the 
SCU 212 will perform necessary coherency operations 
against the L1 caches 224, 226, the L2 cache 214 and the 
main memory 219. 
0041. The GIC 220 can be integrated into the SCU 212. 
The GIC 220 provides a flexible approach to inter-processor 
communication, routing, and prioritization of system inter 
rupts. The GIC 220 supports independent interrupts such 
that each interrupt can be distributed across CPU subsystem, 
hardware prioritized, and routed between the operating 
system and software management layer of the CPU subsys 
tem. More specifically, interrupts to the processing cores 222 
are connected via function of the GIC 220. 

0042. The node CPU subsystem 202 can include other 
elements/modules for providing further functionalities. One 
example of such further functionality is provided by a L2 
MBIST (i.e., memory build-in self trust) controller that is 
integrated with the L2 cache controller 216 for performing 
memory testing of the L2 cache 214. Still another example 
of such further functionality is provided by a direct memory 
access (DMA) controller (i.e., a DMAC) that provides an 
AXI interface to perform DMA transfers and that has two 
APB interfaces that control operation of the DMAC. 
0043. The peripheral subsystem 204 of SOC 200, shown 
in FIGS. 7, 8 and 10, has the primary responsibility of 
providing interfaces that enable information storage and 
transfer functionality. This information storage and transfer 
functionality includes information storage and transfer both 
within a given SOC Node and with SOC Nodes accessibly 
by the given SOC Node. Examples of the information 
storage and transfer functionality include, but are not limited 
to, flash interface functionality, PCIe interface functionality, 
SATA interface functionality, and Ethernet interface func 
tionality. The peripheral subsystem 204 can also provide 
additional information storage and transfer functionality 
Such as, for example, direct memory access (DMA) func 
tionality. Each of these peripheral subsystem functionalities 
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is provided by one or more respective controllers that 
interface to one or more corresponding storage media (i.e., 
storage media controllers). 
0044) The peripherals subsystem 204 includes the periph 
eral switch 221 and a plurality of peripheral controllers for 
providing the abovementioned information storage and 
transfer functionality. The peripheral switch 221 can be 
implemented in the form of a High-Performance Matrix 
(HPM) that is a configurable auto-generated advanced 
microprocessor bus architecture 3 (i.e., AMBA protocol 3) 
bus Subsystem based around a high-performance AXI cross 
bar switch known as the AXI bus matrix, and extended by 
AMBA infrastructure components. 
0045. The peripherals subsystem 204 includes flash con 

trollers 230 (i.e. a first type of peripheral controller). The 
flash controllers 230 can provide support for any number of 
different flash memory configurations. A NAND flash con 
troller such as that offered under the brand name Denali is 
an example of a suitable flash controller. Examples of flash 
media include MultiMediaCard (MMC) media, embedded 
MultiMediaCard (eMMC) media, Secure Digital (SD) 
media, SLC/MLC+ECC media, and the like. Memory is an 
example of media (i.e., storage media) and error correcting 
code (ECC) memory is an example of a type of memory to 
which the main memory 217 interfaces (e.g., main memory 
219). 
0046. The peripherals subsystem 204 includes Ethernet 
MAC controllers 232 (i.e. a second type of peripheral 
controller). Each Ethernet MAC controller 232 can be of the 
universal 1 Gig design configuration or the 10 G design 
configuration. The universal 1 Gig design configuration 
offers a preferred interface description. The Ethernet MAC 
controllers 232 includes a control register set and a DMA 
(i.e., an AXI master and an AXI slave). Additionally, the 
peripherals subsystem 204 can include an AXI2 Ethernet 
controller 233 
0047. The peripherals subsystem 204 includes a DMA 
controller 234 (i.e., (i.e. a third type of peripheral controller). 
The DMA controller 234 includes a master port (AXI) and 
two APB slave ports (i.e., one for secure communication and 
the other for non-secure communication). DMA requests are 
sent to the DMA controller 234 and interrupts are generated 
from the DMA controller 234. A basic assumption in regard 
to the DMA controller 234 is that it needs to be able to 
transfer data into and out of the L2 cache 214 to ensure that 
the memory remains coherent and it also needs to access the 
peripherals of the peripheral subsystem 204. As such, this 
implies that the DMA controller 234 needs to connect into 
two places in the system. The most obvious approach to 
accomplish this is to provide a DMA fabric and plug the 
DMA fabric into both the CONFAB (i.e., the connection to 
the slave ports of the main peripherals) and the ACPFAB 
(i.e., the ACP fabric) as additional master, thereby providing 
connectivity to the PMU (i.e., a portion of the management 
subsystem 208) which allows access to all the slaves and the 
ACP fabric). An alternative approach is to connect only into 
the ACP and rely on the L2 cache 214 to pass the access 
through the SCU 212 and L2 cache 214 and then back out 
on the core port to the CONFAB (and then reverse). This 
alternate approach needs to ensure that the SCU 212 under 
stand that those accesses do not create L2 entires. Further 
more, the alternate approach may not be operable in the 
power-down case (i.e., when the only the management 
processor and Switch fabric of the management Subsystem 
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208 are active) and may not allow DMA into the private 
memory of the management subsystem 208. However, these 
scenarios are acceptable because DMA functionality is use 
ful only for fairly large transfers. Thus, because private 
memory of the management subsystem 208 is relatively 
Small, the assumption is that associated messages will be 
relatively small and can be handled by INT. If the manage 
ment Subsystem 208 needs/wants large data transfer, it can 
power up the whole system except the cores and then DMA 
is available. 
0048. The peripherals subsystem 204 includes a SATA 
controller 236 (i.e. a fourth type of peripheral controller). 
Preferably, the SATA controller 236 has two AHB ports: one 
master for memory access and one slave for control and 
configuration. The peripherals Subsystem 204 also includes 
PCIe controllers 238. Preferably, the PCIe controllers 238 
use a DWC PCIe core configuration as opposed to a shared 
DBI interface so that a plurality of AXI interfaces: a master 
AXI interface, a slave AXI interface and a DBI AXI inter 
face. As will be discussed below in greater detail, a XAUI 
controller 240 of the peripherals subsystem 204 is provided 
for enabling interfacing with other CPU nodes (e.g., of a 
common node card). 
0049 FIGS. 7, 8B, 11 and 12 show block diagrams of the 
system interconnect subsystem 206 (also referred to herein 
as the fabric switch). The system interconnect subsystem 
206 is a packet switch that provides intra-node and inter 
node packet connectivity to Ethernet and within a node 
cluster (e.g., Small clusters up through integration with 
heterogeneous large enterprise data centers). The system 
interconnect Subsystem 206 provides a high-speed intercon 
nect fabric, providing a dramatic increase in bandwidth and 
reduction in latency compared to traditional servers con 
nected via 1 Gb Ethernet to a top of rack switch. Further 
more, the system interconnect Subsystem 206 is configured 
to provide adaptive link width and speed to optimize power 
based upon utilization. 
0050. An underlying objective of the system interconnect 
Subsystem 206 is Support a scalable, power-optimized clus 
ter fabric of server nodes. As such, the system interconnect 
subsystem 206 has three primary functionalities. The first 
one of these functionalities is serving as a high-speed fabric 
upon which TCP/IP networking is built and upon which the 
operating system of the node CPU subsystem 202 can 
provide transparent network access to associated network 
nodes and storage access to associated storage nodes. The 
second one of these functionalities is serving as a low-level 
messaging transport between associated nodes. The third 
one of these functionalities is serving as a transport for 
remote DMA between associated nodes. 

0051. The system interconnect subsystem 206 is con 
nected to the node CPU subsystem 202 and the management 
subsystem 208 through a bus fabric 250 (i.e., Ethernet AXIs) 
of the system interconnect subsystem 206. An Ethernet 
interface 252 of the system interconnect subsystem 206 is 
connected to peripheral interfaces (e.g., interfaces 230, 232, 
234, 238) of the peripheral subsystem 204. A fabric switch 
249 (i.e., a switch-mux) is coupled between the ports 0-4 and 
the MAC's 272,274,276. Port 1-4 are XAUI link ports (i.e., 
high-speed interconnect interfaces) enabling the node that 
comprises the SOC200 to be connected to associated nodes 
each having their own SOC (e.g., identically configured 
SoCs). Port 0 can be mux'd to be either a XAUI link port or 
an Outside Ethernet MAC port. 
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0052. The processor cores 222 (i.e., A9 cores) of the node 
CPU subsystem 202 and management processor 270 (i.e., 
M3) of the management subsystem 208 can address MACs 
272, 274, 276 of the system interconnect subsystem 206. In 
certain embodiments, the processor cores 222 of the node 
CPU subsystem 202 will utilize first MAC 272 and second 
MAC 274 and the management processor 270 of the man 
agement subsystem 208 will utilize the third MAC 276. To 
this end, MACs 272, 274, 276 can be configured specifically 
for their respective application (e.g., the first and second 
MACs 272, 274 providing 1 G and/or 10 G Ethernet 
functionality and the third MAC 276 providing DMA func 
tionality). 
0053. The system interconnect subsystem 206 provides 
architectural Support for various functionalities of the man 
agement Subsystem 208. In one example, the system inter 
connect Subsystem 206 Supports network proxying function 
ality. As discussed below in greater detail, network proxy 
functionality allows the management processor of a CPU 
node to process or respond to network packets received 
thereby while the respective processing cores are in low 
power “sleep' states and intelligently wake one or more of 
the respective processing cores when further network pro 
cessing is needed thereby allowing the CPU node to main 
tain network presence. Another example is that the system 
interconnect subsystem 206 supports the ability for the 
management processor of a CPU node to optionally Snoop 
locally initiated broadcasts (e.g., commonly to capture gra 
tuitous ARPs). 
0054 The system interconnect subsystem 206 can be 
implemented in a manner that enables an ability to measure 
and report on utilization on each of the links provided via the 
system interconnect subsystem 206. To this end, a global 
configuration register (FS GLOBAL CFG) can be config 
ured to enable utilization and statistics measurement, to 
select the utilization measurement time period, and to set the 
statistics counter interrupt threshold. A bandwidth alarm 
registers can allow software to configure a plurality of 
thresholds that, when crossed, causes a respective bandwidth 
alarm alert (e.g., that can generate an interrupt to the 
management processor 270). Bandwidth alarms can be are 
enabled in a channel configuration register. Transmit and 
receive bandwidth on each of the MAC ports can be read 
from the a channel bandwidth register. 
0055 Turning now to FIGS. 7, 8B and 13, a discussion of 
the management subsystem 208 is provided. As best shown 
in FIG. 8, the management subsystem 208 is coupled 
directly to the node CPU subsystem 202 and directly to the 
to the system interconnect Subsystem 206. An inter-proces 
sor communication (IPC) module (i.e., IPCM) 281 of the 
management subsystem 208, which includes IPC 280, is 
coupled to the SCU 212 of the node CPU subsystem 202, 
thereby directly coupling the management subsystem 208 to 
the node CPU subsystem 202. An AXI fabric 282 of the 
IPCM 281 is coupled to the bus fabric 250 of the system 
interconnect subsystem 206, thereby directly coupling the 
management Subsystem 208 to the system interconnect 
subsystem 206 
0056. The management processor 270 of the manage 
ment subsystem 208 is preferably, but not necessarily, an 
ARM Cortex brand M3 microprocessor. The management 
processor 270 can have private ROM and private SRAM. As 
best shown in FIGS. 8 and 14, the management processor 
270 is coupled to shared peripherals 286 and private periph 
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erals 288 of the management subsystem 208. The private 
peripherals 288 are only accessible by the management 
processor 270, whereas the shared peripherals 286 are 
accessible by the management processor 270, each of the 
processing cores 222, and a debug unit 290 of the SOC 200. 
0057 The management processor 270 can see master 
memory map with only DRAM requiring mapping. The 
management processor 270 utilizes GPIO 292 and I2C 294 
(i.e., private peripherals) for controlling power and clocks in 
the node. Main code and working space for the management 
processor 270 are on the local Dcode and Icode buses but 
code can be executed from the system bus (i.e., the main 
ROM 295 & RAM 296 and, if necessary, external memory). 
The IPCM 281, which is used for software communication 
between the management processor 270 and the processing 
cores 222, can include 8 mailboxes (e.g., each with 7 data 
registers) and 8 interrupts (e.g., interrupts 0:3 are sent to the 
management processor 270 and interrupts 4:7 are sent to the 
GIC 220 of the node CPU subsystem 202). The management 
processor 270 can utilize a system management interface 
(SMI) functionality to carry IPMI (i.e., intelligent platform 
management interface) traffic (e.g., to/from the processing 
cores 222). For example, IPMI communication via SMIC 
(Server Management Interface Chip) between the process 
ing cores 222 the management processor 270 is imple 
mented with a private communication channel leverages the 
IPCM 281. This implements the SMIC protocol with mail 
box features of the IPCM 281 coupled with memory buffers. 
0058. One capability that leverages the management pro 
cessor 270 having control and visibility of all peripherals 
and controllers is that the management processor 270 can 
field error interrupts from each of the peripheral controllers. 
One example is that DRAM errors reported by the DRAM 
controller generate interrupts and the management processor 
270 can log and report the errors. The management proces 
sor 270 can then attempt dynamic recovery and improve 
ment by techniques including, but not limited to, increasing 
the voltage to the DRAM controller or the DIMMs in an 
attempt to reduce bit errors. 
0059. Additional capabilities arise because the manage 
ment processor 270 has visibility into all buses, peripherals, 
and controllers. It can directly access registers for statistics 
on all buses, memory controllers, network traffic, fabric 
links, and errors on all devices without disturbing or even 
the knowledge of the access by the core processing cores 
222. This allows for billing use cases where statistics can be 
gathered securely by the management processor without 
having to consume core processing resources (e.g., the 
processing cores 222) to gather, and in a manner that cannot 
be altered by the core processor 222. 
0060 An alternative Coresight/JTAG debug bus is 
coupled to the management processor 270. This Coresight/ 
JTAG debug bus serves as an infrastructure that provides an 
alternate back door interface into all on-chip devices, even 
if the main busses are unavailable. This also provides for 
security and intrusion detection use cases where the man 
agement processor can detect anomalous accesses and dis 
able internal busses or controllers for self-protection. Addi 
tionally, leveraging this pervasive access, the management 
processor can read all on-chip and CPU registers and 
memory images for post-mortem analysis for debug. 
0061 The management processor 270 has a plurality of 
responsibilities within its respective node. One responsibil 
ity of the management processor 270 is booting an operating 
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system of the node CPU 210. Another responsibility of the 
management processor 270 is node power management. 
Accordingly, the management Subsystem 208 can also be 
considered to comprise a power management Unit (PMU) 
for the node and thus, is sometime referred to as such. As 
discussed below in greater detail, the management Subsys 
tem 208 controls power states to various power domains of 
the SOC 200 (e.g., to the processing cores 222 by regulating 
clocks). The management subsystem 208 is an “always-on' 
power domain. However, the management processor 270 
can turn off the clocks to the management processor 270 
and/or its private and/or shared peripherals to reduce the 
dynamic power. Another responsibility of the management 
processor 270 is varying synchronized clocks of the node 
CPU subsystem 202(e.g., of the node CPU 210 and the SCU 
212). Another responsibility of the management processor 
270 is providing baseboard management control (BMC) and 
IPMI functionalities including console virtualization. 
Another responsibility of the management processor 270 is 
providing router management. Another responsibility of the 
management processor 270 is acting as proxy for the pro 
cessing cores 222 for interrupts and/or for network traffic. 
For example, the GIC 220 of the node CPU subsystem 202 
will cause interrupts intended to be received by a particular 
one of the processing core 222 to be reflected to the 
management processor 270 for allowing the management 
processor 270 to wake the particular one of the processing 
cores 222 when an interrupt needs to be processed by the 
particular one of the of the processing cores that is sleeping, 
as will be discussed below in greater detail. Another respon 
sibility of the management processor 270 is controlling 
phased lock loops (PLLs). A frequency is set in the PLL and 
it is monitored for lock. Once lock is achieved the output is 
enabled to the clock control unit (CCU). The CCU is then 
signaled to enable the function. The management processor 
270 is also responsible for selecting the dividers but the 
actual change over will happen in a single cycle in hardware. 
Another responsibility of the management processor 270 is 
controlling a configuration of a variable internal Supply used 
to supply electrical power to the node CPU subsystem 202. 
For example, a plurality of discrete power Supplies (e.g., 
Some being of different power Supplying specification than 
others (e.g., some having different power capacity levels)) 
can be selectively activated and deactivated as necessary for 
meeting power requirements of the node CPU subsystem 
202 (e.g., based on power demands of the processing cores 
222, the SCU 216, and/or the controller of the L2 cache 
214). A separate power control mechanism (e.g., Switch) can 
be used to control power Supply to each of the processing 
cores 222 and separately to the SCU 216. Another respon 
sibility of the management processor 270 is managing a 
real-time-clock (RTC) that exists on a shared peripheral bus 
of the management subsystem 208. Another responsibility of 
the management processor 270 is managing a watchdog 
timer on a private peripheral bus of the management Sub 
system 208 to aid in recovery from catastrophic software 
failures. Still another responsibility of the management 
processor 270 is managing an off-board EEPROM that is 
accessible via the I2C 292 on the private peripheral bus of 
the management subsystem 208. The off-board EEPROM is 
device is used to store all or a portion of boot and node 
configuration information as well as all or a portion of IPMI 
statistics that require non-volatile storage. Each of these 
responsibilities of the management processor 270 is an 
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operational functionality managed by the management pro 
cessor 270. Accordingly, operational management function 
ality of each one of the subsystem refers to two or more of 
these responsibilities being managed by the management 
processor 270. 
0062. As shown in FIG. 14, software 300 is provided on 
the management processor 270. The management processor 
270 includes a plurality of application tasks 302, an oper 
ating system (OS)/input-output (I/O) abstraction layer 304, 
a real-time operating system (RTOS) 306, and device drivers 
308 for the various devices. The operating system (OS)/ 
input-output (I/O) abstraction layer 304 is a software layer 
that resides between the application tasks 302 and the 
real-time operating system (RTOS) 306. The operating sys 
tem (OS)/input-output (I/O) abstraction layer 304 aids in 
porting acquired software into this environment. The OS 
abstraction portion of the operating system (OS)/input 
output (I/O) abstraction layer 304 provides posix-like mes 
sage queues, semaphores and mutexes. The device abstrac 
tion portion of the operating system (OS)/input-output (I/O) 
abstraction layer 304 provides a device-transparent open/ 
close/read/write interface much like the posix equivalent for 
those devices used by ported software. The real-time oper 
ating system (RTOS) 306 resides between the operating 
system (OS)/input-output (I/O) abstraction layer 304 and the 
device drivers 308. 

0063. The application tasks 302 include, but are not 
limited to, a boot task 310, a system management task 312, 
a power management task 314, a serial concentrator task 
316, a frame switch management task318 (sometimes called 
routing management), and a network proxy task 320. The 
boot task 310 provides the function of booting the process 
ing cores 222 and the management processor 270. The 
system management task 312 provides the function of 
integrated operation of the various subsystems of the SOC 
200. The power management task 314 provides the function 
of managing power utilization of the various Subsystems of 
the SOC 200. The serial concentrator task 316 provide the 
function of managing communication from the other appli 
cation tasks to a system console. This console may be 
directly connected to the SOC node via a UART (i.e., a 
universal asynchronous receiver/transmitter) or it can be 
connected to another node in the system. The frame switch 
management task 318 (Sometimes called routing manage 
ment) is responsible for configuring and managing routing 
network functionality. As discussed in greater detail below, 
the network proxy task 320 maintains network presence of 
one or more of the processing cores 222 while in a low 
power sleep/hibernation state and to intelligently wake one 
or more of the processing cores 222 when further processing 
is required. 
0064 Device drivers 308 are provided for all of the 
devices that are controlled by the management processor 
270. Examples of the device drivers 308 include, but are not 
limited to, an I2C driver 322, a SMI driver 324, a flash driver 
326 (e.g., NAND type storage media), a UART driver 328, 
a watchdog time (i.e., WDT) driver 330, a general purpose 
input-output (i.e., GPIO) driver 332, an Ethernet driver 334, 
and an IPC driver 336. In many cases, these drivers are 
implemented as simple function calls. In some cases where 
needed for software portability, however, a device-transpar 
ent open/close/read/write type I/O abstraction is provided on 
top of these functions. 
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0065. In regard to boot processes, it is well known that 
multiple-stage boot loaders are often used, during which 
several programs of increasing complexity sequentially load 
one after the other in a process of chain loading. Advanta 
geously, however, the node CPU 210 only runs one boot 
loader before loading the operating system. The ability for 
the node CPU 210 to only run one bootloader before loading 
the operating system is accomplished via the management 
processor 270 preloading a boot loader image into main 
memory (e.g., DRAM) of the node CPU subsystem before 
releasing the node CPU 210 from a reset state. More 
specifically, the SOC 200 can be configured to use a unique 
boot process, which includes the management processor 270 
loading a suitable OS boot loader (e.g., U-Boot) into main 
memory, starting the node CPU 210 main OS boot loader 
(e.g., UEFI or U-Boot), and then loading the OS. This 
eliminates the need for a boot ROM for the node CPU, a first 
stage boot loader for the node CPU, and dedicated SRAM 
for boot of the node CPU. 

0066 Present now is a discussion relating to network 
proxy functionality implemented using the management 
processor 270. The underlying principle of network proxy 
functionality is maintaining network presence of each one of 
the processing cores 222 while one or more of the processing 
cores 222 is in a low-power sleep/hibernation state and to 
intelligently wake the one or more sleeping processing cores 
222 when further processing associated with the one or more 
sleeping processing cores 222 is required. More specifically, 
the network proxy task 320 monitors network events of each 
processing cores 222 and, when all or a particular one of the 
processing cores 222 is in dormant or shutdown state, the 
network proxy function enables the management processor 
270 to act as proxy for the processing core(s) 222 that it can 
reasonably do this for and causes the management processor 
270 to wake up the processing core(s) 222 when the man 
agement processor 270 receives a network event that it is 
unable proxy for. 
0067. There are several architectural features related to 
the network proxy functionality. A CSR (i.e., a certified 
signing request) is implemented to allow the remapping of 
Port IDs (i.e., portRemap function). For example, when a 
switch of the SOC 200 is to deliver a packet to the MACO 
port 272 (shown in FIG. 12), this port remapping CSR 
allows software to remap MACO port 272 to the manage 
ment processor 270 and have the packet delivered to the 
management processor 270 for network proxy processing. 
This remapping CSR can also be used to remap traffic 
destined for the MAC1 port 274 (shown in FIG. 12) to 
MAC0 port 272. This CSR port remap function is a key SOC 
feature that facilitates the management processor implemen 
tation of network proxy functionality within a SOC node. 
0068. As an example, a typical use sequence for imple 
menting network proxy functionality in accordance with an 
embodiment of the present invention begins with the man 
agement processor 270 maintaining the IP to MAC address 
mappings for the MACO port 272 and the MAC1 port 274. 
This can be done via either explicit communication of these 
mappings from an instantiation of the operating system 
running on the node CPU 210 to the management processor 
270 or can be done implicitly by having the management 
processor 270 snoop local gratuitous ARP broadcasts. The 
node CPU 210 coordinates with the management processor 
270 for causing one or more of the processing cores 222 to 
go to a low power dormant state. During this transition, the 
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management processor 270 sets up the Port ID remapping 
CSR to route MACO port 272 and MAC1 port 274 traffic to 
the management processor 270. Thereafter, the management 
processor 270 processes any incoming packets that are 
transmitted for reception by the MACO port 272 or MAC1 
port 274. The management processor can implement various 
categories of packet processing. A first category of packet 
processing includes responding to some classes of transac 
tions (e.g. an address resolution protocol (ARP) response). 
A second category of packet processing includes dumping 
and ignoring some classes of packets. A third category of 
packet processing includes deciding that one or more of the 
processing cores 222 that is sleeping must be woken to 
process some classes of packets. To this end, the manage 
ment processor 270 will wake one or more of the processing 
cores 222 that is/are sleeping, undo the Port ID remapping 
register, and re-send the packets (e.g., through a Switch 
where they were initially received) so that the packets are 
rerouted back to MAC port that they were originally des 
tined (e.g., MACO port 272 or MAC port1 274). 
0069. Using the network proxy functionality, the man 
agement processor 270 can support Wake-On-LAN (WOL) 
packets. To this end, the management processor 270 will 
acquire the WOL packets, which hare broadcast as opposed 
to being transmitted for reception by a specific recipient. The 
management processor 270 will know the MAC addresses 
for the other MACs on the node and, as necessary/appro 
priate, will be able to wake up the processing cores 222. 
0070 Turning now to a discussion of power management 
functionality, there are preferably multiple power domains 
in the SOC200. These power domains are implemented with 
level shifters, clamps, and Switches. Examples of these 
power domains include, but are not limited to, a plurality of 
power domains within the node CPU subsystem 202 that can 
each be transitioned between two or more power states, a 
plurality of power domains within the peripheral subsystem 
204 having that can each be transitioned between two or 
more power states, a plurality of power domains within the 
system interconnect Subsystem 206 having that can each be 
transitioned between two or more power states, and a single 
always-on power domain consisting of the management 
subsystem 208. The node CPU subsystem 202 can be 
configured to include 11 power domains (e.g., four process 
ing core power domains, four media processing engine 
power domains, a SCU power domain, a Debug PTM power 
domain and a L1 BIST (i.e., built-in self trust) power 
domain. The peripheral CPU subsystem 204 can be config 
ured to include 2 power domains (e.g., a first power domain 
for PCIe, SATA, eMMC, NAND controller, and DDR con 
troller) and a second power domain for DDR Phy). The 
system interconnect Subsystem 206 can be configured to 
include a first power domain for shared logic and a first 
plurality of XAUI links and a second power domain for a 
second plurality of XAUI links and outside MAC port. In 
this regard, power domains of the SOC 200 can be defined 
by and/or within the processing cores, the SCU, the periph 
eral interfaces and/or controllers, various storage media, the 
management processor, XAUI phys, and the Switch fabric. 
Furthermore, a debug subsystem of the SOC 200 can be an 
additional power domain. 
0071. The management subsystem 208 (e.g., via the 
PMU 281) controls the reset and power for the various 
power domains of the SOC. As mentioned above, the 
management Subsystem 208 is an “always-on' power 
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domain and the power domains of the remaining Subsystems 
can be selectively transitioned between two or more power 
states (e.g., through the use of registers which are written by 
the management processor 270). To this end, each power 
domain generally has three signals that can be controlled by 
registers in a respective SOC subsystem. 
0072 Each of those domains can logically be in one of a 
few states, although not all states exist in each domain. A run 
state can be implement at one of a number of Voltage points 
and hence frequencies. A WFI state, which is also known as 
a clock gated or waiting for interrupt state, is a state where 
the clocks are gated offbut the logic remains in a state where 
it can resume quickly. A dormant state is when a domain is 
powered down but another state is stored (e.g., by Software) 
previous to removing power. An off state is when all power 
to a domain is removed. 
0073 States down to dormant are controlled primarily by 
the WFI and power status registers of the node CPU 210 
and/or operations of the IPC 280 operations from the soft 
ware to the management processor 270 modifying the pro 
cessing core power state and clock frequency. States below 
dormant are controlled by operations being sent to the 
management processor 270 either based on software ahead 
of time (i.e. before the state is entered) or on system loading. 
Software will inform the management processor 270 before 
it enters a low power state (below dormant) that the target 
state is. The power down state is reached only when all of 
the power sources are removed from the system. 
0074 There are several states which can exist in the SOC 
overall. These are combinations of the different subsystem 
states described above. Table 1 below provides examples of 
various overall states of the SOC. 
TABLE-US-00001 TABLE 1 Overall SOC Power Domain 
States State Cores SCU Peripherals Switch DDR SRAMM3 
RUN ON. sup.a ON ON ON ON.sup.b ON ON RUN 
ON.sup.a slow Lower voltage WFI Clock gated Dormant 
Dormant 51 Dormant Clock Self retention gated refresh S3 
Off Off OFF Off OFF OFF Off Clock gated Full OFF power 
off Power All batteries drained down sup.aSome cores may 
be in WFI state or dormant state sup.b)DR can enter auto 
power down or pre-charge power down states 
0075. There are several power states supported in the 
node CPU 210. Each one of the processing cores 222 can be 
in a number of states independent from the others. Further 
more, if the processing cores 222 are all in a low power State 
then the L2 cache 216 and SCU 214 can potentially transi 
tion to dormant and off low power States. The processing 
cores to power down their L1 caches until we are moving the 
entire subsystem into a low power state (which implies that 
the ACP port and debug is also not in use). Table 2 below 
provides examples of various power States Supported in the 
node CPU 210. 
TABLE-US-00002 TABLE 2 node CPU Power States State 
SCU & L2 Core O Core 1 Core 2 Core 3 RUN ON ON ON 
ON ON RUN Slow ON Slow ON Slow ON Slow ON Slow 
WFIWFIWFIWFIWFI Dormant Dormant Dormant Dor 
mant Dormant S1 Dormant Dormant S3 or below OFF 
0076. When a processing core is in the ON state, it is 
powered up and running at Some run frequency. When a core 
is in the ON slow state at least one of the cores is running, 
but all of those that are running are running at a lower than 
normal voltage and frequency point. The SCU and L2 are 
also running at this lower frequency point. Functionally, the 
ON slow state is the same as the ON state. Control of the ON 
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state and the ON slow state is implemented by the manage 
ment processor 270. For example, the IPC 280 sends an 
operation to the management processor 270 indicating that 
the processing cores 222 can afford to run slower than 
normal and hence Voltage and clock frequency can be 
sequenced lower asynchronously to Software, similarly an 
increase frequency event can also be sent. Frequency 
changes will have implications for the periphclock within 
the node CPU. Normally this clock is synchronous and a 
fixed divide of the coreclock but in order to maintain correct 
timing periods, the core periphclock ratio will change as 
frequency of the core changes. 
0077. In addition to the power domains described in the 
previous section, the node CPU subsystem 202 can also be 
Voltage and frequency scaled. A single Voltage and fre 
quency scaling apply across the entire node CPU subsystem 
202. In this respect, individual functional blocks and/or 
Subsystem elements cannot be individually set (e.g., on a 
per-core basis). In regard to the node CPU subsystem 202, 
the Subsystem elements that get uniformly Voltage and 
frequency scaled include processing cores 222, the L1 
caches 224, 226, the media processing engine of each one of 
the processing cores 222, the SCU 216, and the L2 controller 
216. Control for Voltage Scaling can be implemented via an 
interface to an external PMIC. Control for frequency scaling 
can be implemented via PLL control. 
0078 Continuing the discussion of power management 
functionality that can be provided within the SOC 200, 
power management of silicon-based components of the SOC 
200 (e.g., processors, controllers, storage media, etc) is of 
particular interest with respect to techniques for accomplish 
ing power management. Maximum performance of silicon 
based components is achieved by high clock frequency at 
high Voltage and reduced power consumption is provided by 
reducing clock frequency. As the Voltage is lowered, the 
transistors of Such silicon-based components become 
weaker and the frequency of operation decreases. 
0079 Total power consumption of silicon-based compo 
nents is the sum of dynamic power consumption and leakage 
power consumption. Leakage power consumption refers to 
powerburned by transistors when they are not Switching and 
dynamic power consumption refers to power consumption 
directly related to Switching operations. The leakage power 
consumption is highly dependent on temperature and Volt 
age of the component and it is common for leakage power 
consumption to equal or exceed dynamic power consump 
tion. Because power consumption of silicon-based compo 
nents is a function of the clock frequency and the square of 
operating Voltage, a change in Voltage will typically have a 
much more pronounced effect on power consumption than 
will a change in clock frequency. For example, a 27% 
reduction in operating Voltage for a given clock frequency 
corresponds to 47% less power whereas a 27% reduction in 
clock frequency corresponds to a 27% reduction in power 
for a given operating Voltage. Accordingly, useful power 
reduction techniques in regard to leakage power consump 
tion can include turning power off, reducing Voltage, reduc 
ing temperature through use of heat sinks, fans, packaging, 
etc whereas useful power reduction techniques in regard to 
dynamic power consumption can include lower clock fre 
quencies, turning off clocks, and reducing operating Voltage. 
0080. As mentioned above, the management subsystem 
208 is an “always-on' domain. The PMU can, however, turn 
off clocks to the management processor 270 and/or its 
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peripherals (e.g., Private and/or Shared) to reduce dynamic 
power consumption. The management processor 270 is 
typically in WFI (wait-for-interrupt) state. In this state, the 
clock of the management Subsystem 208 is gated to the 
management processor 270 but still clocks the interrupt 
controller of the management processor 270 (e.g., the nested 
vectored interrupt controller (NVIC)). When the NVIC 
receives an interrupt, it will cause the clocks to the man 
agement processor 270 to be turned back on and the node 
core 210 will service the interrupt. 
0081 Implementing power management within the node 
CPU 210 can include the PMU 281 selectively controlling 
Voltage and frequency levels at which components of the 
node CPU 210 operate. All of the processing cores 222 are 
clocked by same frequency and operate at nominally the 
same Voltage (e.g., powered by a common power Supply), 
but the PMU can change this frequency and/or the voltage 
for altering power consumption. Furthermore, the alter leak 
age power consumption, the PMU 281 can gate the power 
Supply of each one of the processing cores 222 and/or gate 
clocks to powered off domains for altering power consump 
tion. The operating system controls which one(s) of the 
processing cores 222 are being used and whether the unused 
ones of the processing cores 222 are in WFI/WFE or 
shutdown mode (e.g., via writes to power status register of 
the SCU 212 and execution of WFI/WFE information). 
Table 3 below shows various power modes for the node CPU 
210. 

TABLE-US-OOOO3 TABLE 3 NOde CPU POWer MOdes 
Mode Clocks Power Comments Run Mode On On Running 
code WFI/WFE Off (except On Waiting on interrupt Mode 
wakeup logic) to turn clocks back on Dormant Off Core 
power off L1 RAMs retain Mode* state RAM power on 
External wakeup (retention) event, M3 resets the A9 pro 
cessor Shutdown Off Everything Off No state retention 
Mode unless it was moved to DRAM. External wakeup 
event, M3 resets the A9 processor 
0082. The media processing engine of each one of the 
processing cores 222 occupies a significant amount of die 
space. As such, it has a fair amount of leakage current that 
translates to a corresponding amount of leakage power 
consumption. Advantageously, the SOC 200 can be imple 
mented in a manner whereby a scalar floating point (FPU) is 
provided in the node CPU power domain and whereby the 
media processing engine associated with one of the process 
ing cores 222 is in a separate power domain. In a static 
power management strategy for the media processing 
engines, an XML configuration associated with the node will 
have an entry that indicates whether a media processing 
engine is to be powered on or off during boot configuration. 
In a settable power management strategy for the media 
processing engines, an API would be exposed on both on the 
node CPU 210 and via an IPMI interface on the management 
processor 270 to allow the media processing engine asso 
ciated with one of the processing cores 222 to be selectively 
powered up or down. If the power state condition is set on 
the management processor 270, this setting could be per 
sisted and made the default for a Subsequent boot instance. 
In a dynamic power management strategy for the media 
processing engines, the media processing engines are pow 
ered up only when instruction types associated with the 
media processing engines are needed. To this end, the 
strategy would start with the media processing engines 
powered off and isolated. When a media processing engine 
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instruction is executed, software of the management Sub 
system 208 and/or node CPU subsystem 202 will trap with 
an unimplemented instruction and a Suitable handler soft 
ware can perform the appropriate power-up sequence of 
media processing engine(s), thereby allowing the media 
processing engine instruction to be executed. 
I0083. The peripheral subsystem 204 can include one or 
more power domains that are controlled by the PMU 281. 
These peripherals include controller (i.e., interfaces) for 
PCIe, SATA, NAND, eMMC, and DDR storage media. In 
one implementation, they are all within a common power 
domain that has a single reset, isolate, and power-up sig 
naling structure. In another implementation, these control 
lers can reside in one of a plurality of different power 
domains. For example, it may be beneficial to have the DDR 
controller in a separate domain than the other peripheral 
controllers for allowing the DDR to be selectively accessed 
by the management processor 270 while other peripherals 
are in a powered down state. It is disclosed herein that the 
PMU 281 can also include a PCI power management 
module can also provide for PCI compatible active state 
power management. The PCI power management module is 
powered up while the node CPU 210 is in a lower power 
state and contains context that is reset only at power up and 
can contain sideband wake mechanism for the SOC node. 

I0084. The system interconnect subsystem 206 can 
include two or more power domains that are controlled by 
the PMU 281. In particular, a portion of the system inter 
connect subsystem 206 that is considered to be the fabric 
switch can be divided into two power domains. These power 
domains are partitioned so that power to the fabric switch 
power can be optimized for leaf nodes that only have 1 or 2 
links to reduce leakage power consumption. For example, a 
first power domain can contain MAC0. MAC1, MAC2, 
Link 1, Link2, the Switch, Switch Arbitration logic, the 
CSRS, and global control logic and a second power domain 
can contain Outlink/Link0, Link3, and Link4. In this 
example, there would be three power states: first and second 
power domains are both off, the first power domain is on and 
the second power domain is off, and both power domains are 
O. 

I0085. In certain implementation of power domains within 
the system interconnect subsystem 206, the fabric switch is 
configured Such that each power domain has an enable bit in 
a register. When a particular power domain is reset, this 
enable bit is cleared thereby disabling functionality of the 
particular power domain. This enable bit is effectively a 
synchronous reset to all the logic in the particular power 
domain. In view of this enable bit functionality, only one 
reset is needed for the entire fabric switch and each one of 
the power domains will have its own separate isolate and 
power-up signals. 

I0086 Turning now to a discussion of interrupts, it should 
be appreciated and understood that most of the on-chip 
peripherals generate interrupts. With few exceptions, these 
interrupts are routed to both the node CPU subsystem 202 
and the management subsystem 208. The exceptions to this 
exist for those peripherals that are private to the manage 
ment processor 270 and those that are private to the node 
CPU 210. These interrupts can be acted on in a manner that 
Supports or enables power management functionality (e.g., 
network proxy functionality) and that Support power utili 



US 2017/0115712 A1 

Zation functionality (e.g., interrupts acquired by the man 
agement processor 270 and used for reporting on node CPU 
utilization). 
0087. The node CPU 210 can have a hierarchical inter 
rupt scheme in which external interrupts of the node CPU 
210 are sent first to an interrupt distributor that resides, for 
example, in the SCU 212. The interrupts can be routed to 
any or all of the interrupt controllers of the node CPU 210 
(e.g., interrupt controller of any one of the processing cores 
222). Under software control, the interrupt distributor con 
trols a list of processing cores to which each interrupt is 
routed. Each of the quad cores interrupt controllers allows 
masking of the interrupt source locally as well. 
0088 Interrupts are in general visible to both the node 
CPU 210 and the management processor 270. It is then the 
responsibility of the management processor to unmask the 
interrupts it wants to see. If the whole CPU subsystem 202 
is powered down (e.g., hibernated) then the management 
processor 270 will unmask important interrupts of the node 
CPU 210 to see events that would cause the node CPU 210 
to be woken. It is the responsibility of the management 
processor 270 to either service the interrupt or re-power the 
OS on the node CPU subsystem 202 so it can service it. 
Similarly, if a processing core for which the interrupt is 
intended is in WFI (wait-for-interrupt) mode or WFE (wait 
for-exception) mode, the management processor 270 can 
unmask the interrupt to one of the other processing cores that 
is already powered up thereby allowing the already powered 
up processing cores to service the interrupt. This is an 
example of Subsystem masking an interrupt and allowing 
another the subsystem to service it, which is a form of 
network proxy functionality discussed above. 
I0089 Interrupts on the node CPU 210 can also be used 
for implementing various power modes within power 
domains of the node CPU subsystem 202. More specifically, 
the OS running on the node CPU 210 can distribute the 
processing load among each one of the processing cores 222. 
In times when peak performance is not necessary, the OS 
can lower the power consumption within the node CPU 210 
by clock-gating or powering down individual cores. As long 
as at least one of the processing cores 222 is running, the OS 
requires no intervention from the management processor 
270 (e.g., the PMU thereof) for handling interrupts. A 
particular one of the processing cores 222 can be stopped in 
WFI/WFE state which causes the clock to be gated most of 
that particular processing core, except for its interrupt con 
troller. If an interrupt occurs for that particular processing 
core, the clock of that particular processing core can be 
turned back on for allowing that particular core to service the 
interrupt. Alternatively, as discussed above, if an individual 
core is powered off, the OS of the node CPU 210 can route 
an interrupt for that core to another one of the processing 
cores 222 that is already powered up. If the whole node CPU 
210 is powered down, interrupts will be steered to the 
management processor 270 where the event will be seen and 
it will then be the responsibility of the management proces 
sor 270 to either service the interrupt or reboot the OS on the 
node CPU 210 so that one of the processing cores 222 can 
service the interrupt. 
0090. In summary, in view of the disclosures made herein 
a skilled person will appreciate that a system on a chip 
(SOC) refers to integration of one or more processors, one 
or more memory controllers, and one or more I/O controllers 
onto a single silicone chip. Furthermore, in view of the 

Apr. 27, 2017 

disclosures made herein, the skilled person will also appre 
ciate that a SOC configured in accordance with the present 
invention can be specifically implemented in a manner to 
provide functionalities definitive of a server. In such imple 
mentations, a SOC in accordance with the present invention 
can be referred to as a server on a chip. In view of the 
disclosures made herein, the skilled person will appreciate 
that a server on a chip configured in accordance with the 
present invention can include a server memory Subsystem, a 
server I/O controllers, and a server node interconnect. In one 
specific embodiment, this server on a chip will include a 
multi-core CPU, one or more memory controllers that sup 
ports ECC, and one or more volume server I/O controllers 
that minimally includes Ethernet and SATA controllers. The 
server on a chip can be structured as a plurality of intercon 
nected Subsystems, including a CPU subsystem, a periph 
erals Subsystem, a system interconnect Subsystem, and a 
management Subsystem. 
0091 An exemplary embodiment of a server on a chip 
that is configured in accordance with the present invention 
is the ECX-1000 Series server on a chip offered by Calxeda 
incorporated. The ECX-1000 Series server on a chip 
includes a SOC architecture that provides reduced power 
consumption and reduced space requirements. The ECX 
1000 Series server on a chip is well suited for computing 
environments such as, for example, Scalable analytics, web 
serving, media streaming, infrastructure, cloud computing 
and cloud storage. A node card configured in accordance 
with the present invention can include a node card substrate 
having a plurality of the ECX-1000 Series server on a chip 
instances (i.e., each a server on a chip unit) mounted on the 
node card Substrate and connected to electrical circuitry of 
the node card substrate. An electrical connector of the node 
card enables communication of signals between the node 
card and one or more other instances of the node card. 

0092. The ECX-1000 Series server on a chip includes a 
CPU subsystem (i.e., a processor complex) that uses a 
plurality of ARM brand processing cores (e.g., four ARM 
Cortex brand processing cores), which offer the ability to 
seamlessly turn on-and-off up to several times per second. 
The CPU subsystem is implemented with server-class work 
loads in mind and comes with a ECC L2 cache to enhance 
performance and reduce energy consumption by reducing 
cache misses. Complementing the ARM brand processing 
cores is a host of high-performance server-class I/O con 
trollers via standard interfaces such as SATA and PCI 
Express interfaces. 
0093 Table 4 below shows technical specification for a 
specific example of the ECX-1000 Series server on a chip. 
TABLE-US-00004 TABLE 4 Example of ECX-1000 Series 
server on a chip technical specification Processor 1. Up to 
four ARMR) CortexTM-A9 cores (a 1.1 to Cores 1.4 GHz, 2. 
NEONR) technology extensions for multimedia and SIMD 
processing 3. Integrated FPU for floating point acceleration 
4. Calxeda brand TrustZone(R) technology for enhanced 
security 5. Individual power domains per core to minimize 
overall power consumption Cache 1. 32 KB L1 instruction 
cache per core 2. 32 KB L1 data cache per core 3. 4 MB 
shared L2 cache with ECC Fabric 1. Integrated 80 Gb (8 
...times. 8) crossbar switch with Switch through-traffic sup 
port 2. Five (5) 10 Gb external channels, three (3) 10 Gb 
internal channels 3. Configurable topology capable of con 
necting up to 4096 nodes 4. Dynamic Link Speed Control 
from 1 Gb to 10 Gb to minimize power and maximize 
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performance 5. Network Proxy Support to maintain network 
presence even with node powered off Management 1. Sepa 
rate embedded processor dedicated for Engine systems 
management 2. Advanced power management with dynamic 
power capping 3. Dedicated Ethernet MAC for out-of-band 
communication 4. Supports IPMI 2.0 and DCMI manage 
ment protocols 5. Remote console support via Serial-over 
LAN (SoL) Integrated 1. 72-bit DDR controller with ECC 
Support Memory 2. 32-bit physical memory addressing 
Controller 3. Supports DDR3 (1.5V) and DDR3L (1.35 V) 
at 800/1066/1333 MT/s 4. Single and dual rank support with 
mirroring PCI Express 1. Four (4) integrated Gen2 PCIe 
controllers 2. One (1) integrated Gen1 PCIe controller 3. 
Support for up to two (2) PCIe x8 lanes 4. Support for up to 
four (4) PCIe x1, x2, or x4 lanes Networking 1. Support 1 
Gb and 10 Gb Ethernet Interfaces 2. Up to five (5) XAUI 10 
Gb ports 3. Up to six (6) 1 Gb SGMII ports (multiplexed 
w/XAUI ports) 4. Three (3) 10 Gb Ethernet MACs support 
ing IEEE 802.1Q VLANs, IPv4/6 checksum processing, and 
TCP/UDP/ICMP checksum offload 5. Support for shared or 
private management LANSATA 1. Support for up to five (5) 
SATA disks Controllers 2. Compliant with Serial ATA 2.0, 
AHCI Revision 1.3, and eSATA specifications 3. SATA 1.5 
Gb/s and 3.0 Gb/s speeds supported SD/eMMC 1. Compli 
ant with SD 3.0 Host and MMC 4.4 Controller (eMMC) 
specifications 2 Supports 1 and 4-bit SD modes and 1/4/8-bit 
MMC modes 3. Read/write rates up to 832 Mbps for MMC 
and up to 416 Mbps for SD System 1. Three (3) I2C 
interfaces Integration 2 Two (2) SPI (master) interface 
Features 3. Two (2) high-speed UART interfaces 4. 64 
GPIO/Interrupt pins 5. JTAG debug port 
0094. While the foregoing has been with reference to a 
particular embodiment of the invention, it will be appreci 
ated by those skilled in the art that changes in this embodi 
ment may be made without departing from the principles 
and spirit of the disclosure, the scope of which is defined by 
the appended claims. 

1. A server on a chip (SoC), comprising: 
a node central processing unit (CPU) Subsystem that 

includes a plurality of processing cores; 
a peripheral Subsystem that includes a plurality of periph 

eral controllers; 
a system interconnect Subsystem configured to provide 

packet switch functionality within the (SoC) and 
a management Subsystem coupled to the node CPU Sub 

system, the peripheral Subsystem and the system inter 
connect Subsystem, wherein the management Subsys 
tem includes a management processor that manages 
operational functionality of each one of the Subsystems. 

2. The SoC of claim 1, wherein: 
the node CPU subsystem includes a plurality of node CPU 

Subsystem power domains, 
the peripheral subsystem includes a plurality of peripheral 

Subsystem power domains, 
the system interconnect Subsystem includes a plurality of 

system interconnect Subsystem power domains; and 
the management processor is configured to manage one or 
more activities within each of the node CPU subsystem 
power domains, the peripheral Subsystem power 
domains, and the system interconnect Subsystem power 
domains that influence power consumption therein. 

3. The SoC of claim 2, wherein: 
the management processor is configured to cause each of 

the node CPU subsystem power domains, the periph 
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eral Subsystem power domains, and the system inter 
connect Subsystem power domains to be selectively 
transitioned between at least two different power states: 
and 

wherein functionality of at least one operational compo 
nent of one of the Subsystems associated with a respec 
tive power domain is configured to transition to a 
reduced power consumption state in response to the 
respective power domain being transitioned from a first 
power state to a second power State. 

4. The SoC of claim 3, wherein: 
the plurality of processing cores are within separate node 
CPU subsystem power domains; 

at least two of the plurality of peripheral controllers are 
within separate peripheral Subsystem power domains; 

at least two XAUI links of the system interconnect 
Subsystem are within separate system interconnect Sub 
system power domains. 

5. The SoC of claim 1, wherein the management subsys 
tem is configured to: 
manage power consumption on a per-power domain basis; 
act as proxy for the plurality of processing cores for 

interrupts intended for reception by the plurality of 
processing cores; and 

control a configuration of a variable internal Supply used 
to supply electrical power to the node CPU subsystem. 

6. The SoC of claim 1, wherein the management subsys 
tem is configured to: 

selectively transition a first clock to the management 
processor between a first on-state and a first off-state; 

selectively transition a second clock to one or more 
private peripherals of the management processor 
between a second on-state and a second off-state; and 

selectively transition a third clock to one or more shared 
peripherals of the management processor between a 
third on-state and a third off-state. 

7. The SoC of claim 6, wherein the management subsys 
tem is configured to: 
manage power consumption of a per-power domain basis; 
act as proxy for the plurality of processing cores for 

interrupts intended for reception by the plurality of 
processing cores; and 

control a configuration of a variable internal Supply used 
to supply electrical power to the node CPU subsystem. 

8. The SoC of claim 1, wherein: 
the node CPU subsystem includes a cache memory, a 

main memory, and a main memory controller coupled 
between the cache memory and the main memory; 

the cache memory is coupled to each of the plurality of 
processing cores thereby enabling the cache memory to 
be shared by all of the plurality of processing cores; 

the main memory controller is configured to Support error 
code correction (ECC) functionality; and 

the peripheral subsystem includes one or more Ethernet 
controllers and one or more serial advanced technology 
attachment (SATA) controllers. 

9. The SoC of claim 8, wherein the peripheral subsystem 
further includes: 

one or more flash controllers; and 
one or more peripheral component interconnect express 

(PCIe) controllers. 
10. The SoC of claim 8, wherein: 
the node CPU subsystem includes a plurality of node CPU 

Subsystem power domains, 
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the peripheral subsystem includes a plurality of peripheral 
Subsystem power domain, 

the system interconnect Subsystem includes a plurality of 
system interconnect Subsystem power domains; and 

the management processor is configured to manage one or 
more activities within each of the node CPU subsystem 
power domain, the peripheral Subsystem power 
domain, and the system interconnect Subsystem power 
domains that influence power consumption therein. 

11. The SoC of claim 10, wherein: 
the management processor is configured to cause each of 

the node CPU subsystem power domains, the periph 
eral system power domains, and the system intercon 
nect Subsystem power domains to be selectively tran 
sitioned between at least two different power states; and 

wherein functionality of at least one operational compo 
nent of one of the Subsystems associated with a respec 
tive power domain is transitioned to a reduced power 
consumption state in response to the respective power 
domain being transitioned from a first power state to a 
second power state. 

12. The SoC of claim 8, wherein the management sub 
system is configured to: 
manage power consumption on a per-power domain basis; 
act as proxy for the plurality of processing cores for 

interrupts intended for reception by the plurality of 
processing cores; and 

control a configuration of a variable internal Supply used 
to supply electrical power to the node CPU subsystem. 

13. The SoC of claim 1, wherein the management sub 
system is coupled to the node CPU subsystem via an 
inter-processor communication module (IPCM), and 
wherein the management Subsystem is coupled to the system 
interconnect Subsystem via a bus fabric. 

14. The SoC of claim 13, wherein the IPCM includes data 
registers and interrupts configured to enable communication 
between the management processor and the plurality of 
processing cores of the node CPU subsystem. 

15. A node card, comprising: 
a node card Substrate that includes circuitry configured to 

enable communication of information between the 
node card and one or more other node cards; and 

a plurality of server on a chip (SoC) units mounted on the 
node card substrate and electrically connected to the 
circuitry of the node card substrate, wherein each of the 
SoC units defines an instance of a SoC node of the node 
card, wherein each SoC node includes a SoC that 
comprises: 
a node CPU subsystem, 
a peripheral Subsystem, 
a system interconnect Subsystem, and 
a management Subsystem coupled to the node CPU 

Subsystem, the peripheral Subsystem, and the system 
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interconnect Subsystem, wherein the management 
Subsystem includes a management processor that 
manages operational functionality of each one of the 
Subsystems. 

16. The node card of claim 15, wherein: 
the node CPU subsystem of each of the SoC units includes 

a plurality of processing cores, a cache memory, a main 
memory, and a main memory controller coupled 
between the cache memory and the main memory; 

the cache memory is coupled to each of the plurality of 
processing cores thereby enabling the cache memory to 
be shared by all of the plurality of processing cores; 

the main memory controller is configured to Support error 
code correction (ECC) functionality; 

the peripheral subsystem of each of the SoC units includes 
a plurality of peripheral controllers; and 

the system interconnect subsystem of each of the SoC 
units is configured to provide intra-node and inter-node 
packet connectivity. 

17. The node card of claim 16, wherein the management 
subsystem of each of the SoC unit is configured to: 
manage power consumption on a per-power domain basis; 
act as proxy for the plurality of processing cores for 

interrupts intended for reception by the plurality of 
processing cores; and 

control a configuration of a variable internal Supply used 
to supply electrical power to the node CPU subsystem. 

18. The node card of claim 15, wherein the management 
processor of each of the SoC units is configured to boot an 
instance of a second operating system in the node CPU 
subsystem thereof. 

19. The node card of claim 18, wherein: 
the management processor is configured to load an oper 

ating system boot loader into a main memory of the 
node CPU subsystem thereof, start the bootloader, and 
load the second operating system. 

20. The node card of claim 15, wherein: 
the node CPU subsystem of each of the SoC units includes 

a plurality of node CPU subsystem power domains, 
the peripheral subsystem of each of the SoC units includes 

a plurality of peripheral Subsystem power domains, 
the system interconnect subsystem of each of the SoC 

units includes a plurality of system interconnect Sub 
system power domains; and 

the management processor of each of the SoC units is 
configured to manage one or more activities within 
each of the node CPU subsystem power domain, the 
peripheral Subsystem power domains, and the system 
interconnect Subsystem power domains that influence 
power consumption therein. 
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