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Abstract- There is growing need for processors that provide adequate support for complex interfaces and compute intensive 
operations. QorIQ T-series of processors provide support for such interfaces. However, there is a growing need to replace its 
existing Peripheral Component Interconnect-Express (PCI-E) with the next generation Serial RapidIO interface technology 
to provide higher bandwidth and better system concurrency. With this backdrop, the specifications of T4240 and its interface 
support for RapidIO have been analyzed and it is observed that by superseding PCI-E (Gen 3) with RapidIO (Gen 3), the 
bandwidth increased from 32Gbps to 40Gbps.  RapidIO enabled processors are therefore better suited for performance 
intensive operations such as in aerospace and military where precision demands prominence and speed assumes gigantic 
proportions. Additionally SRIO technology has the potential to enable highly scalable next generation DataCenter designs as 
well as BigData solutions where one of the critical needs is a highly scalable low latency fabric architecture. 
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I. INTRODUCTION 
 
We are aware that real time systems entail to perform 
certain computational tasks within a particular 
deadline. For this purpose, various solutions have 
been proposed that use an array of processors as its 
core. There is still a growing need to further enhance 
the rate of the execution of the task. Freescale’s 
QorIQ set of processors provide such a facility by 
using multiple cores and a suitable Power 
Architecture. The modern T-series of processors 
(T4080, T4160 and T4240) are better suited for 
achieving the above objective. Among this, T4240 
with comparatively better architecture is much 
preferred for time critical applications. 
 
This paper provides an introduction to the QorIQ 
processors and the User Space Data Path 
Acceleration Architecture that is associated with 
them. It then describes about the T-series of 
processors and distinguishes T4240 from the other T-
series of processors.  This study then exposits the 
Serial RapidIOtechnology and the support existing in 
T4240 for implementing this feature.  
 
II. QORIQ  
 
QorIQ is a set of microprocessors developed by 
Freescale. These processors have a much better 
performance than the PowerQUICC processor. These 
are built on Power Architecture cores and based on 
Reduced Instruction Set Computing (RISC) 
architecture, which is a load-store, and register-to-
register architecture.  
The later architectures began to provide support for 
specific processors through Special Purpose Registers 
(SPR) such as Hardware-Implementation Dependent 
(HID) registers and were gradually integrated with 
the original architectures.  There are five Power 
Architecture platforms (P1, P2, P3, P4 and P5) 

classified based on their performance. These are also 
backward compatible with Power QUICC 
architectures. 
 
A. Data Path Acceleration Architecture 
The Data Path Acceleration Architecture (DPAA) 
contains the hardware essential to reduce the 
overheads during sharing of interfaces by multiple 
CPU’s. In addition, it mitigates the software burden 
associated with high-touch packet-processing 
operations. These operations include traditional 
routing and bridging, firewall, security protocol 
encapsulation and encryption, Intrusion 
Detection/prevention (IDS/IPS) and network anti-
virus (AV). 
 
The key components of DPAA are Frame Manager 
(FMan), Queue Manager (QMan), Buffer Manager 
(BMan), Security Engine 5.0 (SEC), Pattern 
Matching Engine 2.1 (PME) and Decompression and 
Compression Engine 1.0 (DCE).  
 
The performance of FMan in T4240is twice that of 
the first generation DPAA. SEC also provides twice 
the performance for symmetric encryption and 10 
times for public key algorithms. In addition, it 
includes a RMan (Serial RapidIO Manager) which 
works along with Serial RapidIO controllers. This 
provides support for the RapidIO Interconnect 
Specification, Revision 2.1 for all types of transaction 
flows.The Table 1 provides the differences between 
DPAA used in T4240 and the original DPAA. 
 

Table I. Difference between Enhanced DPAA 
(T4240) and Initial DPAA 

Characteristics Enhanced 
DPAA(T4240) 

Initial DPAA 
(P5010/P5020) 

FMAN 50 Gbps 12 Gbps 

SEC 40 Gbps 17 Gbps 
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3DES,AES 
20 Gbps 

Kasumi/F8 

3DES,AES 

RMAN 
Seamless 

mapping to 
DPAA 

Type 9 and 11 
messaging 

 
FMAN provides clever distribution and queuing 
decisions for incoming traffic. QMAN acts as an 
interface between software and hardware that 
provides simplified sharing of network interfaces and 
hardware accelerators by multiple CPU cores. BMAN 
provides a group of buffers that act as interface for 
software and hardware and assures atomic access to 
them. SEC 5.0 is a component that manages the 
cryptography of the messages. It provides full support 
for protocols like Internet Protocol Security (IPsec), 
Secure Sockets Layer/Transport Layer Security 
(SSL/TLS), etc. and for most of the algorithms such 
as Public Key, Advanced Encryption Standard (AES) 
and so on. PME 2.1 provides scope for checking for 
presence of particular tokens in a given sequence. It 
implements the concept using Event Pattern 
Scanning. DCE 1.0 enables lossless data 
decompression and compression. It is based on the 
DEFLATE algorithm that is used widely in Hyper 
Text Transfer Protocol (HTTP) to compress web 
pages, by Gnu’s Not Unix zip (gzip) to compress files 
and so on. 
 
III. T4240 COMMUNICATION PROCESSOR 
 
T4240 is a part of the QorIQ communication 
processors developed by Freescale. These are a subset 
of the QorIQ Advanced Multiprocessing (AMP) 
series. T4240 along with T4160 uses dual-threaded 
e6500 Power Architecture® core. There are 12 such 
cores that total to 24 cores and support up to 1.8GHz. 
In order to facilitate better performance there is a 
need to combine the performances of the individual 
cores. This is done by the CoreNet architecture, 
which is proficient of doing the above 
interconnection process.  
 
B. Why T-Series? 
Although the P-series of processors provided 
considerable performance, there was an increasing 
need for much higher speeds. To satisfy this demand, 
the T-series of processors were released that provides 
almost four times thehorsepower of the P-series as in. 
The e6500 core is a superset of the e5500 core. The 
cache is shared L2 and is made up of four cores. The 
P4080 core, on the other hand is 32-bit power 
architecture. It consists of L1 instruction cache. The 
advanced version in this type is the e500mc 
processors that have private L2 caches and common 
L3 caches. 
 
The table II lists the disparities between T4240 and 
P4080. Although these are specific processors in their 

respective series, these can be conjectured to be the 
general features of their corresponding series. 

Table II Differences between T4240 and P4080 
Characteristics T4240 P4080 

Power 
Architecture 

core 

e6500s e500mc 

Number of 
cores 

12 8 

Platform 
cache 

1.5 MB 
divided into 

three 512 KB 
blocks 

128 KB L2 
cache 

Transactions 
amongst 

CoreNet end-
points 

coherent and 
non-coherent 

with bandwidth 
allocation and 
prioritization 

coherent and 
non-coherent 

 

Memory 
controller 

Three 64-bit 
DDR3 

SDRAM 

Two 64-bit 
DDR2/DDR3 

SDRAM 
DPAA Enhanced 

implementation 
Original 

implementation 

SerDes 32 lanes 18 lanes 
Ethernet 
Interface 

Four 10-
Gigabit and 
sixteen 1-
Gigabit 

controllers 

Two 10-
Gigabit and 

eight 1-Gigabit 
controllers 

Peripheral 
interfaces 

Four PCI-E 
2.0/3.0 

controllers 

Three PCI-E  
2.0 controllers 

RapidIO 
interface 

Two serial 
RapidIO ® 2.0 

ports 

Two serial 
RapidIO ® 1.2 

ports 

 
C. Variations Within T-series  
There are also considerable variations within the T-
series of processors. The most advanced one is the 
T4240. The 12 dual-threaded cores in T4240 support 
higher performance when compared to T4160 and 
T4080 that have eight and four respectively. The 
additional DDR3 controller in T4240 provides higher 
bandwidth. Reference provides the differences 
between the above three processors. 
 
IV. RAPIDIO TECHNOLOGY 
 
RapidIO is a type of switched fabric interconnect 
technology. It is being developed by Freescale 
Semiconductor (erstwhile Motorola) that started the 
RapidIO Trade Association (RTA). It is an alternative 
to the conventional technologies such as PCI 
(Peripheral Component Interconnect) and ISA 
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(Industry Standard Architecture) that involve shared 
memory bus designs.  
RapidIO provides several advantages when compared 
to PCI-E. The table III below compares the RapidIO 
technology with PCI-E. 
 

Table III Difference between RapidIO and PCI-E 

Characteristics RapidIO 
(Gen 3) 

PCI Express 
(Gen 3) 

Topology Shared bus Point-point 

Bandwidth 
(four lanes) 

40 Gb/sec 
usable 

bandwidth 
32 Gb/sec 

Signaling 
speed 10.312 GHz 8 GHz 

Line coding 64b/67b 
w/scramble 

128b/130b 
w/scramble 

 
RapidIO has tremendous applicability in real-time 
applications in the embedded world. Additionally it 
can also become the foundation for next generation 
DataCenter fabric where the designs are driven by 
modular, rapidly scalable, low latency and high 
bandwidth applications such as Web 2.0, BigData and 
Cloud computing wherein the compute is realized 
through heterogeneous cluster of servers connected 
through a fabric.  
 
D. T4240 Support For SRIO 
The SRIO component of T4240 provides support for 
features such as Transactions, Critical Request Flow, 
Register bit extensions, hot swap, data streaming, 
traffic management, receiver flow control and 
hardware recovery. SRIO supports all transaction 
flows and priorities and supports up to eight 
outstanding unacknowledged transactions. It allows 
the outward-bound transactions to be of any 
permissible size while the inward bound transactions 
are limited to 32-bit access only. Critical Request 
Flow (CRF) can be specified in SRIO [9]. This is 
done using a CRF bit. It allows distinguishing 
between a critical flow and a priority flow when all 
other flows are taken into consideration. 
 
The SRIO implements the concept of error 
management extensions. These extensions provide 
additional requirements in the logical and physical 
layers. They add definitions to bits that were 
previously reserved in Control/Status Register (CSR). 
These also incorporate new registers that are within 
Error Management Extended Features Block [10]. 
Addition of a Field Replaceable Unit (FRU) into a 
running system might entail to immediately inform 
the system software. Likewise, removal of a FRU will 
also require notification. It is difficult to differentiate 
between a FRU removal and an expected bit error 
rate, as setting the Physical Layer Error Management 
extension threshold is not possible. Therefore, the 

Hot Swap Extension sets a time out interval, after 
which it simply discards the packets that cause 
congestion. Subsequently, a port-write could be sent 
to the system software to notify it of a Hot Swap 
Extensions event. 
 
Data Streaming packet format is present in Type 9 
packet format. They have a payload unless it is 
terminating the PDU. Its length is a multiple of half-
words. The presence of a pad bit permits the sender to 
transmit odd number of bytes. This bit enables the 
destination to find the end of a data payload if packet 
padding is done. The setting of the XH bit to 1 
identifies the traffic management (or the extended 
type 9 packet). The Start and the End, in addition to 
the Odd and Pad fields are zeros.  
 
The type of the extended packet is defined by the 3 
bit reserved field. T4240 SRIO supports only 
receiver-controlled flow control, which is one of the 
most primitive mechanisms. The entire control is 
effected by the receiver. It consists of a set of buffers 
but the size of which is not disclosed to the 
transmitter. Hence, the latter has no idea of what the 
buffer size is going to be and what the maximum 
permissible number of packets might be. In spite of 
this, the transmitter continues to transmit but at the 
receiver, the examination is done on a packet to 
packet basis and it may or may not be accepted. 
Operation in receiver-controlled mode can be 
detected when a port signals to its transmitter that it is 
doing so by setting the buf_status field to one, in all 
control fields that the port transmits. 
 
The hardware error recovery is done by using a 
control symbol. When a packet is detected to have a 
bad checksum then control symbols are sent to 
transmitter and receiver and subsequently a packet 
retry is issued. However, if a transaction is lost, then 
the watchdog timer causes the auto recovery 
machines to attempt to resynchronize. On the other 
hand, if there is a severe failure in the interface then 
the hardware generates interrupts so that the system 
software invokes a higher level of error recovery 
protocol. The LP-Serial Physical Layer allows 
operating in two levels namely, Level I and Level II. 
The characteristics of each level are mentioned in the 
table IV below. 

Table IV Difference between Level I and Level II 
Electrical Specification 

Characteristics Level I Level II 

Baud rate 1.25/2.5/3.125 
Gbaud 5/6.25 Gbaud 

Coupling Only AC AC and 
DC(optional) 

Runs 
Short Run(SR) 

and long 
run(LR) 

Short 
run(SR),Medium 

run(MR) and 
Long run(LR) 
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CONCLUSION 
 
Based on the above analysis, it is observed that 
QorIQ, in particular the T-series of processors are 
suitable contenders for usage in real time 
applications.  
 
Specifically, the presence of 12 dual-threaded cores 
and 6 MB L2 cache in T4240 processor makes it 
suitable for usage in computing intensive operations.  
 
Further, replacing the existing interfaces with SRIO 
in suitable processors will reduce the computational 
time and expedite the communication process. 
 
With its inbuilt support for efficient interconnection 
of multiple hosts, SRIO can also be used in data 
centers to facilitate efficient storage and retrieval of 
data.  
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