Kontron CP306: Low Power CompactPCI CPU Board with Intel® Pentium® M Processor
The New Benchmark for CompactPCI High Performance Systems

The CompactPCI CPU board market has been characterized by strong growth for years. According to Electronic Trend Publication, sales of approximately one billion USD will be achieved this year. Up until 2006, sales (including cPCI 2.16 and AdvancedTCA) are to increase to 1900 million USD, which corresponds to a further annual growth of 25.8 percent (CAGR). Venture Development Corporation (VDC) estimates a growth of 12.9 percent (CAGR), the majority of which is to be achieved by 2005. The high-flyers of this short phase will most likely be CPU boards that are based on the Intel® Pentium® M processor. The CP306 from Kontron Modular Computers (formerly PEP Modular Computers) is the first CompactPCI CPU board of this new performance class.

The new CP306 CompactPCI board from Kontron is the genuine benchmark module of a new generation. Despite the Intel Pentium M processor’s unspectacular name, which is easily confused with the Pentium III Processor - M and Mobile Pentium III processors, its use in the embedded world has lead to blatant performance improvements. The processor is a milestone in the history of embedded computer technology. The major advantage of the CP306 is that the onboard Pentium M processor can deliver Pentium 4 performance with one third of the Pentium 4 processor’s power consumption. Since this performance is delivered with the Pentium M running at a lower clock frequency, a performance comparison in terms of mere clock rates is unjustified. However, we can state that the Pentium M has the performance of a Pentium 4, with the power consumption of a Pentium III. Comparative measurements have shown that depending on the program, the performance of a Pentium M clocked at only 1.6 GHz is similar to that of a Pentium 4 clocked at between 2.4 GHz and 2.7 GHz. Figure 1 shows that for the given software, the 1.6 GHz Pentium M outperforms a 2.4 GHz Pentium 4 by almost 20 percent, and a 1.2 GHz Pentium III by almost 50 percent. The outstanding performance of the Pentium M processor, together with its low power consumption and low thermal power dissipation make it ideal for use in fanless high-end embedded applications as well as in notebooks (in the latter, it would be integrated with the appropriate Intel chipset and marketed under the umbrella of the Intel® Centrino™ name). Since Intel provides “embedded life cycle support” for the 1.1GHz and 1.6GHz Pentium M versions, the processor’s production is secured well into the future.

Figure 1 Performance Comparison
The performance of a 1.6 GHz Pentium M exceeds that of a 2.4 GHz Pentium 4 by almost 20 percent and that of a 1.2 GHz Pentium III by almost 50 percent\

Why Pentium 4 Processors Are Unsuitable for 3U CompactPCI Boards

The Pentium M processor introduces virtual 2.7 GHz performance to 3U CompactPCI applications for the first time. This is because classical Pentium 4 processors can exceed a thermal power dissipation of 30 watts, which is unacceptable for 3U CompactPCI CPU boards (the space available does not accommodate a large enough heat sink to provide adequate cooling from normal airflow). This is especially the case in space-saving 4HP (single slot) solutions. Even the thermal power dissipation of a Mobile Pentium 4 processor clocked at over 2 GHz exceeds the 30-watt limit. In order to implement a Pentium 4 CompactPCI solution, it would be necessary to use either a very large heat sink, or a high-speed fan coupled with a low operating temperature, or a slower clock rate. A large heat sink would however require a depth of at least 8HP. The inclusion of a fan would not only increase the system cost and noise level; it also would degrade the system’s robustness. Operating a Pentium 4 at a reduced clock frequency would provide a performance that is hardly superior to that of a Pentium III, with the latter being a lot more favorable in terms of cost (note, the Pentium III processor is already used on boards such as Kontron’s CP304.) This is why Pentium 4 processors are not used on 3U CPU boards. Thus, the Pentium M processor brings a totally new dimension of performance to boards in this form factor.

CP306 Applications

3U CompactPCI boards and systems are used in applications where:

· Adverse environmental conditions demand a high tolerance of shock and vibration (e.g. mobile applications)

· Little space is available - these are often IO-intensive applications, where every available expansion slot already has a peripheral card inserted

· Operation is required in the extended temperature range (e.g. –40°C to +85°C) and only a basic, usually passive cooling system is available

The CP306 is optimized for such applications. The Pentium M processor and DDR SDRAM ECC memory are directly soldered to the board. Precious millimeters are saved by avoiding the use of sockets and long pins, which enables the maximum heat sink height to be used in the 4HP version, while allowing for thermal expansion. The close proximity of the Pentium M processor’s ball grid array housing (uFC-BGA 479) to the board yields a further advantage. The heat resistance between the soldered-down processor and the board is lower than that of socket versions, allowing the board itself to function as an additional heat sink. The Pentium M has a maximum permitted internal temperature of 100°C, which enables the CP306 at 1.1 GHz to be operated in the extended temperature range of +85°C. This brings advantages even at normal ambient temperatures:

a) The efficient cooling prevents thermal expansion of the silicon, which contributes to far greater service life

b) A relatively low-priced cooling system is adequate

The fact that the heat sink is secured with several screws contributes to the system’s high tolerance to shock and vibration. Since the entire memory is directly soldered to the board, the CP306 can be used in aircraft applications, where until now, no SODIMM memory has ever been used. The power consumption of the Pentium M processor is 12 –18 watts at 1.1 GHz and 18 – 25 watts at 1.6 GHz. The power consumption of the entire CP306 board is between 15 and 30 watts. With its easily manageable heat dissipation, the CP306 finds itself in a performance class of its own and it is ideal for applications that require an ever-increasing CPU performance. The fact that further development of the Pentium M is currently underway, and also planned for the future, leaves the door open for future CP306 performance advancement. 

CP306 applications include robots, mobile data acquisition systems, aircraft cockpits and train driver cabins. The new CPU board includes extensive communication interfaces as well as a 1.6 GHz Pentium M, 1MB L2 on the cache, 333 MHz memory clock rate and a 400 MHz processor side bus. The on-board communication interfaces include 1 x Gigabit Ethernet, 1 x Fast Ethernet, 4 x USB 2.0 and up to 4 COM channels. Kontron also can enhance the peripheral interface upon request using its own rear I/O modules. A dual ATA100 interface is provided as well as a CompactFlash socket.  Memory options include a maximum of 512MByte DDR-SDRAM/PC333. The board is available in single slot (4HP) and dual slot (8HP) versions. The 8HP CP306 variant provides legacy support and a 2.5” HDD carrier. The operating systems supported include Windows XP, XP Embedded and 2000, Linux and VxWorks. The CP306 will be available at the end of July 2003. Systems that do not require such high performance can be scaled down using the CP303 board (Mobile Pentium III Processor - M running at up to 1.2 GHz) or the CP302 (Mobile Pentium III running at up to 700 MHz). 

Numerous Expansion Modules

Kontron has an extensive assortment of popular expansion modules and matching rack systems in addition to its range of CompactPCI CPU boards. The expansion modules introduce additional functionality to a system, such as digital and analog I/Os and popular fieldbus systems including Profibus, CAN and DeviceNet. The numerous chassis systems available include enclosures for the H.110 telecom standard and Fast Ethernet switches for packet-switched backplane solutions. The high variability and variant flexibility allows Kontron’s CompactPCI systems to be configured for use in 90 percent of all industrial, telecom and datacom applications, all from the same source. Kontron also can verify compatibility with expansion boards from other manufacturers upon request. Thus, the communication between Kontron systems and interfaces is standardized at the software level, regardless of the bus system and the form factor of expansion modules. Not only is look and feel identical, but also all I/O parameter-setting features are identical from the software side. This standard applies to compactPCI modules as well as all other Kontron form factors including PMC, PCMCIA, PCI, and PC/104. Programmers of diverse fieldbus systems now have the advantage of having to familiarize themselves with only one system, where the I/O configuration process is the same in each case. This provides further advantages for documentation and second-level support.

Application and System Support

Kontron’s systems are designed with long-term availability in mind and they are delivered as fully tested, independently certified solutions. This means certification after delivery (e.g. CE certification), which was mandatory for multivendor self-configuring solutions and costs 6.000 € upwards, is no longer necessary. The time to market is reduced to the period required to integrate the CompactPCI system into the complete solution (Kontron can actively support this process if required). Kontron is aware of the growing tendency to outsource the development of CPU modules, which is why it provides an OEM integration service. The integration covers all steps necessary for the commissioning of a new system. This includes the development of BIOS and drivers for popular operating systems such as Windows NT, NT Embedded, VxWorks and Linux (and hot-swapping in the case of VxWorks and Linux and optionally Windows2000) as well as providing software support for IEC61131-3 programming, fieldbus connectivity and the adaptation of application specific software to hardware. Further services include the development of customer specific expansion boards and application integration as well as industry standard certification. Over four hundred developers in competence centers around the world provide these services. Kontron’s CompactPCI systems also can be used as replacement PLCs by integrating the ViCoPLC, Kontron’s own IEC61131-3 compatible soft PLC. A kernel driver for the CompactPCI board’s NMI timer ensures the system priority of fieldbus and I/O control processes over all other system functions such as the user interface or network. This guarantees execution of the soft PLC’s safety relevant functions, even if the operating system is overloaded or failing to perform as normal. OPC servers also can be implemented to attach field busses to higher level Windows based system environments. Kontron has a range of OPC servers to support all fieldbus systems.

Author: Thomas Wiedemann, Director of Product Management, Kontron Modular Computers, Kaufbeuren.
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