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Abstract 

RC64 is a rad-hard high-performance many-core signal processor comprising 64 DSP cores, 4 Mbytes on-chip shared 

memory, telecomm accelerators and high bandwidth I/O. It can be enhanced with a companion FPGA. It is designed for a 

variety of space applications. The paper demonstrates its use in telecomm payloads and smart phased-array antennas.  

RC64 Progress 

RC64 project (previously presented in MAPLD in 2013 and 2014) is fully funded by the Israel Space Agency, the Israel MoD 

and the European Commission (through FP7 MacSpace R&D program, www.macspace.eu). FPGA-based emulation and 

software simulators are available. Full scale tape-out of the 65nm silicon die is planned for Q4 2015. 

RC64 integrates 64 CEVA-X1643 DSP cores [http://www.ceva-dsp.com/CEVA-X1643] with 4 Mbytes of shared memory, 

data- and instruction-cache and scratchpad memory per core, telecomm accelerators for DVB-S2/RCS modems, and high 

bandwidth interfaces. Two packaging options will be offered, a CCGA-624 and a flip-chip PBGA-624. 

RC64 Architecture 

Upgraded packaging and process technology enable the inclusion of twelve integrated full duplex high speed serial links 

(HSSL) using at 6.25Gbps CML SERDES interfaces on chip. Three protocols are supported: SpaceFibre, SRIO and a 

proprietary unidirectional interface. They allow efficient connectivity among multiple RC64 chips and other FPGAs, ASICs 

and advanced ADC and DAC devices using HSSL connectivity. HSSLs minimize PCB complexity, eliminate the need for 

multiple external SERDES components on board, save power and reduce the number of pins required. The HSSLs in RC64 

support off-board and long range communication, as well as multi-lane channels when higher data rates are required. 

The advanced technology and package also enable supporting faster and denser DDR3 SDRAM interface while keeping 

DDR2 as an option. Reed-Solomon ECC is employed to protect from DDR2/3 SEFI and SEE. The 32-bit wide DDR2/3 

interface supports up to 25Gbps throughput.  Other I/O interfaces in RC64 include two SpaceWire for control and eight for 

instrument data, parallel LVDS interfaces for advanced ADC and DAC device connectivity, and interface to flash memory. 

The on-chip shared memory system of RC64 (Figure 1) is based on each core having its own write-through data cache, an 

instruction cache, and a private store, supporting the unique task-oriented programming (TOP) model. All cores access the 

single shared memory with 256 ports and a 64-to-256 ports multistage interconnection network, enabling simultaneous access 

of all processors to shared memory with very little conflicts. Thanks to the data cache, access to shared memory happens 

either for fetching a complete cache line (the interfaces and the interconnection network are optimized for transferring 

complete cache lines rather than individual words) or for writing a single word, thanks to the write-through mechanism. While 

write-through may result in higher traffic rate to memory than write-back, it eliminates the need for complex inter-core cache 

coordination mechanisms such as snooping, locking and directories. Instead, the programming model minimizes memory 

conflicts and prevents software from relying on shared memory synchronization. 

The on-chip 4MByte shared memory acts as a local-store memory. Access to off-chip DDR3 memory is facilitated by 

software-controlled DMA. This approach simplifies software development and it is found to be very useful for DSP 

applications, which favor streaming over cache-based access to memory.  

The many-core architecture is depicted in Figure 1. A central scheduler assigns tasks to processors. Each processor executes 

its task from its cache storage, accessing shared memory only when needed. When task execution is done, the processor 

notifies the scheduler, which can subsequently assign a new task to that processor. Access to off-chip streaming channels, 

DDR3 memory, and other interfaces happens only via programmable DMA channels.  
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When a single RC64 has insufficient processing power for the application, multiple RC64 chips can be accommodated, as 

shown in Figure 2. The 16 chips are interconnected with high-speed serial links using the SpaceFibre or SRIO protocols. 

RC64 has been designed for integration with tens or hundreds of other RC64 chips, enabling very powerful digital signal 

processing in space. 

Any advanced FPGA may be connected to a RC64 to enhance its operation (Figure 3). Customized accelerators may be 

implemented on the FPGA, including in-orbit, for extending the useful life-time and functionality of RC64. Examples of such 

FPGA-based accelerators include new modulations and proprietary encryption. 

 

 

 

Figure 3: FPGA-enhanced RC64. Multiple HSSL and other 

interconnect enable high bandwidth collaboration  
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Figure 1:  RC64 many-core architecture 

 

 

Figure 2: Sixteen-fold RC64 card, showing HSSL 

SpFi/SRIO interconnects, DDR and flash memories and 

four GR712RC Leon3FT-based control processors. This 

board may dissipate more than 100 Watts and achieve 

640 GFLOPS, 6 Terra-OPS, 1 Terra-bit/sec off-board 

rate and 1.5 Tbit/sec on-board bandwidth 
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RC64 Telecomm Applications 

RC64 is designed for effective use in telecomm satellites (among other applications). Figure 4 shows a combination of RC64-

based digital payload on-board processor and digital phased array antenna. The on-board processor receives high-bandwidth 

digitized signals over fiber or other interconnects from the many-element antenna, digitally extracts the multiple beams in the 

beam-former, demultiplexes the beams into many sub-channel narrow frequency slides, performs a variety of digital 

processing functions, re-multiplexes the narrow frequency slices into beams, and converts the multiple beams into signals for 

each of the transmitting antenna elements. All digital functions are achievable by programming multiple units of RC64. 

 
 

 

Figure 4: Digital telecomm payload and antenna 

 

As shown in Figure 5, the on-board processor (consisting of multiple RC64 programmable processors) may either perform 

transparent FDM/TDM switching (‘channelizing’), or, by using modems on the RC64 chips, provide packet routing and the 

accompanying packet processing functions (as indicated in the figure), or may also add encryption and higher level network 

processing (a.k.a. layers 4-7 of the OSI layers model). 

 

 

 

Figure 5: On-board telecomm digital processor, combining transparent switching,  

packet switching and advanced network processing 
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High performance phased array antenna, such as planned for future telecomm LEO constellations or advanced GEO telecomm 

satellites, is depicted in Figure 6. Very high sampling rates, such as above 5 Gsps, are decimated and filtered to enhance SNR 

by a RC64 that is directly assembled in the antenna element, e.g. by flip-chip attachment to LTCC substrate of the hybrid / 

SiP / MCM assembly. In addition, RC64 transmits the data on multiple HSSL links, e.g. into optical transceivers for fiber 

transmission to the payload.  

 

 

 

Figure 6: Digital antenna element for a high performance phased array 
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