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RC64, a novel rad-hard 64-core signal processor chip targets DSP performance of 75 GMACs (16bit), 150 GOPS 

and 38 single precision GFLOPS, dissipating less than 10 Watts. RC64 integrates sixty-four advanced DSP cores, 

fitting a wide range communication protocols and applications, with a multi-bank shared memory and a hardware 

scheduler, interfacing DDR2/DDR3 memory and twelve 3.125 Gbps full duplex high speed serial links using 

SpaceFibre, serial Rapid IO and other protocols. The programming model employs sequential fine-grain tasks and a 

separate task graph defining task dependencies. Hardware and software events are efficiently distributed among the 

cores with minimal software overhead. RC64 is implemented as a 300 MHz integrated circuit on a 65nm CMOS 

technology, assembled in hermetically sealed ceramic CCGA624 package and qualified to the highest space 

standards. Supported communication applications include frequency multiplexing, digital beam forming, transparent 

switching, modems, packet routing and higher-level processing. 

 

I. RC64 ARCHITECTURE 

The many-core architecture is depicted in Fig. 1. A 

central scheduler assigns tasks to processors. Each 

processor executes its task from its cache storage, 

accessing the on-chip 4MByte shared memory only 

when needed. When task execution is done, the 

processor notifies the scheduler, which subsequently 

assigns a new task to that processor. Access to off-chip 

streaming channels, DDR2/DDR3 memory, and other 

interfaces happens only via programmable DMA 

channels. 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. Hardware events, asserted by 

communication interfaces, initiate software tasks 

through the scheduler. This enables high speed event 

rates to be handled by the many cores efficiently. 

The on-chip shared memory system of RC64 is 

based on each DSP core having its own write-through 

data cache, an instruction cache, and a private store, 

supporting the unique task-oriented programming 

(TOP) model. All DSP 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 a low conflict 

rate. Thanks to the data cache of the DSP cores, 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, due to the write-through 

mechanism. While write-through may result in a 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.  

 
Fig. 1: RC64 Many-Core Architecture. 64 DSP cores 

access a multibank shared memory through a 

logarithmic network. Hardware scheduler dispatches 

fine grain tasks to cores. I/O is managed by DMA. 
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The programming model minimizes memory 

conflicts and prevents software from relying on shared 

memory synchronization.  

RC64 includes twelve integrated full duplex high 

speed serial links (HSSL) using CML SERDES 

interfaces on chip at a 3.125Gbps rate each, with an 

aggregate 60Gbps throughput. The HSSL links support 

SpaceFibre and SRIO protocols, enabling efficient 

connectivity among multiple RC64 chips and other 

FPGAs and ASICs whether on-board or off-board long 

range communications. Multi-lane channels are 

employed when higher data rates are required. 

Reed-Solomon ECC is employed over the 

DDR2/DDR3 and Flash ports to protect from SEFI and 

SEE. The 32-bit wide DDR2/DDR3 interface supports 

up to 25Gbps throughput. 

Other I/O interfaces in RC64 include two SpaceWire 

interfaces for control and four for instrument data and 

parallel LVDS interfaces for advanced ADC and DAC 

device connectivity. 

Software development tools include a state-of-the-

art GUI environment enabling C-language application 

development. Performance is achieved through 

instruction level optimization using a detailed profiler, 

employing libraries for optimized code, validated on a 

cycle accurate simulator. 

 

Radiation tolerance 

Radiation tolerance for processors requires special 

care for SRAM modules used for local memory and 

cache. These modules suffer from a high probability of 

SEE due to the high density of memory cells.  CEVA-

X1643 DSP implementation within RC64 combines 

error detection and invalidation for program and data 

caches. Extra parity bits are combined into the tag, 

program and data cache memory arrays, indicating soft 

errors when accessed for reading. A cache miss 

sequence is initiated when parity error detected, reading 

the highly protected original value from the shared 

memory. The detected errors are monitored for later 

analysis.   

The local data memory, which has no redundant 

refresh source, requires error detection and correction. 

Each byte of the local data memory is protected for 

single error events. This enables on-the-fly correction of 

errors when reading the data. Storing data modifies the 

hamming code bits. Detected errors are monitored and 

are useful for deciding on scrubbing the local data 

memory to remove the error as these can accumulate 

over time and become un-correctable. The scrubbing 

sequence interrupts the application and therefore is 

scheduled by software when the core is idle or is 

performed periodically using driver code, both without 

programmer intervention. 

 

II. RC64 SOFTWARE DEVELOPMENT KIT 

RC64 SDK enables software development, debug 

and tuning, as shown in Fig. 2. 

 

 
Fig. 2: RC64 SDK: IDE tool chain, support of parallel 

programming, simulation, profiling, event recording 

and parallel code libraries. 

 

 

II.I IDE Tool Chain 

The IDE tool chain includes a C/C++ compiler for 

the DSP core, an assembler, a linker, and a library of 

DSP functions for the core. 

 

II.II Parallel Programming Support 

RC64 Parallel programming is supported by the task 

compiler, which generates the task graph for the 

scheduler, an emulator that enables the development of 

parallel codes, and a many-core debugger, which 

synchronizes debug operations of all cores. 

 

II.III Parallel Simulator 

RC64 parallel simulator is cycle accurate, fully 

simulating the cores as well as all other hardware 

components on the chip. 

 

II.VI Optimization and Performance Tuning 

The profiler provides complete record of parallel 

execution on all 64 cores. The event recorder generates 

traces with time stamps of desired events. The kernel 

and libraries are described in the next section. 
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III. RC64 RUN TIME SOFTWARE 

The RC64 run time model is described in Fig. 3. 

 

 
Fig. 3: RC64 Run Time Software: The kernel enables 

boot, initialization, support of task processing and 

support of I/O. Other services include execution of 

host commands, networking and routing, error 

correcting, and management of applications 

distributed over multiple RC64 chips. 

 

 

III.I Boot Sequence 

The boot sequence library is based on the CRT code 

of the CEVA-X1643 DSP core. It is modified to be 

performed by many cores in parallel where only one of 

the cores performs the shared memory content 

initialization. The code includes DSP core self-test, 

cache clearing, memory protection configuration and 

execution status notification to an external controlling 

host. 

 

III.II Runtime Kernel 

The RTK performs the scheduling function for the 

DSP core. It interacts with the hardware scheduler, 

receives task allocation details, launches the task code 

and responds with task termination when the task is 

finished. The RTK also initiates the power down 

sequence when no task is received for execution. 

 

III.III Initialization Task 

The first task allocated by the scheduler is 

responsible for loading the application task graph into 

the scheduler. This code is automatically generated 

during pre-compile stage according to the task graph 

definition. Application tasks are allocated after the 

initialization task is finished. 

 

III.IV Communication Library 

Task code optimization is possible using available 

communication libraries, efficiently using the core 

resources for instruction level efficiency. 

 

III.V Interface Library 

Configuring the interfaces requires special 

sequences such as link detection and activation, clock 

enabling, DMA configuration, etc. Each interface has its 

own set of parameters according to the required 

connectivity, storage type, data rate and so on. 

 

III. RC64 COMMUNICATION APPLICATIONS 

Supported RC64 communication applications 

include frequency multiplexing, digital beam forming, 

transparent switching, modems, packet routing and 

higher-level processing.  

Low-level communication applications are based on 

DSP and linear algebra. They include frequency 

multiplexing and de-multiplexing (implemented either 

as polymorphic filters or with FFT/IFFT), and digital 

beam forming (typically distributed among multiple 

RC64 chips due to the high data rates required in high-

end telecom and in SAR applications). 

Transparent switching, or channelizing, is 

accomplished with high bandwidth I/O through 12 

HSSL inputs and 12 HSSL outputs (30 Gbps input rate 

and 30 Gbps output rate) and flexible switching 

performed by the 64 cores. 

Implemented modems include DVB-S2x and DVB-

RCS2. High processing rate of FEC operations is 

achieved by hardware accelerators, such as for LDPC. 

In total, transmission rates close to 2 Gbps are 

achievable, targeting 5 Watt per 1 Gbps 

power/performance ratio. Other modems are possible, 

potentially implementing other types of FEC and other 

bit-level manipulations on external space-grade FPGAs. 

Packet routing on RC64 is based on software 

decisions made in run-time, performing a re-

programmable policy, according to service definitions, 

available bandwidth and priorities. Incoming data go 

through classification, routed according to locally stored 

tables, either into intermediate high speed storage in 

DDR3 memory, or toward output queues serviced by 

transmit interfaces toward downlink channels. The 

programmable process enables high flexibility in 

defining system behavior in different conditions and 

requirements while in orbit. State-of-the-art algorithms 

and standards can be implemented and modified for 

handling network throughput, using available off-the-

shelf libraries, ported to the RC64 programming model 

with minor modifications. 

 

 

 


