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Abstract 

 
The ReCoBus-Builder supports generating encapsulated 
modules for FPGAs that are fully placed and routed and 
that can be easily plugged together to complex systems 
without requiring additional timing verification steps. This 
simplifies the system integration, especially if systems are 
implemented in parallel working design teams or when 
reusing existing cores. In addition, modules may be plugged 
into the system by partial reconfiguration even at runtime. 
 
1. Introduction 
 
The design complexity in FPGA designs has increased 
materially and the progress in FPGA synthesis and 
verification tools cannot keep pace with this. Consequently, 
designing complex systems with FPGAs takes now mach 
longer than a half a decade ago and the design success is 
increasingly less predictable.  
The ReCoBus [1, 2] approach tackles this issue with a 
highly optimized communication architecture tailored to 
FPGAs that allows plugging together completely routed 
modules based on an on-FPGA backplane bus. This 
approach can be compared with plugging in a card into, lets 
say, a PCI bus socket on a PCB. Note that the ReCoBus 
architecture permits also to exchange modules within the 
system with the help of partial runtime reconfiguration in a 
hot-plug fashion. Beside buses, the user can select between 
multiple further communication options including I/O pin 
connections, FIFO channels, or even circuit switching 
networks. This allows completely encapsulating some 
modules into bounding boxes including theirs interfaces. 
Therefore, modules can be implemented in individual 
parallel design teams or instantiated as IP cores while the 
system integration is based on a strict interface specification 
that also includes the timing. The tool ReCoBus-Builder [1] 
(available under www.recobus.de) features a synthesis tool 
for the reconfigurable communication architecture, a 
floorplanner, and it works seamlessly together with the 
Xilinx ISE design suite to assist the physical design steps 
during the module or system implementation. Changes in 
one part of the design cannot propagate to other parts of the 
system and, in addition, the synthesis or the place and route 
process can be completed much faster by focusing on 
smaller parts of the system. Consequently, the ReCoBus 
approach can vastly enhance productivity in FPGA design 
and allows further cost reduction by using smaller FPGAs 
in combination with partial runtime reconfiguration.  

2. Design Flow 
 
The ReCoBus-Builder design flow follows well established 
FPGA design flows as illustrated in Figure 1. Firstly, a 
system designer has to partition the system into a static part 
and a set of modules that will be encapsulated throughout 
the design process. According to the interface requirements, 
the communication architecture will be specified in the 
following. After passing simulation, the physical imple-
mentation will be carried out respecting area and location 
constraints determined in the floorplanning step. This 
results in a static system implementation and in a set of 
module implementations 
 

 
 

Figure 1: ReCoBus-Builder design flow. 
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For all these implementations, we will generate full bit-
streams. Hence modules can be integrated into a system 
either on a netlist level as well as on a configuration 
bitstream level. The latter one may be optionally used for 
reconfigurable systems. In this case, modules will be parti-
ally exchanged on an FPGA while the rest of the system 
continues operation.  
The whole physical implementation is aided by the GUI-
based tool ReCoBus-Builder that assists in specifying and 
generating the ReCoBus and connection bar communication 
architecture. The generated architecture is synthesized as a 
set of fully regular macros that possess an identical logic 
and routing layout within all possible module placement 
positions (called slots). These macros can be instantiated on 
the system level and they behave as communication 
components. The macros will be placed prior to any other 
logic and the internal macro routing will be maintained 
throughout the implementation process. Modules may take 
multiple slots and a core can be placed freely to the slots. 
The ReCoBus-Builder provides a geometrical view on the 
target FPGA for floorplanning the design as shown in 
Figure 2. When implementing the static system, the area 
allocated for the encapsulated modules will be prohibited 
for implementing any logic or routing of the static system. 
Analogously, during the implementation of modules, 
bounding box definitions ensure that modules will use only 
logic and routing resources inside a specified region. The 
resulting modules can be separated as a netlist or as a partial 
bitstream. Due to the regular structure, of the 
communication architecture, separated modules may be 
relocated to different slots. Furthermore, the same modules 
can be instantiated multiple times within the system, while 
all instances can be directly accessed via a ReCoBus. 
A distinctive feature of the communication architecture is 
the capability to provide many but small slots for 
implementing modules. This reduces internal fragmentation 
that arises when fitting modules into multiple slots of prede-
fined size. This is possible at low overhead for providing 
the communication and at high speed.  
In an example system implemented on a Xilinx Virtex-II-
6000-6 FPGA, up to 60 modules could be loaded to a set of 
246 individual resource slots. The slots are arranged in a 66 
by 4 two-dimensional grid and modules are allowed to use 
any combination of vertically or horizontally aligned slots. 
This enhances the utilization of dedicated resources, such as 
block RAMs. In the example system, each slot provides an 
8-bit data interface to a Wishbone-like ReCoBus with the 
capability to connect modules with up to 48 bit by using 
multiple consecutive slots. The ReCoBus implementation 
costs only 7 slices per slot. In addition to the ReCoBus, 
each of the 246 individual slots can access a 24-bit video 
stream via a special connection bar macro. Such a macro 
routes dedicated signals in a regular fashion from slot to 
slot. And in each slot it is possible to simply bypass the data 
stream, to read the stream, or even to access the stream in a 
read-modify write fashion. As connection bars are 
implemented directly inside the switch matrixes of the 
FPGA-fabric, no logic overhead occurs when bypassing or 
simply reading a bar. Despite the large amount of slots, we 
achieved a clock frequency of 100 MHz in this system. 
Please see also the references for ore details on the 
communication architecture.  
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Figure 2: GUI and physical implementation. 
 
3. Conclusion 
 
In this paper we presented the tool ReCoBus-Builder for 
designing complex systems very easily and at low risk by 
following a component-based design methodology. The tool 
chain provides all functions required for implementing the 
static system as well as all module components. These 
components can then be composed together to an initial 
system that may be modified by using partial reconfigura-
tion at runtime. 
 
The present version of the ReCoBus-Builder supports all 
Xilinx Spartan-3 FPGAs and its derivates as well as all 
Virtex-II / -Pro devices. More FPGAs families are currently 
under development. The tool and further documentation can 
be downloaded from the project website www.recobus.de. 
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