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1  
Abstract — The new spacecraft area network (SCAN) 

system for internal satellite communication provides data 
transfer between different satellite components. The satellite 
components have their own communication protocols, which 
are translated by middleware (MW) switch processor into a 
universal middleware protocol, understandable for the 
satellite operating system. The MW switch processor is the 
main part of a new proposed approach. Instead of current 
board computer based systems, the new data transfer 
approach based on network provides a more reliable 
solution. The processor is fabricated in the 250 nm IHP 
technology. This paper introduces a description of MW 
switch architecture, a comparison between possible 
architecture approaches and the characteristics of the 
implemented MW Switch processor. 

Keywords — Architecture, ASIC, communication 
switching, middleware, reliability, satellite communication. 

I. INTRODUCTION 

N the development process of a new satellite system, 
designers are facing complex problems. The first 

problem is the long development time of an avionics 
system and the huge costs because of the long time 
required for defining a new interface specification. The 
second important problem is the development of very 
expensive board computers. All devices in a satellite are 
connected to the board computer and for every new system 
it is required to define a new device configuration and 
redesign the board computer. The way of solving these 
problems was the implementation of a SCAN network [1], 
[3]. The central part of the whole SCAN system is the MW 
switch processor presented in this paper. 

Spacecraft Area Network (SCAN) approach is based on 
a message distribution protocol defined by an 
interconnection link. The message distribution system is 
based on a publisher/subscriber model where each 
message has its own message topic identifier (TID). The 
switch controller is routing the received message to all 
subscribers which are related to the received TID. In the 
represented ASIC implementation of MW switch 
processor there are two types of serial interfaces [1] – S3P 
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(Simple Synchronous Serial Protocol) and UART 
(Universal Asynchronous Receiver Transmitter).  

Publishers (sensors, computing nodes) provide 
messages, which are public under a given topic. 
Subscribers (memories, actuators, computing nodes), 
configured to receive the messages from the defined topic, 
can receive all published messages (Fig. 1).  

This system, based on the topic share between providers 
and consumers, provides an interconnect service. Services 
will be published as topics, regardless of whether they are 
produced by software tasks or by hardware devices. 
Therefore, the SCAN network can attach and use COTS 
[7] (Commercial off the Shelf) devices (with their own 
protocols) although they are not space verified. The 
network provides required interfaces and protocol 
converters. The COTS devices receive and send their own 
messages, and then the protocol converters translate them 
into our internal “universal language”. The network 
performs all required transformations in order to make the 
message transfer transparent. In this respect, the SCAN 
based system can integrate COTS components and provide 
a reliable architecture.  

 
Fig. 1. MW switch processor integrated in the satellite 

system. 
 

In Fig. 1 is presented the SCAN network. As we can 
see, the heart of the SCAN is the MW Switch processor, 
which performs all reliable actions. 

The MW switch processor is implemented in a standard 
IHP 250 nm process [6] where the processor production 
funding is initialized from DLR [11]. Further development 
will be based on the radiation hard IHP 250 nm process 
using a fault tolerant technique, also provided from IHP 
[2], [5]. 
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The system complexity of the middleware switch 
processor requires the analysis and classification of 
different architecture approaches which are used in the 
development process. The comparison of architecture 
approaches is based on four parameters. Classification of 
the analyzed architectures is done by answering the 
question - which effects can each part of the architecture 
have on the following parameters: 

1. Implementation limits of data port transmitter/ 
receiver; 

2. Implementation limits of internal MW switch 
processor data transfer system; 

3. Number of data port types; 
4. CPU resources and data traffic dependability; 
5. CPU direct protocol conversion option. 

Implementation limit of data port transmitter / receiver 
(ILTR) is the parameter that shows the possibility of the 
data transmitter or receiver architecture to be implemented 
on an ASIC chip. Example: Hardware realization of 
protocol convertors on receiving or transmitting side may 
require more hardware resources. Implementation limit is 
presented in percents and can be mathematically described 
as a relation between area required just for the standard 
cells (Pstd) and area required for the standard cells after 
routing (Proute), related to equation (1). If the ILTR 
parameter is above 50%, it is recognized as a violation. 

       %.100×=
route

std

P

P
ILTR        (1) 

In order to explain the above mentioned parameter, we 
can discuss this effect, presented in Fig. 3. The area before 
routing is presented in Fig. 3(a). The cells are forming the 
minimum required area. After routing, the occupied area 
increases because of the routing resources. The routing 
resources are technology dependable (more routing layers 
- more saved silicon area).  

 

Fig. 3. Implementation limit of an ASIC digital system: 
(a) occupied silicon area before routing, (b) occupied 

silicon area after routing. 

An implementation limit of internal MW switch 
processor data transfer system (ILTS) is the parameter that 
shows the ability to implement an internal data 
communication digital system between different data 
ports. The multiplexer is a building component of the MW 
switch internal data transfer system. Example: 
Implementation of switch matrix can be done in two 
different ways – serial and parallel internal data transfer. 
Implementation limit of internal data transfer system is 
calculated in the same way as ILTR parameter and 
presents the relation between area required for 
multiplexers (Pmux) and area required for multiplexers after 
routing (Proute), as it is described in equation (2). If the 
ILTS parameter is above 50%, it is recognized as a 
violation. 

        %.100×=
route

mux

P

P
ILTS       (2) 

Number of data port types (PT) is the parameter that 
shows how many different devices with different protocols 
can be connected to the network. Example: The MW 
switch implementation with only S3P protocol has one 
data port type and cannot transfer data from the 
commercial-off-the-shelf (COTS) devices with UART 
interface [7].  

CPU resources and data traffic dependability (DTD) 
shows how data traffic is organized. Example: Data 
transfer process can be realized through special defined 
lines (switch matrix) or by using the CPU resources as 
APB or AHB bus. 

CPU direct protocol conversion option (PCO) is the 
parameter that shows how many protocol versions are 
supported per data port type. Example: Usage of different 
COTS devices connected on the SCAN system e.g. data 
transfer on sensor – actuator net. The UART port can 
provide up to five different serial protocol types: without 
framing, begin and end of the message, terminated end of 
message, timing gap framing and header message 
recognition. 

III. ARCHITECTURAL APPROACHES 

The development process of completely new hardware 
from scratch requires a more detailed analysis. This is 
done in order to provide required reliability for satellites 
systems and better recognition of possible designing errors 
which increases the chip production price.  

In order to test the capabilities and the functionality of 
the SCAN system, it was required to have enough 
communication ports. Before a detailed analysis, it was 
considered to use 32 communication ports. As there are 
two data port types (S3P and UART) and it is possible to 
connect them on the three different data transfer types 
(serial switch matrix, parallel switch matrix and DMA), 
we need to analyze throughputs of potential combinations. 

Table 1 represents estimated data throughputs for 
different data port types (S3P, UART) connected on 
different data transfer types (serial switch matrix, parallel 
switch matrix and DMA) for only one message (1 kByte) 
and empty FIFOs. The S3P ports are designed as a high 
speed link up to 50 Mbits/s and in this estimation for the 
UART port is used baud rate of 115.2 kbit/s. From the data 
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TABLE 4: POWER AND AREA CONSUMPTIONS OF ALL ARCHITECTURES. 

Architecture SM32 SM16UM
16 

SM16U 
DMA16 

SM6U 
DMA8 Parameter 

Area [mm2] 65 59.73 54.14 34.6 

Power Consumption [mW] 745.48 905.48 1195.56 755.04 

As the SM6UDMA8 architecture is a reduced version of 
the SM16UDMA16 and fulfills all requirements for SCAN 
system tests, it is chosen for implementation. 

V. IMPLEMENTATION 

Technology used for MW switch implementation is 
SGB25IHP [6] technology because of the future planed 
implementation in radiation hardened IHP SGB25RH 
technology. 

The implemented functionality of the S3P ports is based 
on using a serial switch matrix for data transfer. Data is 
buffered in FIFOs, where each port has one FIFO for data 
receiving and another FIFO for data sending. This concept 
provides different network protocol implementations 
(point-to-point, multicast, broadcast). Because of the 
required message length, implemented FIFOs are 2x4k 
bytes per S3P port. From another side, the UART ports are 
using DMA channels and the AHB processor bus to 
transfer data between ports and external memory.  

The measurement results of the MW switch processor in 
the nominal temperature, voltage and process conditions 
are provided in Table 5. As we can see, the estimated 
power consumption presented in Table 4, is about 25% 
different. This difference is related to the worst case 
parasitic effects used for estimation during the chip 
development and production. 

TABLE 5: MEASUREMENT RESULTS OF  MW SWITCH PROCESSOR. 

Implemented Architecture SM6UDMA8 

Parameter 
Maximal Frequency [MHz] 105.4 

Power Consumption [mW] 537 

Maximal Operating Temperature[ºC] 49.07 

Power Supply [V] 2.5 

During measurements we have provided the 
temperature analysis of the processor in order to find the 
potential “hot points”. The results of thermal analysis are 
presented in Fig. 7. We can see that the MW switch 
processor has an almost uniform temperature distribution. 
Maximal temperature differences are less than ± 2 ºC. 

 
Fig. 7. Thermal analysis of  MW switch during 

operation in nominal conditions. 

The implemented MW Switch processor architecture 
(SM6UDMA8), after production, packaging and bonding 
is presented in Fig. 8.  

 

Fig. 8. The MW Switch processor after bonding and 
packaging. 

VI. CONCLUSION 

As the MW switch is the main part of a SCAN system, 
the analysis of different architectures and their 
classification in order to provide the best solution have 
been described in this paper. The chip is fabricated at IHP 
where all the required functionality tests have been 
successfully performed. Further system tests after 
integration of the complete SCAN system will be done in 
DLR. Future work will be based on the radiation hardened 
implementation of the MW switch processor with fault 
tolerant techniques in order to provide sufficient 
reliability. It is planned to use the IHPSGB13 (130nm) 
process to implement more communication ports and to 
increase data throughput. 
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