
Department of Science and Technology Institutionen för teknik och naturvetenskap  
Linköpings Universitet Linköpings Universitet 
SE-601 74 Norrköping, Sweden 601 74 Norrköping 

  
  
 
 

 
 
 

 
  
 
 
 
 
  

 
  
 
 
 
 
 
 

 
 

 

 

Examensarbete
LITH-ITN-ED-EX--05/003--SE

Spacecraft Interface Standards
Analysis and Simple Breadboarding

Birgitta Ljunggren

2005-03-14



LITH-ITN-ED-EX--05/003--SE

Spacecraft Interface Standards
Analysis and Simple Breadboarding

Examensarbete utfört i Elektronikdesign
vid Linköpings Tekniska Högskola, Campus

Norrköping

Birgitta Ljunggren

Handledare Hans-Jakob Schneider
Examinator Shaofang Gong

Norrköping 2005-03-14



 

Rapporttyp
Report category

  Examensarbete
       B-uppsats
       C-uppsats
       D-uppsats

    _ ________________

Språk
Language

       Svenska/Swedish
       Engelska/English

    _ ________________

Titel
Title

Författare
Author

Sammanfattning
Abstract

ISBN
_____________________________________________________
ISRN
_________________________________________________________________
Serietitel och serienummer             ISSN
Title of series, numbering                   ___________________________________

Nyckelord
Keyword

Datum
Date

URL för elektronisk version

Avdelning, Institution
Division, Department

Institutionen för teknik och naturvetenskap

Department of Science and Technology

2005-03-14

x

x

LITH-ITN-ED-EX--05/003--SE

http://www.ep.liu.se/exjobb/itn/2005ed/003/

Spacecraft Interface Standards Analysis and Simple Breadboarding

Birgitta Ljunggren

I detta examensarbete undersöks 12 olika data kommunikationsstandarder mellan vilka det också görs en
jämförelse. Jämförelsen mål är att få reda på vilken eller vilka av standarderna som är bäst lämpade för
framtida rymdapplikationer. Förutom detta har också ett testsystem för en av standarderna
(MIL-STD-1553) byggts upp med hjälp av FPGA teknologi. Examensarbetet utfördes i samarbete med
Contraves Space AG i Zürich, Schweiz.

datakommunikation, standard, interfaces, communication, MIL-STD-1553, CAN, GPIB, FireWire,
SpaceWire, USB, RS-422, WLAN, Bluetooth, ZigBee, 1-Wire, IEEE1451



Upphovsrätt

Detta dokument hålls tillgängligt på Internet – eller dess framtida ersättare –
under en längre tid från publiceringsdatum under förutsättning att inga extra-
ordinära omständigheter uppstår.

Tillgång till dokumentet innebär tillstånd för var och en att läsa, ladda ner,
skriva ut enstaka kopior för enskilt bruk och att använda det oförändrat för
ickekommersiell forskning och för undervisning. Överföring av upphovsrätten
vid en senare tidpunkt kan inte upphäva detta tillstånd. All annan användning av
dokumentet kräver upphovsmannens medgivande. För att garantera äktheten,
säkerheten och tillgängligheten finns det lösningar av teknisk och administrativ
art.

Upphovsmannens ideella rätt innefattar rätt att bli nämnd som upphovsman i
den omfattning som god sed kräver vid användning av dokumentet på ovan
beskrivna sätt samt skydd mot att dokumentet ändras eller presenteras i sådan
form eller i sådant sammanhang som är kränkande för upphovsmannens litterära
eller konstnärliga anseende eller egenart.

För ytterligare information om Linköping University Electronic Press se
förlagets hemsida http://www.ep.liu.se/

Copyright

The publishers will keep this document online on the Internet - or its possible
replacement - for a considerable time from the date of publication barring
exceptional circumstances.

The online availability of the document implies a permanent permission for
anyone to read, to download, to print out single copies for your own use and to
use it unchanged for any non-commercial research and educational purpose.
Subsequent transfers of copyright cannot revoke this permission. All other uses
of the document are conditional on the consent of the copyright owner. The
publisher has taken technical and administrative measures to assure authenticity,
security and accessibility.

According to intellectual property law the author has the right to be
mentioned when his/her work is accessed as described above and to be protected
against infringement.

For additional information about the Linköping University Electronic Press
and its procedures for publication and for assurance of document integrity,
please refer to its WWW home page: http://www.ep.liu.se/

© Birgitta Ljunggren



THESIS WORK 

Department of Science and Technology         Professor: Shaofang Gong 
Linköpings Universitet   
SE-601 74 Norrköping, Sweden 

 
 
 

Spacecraft Interface Standards Analysis 
and 

Simple Breadboarding 

 

 
Birgitta Ljunggren 

 
2005-03-14 

 

 

 



 
 

 



 
 

 

ABSTRACT 
 

This report is a result of a thesis work done for Linköping University at Contraves Space AG in 
Zürich, Switzerland. The aim was to perform an analysis of 12 spacecraft interface standards and 
to construct a simple breadboard, which should work as a test system. 

The conclusion of the extensive analysis is that SpaceWire, MIL-STD-1553 and CAN are the most 
interesting interfaces for future data communication in spacecrafts. In the breadboard part of the 
work, a test system was built and data gathered with help from a demonstration program that came 
with one of the components. 
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1 INTRODUCTION 

Electrical interfaces are needed where parts of electrical circuits are separated from each other but 
still need to communicate with each other. On spacecraft this is mostly the case between sensors 
and actuators and the corresponding command- and control electronics.  

A rather simple interface is specified by European Space Agency (ESA) in the TTC-B01 standard. 
For higher data rates the common MIL-STD-1553 interface specified by the US military is widely 
used. Over the years, the industry defined many other interfaces dedicated to specific needs. 
However, as of today there is no spacecraft interface standard defined by ESA or NASA. 
Contractors either define their own interface or have to decide which one to choose from the many 
available in the commercial market: a tedious task with every new project. 

To speed up the interface selection process for future projects at Contraves Space AG, a basis for 
decision making is needed. It was decided to analyze the current market situation and document it 
in a report. 

 

1.1 Purpose 

The purpose of this document is to give an overview of the currently available wired and wireless 
interface standards, as well as to identify the main performance characteristics. This report 
summarizes the analysis performed on the following standard interfaces that were chosen by 
Contraves Space:  
a) MIL-STD-1553 
b) Simple parallel interface – GPIB (IEEE 488) 
c) CAN-Bus (ISO 11898/11519) 
d) SpaceWire (IEEE 1355 and ECSS-E-50-12) 
e) FireWire (IEEE-1394) 
f) USB 
g) RS-422 (with TTC-B01 Protocol) 
h) RS4-22 (with PC-Protocol) 
i) WLAN (IEEE 802.11) 
j) Bluetooth 
k) ZigBee and IEEE 802.15.4 
l) 1-Wire 
m) IEEE 1451 
 
This document will also present a test system of a MIL-STD-1553 interface using FPGA 
technology. The purpose of such a test system is for Contraves Space AG to get to know this 
particular standard better, since Contraves Space will probably apply it to a future project. 
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1.2 Scope 

The goal of the current task is to perform a thorough analysis of selected interfaces and document 
the results in a report. The report shall give not only an overview but shall serve the decision-maker 
as a basis to select the right interface for the intended application.  

The report shall be clearly structured and explain the advantages and the disadvantages of the 
selected interfaces for space application. It shall contain enough details to allow an interface 
selection based on solid engineering judgement. 

The topics to be covered shall be at least the transmission rate, power consumption, sensitivity to 
electromagnetic interference (EMI), design complexity, interface area/volume needed, and 
parts/components needed and their availability. 

A possible solution for the MIL-STD-1553 interface shall be demonstrated in a simple breadboard 
using an FPGA; the FPGA shall be based on VHDL. 

 

1.3 Structure of the report 

The first part of this report describes 12 different data communication interfaces and analyzes their 
complexity and functioning. All but one of them are analyzed in detail; thus, IEEE Standard 1451 is 
only theoretical described since it is partly brand new and not yet released. The interfaces are first 
described very briefly and their history is also mentioned. Thereafter, every interface is described 
as to how it works and more precise information from manufacturers follows. Finally a comparison 
is made between the interfaces with respect to particular factors.  

The second part of this report describes the MIL-STD-1553 test system that was built. The system 
was built up of a PCMCIA card, a development kit and cables, all MIL-STD-1553 verified. The goal 
was to gather data from a temperature sensor placed as a component on the development kit. 

 

1.4 Presentation of Contraves Space 

Contraves Space is the world's leading supplier of payload fairings for launch vehicles built in 
composite technology. Composite technology makes the fairings lightweight yet extremely rigid, 
essential characteristics for protecting satellites on their journey into space. Contraves Space 
also develops and manufactures spacecraft structures and high-precision mechanisms for 
satellites, scientific instruments for space research, and optical inter-satellite communication links 
for global telecommunications. 

The company is a contractor for institutional customers like ESA as well as commercial customers 
like European and American satellite launch operators. Contraves Space developed the fairings for 
Europe’s first launch vehicle, the Ariane 1, which made its maiden flight in the year of 1979. Since 
then, the company has been responsible for over 160 payload fairings built for the Ariane 
generations 1 through 5. 

The headquarter is placed in Zürich (Switzerland) and the company employs approximately 300 
staff, around half of whom are highly qualified engineers. 
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2 ANALYSIS DETAILS  

In this chapter each standard will be analyzed. First a short overview over the standards is given. 
Later in the chapter each interface is described in more detail and thereafter a comparison is made 
between the standards. 

2.1 Overview and History  

In the subsections below the different interfaces are presented, along with their background. 

2.1.1 MIL-STD-1553 

The MIL-STD-1553b is a military standard for a multiplex data bus suited for aircraft. The standard 
defines electrical and protocol characteristics for the data bus which is to be used as a medium for 
the exchange of data between systems. There is also a previous version, MIL-STD-1553a, that has 
been used in U.S. Air Force’s F-16 and in the U.S. Army’s attack helicopter AH-64A Apache. After 
the initial use of this first standard, it was obvious that improvements and additional capabilities 
were needed and the second version, 1553b, was created. Both standards were developed by a 
subcommittee of the Society of Automotive Engineers (SAE) [RD-1]. 

2.1.2 Simple Parallel Interface – GPIB 

GPIB is an abbreviation for General-Purpose Interface Bus. It was intended to be a reliable bus 
system designed for interconnecting computers and instruments. Hewlett Packard invented the 
original bus system, called Hewlett Packard Interface Bus (HPIB), at the end of the 1960’s. The bus 
became known as GPIB in 1973 when the IEEE made it to a standard after the bus had succeeded 
and proved its reliability. The standard has two names: IEEE Standard 488.1 and IEC60625.1. The 
latter is a standard from the International Electronic Commission (IEC), which is responsible for 
international standardization outside USA. The only difference between the standards is that the 
IEEE488.1 uses a 24-pin connector while the IEC60625.1 uses a 25-pin connector. Today, the 24-
pin connector is always used and therefore the focus in this report will be on the IEEE standard 
[RD-2]. 

2.1.3 CAN bus 

In 1983 the development of a standard bus interface called Controller Area Network (CAN) started 
at the company Robert Bosch GmbH in Germany. The purpose of the bus was to create faster and 
more interference-resistant networking in motor vehicles [RD-4]. After two years the first CAN bus 
protocol was completed including a CPU interface. Intel started cooperation with Robert Bosch 
GmbH and started the chip development. Intel produced the first chip in 1987 [RD-3].  
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2.1.4 SpaceWire 

SpaceWire is a standard that enables reliable sending of data at high speed between different units 
and is especially designed for space applications. The standard specifies the physical 
interconnection media and data communication protocols that make the transfer possible. The 
SpaceWire standard is partly based on the IEEE Standard 1355-1995, but improvements have 
been made to improve ruggedness, power consumption and electromagnetic compatibility (EMC) 
performance, and to eliminate other problems that exist in the IEEE Standard 1355-1995. Major 
differences are, for example, that the cable the IEEE Standard 1355-1995 uses is not suitable for 
space applications and the recommended connector is not rugged enough for space applications. 
The SpaceWire standard was developed by the European Cooperation for Space Standardisation 
(ECSS), which is a cooperative effort of the ESA, national space agencies and European industry 
associations for the purpose of developing and maintaining common standards [RD-5]. 

2.1.5 FireWire 

In the mid-80s FireWire was created by Apple Computers. It was a method of transferring data 
between hardware drives. After a few years Apple thought that this method could also be used in 
data communication with different external units. They handed over the idea to the IEEE, and in 
1995 the IEEE Standard 1394 was finished [RD-6]. 

The IEEE Standard 1394 specifies a high-speed serial bus which is intended to provide an 
interconnection between cards on the same backplane, cards on other backplanes and external 
peripherals for a low cost. FireWire has three main applications, namely, providing a serial bus on a 
system that already has a parallel bus, a low-cost peripheral bus and a bus bridge [RD-7]. For the 
purpose of this report, the focus will be on the function as a low-cost peripheral bus in a cable 
environment. 

2.1.6 USB 

Compaq, Intel, Microsoft and NEC developed the first version of the Universal Serial Bus (USB 1.1) 
in 1998. Their goal was to develop a standard for data transmission between a personal computer 
(PC) and peripheral devices, which was easy to use and allowed port expansion. USB specifies a 
serial cable bus that is fast, bi-directional, low-cost and dynamically attachable [RD-8]. 

In the year 2000, the USB 2.0 standard was released. The companies involved were the same as 
in the USB 1.1 version with the addition of Hewlett-Packard, Lucent and Philips. The main purpose 
of this newer version was to adjust the USB interface to the higher data rates [RD-9]. 

2.1.7 RS-422 

The RS-422 standard is a standard for balanced voltage digital interface circuits and was 
developed by The Electronics Industry Association (EIA) in 1978. RS-422 specifies only the 
electrical characteristics of the interface; a protocol is not defined. The standard can be used in 
point-to-point and point-to-multipoint interconnections of serial binary signals between digital 
equipment [RD-10]. RS is an abbreviation for Recommended Standard. The name RS-422 is now 
changed to EIA/TIA-422 to identify the standards organization, where TIA is an abbreviation for 
Telecommunications Industry Association [RD-11]. In this document this standard will be named 
RS-422, since that is still today the most commonly used name. 
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2.1.8 IEEE 802.11a/b/g 

The IEEE developed the Wireless Local Area Network (WLAN) standard in 1997. The name of the 
standard is IEEE Standard 802.11. The purpose of the standard is to develop a specification for 
medium access control (MAC) and physical layer (PHY) for wireless communication for fixed, 
portable and moving stations within a local area. Examples of stations suitable for this application 
are automatic machinery and equipment or stations that require rapid deployment [RD-12]. 

2.1.9 Bluetooth 

In 1994, a Swedish company, Ericsson, decided to develop a low-power, low-cost radio interface. 
The idea of the interface was to build it into devices in order to replace a cable for the connection 
between two devices, for example a computer and a cellular telephone. The work began, and after 
some time the technology showed it had potential of becoming a network of its own. In 1998 a 
number of companies joined Ericsson and formed a Special Interest Group (SIG) in order to create 
a standard for the interface and avoid having the technology become the property of a single 
company. The first Bluetooth specification was released in 1999. Since then the SIG examines 
further development, frequency band harmonization and works on the promotion of Bluetooth. 
Companies involved in the SIG are IBM, Intel, Agere Systems, Microsoft, Motorola, Nokia, Toshiba 
and 3Com [RD-13]. 

2.1.10 IEEE 802.15.4 and ZigBee 

IEEE developed in 2003 a standard named 802.15.4 with the purpose to define a protocol and 
interconnection of devices in a Wireless Personal Area Network (WPAN). Manufacturers and 
developers have another name for 802.15.4 applications, namely ZigBee. The standard defines a 
simple, short-range, low-cost communication network of the low-rate type, which means low 
throughput, but with the advantage of demanding less power [RD-14]. 

2.1.11 1-Wire 

The 1-Wire protocol was originally developed by Dallas Semiconductor, now named Maxim-IC, with 
the purpose of transferring data over one wire. The main application today is enabling 
communication between nearby devices, but in the beginning it was about adding auxiliary memory 
on a single microprocessor pin. After some time, users began making unique applications with ever 
growing distances between interconnected devices, and that is also the status of today [RD-15]. 

2.1.12 IEEE 1451 

IEEE Standard 1451 is a just-approved standard of a smart transducer interface. The standard 
consists of four different parts and each part has its own working group. The P1451.1 working 
group defined a standardized object model for smart transducers and interface specifications for 
the components of the model. The P1451.2 group worked on defining a standard for the 
interconnection between the transducer and a network interface. A third working group, P1451.3, 
defined a digital communication interface for distributed multi-drop systems. The P1451.4 group 
defined a mixed-mode communication protocol for smart transducers [RD-57]. By October 2004 the 
IEEE Standards 1451.1, 1451.2 and 1451.3 were published. The Standard 1451.4 was approved in 
August 2004, but will not be published until six months after the approval. Since the standard is so 
new, it will not be described in this report in the same detail as the other more established 
interfaces, nor will it be included in the comparison section [RD-58]. 
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2.2 Interface Analysis 

In this section the interfaces will be presented in detail. For every interface a system description is 
presented, to explain how it works and how a complete system is built. Each interface has also an 
application section, in which it is mentioned in what kinds of applications the interface normally is 
used. In the last part of every interface section, different manufacturers are presented with their 
solutions. Naturally not every manufacturer can be mentioned; the largest and perhaps best known 
are presented here. For numerical information from the manufacturers, please refer to appendix A.  

Sometimes the words “radiation-hard” or “radiation-tolerant” are mentioned in the manufacturer 
section of every sub-chapter. These words mean that the components are specially manufactured 
for space applications. The difference between the two expressions is negligible. In space no 
commercial components can be used; they do not tolerate the radiation that is present. 

2.2.1 MIL-STD-1553 

System Description 
A MIL-STD-1553b system consists of at least two units, a bus controller (BC) and a remote terminal 
(RT), with a subsystem or a bus controller and a subsystem with embedded remote terminal. A 
visualization of the two different configurations is shown in Figure 2-1. Another unit sometimes 
needed is a bus monitor (MT), which listens to all messages and subsequently collects data from 
the bus. Applications of the collected data can, for example, be on-board bulk storage or remote 
telemetry [RD-16]. 

Bus controller
Subsystem with

embedded
remote terminal

Remote terminal

Subsystem(s)

Bus controller

Optional
redundant

cables

Optional
redundant

cables

Data bus

Data bus

 

Figure 2-1. MIL-STD-1553 bus system 



ANALYSIS DETAILS 
 

 7

The BC is the unit that initiates all information transfer on the data bus. The data bus itself consists 
of hardware such as twisted shielded pair cables and isolation transformers. It provides a single 
data communication path between the BC, MT and all RTs connected to the bus. A RT is an 
electronic module that is necessary to connect the subsystem to the data bus or the data bus to the 
subsystem. The RTs may be contained within the elements of the subsystem or exist as separate 
line-replaceable units (LRUs) i.e. black boxes. A subsystem is a device or a functional unit 
receiving data transferred from the data bus through a remote terminal. The optional redundant 
cables are also data buses that can be used to provide more than one data path between 
subsystems. For better insight in how the connection between the data bus and the units is built up, 
the data bus interface using transformer coupling is shown in a block diagram in Figure 2-2 [RD-
16]. 

Termination
resistor

Bus shield

Isolation
resistors

Coupling
transformer

Transmitter/
Receiver

Isolation
transformer

Terminal

Data bus
wire pair

Max 20ft

Shielding

 

Figure 2-2. MIL-STD-1553 data bus interface using transformer coupling 

Figure 2-2 shows one way of how a remote terminal can be connected to a bus. In the figure is only 
one RT shown, for a complete bus system more units are needed as shown in Figure 2-1. The RT 
in Figure 2-2 uses only one data bus line. As shown in Figure 2-1, there could be additional buses 
in the bus system and in such a case, a transmitter/receiver pair for each additional bus is needed 
[RD-16]. 

The cable used for the bus has two conductors that are twisted and shielded. According to the MIL-
STD-1553 should the wire-to-wire capacitance be equal or less than 30.0 pF per foot and the 
cables should be formed with at least four twists per foot. The standard also defines the cable 
shield, which should cover at least 75 percent. The nominal characteristic impedance (Z0) of the 
cable should, at a frequency of 1.0 MHz, be between 70 Ohms and 85 Ohms. At each end of the 
bus cable a termination resistance is required, which should equal Z0 within 2 percent. The coupling 
transformers shown in the figure should have a turn’s ratio of 1:1.41 ± 3.0 percent, with the higher 
turns on the isolation resistor side. The just mentioned isolation resistors should have a value of 
0.75*Z0 ± 2 percent [RD-16]. 

Another solution for the data bus interface in MIL-STD-1553 is one that uses direct coupling. An 
example of such an interface is shown in Figure 2-3. The main difference, aside from the absence 
of the coupling transformer, is that the isolation resistors are placed in the remote terminal with a 
value of 55 Ohms ± 2.0 percent and that the stub length should not exceed one foot [RD-16]. 
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Figure 2-3. MIL-STD-1553 data bus interface using direct coupling 

The electronic hardware between RTs, BCs and MTs does not differ much. All of them must have 
transmitters, receivers, encoders and decoders to be able to format and transfer data. Naturally, 
they are all also in need of protocol control logic. This is where the difference between the RT, BC 
and MT can be found, though, only in the form of different instruction sets [RD-1]. 

The data is transmitted on the two wires, where one is a dedicated “plus” and the other “minus”. 
The signal is then differentially transmitted, where the voltage levels used are described in Table 
2-1 and Table 2-2. All the mentioned voltage levels are peak-to-peak amplitude measurements, 
line-to-line. The measurements for the terminals shall be done with a test construction (see Figure 
2-4) and the measurements for the stubs are done just outside the terminal [RD-16]. 

 

TERMINAL A RL

 

Figure 2-4. MIL-STD-1553 test set-up for terminal characteristic measurements (made at 
point A) 

 

Table 2-1. MIL-STD-1553 terminal requirements1 

Requirements Transformer coupled Direct coupled 
Input level 0.86 – 14.0 V 1.2 – 20.0 V 
No response (by input) 0.0 – 0.2 V 0.0 – 0.28 V 
Output level 18.0 – 27.0 V 6.0 – 9.0 V 

 
                                                      
1 See RD-16 page 25-26 
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Table 2-2. MIL-STD-1553 stub voltage requirements 

Requirements Transformer coupled Direct coupled 
Range 1.0 – 14.0 V 1.0 – 20.0 V 
 
Applications 
As mentioned in section 2.1.1 MIL-STD-1553 was initially used by the U.S. Air Force and the U.S. 
Army. When the standard was being used in the U.S. Air Force, other values from the above 
mentioned were used. The actual, not nominal, characteristic impedance was then between 70.0 
Ohms and 85.0 Ohms at a frequency of 1.0 MHz, and the continuous shielding should have 
coverage of at least 90 percent. Furthermore, the U.S. Air Force used transformer coupling as 
shown in Figure 2-2 and dual redundant stand-by data buses. “Dual” denotes the usage of two data 
buses, and “stand-by” means that only one bus at a time can be active [RD-16]. 

 

Manufacturers 
DDC 

Data Device Corporation (DDC) has a number of MIL-STD-1553 products. All but one of them are 
not radiation-tolerant. The single radiation-tolerant device (BU-61582) can implement all three 
functions of a unit in a MIL-STD-1553, i.e. RT, BC and MT. BU-61582 integrates a dual transceiver, 
RAM, processor interface logic and the MIL-STD-1553 protocol [RD-72]. 

 

Actel 

The company Actel provides products like RTs, BCs and MTs for MIL-STD-1553 applications. 
These are intellectual properties to be implemented in a FPGA from Actel. The products are 
complete for application apart from the transceivers that are required to interface the bus. Actel 
does not have any transceiver solutions of its own but recommends solutions from DDC, Holt and 
Aeroflex [RD-17]. 

There is a wide variety of FPGAs for military and aerospace applications from Actel. However, only 
two of them are of radiation-hard type and they are only capable of, at the most, implementing the 
RT. For the other functions, there are not enough available resources. One recommended in the 
MIL-STD-1553 data sheets from Actel is the RT54SX32S [RD-18]. 

Most transceivers from DDC are, unfortunately, not radiation-tolerant [RD-19], but Holt has a 
radiation-tolerant 5 V dual transceiver. Further, Holt recommends transformers from Technotrol and 
Premier Magnetics [RD-20]. 
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Aeroflex 

For a MIL-STD-1553 radiation-hardened application, the SµMMIT family is provided by Aeroflex. 
SµMMIT derives its name from serial, µ-coded, monolithic, multi-mode, intelligent, terminal. There 
are different solutions available: UT69151 SµMMIT E, LXE and DXE. The UT69151 SµMMIT E 
supports only a ±5 V supply and does not have an internal transceiver. Both the UT69151 SµMMIT 
LXE and DXE have internal transceivers; the only thing that differs is that DXE only has ±5 V 
supply while the user is able to choose between ±15 V, ±10 V or ±5 V in an application with LXE. 
The SµMMIT is a single-chip device that implements all three of the defined MIL-STD-1553 
functions: RT, BC and MT [RD-21]. 
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2.2.2 GPIB 

System Description 
The standard applies to interfaces of instrumentation systems in which the data communication is 
digital, the number of devices is at most 15 and the maximum interconnection distance is 20 
meters. The intention of the GPIB is to enable direct communication between units without 
requiring all messages to be routed through a control or intermediate unit. It should further be a 
low-cost system and have easy-to-use features. The GPIB is best used in environments where the 
physical distance between devices is short and where electrical noise is low [RD-22]. 

To start with, a block diagram of a device and its connection to the interface bus is shown to the left 
in Figure 2-5. The user is free to define preferred device functions (the part at the top, left-hand 
side of Figure 2-5), but may not define any new capabilities beyond the standard for the rest of the 
device. To show more deeply what GPIB actually is, another block diagram is presented to the right 
in Figure 2-5. This figure shows the interface containing a set of 16 signal lines. The cable should 
contain at least twenty-four conductors that will be discussed later. The sixteen signal lines are 
organized into three sets. One set is the actual data bus, which contains eight signal lines. Another 
set is the data transfer control bus, consisting of 3 signal lines. The last five signal lines make up a 
general interface management bus [RD-22]. 

 

Device functions

Interface functions

Message coding

Drivers and      receivers

Interface bus

Device
A

Device
B

Device
C

Device
D

Data  transfer
control

General
interface
management

Data bus

 

Figure 2-5. GPIB bus system 

As mentioned earlier, the cable should contain at least twenty-four conductors and the conductors 
not used as signal lines should be used for overall shield. There are two cable construction 
recommendations in the IEEE standard. One recommendation is to use a twisted pair in the core of 
the cable; the data signal lines should then be contained around the periphery of this core. The 
other solution is to use twisted pair conductors for all sixteen signal lines; each of these lines must 
then be twisted with a conductor to ground [RD-22]. 

A view of a typical signal line is shown in Figure 2-6. Only a single driver and receiver may be 
connected to each signal line. Each signal line has to be terminated with a resistor, in order to 
establish a steady-state voltage when all drivers on a line are in high-impedance state and to 
maintain uniform device impedance. Another reason for the load is to improve noise immunity [RD-
22]. 
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Figure 2-6. GPIB - typical signal line 

When a data signal is received, it is interpreted as the logic state 0 when the voltage is greater or 
equal to +2 V. This state is also known as “high” state. The opposite, “low”, corresponds to voltage 
levels less than or equal to +0.8 V. The high and low states are based on TTL levels for which the 
power source does not exceed +5.25 V dc and is referenced to logic ground. Voltage levels used 
by the receiver and transmitter are shown in Table 2-3 [RD-22]. 

 

Table 2-3. GPIB transmitter and receiver requirements 

Function Logical state Voltage level 
Transmitter Low state (1) < +0.5 V at +48 mA Isink 
Transmitter High state (0) ≥ +2.4 V at –5.2 mA 
Receiver Low state (1) ≤ +0.8 V 
Receiver High state (0) ≥ +2.0 V 
 
Applications 
GPIB is today a widespread interface that is used in nearly every communication instrument in the 
$1000 class and above. The transfer rate of 8 Mbps has been sufficient for most applications since 
the birth of the GPIB interface. The computers of today may, though, sometimes need a faster 
transmission rate than that offered by the GPIB, but for most applications GPIB is sufficient [RD-2]. 

 
Manufacturers 
ines 

The company ines provides a hardware part called iGPIB. It is an interface between a 
microprocessor system and the GPIB bus. There are four variants of the iGPIB, namely iGPIB 
9914, iGPIB 7210, iGPIB 72010 ISA and iGPIB 72010 PCMCIA. All variants meet the requirements 
of the standards IEEE488.1 and IEEE488.2 and include built-in GPIB bus transceivers [RD-23]. 
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2.2.3 CAN Bus 

System Description 
The topology of the CAN bus is a normal bus topology, which can be seen in Figure 2-7. Only the 
different units’ driver efficiency limits the number of units that can be connected to the bus. At each 
end of the bus a termination resistance is placed to avoid reflections [RD-3]. 

A CAN bus system consists usually of a bus wire, bus terminations and a bus station that consists 
of a micro controller, a CAN controller and a bus driver (see Figure 2-8). The function of the micro 
controller is to edit the data just received or about to be transmitted and to control the 
communication. A CAN controller is an interface to the physical bus wire. It realizes the basic 
functions of the CAN bus, such as bus arbitration, error handling, bit stuffing and computation of the 
cyclic redundancy check (CRC) control sum. Normally the microprocessor and the CAN controller 
are integrated in one building block. The bus driver transmits and receives the data levels from the 
bus and adjusts the levels. The bus wire is the transmission media and it can be implemented in 
different ways, which will be discussed later. Last but not least, the bus terminations take away any 
reflections on the bus wire that may come from high-frequency signals [RD-3]. 

 

Unit 1 Unit 3 Unit 5

Unit 2 Unit 4

RR

 
 

Figure 2-7. CAN bus system 
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Figure 2-8. CAN bus station architecture 

A specification of the cable is not included in the CAN specification. There are, though, three 
different solutions described in reference document RD-3. Twisted pair is one solution that is most 
often used in CAN implementations and is probably also the most economic one. To improve the 
protection from electromagnetic radiation, the two wires are often fed with different voltage 
potentials. Another solution is the coaxial cable, which has isolation around itself protecting it from 
the outside environment. The electrical field that occurs when voltage is applied stays in between 
the inner and outer wire, which is one advantage of the coaxial cable. In a CAN bus implementation 
a coaxial cable is only used when other shielding against noise influence is not guaranteed [RD-3]. 

A CAN system does not have a bus controller; thus, the bus access is determined by non-
destructive arbitration. Non-destructive means the arbitration winner does not have to start 
transmitting the message from the start again. This is only the case when two or more stations 
want to send data at the same time. The winner is the station with the lowest binary number in the 
identifier part of the package sent. When a winner is chosen, the other stations will automatically 
become receivers and have to wait for a new try to transmit until the bus is idle once again [RD-3]. 

The logical levels are named “recessive” and “dominant”. The rule is that a dominant bit wins over a 
recessive bit. An example of arbitration is shown in Table 2-4, where “r” is for recessive and “d” is 
for dominant. As can be seen, station A is the first station to lose, and the winner after nine bits is 
B, who then will continue to send. The RTR bit at the end of the arbitration field is a remote 
transmission request that shows if a data frame is a data frame (RTR dominant) or a request frame 
(RTR recessive) [RD-3]. 
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Table 2-4. Arbitration by CAN bus 

Station Start-
bit Arbitration field 

  Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8 Bit 9 Bit 10 Bit 11 RTR 

A d r r d r r Station A looses the arbitration 

B d r r d r d d r r d r r r/d 

C d r r d r d d r r r C looses the arbitration 

              

BUS d r r d r d d r r d r r r/d 

 

The CAN bus uses differential signaling over the two wires that make up the bus. Information about 
the voltage levels of CAN_L and CAN_H (the two wires) are described here below [RD-3]2. 

 Recessive bit = 1:  CAN_H < CAN_L 

 Dominant bit = 0:  CAN_H > CAN_L 

An example of what the signal ideally looks like is presented in Figure 2-9. Notice, though, that 
there is a propagation delay between the signal VTXD and the CAN_L and CAN_H signals [RD-47]. 

 

 

Figure 2-9. Voltage levels of the signals CAN_L and CAN_H 

 
Applications 
The CAN interface was initially thought of for use in the automobile industry. Nowadays, however, 
the interface is used in bus systems in many fields of industry. The features of low cost, ability to 
function in a difficult electrical environment, a high degree of real-time capability and ease of use 
make CAN an attractive interface in many market areas [RD-24]. 

 

                                                      
2 A more detailed description of the voltage levels were not possible, since the source RD-3 does not clearly 
explain the signal levels and since the author of this report suspect a typing error in source RD-3. Other 
sources of information have been found, but none of them has a clear overview. 
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Manufacturers 
Robert Bosch 

As the inventor of the CAN bus, Bosch has naturally a couple of possible solutions for 
implementing the interface. Bosch has CAN IP modules available in VHDL source code and as 
FPGA netlists. Another part is the most basic part, the CAN core, which consists of a protocol 
controller and a shift register. To these modules a transceiver is additionally needed; other parts 
needed vary depending on the application. There are, at the time of writing, five transceivers 
offered by Robert Bosch. They all have a 5 V power supply. In two of them the user can choose 
between high- or low-speed mode, which means transmission rates of 500 kbps and 125 kbps, 
respectively. The other three transceivers can transmit and receive data at rates up to 1 Mbps. The 
data rates mentioned are achievable by using either shielded or non-shielded pair of wires [RD-24]. 

 

Philips 

Philips Semiconductors offers at least two different solutions. One simple solution is the part 
P8xC592, which is an eight-bit microcontroller with on-chip CAN. The P8xC592 contains everything 
needed for a complete interface: a transceiver, a CAN controller and all normal functions of a 
microcontroller. Another solution is one that consists of three parts. A CAN transceiver is then used 
to access the bus and controls the logic level signals from a CAN controller into the physical levels 
on the bus and vice versa. The CAN Controller implements the complete CAN protocol as defined 
in the CAN specification. A module controller, i.e. a microcontroller, which performs the functionality 
of the application, controls all the CAN functions. The transceiver has the part number 
PCA82C250/251, and the name of the controller is SJA1000 [RD-25]. 

 

Infineon 

The company Infineon has a solution for the CAN interface. It consists not of one part, though, but 
three. The parts needed are a CAN transceiver, a microprocessor or microcontroller and a voltage 
regulator. The transceiver’s name is TLE6250 and there are two versions available, one for 5 V 
logic and one for 3.3 V logic. Additional voltage supply is required by the 3.3 V version [RD-26]. 

 

Atmel 

Atmel offers a radiation-hard CAN controller with integrated transceivers. The only additional part 
sometimes needed is a microcontroller [RD-27]. 
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2.2.4 SpaceWire 

System Description 
SpaceWire is a point-to-point serial data link, which encodes data using two differential signal pairs 
in each direction, for a total of eight signal wires. Two signal pairs are dedicated to data in and out, 
and the other two wire pairs carry data strobe signals in and out. Interconnection distances of up to 
10 m are covered with this interface. The physical link is built up of four twisted pair wires with a 
separate shield around each twisted pair and an overall shield. The signaling technique between 
the units is low-voltage differential signaling (LVDS). The balanced signals that are used by the 
LVDS provide very high-speed interconnection through the usage of a low-voltage swing. A typical 
value for the low-voltage swing is 350 mV. This type of signaling provides adequate noise margin to 
enable the use of low voltages in real systems. Low-voltage swing also means low power 
consumption at high speed. A schematic over how a SpaceWire system can be built up is shown in 
Figure 2-10. The operation of the LVDS is pictured in Figure 2-11 [RD-5]. 

 

Encoder DecoderReceiver

Connectors Connectors

SpaceWire

Driver

 

Figure 2-10. Block diagram of a SpaceWire system 

 

 

Figure 2-11. Operation of LVDS 
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The LVDS driver uses current-mode logic, which is shown in Figure 2-11. A constant current 
source provides a current flowing out of the driver, over the transmission medium, through the 
termination resistor and back to the driver. The transistors in the driver control the direction of the 
current. When the transistors marked with a “+” are turned on and the other two marked with a “-” 
are turned off, the current will travel as indicated by the arrows in the figure. When the “-“ marked 
transistors are turned on and the ones with “+” are turned off, the current will flow in the opposite 
direction. The two different current directions create a positive or, respectively, negative voltage 
level of around +/- 350 mV across the termination resistor. The signal levels are shown in Figure 
2-12 and Figure 2-13 [RD-5]. 

 

 

Figure 2-12. Voltage across 100 Ohm termination resistor in a SpaceWire interface 

 

 

Figure 2-13. SpaceWire receiver input thresholds 

LVDS has many features that make this type of data signaling very attractive. One attractive 
feature is the power consumption, which typically is 50 mW per driver–receiver pair compared to 
other transistor configurations, for example emitter coupled logic (ECL) which needs 120 mW. 
Another nice feature is the low electromagnetic interference (EMI) values. This is possible since 
small equal and opposite currents create small electromagnetic fields which tends to cancel one 
another out. LVDS also has high immunity to induced noise because of the use of twisted-pair 
cable. Even switching noise on power supplies is not a problem since it is decreased by the nearly 
constant total drive current (+3.5 mA for logic 1 and –3.5 mA for logic 0) [RD-5]. 

SpaceWire uses data-strobe encoding, which means that the data bit stream to be transmitted is 
encoded using two data signals, data and strobe. The data signal is high when a 1 is transmitted 
and low when the data bit is 0. Whenever the data does not change from one bit to the next, for 
example when a 1 is followed by another 1, the strobe signal state changes (see Figure 2-14) [RD-
5]. 
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Figure 2-14. Data-strobe encoding 

A SpaceWire network consists of two or more SpaceWire nodes and possibly one or more 
SpaceWire routing switches. The routing switches forward the data streams by the use of routing 
tables. An example of a SpaceWire network is shown in Figure 2-15. The nodes are numbered N1 
to N9, and each node has only one SpaceWire link interface, while the routing switches have 4 
interfaces each and are numbered R1 to R4 [RD-5]. 

 

Figure 2-15. SpaceWire network 

 
EMC Influence and Sensitivity 
SpaceWire was developed to meet EMC specifications of a typical spacecraft. Testing covered 
radiation emission, radiated susceptibility, conducted susceptibility, conducted emission, 
electrostatic discharge, signaling rate, bit error rate, fault isolation and power consumption. The test 
results can be found in “Digital interface Circuit Evaluation Study Final Report” written by Parkers 
SM, Allinniemi T and Rastetter P and published by University of Dundee in March 2001 [RD-5]. 
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Applications 
As the name implies, SpaceWire was made for space applications. Test results showed that the 
cable specifications of the IEEE Standard 1355 were not suitable for space applications. Therefore, 
the company Gore was encouraged to develop SpaceWire space-qualified cables. From this 
development, ESA/SCC specifications have been produced in order to complement section 5 of the 
SpaceWire standard. The name of the specification is ESCC 3902/003 [RD-28]. 

Since SpaceWire is a relatively new standard, not all components are available as radiation-
hardened at the moment, for example, routers. However, there is at least one component that 
currently is being used in space missions, namely TSS901E from Atmel [RD-54]. 

 
Manufacturers 
Atmel 

For the SpaceWire interface, Atmel offers a radiation-hard high-speed controller with built-in 
transceivers. The customer can choose between two different controllers, one with three channels, 
the TSS901E, and one with one channel, the T7906E. Other parts needed for a complete interface 
are drivers, receivers and routers [RD-29]. At the time of writing, LVDS cells for drivers and 
receivers from Atmel are under evaluation [RD-54]. 

 

Aeroflex 

Radiation-hard LVDS drivers and receivers are offered by Aeroflex. Components available are 
quad receivers/drivers in 3.3 V or 5 V power supply versions [RD-70]. 

 

National Semiconductor 

DS90C031 and DS90C032 are a LVDS driver and receiver, respectively, with transmission rates 
over 155.5 Mbps. These two components will not be discussed further in this report, since the 
speed of SpaceWire (400 Mbps) is not confirmed in the data sheet [RD-75]. 

 

Texas Instruments 

Texas Instruments offers LVDS drivers and receivers with up to 400 Mbps, well suited for 
SpaceWire applications. However, none of them are radiation-tolerant, but there are two 
(SN55LVDS31/32) that are characterized for operation from -55° C to +125° C [RD-82]. 
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2.2.5 FireWire 

System Description 
As mentioned in section 2.1.5, FireWire has different working environments. In this report the focus 
is on the cable environment, which is a non-cyclic (no loops allowed) network of up to 63 nodes 
connected by point-to-point links3. These links are called physical connections and consist of a port 
on the physical layer of each node and a cable between the ports. The physical layer can have 
multiple ports, which allows a branching multiple-hop interconnection, which is shown in Figure 
2-16. The medium of transportation consists of two conductor pairs for signals and one pair for 
power and ground that connect ports on different units, i.e. a total of six wires as shown in Figure 
2-17. Each port consists of terminators, transceivers and simple logic and acts, together with the 
cable, as a bus repeater between the nodes to simulate a single logical bus [RD-7]. 

 

Figure 2-16. An example of a FireWire system 

                                                      
3 It may seem confusing, how a bus also can have the properties of a point-to-point link. The explanation lies 
in a thing called “arbitration”, i.e. the process by which the nodes compete for the ownership of the bus. The 
cable environment then uses a hierarchical point-to-point algorithm, while the backplane environment uses a 
bit-serial process of transmitting an arbitration sequence. 
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Figure 2-17. Cable used for FireWire 

The cable interface is shown in Figure 2-17. The electrical interface of the cable consists of two 
parts. One part is the TPA and TPB, which are two differential low-voltage, low-current, bi-
directional signals for the carrying of data bits or arbitration signals. The second part is the VP and 
VG, which is a power pair providing the current that the physical layer needs to repeat signals. 
Other major parts of the cable media interface are the cable connectors and the cable media itself. 
The cable connectors are small and rugged and provide six electrical contacts plus a shield. The 
cable media consists of two well shielded twisted pairs that carry the TPA and TPB with relatively 
high impedance and one signal pair for the VP and VG with relatively low impedance. The two 
twisted differential signal pairs can carry many kinds of data. During data transmission one of the 
signal pairs is dedicated to non-return-to-zero (NRZ) encoded data and the other one to a strobe 
signal4. Another mission for these signal pairs is to carry common-mode voltage, which decides 
data signaling rate (more about this later). A table showing the signals and their functions when 
transmitting data is provided in Table 2-5 [RD-7]. 

 

Table 2-5. FireWire signal functions by data transmission 

Signal name Comment 

VP Cable power 

VG Cable ground 

TPA* 

TPA 

Data on receive, strobe on transmit  

(differential pair) 

TPB* 

TPB 

Strobe on receive, data on transmit 

(differential pair) 

                                                      
4 How data signalling with strobe works is described in section 2.1.4. 
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When testing signal amplitudes from TPA and TPB, test circuits have to be built as shown in Figure 
2-18. With these two circuits, TPA and TPB should provide differential output signal amplitudes of 
172-265 mV, with 10 percent overshoot allowed. The differential output amplitude of TPA is 
measured between the TPA and TPA* pins, the TPB values are measured between corresponding 
TPB pins. The limit mentioned above should be met by the TPA voltage for all values of the 
common-mode5 current (Icm), which is specified in Table 2-7. The magnitude of TPB differential 
output voltage should be met whenever common mode voltage (Vcm) meets the specifications of 
Table 2-8 [RD-7].  

 

   

Figure 2-18. FireWire differential output test loads 

TPA is the source of the common-mode bias voltage relative to the power ground pin (VG). It 
should meet the values of Table 2-6 when speed signaling is on or off. The TPA common-mode 
output voltage is measured as the average of the voltages on the TPA and TPA* pins. These 
limiting voltage values should be met for all values of Icm as specified in Table 2-7. The current 
described in Table 2-7 is measured for the test loads shown in Figure 2-19 [RD-7]. 

 

Table 2-6. FireWire: TPA common-mode output voltage 

Condition Limit (V) 

Maximum 2.015 

Speed signaling off 1.665 

S100 speed signaling6 1.665 

S200 speed signaling 1.438 
Minimum 

S400 speed signaling 1.030 

 

Table 2-7. FireWire: TPB common-mode output current and TPA common-mode input 
current 

Data rate (mA) 

Speed_Tx = S100 Speed_Tx = S200 Speed_Tx = S300 Signal 

Max Min Max Min Max Min 

Common-mode signaling off 0.44 -0.81 0.44 -0.81 0.44 -0.81 

Common-mode signaling on 0.44 -0.81 -2.53 -4.84 -8.10 -12.40 

                                                      
5 Common mode is equal to speed signalling in FireWire interfaces. 
6 S100 means in FireWire applications a transfer rate of 100 Mbps, S200 means 200 Mbps and so on. 
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Figure 2-19. FireWire: common-mode current test loads 

When speed signaling is on, the TPB common mode signal driver should source the appropriate 
current to indicate the maximum data rate that can be received by this port. The TPB common-
mode speed signaling output current is measured as one half of the algebraic total current flowing 
out between the TPB and TPB* pins. This current should have values within the limits of Table 2-7 
for all values of common-mode input voltage (Vcm) specified in Table 2-8. The Vcm received at the 
TPB pin pair should remain within the limits shown in Table 2-8 relative to VG [RD-7]. 

 

Table 2-8. FireWire: TPB common-mode input voltage 

Condition Limit (V) 

Maximum 2.515 7 

Speed signaling off 1.165 

S100 speed signaling  1.165 

S200 speed signaling 0.935 
Minimum 

S400 speed signaling 0.523 

 

Last, the signal amplitude detection at the receiving end of the cable should be within the limits 
shown in Table 2-9. Arbitration comparators and receivers, at the receiving end of the cable, should 
operate with signals having amplitudes within the limits of Table 2-9. The TPA receivers and 
arbitration comparators should meet the input requirements for common-mode voltages as 
specified in Table 2-6, while the corresponding receivers and comparators for the TPB should meet 
the requirements for Vcm as specified in Table 2-8 [RD-7]. 

 

Table 2-9. FireWire: differential receive signal amplitude 

S100 (mV) S200 (mV) S300 (mV) 
Signal 

Max Min Max Min Max Min 

During arbitration 260 173 262 171 265 168 

During clocked data reception 260 142 260 132 260 118 

                                                      
7 For an end-of-wire power-consuming device, the maximum will be 2.015 since there is no need to budget for 
the 0.5 V power supply drop possible, which could occur when other devices would follow. 
9 A transmitter must conform to the eye pattern templates called out in Section 7.1.2 in USB Specification 2.0 
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Standard Improvements 
The IEEE has defined two amendments to the original IEEE Standard 1394. The first amendment, 
IEEE Standard 1394a, was published in the year 2000. It contained some performance 
enhancements, new cable and connector for a 4-pin variant (from the earlier 6-pin variant), and 
improvements in other areas that is beyond the scope of this report. The 4-pin variant does not 
include power supply line and ground line; they are excluded to simplify the cable for applications 
that have a power supply of their own, like battery-powered devices. The shell of the cable is then 
used as ground reference [RD-30]. 

The second amendment, IEEE Standard 1394b, was released in year 2002. This amendment 
contained improvements such as higher data rates and longer cable lengths. The maximum cable 
length for 1394 is 4.5 m. With the new 1394b, the maximum cable length is 50 m with the use of 
plastic optical fiber and 100 m with the use of glass optical fiber. Data rates like 800 Mbps and 
1600 Mbps are supported by 1394b. These are higher than the 400 Mbps which are offered by the 
1394 and 1394a. To make these improvements a 9-pin connector and cable were developed. The 
cable has TPA, TPB, VP and VG signals just like the first version of the 1394 interface; with an 
additional 3 pins for TPA ground reference, TPB ground reference and status connect [RD-31]. 

 
Applications 
Different manufacturers have different names for the IEEE 1394 Standard: some call it FireWire 
and others i.link or Lynx. Thanks to the standard’s high data speed and the use of isochronous 
data, FireWire can be used very easily for home or office networks or interconnections between 
professional audio, digital video, high-end digital still cameras, printers, high-speed external disk 
drives and other home or office electronics. The big difference between USB and FireWire is that 
FireWire with its longer distances and much higher powered bus is more suitable for devices like 
those mentioned above. USB is more commonly used for computer mice, keyboards and other 
lower-bandwidth input devices [RD-46]. 

 
Manufacturers 
Texas Instruments 

Texas Instruments offers transceivers with multiple ports for the FireWire interface. The user can 
choose between one, two, three or four port interfaces. All of the ports use one single 3.3 V power 
supply. The TSB41AB1, for example, provides one cable port, which incorporates one differential 
line transceiver. A link-layer controller (LLC) is additionally needed [RD-32].  
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2.2.6 USB 

System Description 
A USB system consists of USB devices and a USB host. There can only be one host in every USB 
system. The USB cable connects a USB host with the USB devices, which can be hubs or 
“functions”. Hubs provide additional attachment points to the USB and enable, therefore, port 
expansion (see Figure 2-20). Functions are the actual devices which provide the system with 
different capabilities such as telephone, printer, speakers and mouse [RD-8]. 

 

USB-ports

Computer

Hub

Printer
Mouse

Speaker

 

Figure 2-20. USB system example 

The bus topology of the USB is shown in Figure 2-21. It is a tiered star topology where the USB 
host is positioned on the top and a hub is at the center of each star. Each line between two hubs or 
between a hub and a node (function) in the figure represents a point-to-point link. A USB system is 
a polled bus system, which means the host controller is the one that initiates all data transfers [RD-
8]. 

The USB 2.0 specification limits the above mentioned tiers to seven, including the root tier. An 
important fact of this restriction is that there can only be five non-root hubs, since only nodes are 
allowed in the seventh tier. This is because a compound device consists of a hub and a function, 
and the hub has to be in the lower tier level (one step higher in the pyramid). The cause for the 
restriction of maximum seven tiers is timing constraints for hub and cable propagation times [RD-9]. 

The USB cable consists of four wires. Signaling is done with differential voltage over two wires, D+ 
and D-, on each point-to-point segment. The other two wires (VBUS and GND) carry power voltage, 
which is nominally +5V at the source with respect to ground for the bus. Figure 2-22 pictures the 
USB cable [RD-8]. The cable is made through a shielded, twisted pair cable with differential 
characteristic impedance, Z0, of 90 Ohms +/-15 %, common mode impedance, ZCM, of 30 Ohms +/-
30 % and a maximum one-way delay of 26 ns. Terminations at each end of the cable are 
implemented with a resistance from each wire to ground. The value of the resistance on each wire 
is nominally set to half of the specified differential impedance of the cable, i.e. 45 Ohms [RD-9]. 
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Compound device

 

Figure 2-21. USB topology 

 

Figure 2-22. USB cable 

To indicate the highest possible device speed, USB is terminated at the hub and function ends as 
shown in Figure 2-23. The figure shows that a full-speed hub upstream port or full-speed function 
has its pull-up resistor (RPU) at the D+ line. For a low-speed function, the RPU would be placed on 
the D- line. RPU should be connected to VTERM, which is termination voltage for the upstream-facing 
port pull-up. The voltage level of VTERM should be between 3.0 and 3.6 V. High-speed devices are 
initially attached as full-speed devices, which means in upstream devices RPU must be connected 
from D+ to 3.3 V supply. Further, this voltage source for the pull-up resistor must be derived from or 
controlled by the power supplied on the USB cable. The reason is, when the power supplied by the 
USB (VBUS) is removed, must not the pull-up resistor supply current on the data line to which it is 
attached, thus a current on that line may indicate a certain transfer rate (see page 30) [RD-8]. 

 

Figure 2-23. USB system with cable terminations 



ANALYSIS DETAILS 
 

 28 

Upstream-facing ports of functions are allowed to use one of the three driver configurations shown 
in Table 2-10. Upstream-facing ports on hubs supporting USB Specification 2.0 must use full-/high-
speed drivers. Downstream-facing ports, regardless whether host, hub or function, must support 
low-speed, full-speed and high-speed signaling and must be able to transmit data at each of the 
three transmission rates. An upstream-facing high-speed capable transceiver is not allowed to 
operate in low-speed signaling mode but must be able to operate in full-speed signaling mode. 
Thus, a RPU on the D- line is not allowed for a high-speed capable device [RD-9]. 

 

Table 2-10. USB driver configurations 

Speed Driver 

Low-speed Low-speed drivers only 

Full-speed Full-speed drivers only 

Full-/High-speed Combination full-speed and high-speed 
drivers 

 

Bus states in a USB system are 1, 0, J and K. The two states 1 and 0 are used at low- and full-
speeds, while J and K are used in high-speed mode. Data encoding is NRZI in which a 1 is 
represented by no change in level and a 0 is represented by a change in level. Thus, a string of bit 
0s causes the NRZI to toggle each bit time and a string of 1s causes long periods with no level 
changes. Figure 2-24 shows an example in which the high level represents the J state. The voltage 
levels at the transmitter and the receiver for the different bus states are described in Table 2-11 
and Table 2-12 [RD-9]. 

 

 

Figure 2-24. NRZI data encoding 
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Table 2-11. USB low-/full-speed signaling levels 

Signaling levels 

At receiving port Bus state 
At source port 

Required Acceptable 

Differential 1 
D+ > 2.8V 

D- < 0.3 V 

(D+) – (D-) > 200 mV 

D+ > 2.0 V 
(D+) – (D-) > 200 mV 

Differential 0 
D- > 2.8V 

D+ < 0.3 V 

(D-) – (D+) > 200 mV 

D- > 2.0 V 
(D-) – (D+) > 200 mV 

Low-speed Differential 0 Differential 0 
Data J state 

High-speed Differential 1 Differential 1 

Low-speed Differential 1 Differential 1 
Data K state: 

High-speed Differential 0 Differential 0 

 

 

Table 2-12. USB high-speed signaling levels 

Signaling levels 
Bus state Required signaling level at source 

port 
Required signaling level at receiving 

port 

High-speed differential 1 

DC levels: 

360 mV ≤ D+ ≤ 440 mV 

-10 mV ≤ D- ≤ 10 mV 

AC differential levels9 

 

 

 

AC differential levels10 

High-speed differential 0 

DC levels: 

360 mV ≤ D- ≤ 440 mV 

-10 mV ≤ D+ ≤ 10 mV 

AC differential levels11 

 

 

 

AC differential levels12 

High-speed J State High-speed differential 1 High-speed differential 1 

High-speed K State High-speed differential 0 High-speed differential 0 

 

                                                      
10 See footnote 9 
11 See footnote 9 
12 See footnote 9 
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An example of a transceiver able to transmit and receive in high-speed mode is shown in Figure 
2-25. As can be seen, a separate driver is needed to implement the high-speed function. When 
transmitting in high-speed, the transceiver activates an internal current source derived from its 
positive supply voltage. This current is then directed via a high-speed current steering switch into 
the D+ line to signal a J and to the D- line to signal a K. The nominal value of the current source is 
17.78 mA, and when this current is applied to a data line with 45 Ohms termination to ground at 
each end of the data line, the nominal high level voltage is +400 mV. The nominal differential high-
speed voltage (D+ - D-) is thus 400 mV for J and -400 mV for K [RD-9]. 

 

Figure 2-25. USB high-speed capable transceiver circuit 
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Applications 
The difference between the two USB standards is mainly the transfer speed and therefore also the 
applications. Examples of applications and attributes are shown in Table 2-13 for the different 
performances and standards [RD-9]. 

 

Table 2-13. Examples of applications and attributes of the USB 

USB version Performance Application Attributes 

USB 1.1 

USB 2.0 

LOW SPEED 

interactive devices 

keyboard, mouse 

game peripherals 

stylus 

virtual reality peripherals 

lowest cost 

ease-of-use 

dynamic attach-detach 

multiple devices 

USB 1.1 

USB 2.0 

FULL SPEED 

phone, audio 

compressed video 

POTS 

broadband 

microphone 

audio 

lower cost 

ease-of-use 

dynamic attach-detach 

multiple devices 

guaranteed latency 

guaranteed bandwidth 

USB 2.0 
HIGH SPEED 

video, storage 

video, imaging 

storage 

broadband 

low cost 

ease-of-use 

dynamic attach-detach 

multiple devices 

guaranteed latency 

guaranteed bandwidth 

high bandwidth 

 

The USB interface is mostly used for connections between a PC a peripheral device, for example 
personal digital assistants (PDAs), digital cameras, Zip drives, printers, scanners, notebooks, MP3-
players [RD-39]. USB can also be used as a power source since it carries sufficient power to 
eliminate the need for an external power source in many applications. For this purpose, power 
switches are developed to control the power [RD-40].  

 

Manufacturers 
Philips Semiconductors 

Philips offers components for a complete USB system. All components are controllers that have 
built-in transceivers and are suited for USB peripherals (i.e. nodes), hubs and hosts. Some 
components support only full- and low-speed (12 Mbps respectively 1.5 Mbps), while others 
additionally support high speed (480 Mbps). All components are, however, compatible with USB 
Specification 2.0. The components from Philips described in appendix A are able to transfer data in 
all three speeds, with one exception that will be discussed later. ISP1561 is a host controller with 
four transceivers and is supposed to connect to a PCI bus. The most natural component to be 
connected to the host controller is the hub controller. One of Philips’ hub controllers is ISP1520, 
which has four downstream-facing ports. Ports three and four are optional and can be disabled 
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when they are not needed. After a hub a peripheral usually comes, which also needs a controller, 
for example an ISP1583. This controller has the ability to communicate with a function’s 
microprocessor or microcontroller through a high-speed general-purpose parallel interface and has 
low power consumption. The ISP1583 is the exception mentioned earlier regarding transfer 
speeds. This controller can only transfer in full and high speed; thus, low speed is not an option 
[RD-39]. 

 

Micrel 

Micrel offers four transceivers and some power switches for USB applications. Two recommended 
USB transceivers are MIC2550A and MIC2551A; the two other transceivers offered are not 
recommended for new designs. No specific parts for power switches will be mentioned here since 
there are many of those from Micrel [RD-40]. 

 

Innovative Semiconductors 

USB cores at the physical level for hosts, hubs and functions are implemented by Innovative 
Semiconductors [RD-41]. 

 

Maxim 

Maxim has transceivers and current-limiting switches to offer as USB products. The switches 
provide several safety features to the USB, such as built-in thermal overload protection, short-
circuit fault occurs, current limit etc. The transceivers from Maxim support only low- and full-speed 
USB data communication and provide only parts for implementing the physical layer. Any link-level 
parts are not offered [RD-42]. 

 

Texas Instruments 

Texas Instruments offers about the same USB parts as Philips Semiconductors. They have USB 
controllers with built-in transceivers for hubs and peripherals, but no host controller. Another 
difference is that the transfer speed of the Texas Instruments parts is lower than those of the parts 
from Philips. Texas Instruments’ USB components support only low and full speed. There is one 
peripheral controller that supports high speed, but there is no hub controller. Another difference is 
that the hub controllers from Texas Instruments are all compliant with USB Specification 1.1, but 
not with the 2.0. In appendix A two parts are described in more detail: a 2/3-port hub controller with 
the name TUSB2036 and the peripheral controller TUSB3210 [RD-43]. 

 

Atmel 

Atmel offers a range of USB microcontrollers and function controllers, but only one hub controller. 
The 5-port hub controller AT43301 is compliant with USB Specification 1.1. A one-function 
controller is AT43USB351M. All the other function controllers have integrated hubs or some other 
function. The AT43USB351M is a microcontroller that supports low and full transfer speeds, just as 
the AT43301 does [RD-44]. 
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2.2.7 RS-422 

System Description 
The RS-422 is a physical interface; it has no protocol of its own. The standard defines the interface 
as a system consisting of only one transmitter (also called driver) and up to ten receivers. This 
means, every unit that wants to transmit and receive needs two interfaces, one for transmit and one 
for receive. The reason that no protocol is defined is simply that it is intended that the RS-422 
standard should be referenced by other standards that specify the complete interface with protocol, 
timing and signal quality [RD-10]. 

As can be seen in Figure 2-26, each interface needs two transmission lines and information over 
the two wires is sent as a differential signal. When each unit also needs the capability of 
transmitting data, four wires are needed. However, in practice five conductors are needed, four for 
transmission and one for signal ground. This is shown in Figure 2-27 [RD-10]. 

 

Driver Receiver

Receiver

 

Figure 2-26. An RS-422 network consists of one driver and a number of receivers 

 

RTransmitter Receiver

Cable with termination resistance Unit

RReceiver

Unit

Transmitter

 

Figure 2-27. Description of RS-422 communication 
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In the two figures it is shown that each unit needs one transmitter part and one receiver part and 
that five conductors are needed for communication. Between each transmitter–receiver pair a 
paired cable with metallic conductors should be used. The appendix to the RS-422 standard 
mentions the use of a 24 AWG, twisted-pair telephone cable consisting of copper conductors with a 
shunt capacitance of 52.5 pF per meter terminated with a 100 Ohm resistive load. Other cables 
mentioned are the 19 AWG and the 28 AWG, which can also be used depending on the 
transmission distance [RD-10]. 

In section 2.1.7 the name “balanced voltage digital interface circuit” was mentioned. The name 
refers to the voltage produced by the driver across a pair of signal lines that transmits only one 
signal. The balanced differential line driver will produce a voltage from 2 V to 6 V across its two 
output terminals. The balanced differential line receiver will then sense the voltage state of the 
transmission line across the two signal input lines and interpret it as a signal when the voltage 
difference is at least 200 mV and maximum 6 V (see Figure 2-28) [RD-11]. 

 

Transmitter Receiver

min 2 V
max 6 V

U1

U2

min 200 mV
max 6 V

 

Figure 2-28. RS-422: Balanced-voltage digital interface with corresponding voltage levels 

The RS-422 is developed for data, timing or control circuits where the transmission rate is up to 10 
Mbps. Balanced-voltage digital interface devices that meet the electrical characteristics in the RS-
422 standard do not have to operate over the entire data signaling rate just mentioned [RD-10]. 

 

Protocols 
TTC-B-01 Protocol 

The RS-422 interface can be used with the TTC-B-01 protocol, which is a spacecraft data-handling 
interface standard from ESA. The TTC-B-01 standard has both analogue and digital signals, but for 
the RS-422 implementation analogue signaling will be disregarded. Another limitation is that only 
telemetry (TM) and telecommand (TC) channels will be discussed in this report. The TTC-B-01 
standard contains also information about a data bus interface system standard which will not be 
discussed in this report. The last limitation of the protocol is that 8-bit signaling is not taken into 
account, only 16-bit interface is regarded [RD-33]. 

Telecommand signals are sent from an on-board data-handling subsystem to user subsystems. 
These signals consists of data, strobe and clock signals. All of these three signals are transferred 
with differential voltages. Telemetry signals are differential-voltage signals sent from the user 
subsystems to the on-board data-handling subsystem and consist of data and strobe signals. Both 
telemetry and telecommand signals are serially transferred at a data rate of 125 kbps [RD-33]. 

If there is more than one subsystem, addressing is needed. Addresses are transferred in a parallel 
fashion, with maximum eight bits [RD-33]. 
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PC-protocol 

The PC-protocol is created by an asynchronous communications element (ACE) normally based on 
Texas Instruments TL16C550, sometimes called 16550. An ACE performs serial-to-parallel 
conversions on data from a peripheral device before data is further transmitted. It also performs 
parallel-to-serial data conversions when data is to be sent to an external device. The ACE 
accommodates a 1 Mbps serial transfer rate, and each data sequence can consist of up to 8 bits 
[RD-48]. 

 
Applications 
RS-422 together with the TTC-B01 protocol has been used by Contraves Space in at least one 
space project. 

 

Manufacturers 
Intersil 

Intersil has a radiation-hardened quad differential line driver (HS-26CT31RH) and a receiver of the 
same type (HS-26CT32RH). These two components meet the requirements of the RS-422 
standard. The transmission line used is a standard twisted pair with 100 Ohms resistance. For the 
termination of this cable, source termination instead of shunt termination should be used. This is 
because in satellite applications the use of shunt termination is less appropriate due to the high 
amount of current required to hold a line signal voltage against the shunt resistance. This type of 
termination is shown in Figure 2-29 [RD-34]. 

 

 

Figure 2-29. Source termination of a RS-422 interface from Intersil 

Texas Instruments 

RS-422 components are also offered by Texas Instruments. Most of the components are line 
drivers and line receivers, but there is one transceiver available at the moment. None of the 
components offered are radiation-tolerant, but three of them will, however, be further discussed in 
later sections. The ones chosen are the differential bus transceivers SN65176B/SN75176B, a low-
voltage high-speed differential line driver AM26LV31C/AM26LV31I and the corresponding receiver 
AM26LV32 [RD-73]. 
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2.2.8 IEEE 802.11a/b/g 

 
System Description 
Figure 2-30 shows the complete 802.11 architecture. The best way of describing how it works is to 
start on the outside and work the way inward. The basic service set (BSS) is a basic building block, 
which defines the coverage area in which the member stations (STA) of the BSS can communicate. 
Outside this area, members can no longer directly communicate with the members inside the BSS. 
A BSS has to contain at least two STA. A STA is an addressable unit which can be either mobile or 
portable. A portable unit is one that is moved from location to location, but always is used at the 
location, never on the way between locations. A mobile station communicates while in motion and 
is often battery powered. Notice, though, that the STA is a message destination and not a fixed 
location, in comparison with wired LAN where an address normally is a physical location. Further, 
every STA provides services called station services (SS) that are specified for use by MAC 
sublayer entities [RD-12]. 

Sometimes the station-to-station distance is larger than the coverage area of one BSS. The BSS 
may then form a distribution system (DS) which is an architectural component used to form an 
extended form of network that is built with multiple BSSs. To get access to the DS, the BSS uses a 
STA as an access point (AP). An AP provides DS services (DSS) to get access to the DS in 
addition to acting as a STA. The DSS are represented in Figure 2-30 as arrows within the APs, 
indicating that the services are used to cross media and address-space logical boundaries. Notice 
that the addresses used by an AP for communication on the wireless medium (WM) and on the 
distribution system medium (DSM) do not have to be identical. The WLAN standard logically 
separates the WM from the DSM [RD-12]. 

 

 

Figure 2-30. The complete 802.11 architecture 

A wireless network with arbitrary coverage area, called extended service set (ESS) consists of a 
set of one or more interconnected BSSs that appear as a single BSS (or sub-network) to the LLC 
layer at any station associated with one of the BSSs13 [RD-12]. 

Last, but not least, there is also a possibility to integrate a wired LAN (802.x) with the WLAN 
architecture through a portal, which is a logical point where wired LANs can enter the DS [RD-12]. 
                                                      
13 In other words, the ESS network appears like an independent basic service set (IBSS) to an LLC layer. An 
IBSS is a BSS that forms a network of its own, in which no access to a distribution system is available. 
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The 802.11 standard is not one standard; it consists of a couple of standards summarized in Table 
2-14. These standards are all built on the basic 802.11 standard; the difference between them is 
primarily the data transfer rate. IEEE 802.11a is the only one operating in a different frequency 
band, the 5 GHz band, which is free only in Germany. The different frequency bands and their valid 
regions are described in Table 2-15 [RD-49]. Important to notice is; the original IEEE 802.11 has 
been extended into IEEE 802.11b; thus, both standards have to be considered when implementing 
a system [RD-50]. 

 

Table 2-14. Different 802.11 standards 

Standard Year of introduction Description 

IEEE 802.1114 1997 1 or 2 Mbps in 2.4 GHz band or 
infrared 

IEEE 802.11a 1999 Max. 54 Mbps in 5 GHz band 

IEEE 802.11b 1999 Max. 11Mbps in 2.4 GHz band 

IEEE 802.11g 2001 Max. 54 Mbps in 2.4 GHz band 

 

Table 2-15. Different 802.11 frequency bands for different geographical regions 

Region Standard Frequencies Channels 

Europe IEEE 802.11b 2.4000 – 2.4835 GHz 13 

Germany IEEE 802.11a 5.15 – 5.35 GHz and 
5.47 – 5.725 GHz 12 

USA IEEE 802.11b 2.4000 – 2.4835 GHz 11 

USA IEEE 802.11b 5.15 – 5.35 GHz and 
5.47 – 5.725 GHz 12 

 

Important to remember when looking at Table 2-15 is that in an 802.11b implementation, all the 
specified channels cannot be used at the same time. To ensure a good transmission, three 
channels in between the used channels must stay unused. In the case of an 802.11a 
implementation this is not the case, since the channel differentiation is better thanks to the higher 
frequency and the larger frequency band [RD-49]. 

                                                      
14 IEEE 802.11 has been extended into IEEE 802.11b 
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As the name implies, WLAN does not use cables as transmission medium, it uses the air. This is 
possible since air has a property of transmitting electromagnetic waves, on which the data is able 
to ride from sender to receiver. To make the riding possible, a modulation of the signal is needed. 
Modulation methods for different WLAN standards are described in Table 2-16 [RD-49]. 

Table 2-16. Different 802.11 modulation methods 

WLAN standard Modulation 

IEEE 802.11a OFDM 

IEEE 802.11b FHSS or DSSS or infrared 

IEEE 802.11g CCK/OFDM 

 

When data is transmitted from a sender to a receiver, a package is sent containing two parts: one 
preamble part and thereafter the data. The purpose of the preamble is to inform other units that a 
data transmission soon will occur and that they should be prepared. The preamble also contains a 
header that contains information about the length of the following data. Information to be sent is 
split into packages by the sender; the receiver then has to build the information in the packages 
together. If anything goes wrong during the transmission, a package gets lost or an error occurs, 
the sender will have to send the specific erroneous or lost package once again on request from the 
receiver [RD-49]. 

Data transmitted is encoded by different modulation methods as shown in Table 2-16. IEEE 
802.11b has, as shown in the table, two possible modulation methods for wireless transmission. 
One of them is FHSS, which is an abbreviation for “frequency hopping spread spectrum”, which is a 
modulation method in which the carrier frequency in each transmitter is hopped between different 
predefined frequencies. The predefined hopping frequencies is a chosen code, which each 
transmitter-receiver pair is assigned, much like the spreading codes in DSSS explained here below 
[RD-52]. 

The other one, DSSS, is an abbreviation for “direct-sequence spread spectrum”. This method is 
best described as follows: when a group of transceivers want to speak to each other, they use a 
certain language. The language in DSSS is created by means of orthogonal digital codes, also 
called spreading sequence. At the beginning of each transmission, each transmitter-receiver pair is 
assigned a certain digital code. Each bit of the baseband data is then translated to that code before 
modulation. The receiver decodes the demodulated signal by multiplying it by the same code. In 
the name DSSS, “spread spectrum” means that the baseband data is spread over the entire 
available bandwidth. To avoid confusion, each pulse in the spreading sequence is called a “chip” 
and the rate of the sequence is called “chip rate”  [RD-52].  

OFDM is the modulation method by IEEE802.11a and it is an abbreviation for orthogonal frequency 
division modulation. IEEE 802.11g uses a combination of two modulation methods, namely 
complementary code keying (CCK) and OFDM. 

Another important aspect to consider is the transmission range, which varies between the different 
WLAN standards. The range differs with the environment: inside a building the range is normally 
shorter than outside a building because of the change of transmission medium (wood, concrete, 
air). The range depends also on the frequency: the higher the frequency, the shorter the range. 
Indoor range varies between 10 - 30 m depending on WLAN standard and outdoor range varies 
between 20 - 100 m also depending on standard [RD-49]. 
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One factor affecting transmission range is transmit power levels and receiver sensitivity. In Table 
2-17 different values for different standards and in some cases countries are described. The 
receiver input level sensitivity is important since it is the minimum radio frequency signal power 
required at the input of a receiver for a certain performance. This value is always measured at the 
antenna connector [RD-49]. 

 

Table 2-17. Power levels and receiver sensitivity for different parts of the 802.11 standard 

Standard Transmit power level 
(frequency band) 

Receiver minimum input level 
sensitivity 

40 mW 
(5.15 - 5.25 GHz) 

200 mW 
(5.25 - 5.35 GHz) 802.11a 

800 mW 
(5.725-5.825 GHz) 

-82 dBm (6 Mbps) 
-65 dBm (54 Mbps) 

   
1000 mW (USA) 

100 mW (Europe) 802.11b 
10 mW (Japan) 

-76 dBm (11 Mbps) 

   
1000 mW (USA) 

100 mW (Europe) 802.11g 
10 mW (Japan) 

-76 dBm (22Mbps) 
-74 dBm (33Mbps) 

 

As seen in Table 2-14, an IEEE 802.11 system can also be built with infrared communication, 
which uses near-visible light in the range 850 – 950 nm for signaling. Such a system works only in 
indoor environments, since the infrared physical interface cannot be exposed to direct sunlight. 
Further, the infrared physical layer relies on reflected infrared energy; thus, a line of sight is not 
required between transmitter and receiver for the system in order to work properly. The receivers 
and transmitters also do not have to be directed at each other, which provide the possibility of 
constructing a true WLAN system. In an infrared implementation, the range is shorter than with the 
use of other methods: normally it is about 10 m, but with sensitive receivers ranges of up to 20 m 
can be reached. [RD-50]. 

 
Applications 
WLAN provides for more mobility, like the ability to access Internet from anywhere inside a room or 
a building.  The most common applications are portable computers, cell phones and PDAs [RD-65]. 

 
Manufacturers 
Infineon  

At first glance, Infineon has all components needed for a complete WLAN chipset, but after some 
research Infineon declared that two of the chips will be taken out of production. A complete WLAN 
chipset would consist of a dual-band power amplifier (PMB8825), a transceiver (PMB8680), a multi-
mode baseband processor (PMB8787) and a MAC (PMB8789). The two obsolete components are 
the power amplifier and the MAC. Additional components needed for a complete system are 
antenna, some filters and transmit/receive switches that switch between the 5 and 2.4 GHz bands 
[RD-65]. 
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Texas Instruments 

Three different one-chip solutions are offered by Texas Instruments, one from the year of 2001 
(ACX100), another from the year of 2002 (TNETW1100B) and a third from the year of 2003 
(TNETW1130). All of them offer low power consumption according to Texas Instruments, but only 
one of the data sheets mentions a value. For the two chips from the years of 2001 and 2002 a 
couple additional components are needed like external clocks, EEPROM, radio and antenna. In the 
newest chip, from the year of 2003, everything is included except one clock, radio and antenna 
[RD-64]. 

 

Maxim 

Maxim offers a couple of WLAN transceivers that support 802.11b in the 2.4 GHz band. The 
transceivers are nearly identical, except that two of them provide a low-power shutdown mode 
(MAX2821, MAX2821A). To implement a complete 802.11b interface, a power amplifier, a band 
pass filter and a switch are needed. For such an interface, Maxim provides a power amplifier, 
MAX2242 [RD-66]. 
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2.2.9 Bluetooth 

System Description 
When different Bluetooth units come into range of each other, they can set up an ad-hoc network 
that has point-to-point or point-to-multipoint connections. The units of such a network can 
dynamically be added or disconnected to the network. When at least two units share a channel, 
they form a so-called piconet. There are three different ways of operations for piconets, single slave 
operation, multislave operation and scatternet operation, all shown in Figure 2-31. Several different 
piconets can be in range of one another, but they can still work independently due to different 
frequency hopping schemes. This property has the advantage that each piconet has access to the 
full bandwidth. Notice that in every piconet, one master is needed. The master controls the traffic of 
each piconet’s hopping scheme. In the current standard, up to seven slaves can actively 
communicate with a master, but the number of units attached to a master is unlimited [RD-13]. 
 

Single slave
operation

Multislave
operation Scatternet

operation

Master
Active
slave

 

Figure 2-31. Three ways of Bluetooth operation 

When Bluetooth components communicate, they operate in the free 2.4 GHz frequency band, in 
which the frequency ranges from 2400 MHz to 2483.5 MHz and includes 79 channels with 1 MHz 
width. The reason that there are only 79 channels is the presence of the lower and upper guard 
bands. At 2.400 GHz is the lower guard band, which occupies 2 MHz, and at 2.4835 GHz is the 
upper guard band, that has a width of 3.5 MHz [RD-63]. 

The transmission range between Bluetooth modules is dependent on transmitter output power as 
shown in Table 2-18. At the receiver side the minimum input power is –74 dBm, which corresponds 
to 0 mW [RD-63]. 

 

Table 2-18. Power classes of Bluetooth transmitters 

Power class Maximum output 
power 

Minimum output 
power Transmission range 

1 100 mW 1 mW 10 m 
2 2.5 mW 0.25 mW 100 m 
3 1 mW --- 100 m 
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Bluetooth is thought to be a product for the mass market and therefore a low price is required. To 
achieve this, a simple realization of the system is needed, and that is the reason of why Bluetooth 
uses a simple Gaussian frequency shift keying (G-FSK) as modulation method. In this method a 
binary 0 is implemented by a negative frequency deviation from the middle frequency in the 
frequency band of 1 MHz bandwidth. A binary 1 is represented by a positive deviation, and the 
deviation should not be less than 115 kHz in order to get a clear interpretation of the data signal 
[RD-63]. 

An important part of Bluetooth is the baseband, where all important technologies are implemented. 
For example, frequency hopping (FH) is implemented at this level. FH uses all 79 channels and 
changes carrier frequency after each data package. In order to transmit the data packages, time 
division duplex (TDD) is used in which the two directions of a channel are used in an alternating 
way at different frequencies. This means that after a slot of “send” comes always a slot of “answer”. 
One slot has duration of 625 µs, which implies a hop frequency of 1600 hops per second [RD-63]. 

Another technology implemented in the baseband of Bluetooth is the data transfer. Bluetooth offers 
both packet and circuit switching. Packet switching means the data packets are individually routed 
between nodes without a previously established communication path; in other words, different 
packets can take different routes to get to the final destination. Because of the different routes, 
different packets have different time of travel through the medium; thus, this is an asynchronous 
communication. Circuit switching is when packets follow an established route between two nodes 
until one of the nodes lets go of the connection. Thus, in circuit switching all packets follow the 
same route and is an example of a synchronous communication since all packets have the same 
time of traveling [RD-63]. 

The synchronous communication is meant for voice data. For this kind of application three 
synchronous channels with 64 kbps bandwidth are available. The advantage of circuit switching is 
the predefined bandwidth; no other node can interrupt the connection. Data without voice is sent by 
packet switching. With this switching method, data can be transferred symmetrically or 
asymmetrically. When the data is asymmetrically sent, a transfer rate of 730 kbps is possible and 
when symmetrically sent, 434 kbps simultaneous in each direction is possible [RD-63]. 

 
Applications 
Bluetooth offers high data security through different hard- and software algorithms and world-wide 
unique addresses for the transmitters and receivers on different Bluetooth units. With these security 
opportunities, Bluetooth can be used even in banking applications. Examples of future applications 
are paying for parking lots, cinema tickets, a cup of coffee at coffee machines, etc. Other 
applications, which might not have a demand of high security, can be found at manufacturers as 
LEGO and Bang & Olufsen [RD-63]. 

 
Manufacturers 
Ericsson Technology Licensing 

As one of the main drivers behind Bluetooth, Ericsson might be expected to offer components 
needed for an implementation. In fact, Ericsson runs a separate company for its Bluetooth 
business, called Ericsson Technology Licensing. From the Website it does not look like they 
produce components of their own; the components referred to are from other manufacturers, like 
National Semiconductors, Philips and Texas Instruments. However, all of the manufacturers’ 
components contain some Ericsson module, like Ericsson Core Bluetooth Radio or Ericsson Core 
Bluetooth Baseband [RD-63]. 
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National Semiconductors 

Two stand-alone components and one single-chip solution are provided by National 
Semiconductors. The LMX5252 is one of the stand-alone components and features a Bluetooth 
radio module, i.e. it contains transceiver, antenna filter and switch. The other stand-alone 
component is an integrated baseband controller and radio module, LMX5452. Both of them are 
power class 2 Bluetooth components. The third device, LMX9820, from National Semiconductor, is 
an integrated baseband controller, radio and memory device [RD-68]. 

 

Philips 

BGB201, BGB202, BGB203 and BGB204 are all Bluetooth products offered by Philips and contain 
a radio module and a baseband part. The integrated radio module is the BGB101, and the 
baseband module is covered by a Blueberry baseband processor, PCF87750, also manufactured 
by Philips [RD-69]. 

 

Texas Instruments 

Texas Instruments has three single-chip solutions for a Bluetooth interface. The BRF6100 and 
BRF6150 belong to the prior generation of the BRF6300 and from what can be seen in the data 
sheets, the only difference is the size. BRF6300 demands only 45 mm2 as PCB layout area, 
compared to the precedents that need 50 mm2. The reason is the BRF6300 needs fewer external 
passive devices. A more detailed specification of these chips will not be found in appendix A, since 
the data sheets do not include many of the parameters asked for [RD-71]. 
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2.2.10 802.15.4 and ZigBee 

System Description 
As mentioned in Section 2.1.10, ZigBee realizes a WPAN, which is defined in IEEE Standard 
802.15.4. A WPAN needs at least two devices communicating on the same physical channel, and 
at least one of the devices has to be a full-function device (FFD) operating as the personal area 
network (PAN) coordinator. More about the PAN coordinator later. A FFD can operate in three 
modes: these are a PAN coordinator, a coordinator or a device. There is also another device type 
called a reduced-function device (RFD). The purpose of such a device is simple applications which 
do not have to send large amounts of data, for example a light switch or a passive infrared sensor. 
A restriction of the RFD is that it can only communicate with one FFD at a time. Other important 
aspects are that FFD can talk to other FFDs or RFDs, while a RFD can talk only to a FFD [RD-14]. 

There are two possible network topologies: star and peer-to-peer. In the star topology the PAN 
coordinator is in the center and every other device must communicate through the coordinator. The 
PAN coordinator may have a specific application and also act as a single central controller of the 
PAN and perform tasks as initiate, terminate or route communication around the network. The 
peer-to-peer topology has also a PAN coordinator, but it differs from the star topology in that the 
coordinator is not located in the center. Thus, in the peer-to-peer topology any device may 
communicate with any other device. With this type of topology, more complex network formations 
are enabled, such as industrial monitoring and control, wireless sensor networks, asset and 
inventory tracking. Figures of the two topologies described are shown in Figure 2-32 [RD-14]. 

 

Figure 2-32. Possible topologies of an IEEE 802.15.4 network 

The actual transmission of data is, as indicated earlier, wireless which means data signaling is 
done through the air. Maximum distance between two devices is not defined in the standard; the 
only thing mentioned is that coverage area is hard to define since propagation characteristics are 
dynamic and uncertain for wireless media. The frequencies at which 802.15.4 operates are 
concluded in Table 2-19. In the table also modulation method and transfer rate for the different 
frequencies are shown. Every parameter in Table 2-19 will be discussed in detail below [RD-14].  
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Table 2-19. Frequency bands and data rates of IEEE standard 802.15.4 

Frequency band  Spreading parameters Data parameters 

Area MHz Chip rate 
(kchip/s) Modulation Bit rate (kbps) Symbol rate 

(ksymbol/s) Symbols 

Europe 868 – 868.8 300 BPSK 20 20 Binary 

North 
America 902 – 928 600 BPSK 40 40 Binary 

World-wide 2400 – 2483.5 2000 O-QPSK 250 62.5 16-ary 
Orthogonal 

 

To start with, the frequency bands mentioned in Table 2-19 are license-free bands in the mentioned 
areas. Next things to explain more clearly are chip rate, bit rate and symbol rate. This will be done 
separately for BPSK and O-QPSK modulation [RD-14]. 

First to be discussed is data transferred in the frequency region 2.4 – 2.4835 GHz. Data coming 
from the PHY Protocol Data Unit, i.e. data to be sent, come in octets with least significant bit (LSB) 
first. The four LSBs of each octet are mapped into a data symbol and the next four bits, the four 
most significant bits (MSB), are mapped into another data symbol. In the last part of the spreading 
sequence, each data symbol is mapped into a 32-chip pseudo-random noise sequence. The last 
step for the data to be transferred at high frequency is offset quadrature phase-shift keying (O-
QPSK) modulation. The chip sequences of each data symbol are modulated onto the carrier using 
O-QPSK with half-sine pulse shaping. Each chip with an even index is mapped onto the in-phase 
carrier (I) and odd-indexed chips are modulated onto the quadrature-phase carrier (Q). To form the 
offset between I- and Q-phase chip modulations, the Q-phase chips are delayed by TC with respect 
to the I-phase chips, where TC is the inverse of the chip rate [RD-14]. 

In the case of transferring data at the two lower frequency bands specified in Table 2-19, the 
methods of modulation and spreading differ somewhat from the previous explained case. When 
data to be sent comes from the PHY protocol data unit, the data first has to go through a differential 
encoder. The encoding is modulo-2 addition of a raw data bit with the previous encoded bit, as 
shown below. R1 is the first raw data bit to be encoded and E0 is assumed to be zero [RD-14]. 

En = Rn <XOR> En-1  Rn = the raw data bit being encoded 

      En = the corresponding differential encoded bit 

      En-1 = the previous differentially encoded bit 

At the receiver the data is decoded as shown below. E1 is the first bit to be decoded and E0 is 
assumed to be zero [RD-14]. 

Rn = En <XOR> En-1 

After the differential encoding comes bit-to-chip mapping. Each input bit is then mapped into one of 
two 15-chip pseudo-random noise sequences (there are only two sequences since a bit can only 
be a 1 or a 0). As a last step the chip sequences are modulated onto the carrier using binary 
phase-shift keying (BPSK) [RD-14]. 
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In Table 2-19 three different frequency bands are described. They contain 27 channels, of 
which 16 are available in the 2450 MHz band, 10 in the 915 MHz band and 1 in the 868 MHz 
band. The center frequency of each channel is defined as follows, where k is the channel 
number: 

FC = 868.3 [MHz] for k = 0 

FC = 906 + 2(k - 1) [MHz] for k = 1, 2, ..., 10 

FC = 2405 + 5(k - 11) [MHz] for k = 11, 12, ..., 26 

Other important aspects to keep in mind when developing a wireless standard are receiver 
sensitivity and transmission power. Values of these parameters for IEEE standard 802.15.4 
are shown in Table 2-20 [RD-14]. 
 

Table 2-20. Transmit power and receiver sensitivity for IEEE standard 802.15.4 

Transmit power Receiver sensitivity 
1 mW (0 dBm) -85 dBm 

 

 

Applications 
802.15.4 is targeted for low-cost applications with data rates about 20 - 250 kbps, which need low 
power consumption. Applications include consumer electronics, home and building automation, 
industrial controls, PC peripherals, medical applications and electronic toys and games [RD-76].  

 
Manufacturers 
Freescale Semiconductor (Motorola) 

Freescale offers a couple of test boards for ZigBee applications. The only stand-alone component 
offered is a transceiver, MC13192. The transceiver operates in the 2.4 GHz band. Industrial 
applications include, among others, remote control and wire replacement in industrial systems such 
as wireless sensor networks [RD-53]. 

 

Atmel 

Currently Atmel has no completely finished ZigBee products. They have, though, two products that 
are under development. One of them is a transceiver operating at frequency ranges of 868 MHz 
and 902 – 928 MHz. The other product is a ZigBee controller, which is a low-power CMOS 8-bit 
microcontroller. These components will not be described more in detail in appendix A since the 
data sheets only exist as preliminary versions [RD-55]. 

 

CompXs 

CompXs offers a couple of development kits, platforms and system modules for ZigBee. All 
systems from CompXs include a transceiver named CX1540, which is a low-power transceiver 
operating in the 2.4 GHz band [RD-56]. 
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2.2.11 1-Wire 

System Description 
A 1-Wire network consists of a bus master, cable and 1-Wire devices. The network is under tight 
control, as no device is allowed to speak unless requested by the master and the devices are only 
allowed to communicate with each other through the master [RD-51]. 

1-Wire networks are often different in both topologies and hardware. There are three possible 
topologies, namely linear, stubbed and star topology. In a linear topology, slave devices are 
attached to the bus along its length with branches or stubs under three meters. For a topology to be 
called star, the bus must be split at or near the master end and extended in multiple branches with 
different lengths. In the last topology, the stubbed, the branches or stubs are over three meters in 
length. All topologies are shown in Figure 2-33. There is also a possibility for a switched network, 
which means dividing the network into sections that are electronically switched-on one at a time. By 
the use of switches, a network may physically resemble one topology, but may electrically 
resemble another. The reason for switches is explained here below [RD-15]. 

 

 

 

 

Figure 2-33. 1-Wire network topologies - from the top: linear, star and stubbed 

The limit of the 1-Wire network performance is dependent on the radius and weight of the network. 
The radius of the network is defined as the wire run distance from the master end to the furthest 
slave device measured in meters. The definition of network weight is the total amount of connected 
wire in the network, also measured in meters. Recommendations from Dallas Semiconductor say 
no 1-Wire network should have a radius greater than 750 m because if greater, the protocol will fail 
due to the time delay of the cable. The weight of the network is also a limiting factor since it limits 
the rise time on the cable, i.e. the ability of the cable to be charged and discharged quickly enough 
to satisfy the 1-Wire protocol. The devices also add weight to the network; each slave has a weight 
of about 0.5 m. Other weight adders are circuit board traces, connectors and electrostatic 
discharge (ESD) protection devices. Here capacitance is the largest single contributor; one rule is 
to calculate that each 24 pF across the wire bus contributes with a weight of one meter. Now the 
use of switched networks starts to make sense. By the use of switches, the weight and radius of 
the network can be reduced, since only the switched-on network’s weight and radius count. In fact, 
star topologies should not be built without switches, because the junctions of various branches 
present highly mismatched impedance to the master that will result in data errors. A switched star 
topology is shown in Figure 2-34 [RD-15]. 
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Figure 2-34. 1-Wire network in a switched star topology configuration 

Actually, a 1-Wire bus consists of two wires, not one as the name implies. It is best constructed 
with a Category 5 twisted pair copper wire, where one wire is used as ground and the other for data 
communication and voltage supply. Each slave steals power from the bus when the voltage on the 
bus is greater than the voltage on its internal energy storage capacitor. A block diagram of a slave 
is shown in Figure 2-35. The power stealing does thus not always work. In a worst-case scenario a 
long sequence of zeros is issued by the master, which means the communication line spends most 
of its time in the low state, leaving little opportunity to recharge the slaves. If this goes on for a long 
time, then the internal energy of a slave drops below a certain level and the slave enters a reset 
state and stops responding. When sufficient voltage again is received, the slave will issue a 
presence pulse, which might corrupt other bus activities [RD-15]. 

 

 

Figure 2-35. Block diagram of a 1-Wire slave 

When a slave is connected to the bus via a stub, there is an impedance mismatch at the 
connection point of the stub. To reduce the mismatch, a resistor in series with the stub can be 
used. Recommended value of the resistor is 150 Ohms, and the placement of the resistor is shown 
in Figure 2-36 [RD-15]. 
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Figure 2-36. Placement of resistors to reduce impedance match of a 1-Wire network 

There are many solutions on how to construct a 1-Wire master. Each master is designed for a 
different application and the master-end hardware is often a critical factor in determining the 
limitations of a 1-Wire network. One solution, today commonly used, is to use a DS2480B-based 
master from Dallas Semiconductor. The solution is shown in Figure 2-37. When the network 
exceeds one meter, the R-C filter should always be included. This specific solution can support a 
network with a radius of up to 200 m [RD-15]. The DS9503 is a low-capacitance ESD protection 
diode, which is optional but recommended since it protects the 1-Wire port of the DS2480B from 
electromagnetic discharge [RD-35]. 

 

 

Figure 2-37. A 1-Wire solution using a DS2480 1-Wire master 

An IO-pin on a microprocessor can generate the 1-Wire communication protocol, but care has to be 
taken to provide the correct timing and proper slew rates, which are needed for a reliable 1-Wire 
network. If the 1-Wire master sends incorrect timing, it may cause communication disturbances. 
Uncontrolled slew rates can limit the length of the network and create sporadic behavior. To 
eliminate these problems, a universal asynchronous receiver transmitter (UART) with serial 
communication and a DS2480B can be used. The DS2480B is a serial bridge to the 1-Wire network 
protocol. The complete block diagram is shown in Figure 2-38 [RD-36].  
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Figure 2-38. Block diagram over a 1-Wire network 

Operation is specified over supply voltage between 2.8 – 6 V. The 1-Wire protocol uses CMOS/TTL 
logic levels for signaling, which are specified in Table 2-21. Since both the master and the slaves 
are configured as transceivers, data is allowed to flow in either direction, but naturally only in one 
direction at a time, which makes the system half-duplex. To connect the master and the slaves, 
Dallas Semiconductor recommends a low capacitance, unshielded, Category-5 twisted-pair phone 
wire [RD-51]. 

 

Table 2-21. Signal levels as defined by the 1-Wire protocol 

Signal state Voltage level 

0 ≤ 0.8 V 

1 ≥ 2.2 V 

 

 

Applications 
Applications today in which 1-Wire is used are for example printers, medical instruments, industrial 
sensors, cell phones and PDAs. For most of these applications the above mentioned solution with 
an UART is used, but another solution is also provided in which the master device functions as an 
I2C to 1-Wire bridge, instead of a UART to 1-Wire bridge. Both solutions are provided by Maxim; 
other providers could not be found at the time of writing [RD-35]. 

 
Manufacturer 
Maxim 

As above mentioned Maxim is the only manufacturer of 1-Wire that could be found at the time of 
writing. Maxim offers, though, a couple of different 1-Wire products, for example line drivers, level 
shifters, bridges and bus masters with build in bridges. The bus masters are available with one or 
eight channels [RD-35]. 
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2.2.12 IEEE 1451 

System Description  
In the year 1993 IEEE made a decision to develop a common communication interface for smart 
transducers in order to make it easier for transducer manufacturers to develop smart devices and 
to interface the devices to networks, systems and instruments [RD-57]. The IEEE Standard 
1451.2’s name is “A standard for smart transducer interface for sensors and actuators – transducer 
to microprocessor communication protocols and transducer electronic data sheet (TEDS) formats”. 
The objective of the standard is to develop a smart transducer interface standard that will make the 
choice of transducers independent from the choice of networks. This would lower development 
costs and make it possible for the user to change to a different network standard when necessary. 
The change of network is nearly not possible without a standard, since every manufacturer of 
transducers builds its own interface [RD-59]. 

A block diagram over the IEEE Standard 1451.2 is shown in Figure 2-39. Notice that it is only the 
smart transducer interface module (STIM) and the transducer independent interface (TII) that 
belong to the 1451.2 standard. The network capable application processor (NCAP) consists partly 
of the 1451.1 standard [RD-60]. 
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Figure 2-39. STIM and TII: parts of the IEEE Standard 1451 

The 1451.1 standard describes the NCAP information model. NCAP is an interface connecting 
processors, communication networks, sensors and actuators. A figure of the model is shown in 
Figure 2-40. At first glance the figure may seem confusing, but a good start is to understand the 
difference between two views, a physical view and a logical view [RD-60]. 

The physical view consists of the physical components of the system. There are six of them and 
they are marked with solid lines (network, network hardware, microprocessor hardware, 
transducers firmware, NCAP and transducer). The parts drawn with thin dashed lines are parts of 
the logical view. They can be grouped into application and support components. Support 
components consist of the operating system firmware, the network protocol and the transducer 
firmware. Interfaces to applications are indicated in the figure as bold dashed lines and there are 
three of them within the NCAP, namely network abstraction, transducer abstraction and logical 
interface. All of these parts and functions are further described in the IEEE 1451.1 Standard [RD-
60]. 
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A more functional description of the NCAP would be as follows: it is a device that performs network 
and STIM communications, data conversion functions, application functions and also provides 
power to the STIM. When power is applied to STIM, the information in the TEDS is made available 
to the NCAP for local usage or for distribution to the rest of the network. Once TEDS is read, NCAP 
knows the STIMs maximum transfer rate, number of channels and the data format of each channel. 
NCAP can then send information to the STIM or ask for information. NCAP can also be used as a 
node controller in a multiple-node network and can communicate with other NCAPs [RD-57]. 

 

Figure 2-40. NCAP information model; a part of the IEEE standard 1451 

As mentioned earlier in this section, IEEE 1451.2 defines the TII and the STIM. Some of the 
defined parts in the STIM are the address logic and the TEDS. Address logic is characters that 
identify a register or a specific part of a storage and uses functional and channel addresses to 
control the flow of data and configuration information between the STIM and the NCAP. TEDS is a 
set of electronic data in a standardized format, which is saved in a chip attached to the transducer. 
The information allows the transducer to identify and describe itself to the network, like 
manufacturer, identification number, serial number, type of device and even calibration data. STIM 
contains thus address logic, TEDS, data conversion logic and 1 to 255 sensors or actuators. When 
STIM contains all the just mentioned functions, but without the actuators, it is called a sensor STIM. 
Such a device can be used to take measurements of any type, like pressure, temperature, air flow, 
volume. In the case of a STIM that does not contain any sensors, thus only actuators; it is called an 
actuator STIM that can be used for controlling analogue actuators and digital output actuators such 
as valves and motors, relays and solenoids etc. Naturally, a STIM may also contain a mixture of 
sensors and actuators, and it is then called sensor/actuator STIM. In such a case, it can be used 
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for distributed measurement and control applications, in which, for example, sensors take some 
measurements and based on these values, the actuators perform specific functions. The control of 
this process is remotely directed by the NCAP and locally controlled by the STIM, which in that 
case has local processing capabilities (it contains a microprocessor) [RD-57]. 

IEEE Standard 1451.3 deals with a smart transducer interface standard for distributed multi-drop 
systems. Such a system is supposed to have one transducer bus controller (TBC) and many 
transducer bus interface modules (TBIM); that is actually STIMs with a bus interface instead of a 
simple logical address function. Interconnection between the TBC and the TBIMs is made with a 
coaxial cable or twisted-pair cable. One of the wires carries signal and power and the other one 
acts as return line. All TBIMs contain five communication functions and these utilize two or more 
channels on the wire. The functions are described in Table 2-22 [RD-57]. 

 

Table 2-22. Communication functions defined by IEEE standard 1451.3 

Function Required / Optional 

Power Required 

Network Communications Required 

TBIM Communications Required 

Data transfer Optional 

Synchronization Optional 

Triggers Optional 

 

To implement these channels, several different techniques can be used. The most basic is 
frequency-division multiplexing which means that each channel will be operating at a different 
frequency. This is, however, not the only possible technique, also different spread-spectrum 
techniques can be used and so also time-shared techniques using command-response protocols. 
The actual techniques required in a system depend on available system bandwidth and the number 
of transducers required [RD-57]. 

The main advantage of using radio-frequency techniques over a wire is that data, power and 
synchronization signals can be applied over the same medium. This is accomplished by separating 
them into different frequency spectra. Power is sent at 0 MHz, synchronization signals occupy the 
frequency spectrum at 2.0 MHz and communication signals lie between 4.75 MHz and 9.25 MHz 
[RD-61]. 

The last part of the IEEE 1451 Standard, the 1451.4, defines mix-mode STIM (MSTIM). Mix-mode 
means in this case that the TEDS will be accessed by a digital communication protocol and the 
data will be transferred in an analogue way. When a transducer is powered on, it will go to digital 
mode and send out TEDS data over a third wire (the other two wires were described just above) 
and thereafter go into analogue mode for normal operation of the sensor or actuator. An important 
thing to notice in this standard is that each sensor or actuator has its own TEDS in an EEPROM, 
which is attached to the transducer. In the other standards the TEDS is a separate part in a STIM 
[RD-57]. 
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Applications 
IEEE Standards 1451.1, 1451.2 and 1451.3 have not been very successful on the market 
according to an article in Elektroniktidningen. However, with the new IEEE Standard 1451.4 a 
breakthrough is expected, because of the fact that 1-Wire can be used as the interconnecting 
medium and thus only two wires are needed. One of the strongest driving forces behind the new 
standard is National Instruments [RD-62]. 

 
Manufacturer 
National Instruments has developed a standard for TEDS that can be used with their program 
LabView [RD-62]. Other companies that might work with the IEEE Standard 1451 are sensor 
manufacturers, Honeywell Sensotech and WEED. 
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2.3 Comparison 

In this section certain parameters are compared between the different interfaces. The IEEE 
Standard 1451 will not be included in this section since components and manufacturers were hard 
to find. 

2.3.1 Transmission Rate 

The first parameter to compare the standards is the transmission rate. The comparison is shown in 
Table 2-23. The values are based on information in the standards. 

 

Table 2-23. Comparison of data transfer rates 

Interface Maximum 
transmission rate Further possible transmission rates 

MIL-STD-1553 1.0 Mbps  
GPIB 8.0 Mbps 2 Mbps, 4 Mbps 
CAN-bus 1.0 Mbps  
SpaceWire 400 Mbps Everything in between 400 Mbps and 2 Mbps 
FireWire 393.216 Mbps 196.608 Mbps, 98.304 Mbps 
USB 1.1 12 Mbps 1.5 Mbps 
USB 2.0 480 Mbps 12 Mbps, 1.5 Mbps 
RS-422 (TTC-B01) 10 Mbps (125 kbps) (62.5 kbps, 31.25 kbps) 
RS-422 (PC-protocol) 10 Mbps ( - )15  
WLAN 54 Mbps 33 Mbps, 22 Mbps, 11 Mbps, 6 Mbps, 2 Mbps, 1 Mbps 
Bluetooth 730 kbps 434 kbps, 192 kbps (3 x 64) 
802.15.4 and ZigBee 250 kbps 40 kbps, 20 kbps 
1-Wire 142 kbps 16.3 kbps 

                                                      
15 The transfer speed of an UART differs between manufacturers and components 
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2.3.2 Power Consumption 

The power consumption is the next interesting parameter and is for each interface measured at 
50% duty cycle. It is assumed that power consumption is a linear function, meaning when the data 
sheet only mentions a value for 100% duty cycle, here power consumption at 50% duty cycle is 
calculated as half of the given value with the stand-by power consumption taken into account. The 
values are based on data found in data sheets. 

 

Table 2-24. Power consumption comparison 

Interface Component 
(Manufacturer) Power dissipation Comment 

BU-61582 (DDC) 1.475 / 1.46 / 1.79 W Depending on radiation 
tolerance MIL-STD-1553 

HI-1597 (HOLT) 0.35 W  
    

GPIB   Not defined 
    

TLE6250 (Infineon) 22.5 mA @ 5 V  CAN AT7908E (Atmel) 0.3 W  
    

T7906E (Atmel) 40 mA @ 5.5 V  
TSS901E (Atmel) 95 mA @ 5.5 V  
SN55LVDS31 
(Texas Instruments) 12.5 mW  SpaceWire 

SN55LVDS32 
(Texas Instruments) 30 mW  

    
TSB41AB1 
(Texas Instruments) 140 mW  

FireWire TSB41AB2 
(Texas Instruments) 550 mW  

    

90.05 mA @ 3.3 V 2 ports active – 1 
device connected USB ISP1561 

(Philips Semiconductors) 
118 mA @ 3.3 V 4 ports active – 1 

device connected 
    

RS-422   Not defined 
    

180 mA @ 3.3V 802.11a 802.11 - WLAN PMB8680 (Infineon) 140 mA @ 3.3 V 802.11g 
    

Bluetooth   Not defined 
    

802.15.4 and ZigBee   Not defined 
    

1-Wire   Not defined 
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2.3.3 Real Estate of Interface Electronics 

In space applications, real estate is a critical factor, since there is not unlimited space on a 
spacecraft. Different solutions for each interface are here shown with assigned total needed area. 
In this section a summary of the interface area for each interface is presented. To get a better view 
of each interface and how it can be built up, please refer to appendix B. 

Note also that when the sign “>” is used, components for a complete interface could not be found. 
The value is only the area of components found. 

 

Table 2-25. Summary of real estate of interface electronics 

Interface Best solution  
[mm2] 

Second best 
solution  [mm2] Comment 

MIL-STD-1553 804 1084  

GPIB 196   

CAN 215 330  

SpaceWire 1061 1222  

FireWire >26 >85 No complete solution 

USB 229 481  

RS-422 110 241  

802.11 - WLAN 193 305 Best complete solutions 

Bluetooth 45 49  

802.15.4 and ZigBee 49  Best complete solution 

1-Wire 30   
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2.3.4 Development Complexity 

The complexity of an interface can be described in three levels, small, medium and high. Small 
complexity is here defined as when no more energy has to be put into the components to make it 
work, i.e. a plug-and-play interface. Medium complexity is when some components have to be built 
together and a software core has to be put into, for example, a FPGA. The last complexity level, 
high, is here defined as when no software core is available and everything has to be put together. 
In Table 2-26 every interface is described with different solutions and each solutions complexity 
level. The complexity level is direct depending on the number of components found, for more 
information see appendix A and appendix B. 

 

Table 2-26. Development complexity of different interface solutions 

 
Interface 

 

 
Complexity level 

 

 
Parts needed 

 

Small 
UT69151 Sµmmit DXE  
Extras: transformer 
 

MIL-STD-1553 

Medium 

Transceiver: HI-1567 / BU-61582 
Protocol: Core (Actel)  
Extras: transformer 
 

GPIB Small iGPIB 
 

CAN Small 
Transceiver: CF151 / CF160 / PCA82C250 / TLE6250 
Controller: SJA1000T / AT7908E 
 

SpaceWire Small 

Controller: T7906E / TSS901E 
Line driver: UT54LVDS031LV, SN55LVDS31 
Receiver: UT54LVDS032LV, SN55LVDS32 
 

FireWire --- Transceiver:TSB41AB2 / TSB41AB1 
 

USB Medium 

Host controller: ISP1561 / AT43301 
Hub controller: ISP1520 / TUSB2036 
Function controller: ISP1583 / TUSB3210 / AT43USB351M 
Transceiver: MAX3346E 
 

RS-422 
(TTC-B01) High 

Transceiver: SN5176B 
Controller: not found 
 

RS-422 
(PC-protocol) High 

Line driver:HS-26CT31RH / AM26LV31C / AM26LV31I 
Line receiver: HS-26CT32RH / AM26LV32 
Controller: TL16C550C 
 

802.11a/b/g Medium 

Transceiver: PMB8680 / MAX2820(A) / MAX2821(A) 
Controller: TNETW1130 / TNETW1100B / ACX100 
Power amplifier: MAX2242 
Extras: Antenna 
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Small 
LMX5252 / LMX9820 / BRF6100/6150 / BRF3600 
Extras: Antenna 
 

Bluetooth 

Medium 

Transceiver & Controller: LMX5452 / BGB201 / BGB202 / BGB203 
/ BGB204 
Extras: Antenna 
 

802.15.4 and 
ZigBee High 

Transceiver: MC13192 / AT86RF210 / CX1540 
Controller: not found 
 

1-Wire High 

Master: DS2482-100 
Line driver: DS2480B 
Controller: not found 
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2.3.5 EMC Influence and Sensitivity 

The purpose of Table 2-27 is to show all interfaces, their transfer medium and their way of signaling 
in order to roughly determine each interface’s EMC influence and sensitivity. This comparison 
factor is important in order to predict how much EMC can disturb a data signal. 

In a wired solution, a twisted shielded cable with differential signaling is the best solution. The 
twisting of the cable make the EMC fields from the two wires cancel each other out and the shield 
protects the wires from the outside environment. Differential signaling is the best type of signaling 
regarding EMC sensitivity, since it is the voltage difference between the two signals that is 
measured, and when a disturbance occurs it will have the same impact on both wires, i.e. the 
voltage difference will remain the same. When single-ended signaling is used, there is always a risk 
that EMC has an impact on the wire which carries the signal and that the signal level then for 
example does not rise above the threshold value of a logical 1. Thus 1 will then be interpreted as a 
logical 0 and an information error will occur [RD-3]. 

Signaling through air will not be discussed here, since the influence of EMC by wireless media is 
much more complex and the data transfer is also more sensitive than when wired media is being 
used. 

 

Table 2-27. An estimate of EMC influence and sensitivity of each interface 

Interface Transfer medium Signaling EMC influence 
and sensitivity 

MIL-STD-1553 Shielded cable – one twisted pair Differential Little 

GPIB Shielded cable – shielded, twisted 
pairs16 Single ended Strong 

CAN-bus Cable Differential Little 

SpaceWire 
Shielded cable – four twisted pairs 
with separate shield around each 
pair 

Differential Little 

FireWire 
Shielded cable – two twisted pairs 
with separate shield around each 
pair and two power conductors 

Differential Little 

USB 1.1 Shielded cable – one twisted pair 
and two power conductors Differential Little 

USB 2.0 Shielded cable – one twisted pair 
and two power conductors Differential Little 

RS-422 (TTC-B01) Cable – twisted pair17 Differential Little 
RS-422 (PC-protocol) Cable – twisted pair18 Differential Little 
802.11a/b/g Air – 2.4 and 5.0 GHz  Strong 
Bluetooth Air – 2.4 GHz  Strong 
802.15.4 and ZigBee Air – 868 and 915 MHz, 2.4 GHz  Strong 

1-Wire Unshielded cable – Category 5 
twisted pair phone wire Single ended Strong 

                                                      
16 There are two solutions that have been found. One solution is a twisted pairs in the core of the cable and 
the individual data lines contained around this core. The other solution is the use of twisted pairs for all 16 
signal lines where each signal is twisted with an conductor to ground. 
17 24 AWG, copper conductor, twisted pair telephone cable is recommended [RD-10] 
18 24 AWG, copper conductor, twisted pair telephone cable is recommended [RD-10] 
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2.3.6 Component Availability 

Table 2-28 shows an overview over all standards discussed in this report, except IEEE Standard 
1451, regarding available commercial and radiation-tolerant components. There could be more 
manufacturers offering radiation-hard components, but the ones displayed in the table were the 
ones found at the time of writing. 

 

Table 2-28. Interfaces and manufacturers with radiation tolerant components 

Interface 
Commercial 
components 

available 

Radiation tolerant 
components 

available 

Manufacturer of radiation 
tolerant components 

MIL-STD-1553     Aeroflex, Holt, DDC 
GPIB     
CAN-bus     Atmel 
SpaceWire     Atmel 
FireWire     
USB 1.1     
USB 2.0     
RS-422 (TTC-B01)     Intersil 
RS-422 (PC-protocol)     Intersil 
802.11a/b/g     
Bluetooth     
802.15.4 and ZigBee     
1-Wire     
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2.3.7 Interfaces Commonly Used or Proposed by European Space Agencies 

Standards that are used or proposed by ESA at the time of writing are marked in Table 2-29. Worth 
mentioning is that WLAN and wireless variants of the other interfaces marked are being 
investigated, since weight is a critical factor in a spacecraft and cables add weight [RD-74]. 

 

Table 2-29. Standards used or proposed by ESA 

Interface Used or proposed by ESA 
MIL-STD-1553   
GPIB  
CAN-bus   
SpaceWire   
FireWire  
USB 1.1  
USB 2.0  
RS-422 (TTC-B-01)   
RS-422 (PC-protocol)  
802.11a/b/g   
Bluetooth  
802.15.4 and ZigBee  
1-Wire  
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3 TEST SYSTEM 

The second of the assignments for this thesis work was to demonstrate a simple solution of a test 
system for MIL-STD-1553. The objectives were to use a FPGA for the protocol implementation that 
was programmed in the language VHDL. 

In sub-chapter 3.1 different ideas for MIL-STD-1553 test systems are presented. Since half of the 
thesis work’s time was over by the time this task started and since the protocol was more complex 
than expected, a VHDL core for MIL-STD-1553 was bought instead of programmed. 

In sub-chapter 3.2, a software solution is presented, which goal was to gather data from the test 
system. 

3.1 Hardware Solutions for a MIL-STD-1553 Test System 

Three possible MIL-STD-1553 test systems were proposed after nearly two months of interface 
studies. One of them was selected after discussions, but it turned out that the selected version had 
to be reduced due to time constraints and a fourth solution was suggested and selected. Before 
describing the final solution, the other solutions will be presented. 

Solution 1 is the simplest solution, a FPGA with IP core from Actel in order to implement the BC 
and RT of the MIL-STD-1553. Connected to the FPGA are transceivers, light-emitting diodes 
(LEDs) and switches. The idea was also to make a transformer-coupled solution, since that is how 
it would be in a spacecraft. To keep the solution as simple as possible, a dual redundant data bus 
is not used. 

The idea of the LEDs and switches is to send data and indicate received data. When the BC for 
example sends 101 (0 is when a switch is open) the LEDs of the RT should also indicate 101 
(lightened LED equals binary 1). Note that the actual transferred data is not 101; the FPGA has to 
convert special sequences from the switches to MIL-STD-1553 commands. 

FPGA

FPGA

Coupling
transformer
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resistorBus

controller

Remote
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Figure 3-1. Solution 1 of MIL-STD-1553 test system 
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The second solution is more complex, involving a PC, and is pictured in Figure 3-2. The BC and RT 
have the same functions and components as in the first solution; the big difference is the PC. The 
system is supposed to work as follows: the user controls the BC through the PCMCIA card. The 
PCMCIA card can be configured as RT, MT or BC and in this system it is chosen to act as a BC. 
When the RT receives a command from the BC, some LEDs light up to show that a command was 
received. It then executes the command and sends some data back to the BC. This data can be 
read on the computer screen. 

In a real implementation the switches and LEDs would not exist. The LEDs are used to indicate that 
data is received correctly and the switches on the RT represent the data from sensors respectively 
activities from actuators in a real application. 

In an extended version of this solution another RT is added to the system which allows testing of 
the addressing function. 
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Figure 3-2. Extended version of solution 2 of MIL-STD-1553 test system 

The third, and most complicated, solution of a MIL-STD-1553 test system is the most realistic 
application of the three solutions. As can be seen in Figure 3-3 sensors like pressure and 
temperature are included on the breadboard. To be able to read the measurements into the FPGA, 
some analogue components are needed, for example a multiplexer (MUX) and analogue-to-digital 
(AD) converter. 

The system functions as follows: the PC is configured as BC through the PCMCIA card. The BC 
communicates then with one or more RTs. Data is then sent back from a RT to the BC and can be 
read on the computer screen. 
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Figure 3-3. Solution 3 of MIL-STD-1553 test system 

In order to decide which one of the solutions to focus on, pros and cons for each solution were 
examined. The first solution is very simple, which is both a pro and a con. Its simplicity makes it 
rather quickly implementable, but it also does nothing else than show that the communication 
works. The second solution includes some added complexity with the computer added to the 
system. This test system is a more interesting, but still too simple to evaluate the interface. Most 
like a real implementation is the third solution and that makes it the most interesting variant. The 
big con of such a system is the huge work to construct it and make it function. The implementation 
of such a system would have needed more time than half the time of a thesis work. 

Therefore, it was decided to find a solution like an evaluation board. Such a board is offered by 
Actel and the PCMCIA card is offered by DDC. Thus, a fourth solution was created and selected. It 
is illustrated in Figure 3-5. A list of the components ordered is found in appendix D and a picture of 
the development kit is shown in Figure 3-4. 
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Figure 3-4. A picture of Core1553BRM development kit 

The PCMCIA card is connected to a computer and plays the role of a BC, while the development 
kits from Actel act as RTs. A nice feature of the development kit was that a temperature sensor was 
included on the board. However, for a starter, only one development kit was used because of 
financial costs. Notice, though, that a dual-redundant bus system was used from the start since it is 
recommended in the appendix of the standard. 
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Figure 3-5. Solution 4 of MIL-STD-1553 test system 
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To the above explained test system, some changes were necessitated due to unforeseen delivery 
delays by the cable and connector vendor. Since only one development kit was to be used in the 
first test system, a cable solution from another vendor could be found with no T-connectors. Figure 
3-6 shows how the test system was built up. 
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Figure 3-6. Final version of MIL-STD-1553 test system 

To give a picture of what the test system looks like, a picture is shown in Figure 3-7. Interesting 
components on the development board that are useful for the test system are LCD, temperature 
sensor, AD converter and keypad. 

Because of the problem with the delivery of the cable and connectors, new assignments were 
defined. However, the delivery problems were not the only reason to why the assignment changed. 
It was decided that MIL-STD-1553 is too complex to implement in a FPGA during a short period of 
time. The new assignments defined were: 

1. When cable arrives, make some temperature measurements. Communication between PC and 
development board shall be done with the ACE Menu software that came with the PCMCIA 
card. 

2. Set up a LabView environment that can communicate with the development board and send 
temperature readings back to the PC. 
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Figure 3-7. MIL-STD-1553 test system: the blue cable is the cable used for MIL-STD-1553 
communication 
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3.2 Software Solution for a MIL-STD-1553 Test System 

In the previous sub-chapter, some tasks about data communication were defined. The first task 
was to read temperature measurements through the program ACE Menu while a demonstration 
program in the FPGA was running. The second task was to make the same readings, but through 
LabView and while the demonstration program was not running (this is called non-initialization 
mode). To switch between the two modes, a setting of two switches on the development kit had to 
be changed. 

Thus, a demonstration program came with the development kit and was pre-programmed into the 
FPGA. This program set one core in the FPGA to a BC and the other core to a RT. Information 
from the AD converter was then sent between the two cores. The information could be seen 
through ACE Menu in MT mode (see appendix C for more information about this program).  

The first thing to try was to make some changes to the demonstration program. This was first done 
through the keypad on the development kit and then the same changes were done through a 
HyperTerminal connected via RS-232. Changes made were to disable bus A and use the 
redundant data bus, bus B. The changes were in both cases done by changing register settings. 
The register changes needed are described in the Core1553BRM Demonstration and Development 
Kit User’s Guide (RD-80) from Actel.  

After the above mentioned tests, it was concluded that the board and FPGA worked properly. Next 
step was to try transmission over the real interface, MIL-STD-1553. In the above explained tests, 
the FPGA was programmed in loop-back mode; thus, the transceivers were not tested. The testing 
was done using the program ACE Menu that was delivered with the PCMCIA card. ACE Menu was 
set up as BC and the FPGA cores on the development board were set to RTs through the switches 
and the demonstration program was running. Then a RT-to-BC request message was created in 
ACE Menu with RT address 2, sub-address 25 and word count 9 (RT’s address was decided on the 
development board through the switches). This message set-up should give back nine words of 
data. According to the manual, sub-address 25 is connected to the AD converter and this would 
send nine data to the FPGA with a certain time interval. The AD converter send measurements like 
2.5 V regulator output, 2.5 V input to FPGA, 3.3 V regulator output, 5.0 V regulator output, input 
voltage from the power supply unit, temperature and FPGA core power consumption. The test 
succeeded and a printout of the message received is shown in Figure 3-8. The 8th data word of 
each message is the temperature reading. To get the room temperature in degrees Celsius, a 
division of the received data with 100 (2592 / 100 = 25.92) has to be made. 
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Figure 3-8. Data sent from RT to BC during demonstration program 

Next function to test was a BC-to-RT message to see if data is stored where it is expected. A BC-
to-RT message from ACE Menu was sent to RT address 2, sub-address 1 and word count 3. Data 
sent was 1, 2 and 3. As shown in Figure 3-9 the data was stored in core 2’s memory at 0x0042, 
0x0043 and 0x0044. These values corresponds to the decimal values 66, 67 and 68. This is the 
memory places expected, since received data storage starts at 0x0000. Each sub-address then 
has a 64-word buffer. Thus, sub-address 1 has receive memory storage 0x0040 (64 decimal) to 
0x007B (123 decimal). The received data then starts at the third place in the 64-word memory 
buffer, since the first two words are occupied by the message information word and the time tag. 
For a better understanding, it is recommended to have a look in appendix F. 
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Figure 3-9. Checking via HyperTerminal that the data sent from BC to RT was stored at the 
right memory places  

After the above described tests, it was assumed that everything worked properly as long as the 
demonstration program was running. Next step was to leave the demonstration program and use 
the non-initialization mode. The only thing mentioned about this mode in the manual for the 
development kit was that the cores had to be set up via RS-232. 

A first attempt was done using LabView. Unfortunately this attempt did not work and a new attempt 
was made using HyperTerminal. After some success via HyperTerminal, another try with LabView 
was made. After nearly two weeks work, it was decided to end the project due to lack of information 
and time. The project ended after a LabView program was written which set up the registers in one 
of the cores, so that the core would function as a RT with address 1, see Figure 3-10 and Figure 
3-11. 
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Figure 3-10. Author-written Register Setup program in LabView; operating window 

 

Figure 3-11. Author-written Register Setup program in LabView; diagram window 

 



TEST SYSTEM 
 

 73

Communication between ACE Menu and the core, set up as RT, worked. The core responded to 
commands, but there were some problems with memory locations. Data from the AD converter was 
never received since an initialization of the RT descriptor table, which programs all the memory 
locations, was not made. A solution on how to set up such a table in the LabView environment was 
not found. A description of how the registers were set in the written LabView program is offered in 
appendix E. A printout of the results when a RT-to-BC message was sent from the ACE menu, 
asking for AD converter data is shown in Figure 3-12. 

 

 

Figure 3-12. A try to read AD converter data in non-initialization mode 
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3.3 Analysis of Problems Connected to the Test System 

In this section an analysis of the problems that occurred during the test system part of this thesis 
work is done. Each problem is described along with actions taken to solve the problems. 

 

Problem 1: Development kit did not arrive on time 

The development kit was ordered November 25, 2004 and had an expected delivery time of 3-4 
weeks. The kit was delivered January 26, 2005 after some talks with the vendor. 

 

Problem 2: Cable and connectors did not arrive on time 

Cable and connectors were ordered from a Swiss supplier of Trompeter components. The first 
order was made December 10, and in January some changes to the order were suggested by the 
vendor. The promised manufacturing time was about two weeks, but in January the vendor 
suddenly changed the delivery date to the middle of March. This was unacceptable for this project; 
thus, a German vendor was contacted. This vendor had a simpler solution to offer, which suited the 
final test system perfectly. The vendor promised that the cables were in stock and could be 
delivered immediately. The cable was ordered January 20 together with two termination resistors 
that was ordered in order to reach €150 which was the minimum order value. The cable did not 
arrive on time and the vendor was contacted February 4. It turned out that the resistors were not in 
stock and the vendor wanted to deliver cables and resistors together. It was decided that the cables 
should be delivered right away and the resistors would come with a separate delivery. On February 
10 the cables arrived. 

 

Problem 3: Information about the software delivered together with the PCMCIA card was missing 

No manual to the program ACE Menu was delivered and according to the company DDC, no 
manual exists. After some communication with support people from DDC, enough information was 
gathered in order to run and understand the program. 

Together with the PCMCIA card, LabView support software was delivered. This support consisted 
of a couple of demonstration programs and a library. No information about how the demonstration 
programs work or what the library functions do, was delivered. After contacting DDC a manual was 
delivered after some time that should explain the library functions. No information about the 
demonstration programs was delivered. The delivered manual turned out to be the wrong one. 
Most of the functions in the LabView library were not described in the manual; thus, another 
manual was requested at DDC. At the time of writing, no other manual or information has been 
delivered. 

 

Problem 4: Information about how to initialize the FPGA on the development kit in non-initialization 
mode was missing 

Neither information nor examples of the core in non-initialization mode were found. Trial and error 
had to be done. After information about memory, registers and register settings had been gathered 
and understood, one core could be set up as a RT. Contact was made to Actel in order to get a 
better understanding and the problem that still remains is the set-up of a descriptor table. 
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Problem 5: MIL-STD-1553, a complex and new standard to Contraves Space 

The MIL-STD-1553 turned out to be a very complex standard; therefore, it was decided to buy a 
core programmed in VHDL and make an application instead of writing the core. To understand the 
core and the standard, in order to configure the core, help was needed from a software engineer. It 
was decided that it would take some time also for an engineer to understand the core, so it turned 
out that this was not an option. Instead, communication with the development kit through LabView 
was to be done. 

The fact that MIL-STD-1553 is a new standard to Contraves Space was also a problem, since no 
quick support could be offered when questions arose. Instead, manufacturers and vendors had to 
be contacted, which consumed a lot of time. 

 

Problem 6: Vacations and resigning support people 

In the last month of the thesis work, the person that could support me with LabView was on 
vacation for about eight days. Additionally my support person at DDC had resigned his work and a 
new software support needed some time to gather knowledge. In order to solve the first problem; 
National Instruments was contacted to examine if they had some drivers or information. 
Unfortunately they could not help. The second problem was solved by contacting another support 
person at DDC, who had been my first contact there. He got in contact with other support persons 
and tried to find answers to my questions. 
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3.4 Outlook 

In order to move on with the test system, the LabView function manual from DDC has to be 
received and information on how to set the RT description table has to be gathered. Thereafter the 
following steps are suggested. The order of the steps is only a suggestion.  

1. Initialize the core through register set-up and description table initialization. Set the PCMCIA 
card as BC through ACE Menu and write data to the RT’s memory. Check the memory with 
HyperTerminal. 

2. Same as the above, but request AD-converter data from the RT. 

A more real-life test system could be constructed with a separate FPGA (suggestible Actel 
APA600), programmed with Core1553BRM. Thereafter, an AD-converter and a couple of sensors 
could be attached to the FPGA. A expansion of the system, for example like solution 4, which is 
shown in Figure 3-5, could then be made. 
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4 CONCLUSIONS AND RECOMMENDATIONS  

4.1 Conclusions 

 

Interface analysis 
An important thing to notice before continuing to read this section is that the following comparison 
is not exact, since there may be other (perhaps better) components available than the ones 
mentioned in this report. 

A good criterion by which to start sorting interfaces for space applications is their EMC influence 
and sensitivity. The components involved can be divided in two divisions, wired and wireless, 
because of the fact that the wireless interfaces were not analyzed in the same way as the wired 
ones with respect to EMC since all of the wireless standards have the same high EMC sensitivity. 
First to be compared are therefore the wired interfaces, and after them a discussion about the 
wireless standards will follow. 

According to Table 2-27, the interfaces MIL-STD-1553, CAN, SpaceWire, FireWire, USB and RS-
422 are the better ones with low EMC influence and sensitivity, because of the shielding and 
differential transmission. GPIB and 1-wire do not use differential transmission and are therefore 
more sensitive to EMC influence. 

The next important factor, after the EMC, is the area needed for different interfaces. In Table 4-1 
each wired interface is shown with its smallest possible area (for reference see section 2.3.3). The 
clear leaders here are RS-422 and CAN. The GPIB and 1-Wire are not included in the table 
because of their high EMC sensitivity (see section 2.3.5). 

 

Table 4-1. Comparison between wired interfaces with respect to area needed 

Wired interface Area (mm2) Comment 
MIL-STD-1553 804  
CAN 215  
SpaceWire 1061  
FireWire --- No complete interface found 
USB 481  
RS-422 110  
 

As earlier mentioned, power consumption is also a critical factor in space applications. In Table 4-2 
the wired interfaces are once again compared, but this time with respect to power consumption. 
MIL-STD-1553, FireWire and RS-422 do not have any values, since power consumption 
information for a complete interface could not be found. Note that the power consumption values in 
Table 4-2 are values for one side of a complete interface, i.e. either the transmitting side or the 
receiving side. 
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Table 4-2. Comparison between wired interfaces with respect to power consumption 

Wired interface Power consumption Comment 
MIL-STD-1553 ---  
CAN 412.5 mW 22.5 x 5 + 300 mW 
SpaceWire 262.5 mW 40 x 5.5 + (12.5 + 30) mW 
FireWire ---  

USB 891 mW 
Under assumption that all of the 
ISP family have same values 
(90 x 3) x 3.3 = 270 mW 

RS-422 ---  
 

The last two factors to compare are interface complexity and transmission rate. From Table 2-23 it 
can be easily seen that SpaceWire and USB are the ones with the highest transfer rates. These 
are, though, not the interfaces with the lowest complexity. MIL-STD-1553, CAN and SpaceWire are 
probably the three standards that are easiest to develop (see section 2.3.4). 

From the above discussion and the available information on each interface, probably MIL-STD-
1553, CAN and SpaceWire are the better interfaces. All are also recommended from ESA and have 
radiation-tolerant components. Important to keep in mind is that the cable used by SpaceWire has 
eight conductors within it, which will add weight to the interface. The interface area is also larger 
than the one from CAN, which additionally needs two conductors and a ground reference. The MIL-
STD-1553 might seem like a good option, but the extra weight added from the transformers should 
not be forgotten when choosing an interface. Thus, CAN is probably the best wired interface. 

Now to the wireless interfaces. Since there are only three wireless interfaces to compare and since 
the most interesting parameters are transfer rate, power consumption, area needed and 
development complexity, the comparison is summarized in Table 4-3. Power consumption is not 
listed; the reason is that a comparison was not useful since too little information was available. 

 

Table 4-3. Comparison between wireless standards with respect to four parameters 

Parameter Interfaces (in order, best one first) 
Transfer rate WLAN (54 Mbps), Bluetooth (730 kbps), ZigBee (250 kbps) 
Power consumption ----- 
Interface area Bluetooth (45 mm2), ZigBee (49 mm2), WLAN (193 mm2) 
Development complexity Bluetooth (simple), WLAN (medium), ZigBee (high) 

 

To see which one of these wireless interfaces is better suited for space applications, information 
from ESA about these interfaces was searched. Unfortunately, the information found did not help 
very much. The only information available is that ESA is looking at possibilities for WLAN in space, 
(see section 2.3.7). But, if just looking at the table, it seems like Bluetooth is the smallest and 
simplest interface, although not the fastest. 

 

Test system 
It is hard to draw any conclusions about the test system. However, it can be stated that the system 
works as predicted. What has been learned while working with the test system is that vendors do 
not always deliver on time and that more time than planned is often needed when many vendors 
are included in a project. 
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4.2 Recommendations 

 

Interfaces 
IEEE Standard 1451 may seem like a complex interface, but it might be worth looking more closely 
into it when the whole standard is released. The idea of TEDS is interesting and the interface does 
not seem to need lots of conductors, in fact only two or three. 

It would also be interesting to build a test application of Bluetooth or WLAN and try to evaluate how 
these interfaces can handle the space environment. If a wireless standard for data communication 
in space is possible, there is a lot to win; especially in weight. 

Among the wired interfaces, the newcomer SpaceWire is well worth a test run, at least in the lab 
environment. Its fast transfer rate with LVDS signaling makes it the fastest interface with available 
radiation-hard components. The only faster interface is USB 2.0, but that is not meant for space 
applications. The only real problem with SpaceWire is the eight conductors that make up the 
communication path and which probably will add weight to the system. How much weight is then 
the question which has to be answered. 

Another interface with weight problems is MIL-STD-1553, where the cause is the transformers. The 
MIL-STD-1553 is also, along with RS-422, rather old (1978) but therefore well tested. More 
attention and research should perhaps be paid to the newer interfaces CAN and SpaceWire. 

Work to be done with this report is mainly to stay up-to-date with components offered by 
manufacturers. Parts become obsolete and new ones enter the market. Another thing is to keep an 
eye on the IEEE Standard 1451 and see how it turns out. 

 

Test system 
A lot of work has been done trying to solve the problem with support documentation from DDC. At 
the end of the thesis work time good connections to Scott Fairie, working as support at DDC, were 
established and there is a good chance of getting the information needed to write a LabView 
application for MIL-STD-1553. Good connections to Babak Razavi at Actel were also established 
and the problem with initializing the RT descriptor table could be solved in the very near future if 
contact is remained. 

When these problems have been solved, it is recommended to construct a test system without the 
development kit. Such a system could be constructed with the following main parts: PCMCIA card, 
FPGA with Core15553BRM, cables and connectors, AD-converter and sensor. With that kind of 
system, a real application could be evaluated and tested. 
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I

A) APPENDIX A: BUILDING BLOCKS FROM MANUFACTURERS 

In this appendix building blocks for each interface are presented. The components presented were 
selected with the intention of constructing a small and easy-to-implement interface. There are 
certainly more manufacturers for some of the interfaces than the ones here presented; however, 
the ones mentioned in this report are (for the most part) the more well-known ones. 

Important to notice is that the interface area is described with maximum values, if nothing else is 
indicated. It should also be mentioned that “additional parts needed” imply minimum number of 
parts that are needed for a complete interface. Depending on application, additional parts such as 
memory or voltage regulator might be required. 

 

MIL-STD-1553 

 
UT69151 SµMMIT DXE Aeroflex Complete interface 
Number of channels 2  
Transmission rate 1 Mbps  

Interface area 34.29 x 25.019 x 3.302 mm 
34.29 x 25.019 x 2.286 mm 

96-pin PGA 
100-lead FP 

Radiation tolerance 100 KRad  
Additional parts needed 1  Transformer 
 
 
 
HI-1567 Holt Integrated Circuits Transceiver 
Number of channels 2  
Transmission rate 1 Mbps  

Interface area 
7.10 x 7.10 x 1.00 mm 
12.98 x 10.643 x 2.54 mm 
25.654 x 8.128 x 5.080 mm 

44-pin Plastic chip-scale 
20-pin ESOIC 
20-pin ceramic side-brazed DIP 

Radiation tolerance 25 KRad  
Additional parts needed 2  Transformer and RT, BC or MT 
 
 
 
BU-61582 DDC Transceiver 
Number of channels 2  
Transmission rate 1 Mbps  

Interface area 
48.26 x 25.4 x 5.46 mm 
48.26 x 25.4 x 5.46 mm 
48.26 x 35.56 x 5.461 mm 

70-pin DIP 
70-pin FP 
70-pin Gull lead 

Radiation tolerance 1 MRad 
100 KRad 

Depends on voltage transceiver 
option 

Additional parts needed 1 Transformer 
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II 

GPIB 

 
iGPIB ines Complete interface 
Number of channels 1  
Transmission rate 8 Mbps  
Interface area 14.20 x 14.20 x 1.20 mm TQFP80 
Radiation tolerance ---  
Additional parts needed 0  
 
 
 

CAN 

 
CF151 Robert Bosch Transceiver 
Number of channels 1  
Transmission rate 500 kbps  
Interface area 5.0 x 4.0 x 1.75 mm SOIC 8 
Radiation tolerance ---  
Additional parts needed 1 CAN controller (FPGA) 
 
 
 
CF160 Robert Bosch Transceiver 
Number of channels 1  
Transmission rate 1 Mbps  
Interface area 5.0 x 4.0 x 1.75 mm SOIC 8 
Radiation tolerance ---  
Additional parts needed 1 CAN controller (FPGA) 
 
 
 
PCA82C250 Philips Transceiver 
Number of channels 1  
Transmission rate 1 Mbps  
Interface area 5.0 x 6.2 x 1.75 mm SO8 
Radiation tolerance ---  
Additional parts needed 1 CAN controller 
 
 
 
SJA1000T Philips CAN Controller 
Number of channels   
Transmission rate 1 Mbps  
Interface area 18.1 x 10.65 x 2.65 mm SO28 
Radiation tolerance ---  
Additional parts needed 1 Transceiver 
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III

 
TLE6250 Infineon Transceiver 
Number of channels 1  
Transmission rate 1 Mbps  
Interface area 6.02 x 5.0 x 1.75 mm P-DSO-8-3 
Radiation tolerance ---  
Additional parts needed 1 CAN controller 
 
 
 

AT7908E Atmel CAN Controller with integrated 
transceiver 

Number of channels 1  
Transmission rate 1 Mbps  
Interface area 17.78 x 17.78 x 4.95 mm MLCC 44 
Radiation tolerance 300 kRad  
Additional parts needed 0  
 
 
 

SpaceWire 

 
T7904E Atmel Controller 
Number of channels 1  
Transmission rate 200 Mbps  
Interface area 32.8 x 32.8 x 2.67 mm MQFPF 100 
Radiation tolerance RadHard No specified value in datasheet 
Additional parts needed 3 Line driver, receiver, hub 
 
 
 
TSS901E Atmel Controller 
Number of channels 3  
Transmission rate 200 Mbps  
Interface area 39.75 x 39.75 x 2.95 mm MQFPL 196 
Radiation tolerance RadHard No specified value in datasheet 
Additional parts needed 3 Line driver, receiver, hub 
 
 
 
UT54LVDS032LV Aeroflex Line driver 
Number of channels 4  
Transmission rate 400 Mbps  
Interface area 11.18 x 8.00 x 2.92 mm 16-pin Ceramic FP 
Radiation tolerance 300 kRad  
Additional parts needed 3 Receiver, controller, hub 
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IV 

 
UT54LVDS032LV Aeroflex Receiver 
Number of channels 4  
Transmission rate 400 Mbps  
Interface area 11.18 x 8.00 x 2.92 mm 16-pin Ceramic FP 
Radiation tolerance 1 MRad  
Additional parts needed 3 Line driver, controller, hub 
 
 
 
SN55LVDS31 Texas Instruments Line driver 
Number of channels 4  
Transmission rate 400 Mbps  
Interface area 3.00 x 3.00 x 1.07 mm MSOP Power Pad 
Radiation tolerance ---  
Additional parts needed 3 Receiver, controller, hub 
 
 
 
SN55LVDS32 Texas Instruments Receiver 
Number of channels 4  
Transmission rate 400 Mbps  
Interface area 3.00 x 3.00 x 1.07 mm MSOP Power Pad 
Radiation tolerance ---  
Additional parts needed 3 Receiver, controller, hub 
 
 
 

FireWire 

 
TSB41AB2 Texas Instruments Transceiver 
Number of channels 1  
Transmission rate 400 Mbps  
Interface area 12.20 x 12.20 x 1.20 mm Plastic QFP 64 
Radiation tolerance ---  
Additional parts needed 1 Link layer controller 
 
 
 
TSB41AB1 Texas Instruments Transceiver 
Number of channels 2  
Transmission rate 400 Mbps  

Interface area 
5.10 x 5.10 x 1.00 mm 
9.20 x 9.20 x 1.20 mm 
12.20 x 12.20 x 1.20 mm 

Plastic BGA 80 
Plastic QFP 48 
Plastic QFP 64  

Radiation tolerance ---  
Additional parts needed 1 Link layer controller 
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USB 

 
ISP1561 Philips Semiconductors Host controller with transceiver
Number of channels 4  
Transmission rate 480 Mbps / 12 Mbps / 1.5 Mbps  
Interface area 16.15 x 16.15 x 1.6 mm LQFP128 
Radiation tolerance ---  
Additional parts needed 2 Hub controller, function controller 
 
 
 
ISP1520 Philips Semiconductors Hub controller with transceiver 
Number of channels 4  
Transmission rate 480 Mbps / 12 Mbps / 1.5 Mbps  
Interface area 12.15 x 12.15 x 1.6 mm LQFP64 
Radiation tolerance ---  
Additional parts needed 2 Host controller, function controller
 
 
 

ISP1583 Philips Semiconductors Peripheral controller with 
transceiver 

Number of channels 1  
Transmission rate 480 Mbps / 12 Mbps  
Interface area 9.05 x 9.05 x 1 mm HVQFN64 
Radiation tolerance ---  
Additional parts needed 2 Host controller, hub controller 
 
 
 
MAX3346E Maxim Transceiver 
Number of channels 1  
Transmission rate 12 Mbps / 1.5 Mbps  
Interface area 2.07 x 2.07 x 0.67 mm UCSP 
Radiation tolerance ---  
Additional parts needed 1 Protocol 
 
 
 
TUSB2036 Texas Instruments Hub controller 
Number of channels 3  
Transmission rate 12 Mbps / 1.5 Mbps  
Interface area 9.20 x 9.20 x 1.60 mm Plastic QFP 32 
Radiation tolerance ---  

Additional parts needed 2 Host controller, function 
controller, transceivers 
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VI 

 
TUSB3210 Texas Instruments Device controller 
Number of channels 1  
Transmission rate 12 Mbps  
Interface area 12.20 x 12.20 x 1.60 mm Plastic QFP 64 
Radiation tolerance ---  
Additional parts needed 1 Transceiver 
 
 
 

RS-422 

 
HS-26CT31RH Intersil Line driver 
Number of channels 4  
Transmission rate  No specified value in datasheet 

Interface area 21.34 x 7.87 x 5.08 mm 
11.18 x 8.00 x 2.92 mm 

16-pin CerDIP 
16-pin FP 

Radiation tolerance 300 kRad  
Additional parts needed 2 Protocol, line receiver 
 
 
 
HS-26CT32H Intersil Line receiver 
Number of channels 4  
Transmission rate  No specified value in datasheet 

Interface area 21.34 x 7.87 x 5.08 mm 
11.18 x 8.00 x 2.92 mm 

16-pin CerDIP 
16-pin FP 

Radiation tolerance 300 kRad  
Additional parts needed 2 Protocol, line driver 
 
 
 
SN65176B Texas Instruments Transceiver 
Number of channels 1  
Transmission rate  No specified value in datasheet 

Interface area 
10.60 x 6.60 x 5.08 mm 
5.00 x 6.20 x 1.75 mm 
6.50 x 8.20 x 2.00 mm 

8-pin PDIP 
8-pin SOIC 
8-pin SOP 

Radiation tolerance ---  
Additional parts needed 1 Protocol 
 
 
 
AM26LV31C, AM26LV31I Texas Instruments Line Driver 
Number of channels 4  
Transmission rate  No specified value in datasheet 

Interface area 10.00 x 6.20 x 1.75 mm 
10.50 x 8.20 x 2.00 mm 

16-pin SOIC 
16-pin SOP 

Radiation tolerance ---  
Additional parts needed 2 Protocol, line receiver 
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AM26LV32 Texas Instruments Line Receiver 
Number of channels 4  
Transmission rate  No specified value in datasheet 

Interface area 10.00 x 6.20 x 1.75 mm 
10.50 x 8.20 x 2.00 mm 

16-pin SOIC 
16-pin SOP 

Radiation tolerance ---  
Additional parts needed 2 Protocol, line driver 
 
 
 
TL16C550C Texas Instruments UART 
Number of channels 8 serial ports  
Transmission rate 1 Mbps  
Interface area 13.7 x 53.09 x 5.08 mm 

9.00 x 9.00 x 1.00 mm 
24-pin PDIP 
48-pin PQFP 

Radiation tolerance ---  
Additional parts needed 2 Line driver, line receiver 
 
 
 

802.11a/b/g 

 
PMB8680 Infineon Transceiver 
Number of channels ---  See Section 2.2.8 

Transmission rate 6, 9, 12, 18, 24, 36, 48, 54 Mbps 
1, 2, 5.5, 11 Mbps 

802.11a/b/g 
802.11b 

Interface area 7 x 7 x 0.9 mm 48-pin VQFN 
Radiation tolerance ---  

Additional parts needed 5 
Power amplifier, base band 
processor, MAC, antenna, 
switches 

 
 
 

PMB8787 Infineon Multi-mode base band 
processor 

Number of channels ---  
Transmission rate 1, 2, 5.5, 11, 22, 54 Mbps Supports 802.11a/b/g 
Interface area 7 x 7 x 1.4 mm P-LFBGA-81 
Radiation tolerance ---  

Additional parts needed 5 Transceiver, power amplifier, 
MAC, antenna, switches 

 
 
 
TNETW1130 Texas Instruments MAC and Baseband controller 
Number of channels --- See Section 2.2.8 
Transmission rate 1, 2, 5.5, 11, 22, 54 Mbps 802.11a/b/g 
Interface area 16 x 16 mm 257-pin BGA 
Radiation tolerance ---  
Additional parts needed 2 Transceiver, antenna 
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VIII 

 
TNETW1100B Texas Instruments MAC and Baseband controller 
Number of channels --- See Section 2.2.8 
Transmission rate 1, 2, 5.5, 11, 22 Mbps Supports 802.11b 
Interface area 12 x 12 mm 179-pin BGA 
Radiation tolerance ---  
Additional parts needed 2 Transceiver, antenna 
 
 
 
ACX100 Texas Instruments MAC and Baseband controller 
Number of channels --- See Section 2.2.8 
Transmission rate 1, 2, 5.5, 11, 22 Mbps 802.11b 

Interface area No specified value in datasheet 208-pin PQFP 
257-pin BGA 

Radiation tolerance ---  
Additional parts needed 2 Transceiver, antenna 
 
 
 
MAX2820/ 2820A/ 2821/ 2821A MAXIM Transceiver 
Number of channels --- See Section 2.2.8 
Transmission rate 1, 2, 5.5, 11, 22 Mbps 802.11b 

Interface area 7.10 x 7.10 x 1.0 mm 
7.10 x 7.10 x 0.8 mm 

48-pin QFN (MAX2820/ 2821) 
48-pin thin QFN (all) 

Radiation tolerance ---  

Additional parts needed 4 Baseband IC, MAC, antenna, 
linear power amplifier 

 
 
 
MAX2242 MAXIM Power amplifier 
Number of channels ---  
Transmission rate No specified value in datasheet Supports 802.11b 
Interface area 1.5 x 2.0 x 0.62 mm UCSP 
Radiation tolerance ---  

Additional parts needed 4 Transceiver, baseband IC, MAC, 
antenna 

 
 
 
 

Bluetooth 

 
LMX5252 National Semiconductor Radio 
Number of channels --- See Section 2.2.9 
Transmission rate  No specified value in datasheet 
Interface area 6 x 6 x 0.8 mm LLP-36 
Radiation tolerance ---  
Additional parts needed 2 Baseband controller, antenna 
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LMX5452 National Semiconductor Baseband controller and radio 
Number of channels ---  
Transmission rate 723 kbps  
Interface area 6 x 9 mm BGA-60 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
LMX9820 National Semiconductor Complete interface 
Number of channels --- See Section 2.2.9 
Transmission rate 704 kbps  
Interface area 10.1 x 14.0 x 1.9 mm No specified value in datasheet 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
BGB201 Philips Baseband controller and radio 
Number of channels ---  
Transmission rate  No specified value in datasheet 
Interface area 9.5 x 11.5 x 1.7 mm LGA 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
BGB202 Philips Baseband controller and radio 
Number of channels ---  
Transmission rate  No specified value in datasheet 
Interface area 7 x 8 x 1.4 mm HVQFN 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
 
BGB203/BGB204 Philips Baseband controller and radio 
Number of channels --- See Section 2.2.9 
Transmission rate  No specified value in datasheet 

Interface area 7 x 8 x 1.3 mm 
7 x 7 x 1.0 mm 

HVQFN (BGB203 Flash-memory) 
HVQFN (BGB204 ROM-memory) 

Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
BRF6100/6150 Texas Instruments Complete interface 
Number of channels --- See Section 2.2.9 
Transmission rate  No specified value in datasheet 
Interface area  No specified value in datasheet 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 



APPENDIX A: BUILDING BLOCKS FROM MANUFACTURERS 
 

 
 
X 

 
 
BRF6300 Texas Instruments Complete interface 
Number of channels --- See Section 2.2.9 
Transmission rate 2 Mbps, 3 Mbps  
Interface area  No specified value in datasheet 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 

802.15.4 and ZigBee 

 
MC13192 Freescale Transceiver 
Number of channels 16  
Transmission rate 250 kbps  
Interface area 5.0 x 5.0 x 1.0 mm 32 QFN 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 
CX1540 CompXs Transceiver 
Number of channels 16  
Transmission rate 250 kbps  
Interface area 7.30 x 7.30 x 1.00 mm 48 pins VQFN 
Radiation tolerance ---  
Additional parts needed 1 Antenna 
 
 
 

1-Wire 

 
DS2482-100 MAXIM Master with I2C to 1-Wire bridge 
Number of channels 1  

Transmission rate 16.3, 142 kbps (100, 400 kbps) ( ) means transmission rate 
to/from I2C 

Interface area 6.20 x 5.00 x 1.75 mm 8 SO 
Radiation tolerance ---  
Additional parts needed 0  
 
 
 

DS2480B MAXIM Line driver with load sensor 
(connected to UART) 

Number of channels 1  

Transmission rate 16.3, 142 kbps (9.6, 19.2, 57.6, 
115.2 kbps) 

( ) means transmission rate 
to/from UART 

Interface area 6.20 x 5.00 x 1.75 mm 8 SO 
Radiation tolerance ---  
Additional parts needed 0  
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B) APPENDIX B: REAL ESTATE OF INTERFACE ELECTRONICS 

Processors and similar components are not included in the calculations and pictures. In every 
figure it is marked which interface side leads to the bus or the processor side. Note that the 
processor side is meant to be the side where for example sensors and actuators could be 
connected. 

 

MIL-STD-1553 

Transceiver

Transformer

Transformer

FPGA
with Core
from Actel

To bus

To processor

 

Figure b-1. MIL-STD-1553, solution 1 

Component/Manufacturer Specific 
component Area [mm] Specific 

component Area [mm] 

FPGA A54SX72A (FG484) 
Actel 

 23.00 x 23.00  23.00 x 23.00 

Transceiver DDC BU-61582 48.26 x 25.4 Holt HI-1567 7.00 x 7.00 
Transformer PM-DB2729 
Premier Magnetics 

 2 x (12.70 x 8.89)  2 x (12.70 x 8.89)

Total  1981 mm2  804 mm2
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Summit DXE

Transformer

Transformer

To processor

To bus

 

Figure b-2. MIL-STD-1553, solution 2 

Component/Manufacturer Area [mm] 
Complete interface 
UTMC Sµmmit DXE 34.30 x 25.02 

Transformer PM-DB2729 
Premier Magnetics 2 x (12.70 x 8.89) 

Total 1084 mm2 
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GPIB 
 

iGPIB

To busTo processor

 

Figure b-3. GPIB interface solution with iGPIB chip 

Component/Manufacturer Area [mm] 
Complete interface 
iGPIB ines 14.00 x 14.00 

Total 196 mm2 
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CAN 
 

CAN controller CAN transceiver

To processor

To bus

 

Figure b-4. CAN communication interface 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

CAN controller 
SJA1000T 
Philips 

 
17.9 x 10.32  17.9 x 10.32  17.9 x 10.32

CAN transceiver CF160 
Bosch 5.0 x 6.0 PCA82C250

Philips 4.9 x 6.0 TLE6250 
Infineon 5.0 x 6.0 

Total  215 mm2 215 mm2  215 mm2

 

 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

CAN controller 
AT7908E 
Atmel 

 17.32 x 
17.32  17.32 x 

17.32  17.32 x 
17.32 

CAN transceiver Bosch 
CF160 5.0 x 6.0 Philips 

PCA82C250 4.9 x 6.0 Infineon 
TLE6250 5.0 x 6.0 

Total  330 mm2 330 mm2  330 mm2
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SpaceWire 
 

Controller

Line driver

Receiver

To
processor

To bus

 

Figure b-5. Solution for a SpaceWire system without routers 

Component Specific 
component Area [mm] Specific 

component Area [mm] 

SpaceWire 
Controller 
T7906E Atmel 

 
32.3 x 32.3  32.3 x 32.3 

Line driver SN55LVDS31 
Texas Instruments 3.00 x 3.00 UT54LVDS031LV 

Aeroflex 11.18 x 8.00

Line receiver SN55LVDS32 
Texas Instruments 3.00 x 3.00 UT54LVDS032LV 

Aeroflex 11.18 x 8.00

Total 1061 mm2  1222 mm2

 

Component Specific 
component Area [mm] Specific 

component Area [mm] 

SpaceWire 
Controller 
TSS901E (Atmel) 

 39.75 x 
39.75  39.75 x 

39.75 

Line driver SN55LVDS31 
Texas Instruments 3.00 x 3.00 UT54LVDS031LV 

Aeroflex 11.18 x 8.00

Line receiver SN55LVDS32 
Texas Instruments 3.00 x 3.00 UT54LVDS032LV 

Aeroflex 11.18 x 8.00

Total 1598 mm2  1759 mm2
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FireWire 

 

FireWire protocol controller FireWire transceiver

To processor

To bus

 

Figure b-6. FireWire system solution 

Component Area [mm] Area [mm] Area [mm] 
Transceiver 
TSB41AB1 5.10 x 5.10 9.20 x 9.20 12.20 x 12.20 

Protocol controller --- --- --- 
Total >26 mm2 >85 mm2 >149 mm2 

 

Component Area [mm] 
Transceiver 
TSB41AB2 12.20 x 12.20 

Protocol controller --- 
Total >149 mm2 
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USB 

 

USB host controller
with integrated

transceiver
ISP1561 Philips

USB hub controller with
integrated transceiver

ISP1520 Philips

USB peripheral
controller with

integrated transceiver
ISP1583 Philips

 

Figure b-7. USB system solution with hub 

Component Area [mm] 
Host controller 
ISP1561 Philips 16.00 x 16.00 

Hub controller 
ISP1520 Philips 12.00 x 12.00 

Peripheral controller 
ISP1583 Philips 9.00 x 9.00 

Total 481 mm2 
 

 

USB host controller
TUSB3210

(Texas Instruments)

USB transceiver
MAX3346E

(Maxim)

USB hub with
integrated transceiver

TUSB2036
(Texas Instruments)

USB transceiver
MAX3346E

(Maxim)

USB pheriperal
controller

TUSB3210
(Texas Instruments)

 

Figure b-8. A second USB system solution with hub 

Component Area [mm] 
General purpose device 
controller 
TUSB3210 
Texas Instruments 

12.00 x 12.00 

USB transceiver 
MAX3346E Maxim 2.02 x 2.02 

USB hub incl. transceiver 
TUSB2036 
(Texas Instruments) 

9.00 x 9.00 

Total 229 mm2 
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RS-422 
 

UART TL16C550C
Texas Instruments

RS-422 transceiver
SN65176B/SN75176B

Texas Instruments

To
processor To bus

 

Figure b-9. RS-422 system with transceiver and UART 

Component Area [mm] 
RS-422 transceiver 
SN65176B/SN75176B 
Texas Instruments 

6.00 x 4.90 

UART 
TL16C550C, Texas Instruments 9.00 x 9.00  

Total 110 mm2 
 

 

 

UART TL16C550C
Texas Instruments

RS-422
transmitter

RS-422 receiver

To
processor

To bus

 

Figure b-10. RS-422 system with drivers and UART 

Component Specific 
component Area [mm] Specific 

component Area [mm] 

RS-422 transmitter AM26LV31I 
Texas Instruments 10.20 x 7.80 HS-26CT31RH 11.18 x 8.00 

RS-422 receiver AM26LV32 
Texas Instruments 10.20 x 7.80 HS-26CT32RH 11.18 x 8.00 

UART 
TL16C550C, Texas 
Instruments 

 
9.00 x 9.00 

 
9.00 x 9.00 

Total  241 mm2  260 mm2
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802.11a/b/g 

MAC and
baseband
processor

Radio (transceiver)

To processor

 

Figure b-11. Two-chips solution of WLAN 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

MAC and 
baseband 
processor 

ACX100 
Texas 
Instruments 

16.00 x 
16.00 

TNETW1100B
Texas 
Instruments 

12.00 x 
12.00 

TNETW1130 
Texas 
Instruments 

16.00 x 
16.00 

Transceiver 
MAX2820(A)/
MAX2821(A) 
Maxim 

 

7.00 x 7.00 

 

7.00 x 7.00 

 

7.00 x 7.00 

Total  305 mm2 193 mm2  305 mm2

 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

MAC and 
baseband 
processor 

ACX100 
Texas 
Instruments 

16.00 x 
16.00 

TNETW1100B
Texas 
Instruments 

12.00 x 
12.00 

TNETW1130 
Texas 
Instruments 

16.00 x 
16.00 

Transceiver 
PMB8680 
Infineon 

 
7.00 x 7.00 

 
7.00 x 7.00 

 
7.00 x 7.00 

 Total   305 mm2 193 mm2  305 mm2

 

 

Baseband
processor
PMB8787
Infineon

Radio (transceiver)MAC

To processor

 

Figure b-12. Three-chips solution of WLAN 

Component Specific 
component Area [mm] Specific 

component Area [mm] 

MAC --- --- --- --- 
Baseband processor 
PMB8787 Infineon 

 7.00 x 7.00  7.00 x 7.00 

Transceiver PMB8680 
Infineon 7.00 x 7.00 

MAX2820(A)/ 
MAX2821(A) 
Maxim 

7.00 x 7.00 

Total  >98 mm2  >98 mm2
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Bluetooth 

Radio (transceiver)
and baseband

processor

To processor

 

Figure b-13. Simple Bluetooth solution offered by many manufacturers 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

Radio and 
baseband 
processor 

BGB201 
Philips 

9.50 x 
11.50 

BGB202 
Philips 7.00 x 8.00

BGB203/ 
BGB204 
Philips 

7.00 x 7.00 

Total  110 mm2  56 mm2  49 mm2

 

Component Specific 
component Area [mm] Specific 

component Area [mm] Specific 
component Area [mm] 

Radio and 
baseband 
processor 

LMX9820 
National 
Semiconductor 

10.10 x 
14.00 

LMX5452 
National 
Semiconductor 

6.00 x 9.00
BRF6300 
Texas 
Instruments 

45 mm2 (PCB 
layout area) 

Total  142 mm2  54 mm2  45 mm2
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XXI

802.15.4 and ZigBee 
 

Microcontroller with
MAC

Transceiver
MC13192
Freescale

 

Figure b-14. ZigBee system solution with transceiver from Freescale 

Component Specific component Area [mm] 
Transceiver MC13192 Freescale 5.00 x 5.00 
Microcontroller --- --- 

Total >25 mm2 
 
 
 
 
 
 
 

Transceiver
and MAC
CX1540
CompXs

To processor

 

Figure b-15. ZigBee interface offered by CompXs 

Component Area [mm] 
Transceiver and MAC 
CX1540 CompXs 7.00 x 7.00 

Total 49 mm2

 



APPENDIX B: REAL ESTATE OF INTERFACE ELECTRONICS 
 

 
 
XXII 

1-Wire 
 

Line driver
Maxim

To processor To bus

 

Figure b-16. 1-Wire offered by Maxim 

Component Specific 
component Area [mm] Specific 

component Area [mm] 

Line driver DS2482-100 
Maxim 4.90 x 6.00 DS2480B 

Maxim 4.90 x 6.00 

Total 30 mm2  30 mm2
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C) APPENDIX C: SOFTWARE HINTS TO PCMCIA CARD 

In this appendix it will be explained how to use the software that was delivered with the BU-65553 
PCMCIA card. The section can be thought of as a cookbook to the ACE Menu, a user interface that 
handles the communication between a user and the PCMCIA card. This is needed since no manual 
to the ACE Menu exists according to DDC. A second part of this appendix describes how to 
execute a test program for the PCMCIA card in LabView. 

Important to know is that the PCMCIA card has to be connected to the computer before turning the 
computer on. 

 

ACE Menu 
The first thing to do after opening ACE Menu is to open a new ACE setup window. This is done by 
clicking on the white sheet of paper with a yellow light in the upper left corner. There is only one 
setup window for each PCMCIA card and you cannot type anything in this window. The information 
in the window will only change when you change something in the setup of the BC, RT or MT. A 
picture of what this window looks like is given in Figure c-1. 

 

 

Figure c-1. ACE set-up window 

The first action to take is logically to test the card. This is done by clicking on the light-blue button, 
which says “tst”. When everything runs properly, a window looking like the one in Figure c-2 should 
pop up. 
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Figure c-2. Pleasing test results from the Card Self Test program 

To set up the card as a BC, RT or MT some adjustments in the settings of the card are needed. To 
set up the card as a BC, RT or MT, see information under respective section down below. 

BC 1. Click on the red button which says “BC”. 

2. A new row with buttons will appear. Click on the button “Msg” and a window like Figure c-3 
will appear. 

 

 

Figure c-3. BC message dialog 

3. Then click on the “Create New Msg”-button in the BC message dialog. A new window will 
appear where the user can choose what kind of message to send (see Figure c-4). 
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Figure c-4. BC message type dialog 

4. After choosing for example “BC-to-RT Transfer”, click on OK and the BC Message Dialog 
window will appear again with some changes made (see Figure c-5). For example the field 
under “Message Name” was earlier empty, now it says “msg1”. In the field next to the 
“Message Name”-field it now says “BC to RT”, which was chosen in the previous step. 
Underneath, in the “Command Word”-field changes can be made for the RT address and sub 
address. “T/R” tells the RT if it is to receive or transmit a message. Then the user can type in 
some data in the “Data”-field. Before closing this dialog click on the “Save Msg”-button, 
otherwise will not the message be saved and all changes will be lost. After saving the 
message, click on the button “Close” and the dialog will disappear. 

 

 

Figure c-5. BC message dialog after creating a new message 
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5. Next step to do before sending the message is to click on the button “Frame”, which is next 
to the “Msg”-button. The window in Figure c-6 will appear. Mark msg1 that you just created and 
choose “Insert” and the “OK”. 

 

Figure c-6. BC frame dialog 

6. Now click on the button “Run” and set the minor time frame to for example 100 (the smallest 
value possible). The window should look like the one in Figure c-7. The field “File Name” 
shows the file name of the file where the message sent can be viewed. Click on the button 
“Run” to run the message. When done running, choose “OK, Save”. 

 

 

Figure c-7. BC run dialog 

7. To see the message just sent, click on the button “Stack”, and choose BC.asf. An example 
of what the stack can look like is shown in Figure c-8. 
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Figure c-8. An example of a BC stack file 

 

RT 1. Click on the yellow button that says “RT” to get four yellow buttons specific for RT mode. 
Then click on the button “Edit”. A window like the one in Figure c-9 will appear. Here the user 
can type in data in different subaddresses. Every subaddress has space for 32 words and 
each word contains 16 bits, i.e. the largest possible number to store is FFFF. When done 
typing in data, choose “Save”. 

 

 

Figure c-9. RT edit dialog, where data can be typed in 

2. Then click on the yellow “RUN” button. A figure like Figure c-10 will appear. Click on the 
button “Run”, when the right RT address is set. Notice that the information sent will be saved 
under RT.asf. 
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Figure c-10. RT run dialog 

MT 1. In this mode there is not much to do. To get to MT mode, click on the green button that says 
“MT”. Next step is to click on the “Filter”-button that will appear after entering MT mode. A new 
window will appear, see Figure c-11. Here the user can choose what kind of messages should 
be monitored. Click on “Save” when done. 

 

Figure c-11. MT filter dialog 

2. Click on the green “RUN”-button to run the bus monitor. 

 

 

Figure c-12. Monitor run dialog 
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LabView Support 
In order to run the files in the LabView Support directory, following steps must be done: 

1. Open LabView 

2. In the dialog that appears, choose “Open VI” (or when no dialog appears, choose “File” and 
click on “Open”) 

3. Go to the place where Data Device Corporation was installed (normally under C:\Programs) 

4. Go to the directory “Ace542” and then further to “LabView Support” and finally “Samples” 

5. When the program “Selftest” is chosen, the program may ask the user to find some files that 
are found in the directory “User Library” under the directory “LabView Support”. For example 
the file “BuOpenDevice” lies under User Library\main\LabView Library. Another example is the 
file “BuSelfTest”, which can be found under User Library / test / Test. A tricky part can be to find 
a library when a dialog appears that says “Select a library”. The library then asked for is named 
“ACE4LVSP.dll” and is found in the directory “User Library”. 

6. After finding these files, the program “SelfTest” should run properly. To see what the program 
looks like, see Figure c-13. 

 

 

Figure c-13. The program Selftest in LabView environment 

7. To run “SelfTest”, choose the correct “DevNumber” (Device Number) for the PCMCIA card 
(should be 0 if the PCMCIA card is the only device running on the computer). To be sure about 
the Device Number, go to the Start button in Windows, choose Control Panel and click on PC-
Card (PCMCIA). 

8. When correct “DevNumber” has been set, click on the arrow in the upper left corner. (If the 
arrow is broken, something is wrong with the SelfTest program and it should be newly opened.) 

9. When everything runs as it should, a series of numbers should show up under Status when the 
program is done running. The numbers should be 12345678901234567890123 etc. 
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D) APPENDIX D: BILL OF MATERIAL 

Table d-1. Bill of material 

Item Quantity Description Manufacturer Part number Delivered 

1 1 PCMCIA card DDC BU-65553M-300 Yes 

2 1 Development kit Actel Core 1553BRM-DEV-
KIT-FPL Yes 

3 2 Cable with PL75 
connectors Acal (Germany) PTWY-40-78 Yes 

4 2 Termination 
resistor Acal (Germany) TNG1-1-78 No 

5 6 T-connector BN73 No 

6 30 (feet) Cable M17/176-00002 No 

7 4 Termination 
resistor TNGBJ-1-78 No 

8 14 Cable plug PL75-47 No 

9 6 Cable jack 

Trompeter 
(through Z&B Video AG, 
Switzerland) 

CJ70-47 No 
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E) APPENDIX E: SET-UP OF RT REGISTERS IN LABVIEW  

A core set up as RT with address 1: 
 
reg00 (reg 0x00) 0x1C16 (halt execution) 
reg01 (reg 0x01) 0x0900 
reg03 (reg 0x03) 0xffff 
reg05 (reg 0x05) 0xf000 
reg07 (reg 0x07) 0x0000 
reg08 (reg 0x08) 0x8000 
reg09 (reg 0x09) 0x0000 
 
reg16 (reg 0x10) 0x0000 (RT illegalization registers) 
reg17 (reg 0x11) 0x0000 
reg18 (reg 0x12) 0x0000 
reg19 (reg 0x13) 0x0000 
reg20 (reg 0x14) 0x0000 
reg21 (reg 0x15) 0x0000 
reg22 (reg 0x16) 0xFFFF 
reg23 (reg 0x17) 0xFFFF 
reg24 (reg 0x18) 0xFFFF 
reg25 (reg 0x19) 0xFFFD 
reg26 (reg 0x1A) 0xFE01 
reg27 (reg 0x1B) 0xFFF2 
reg28 (reg 0x1C) 0xFFFF 
reg29 (reg 0x1D) 0xFFFD 
reg30 (reg 0x1E) 0xFE05 
reg31 (reg 0x1F) 0xFFFF 
 
reg00 (reg 0x00) 0x9C16 (start execution) 
 

Notice that also the RT description table has to be set up correctly if the core should act properly. 
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F) APPENDIX F: BRM1553 DEVELOPMENT KIT MEMORY MAPPING 

The following information was gathered from the support at Actel: 

 
When in RT mode each core is configured in Ping-Pong mode with Buffer A, Buffer B and the Broadcast 
buffers mapped to the same address.  
 
The descriptor table is at 0x8000, therefore (Summit Manual Page 18) 
 
RX Sub-address Descriptors at 0x8000 
TX Sub-address Descriptors at 0x8000+128 
RX Mode Code Descriptors at 0x8000+256 
TX Mode Code Descriptors at 0x8000+384 
 
The lower part of memory is mapped into 128 64-word buffers. The first 32 are assigned to RX Sub-
addresses, the next 32 to TX sub-addresses, the next 32 to RX mode codes and the last 32 to TX mode 
codes. This mapping is used to initialize the RT descriptor blocks. 
 
Therefore 
 
RX Data storage starts at 0000 
TX Data storage starts at 32*64 = 2048 = 0x0800 
RX Mode code storage starts at = 64*64 = 0x1000 
TX Mode code storage starts at = 96*64 = 0x1800 
 
Therefore 
 
SA 25 RX Data is at = 0x0000 + 25*64 = 1600 = 0x0640 
SA 25 TX Data is at = 0x0800 + 25*64 = 3648 = 0x0E40 
 
Each 64-bit buffer consists of 
 
00: MIW (Message Information Word) 
01: Time Tag 
02: 1st data word 
03: 2nd data word 
 
Therefore the first RX data word for SA25 is at address 0x0642 
 



 
 

 
 

 


