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Definitions and Acronyms 

 
Definitions 

In this document the following definitions are used: 

 
Byte: A byte is always a digital entity made of 8 bits. 

GEO: Geostationary Earth Orbit. They are the orbits whose orbital period is equal to the 
period of Earth’s rotation. They are located around 35786 Km. 

Jitter: random errors in the timing of a signal. 

L‐Char: Link-Character: character used in the exchange level and which is not passed on to 
the packet level. The flow control token (FCT) character and escape (ESC) character are 
L‐Chars. The NULL control code (ESC + FCT) and the Time‐Code (ESC + data character) 
are escape sequences and may be regarded as L‐Chars. 

LEO: Low Earth Orbit, They are the closest orbits to the Earth surface. They are the orbits 
between 200 and 1000 Km. 

MEO: Medium Earth Orbit. They are the set of orbits between 2000 and 30000 Km (or even 
closer to GEO).  

N‐Char:  Normal-Character: character that is passed on to the packet level: data characters 
(10 bits) and end of packet markers (EOP and EEP, 4 bits). 

Skew: difference in time between edges of two signals which should ideally be concurrent. 
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Acronyms 

In this document the following acronyms are used: 

 
AMBA   Advanced Microcontroller Bus Architecture 

AHB   Advanced High-performance Bus 

APB   Advanced Peripheral Bus 

ASIC   Application Specific Integrated Circuit 

BC   Bepi Colombo 

DDR   Double Data Rate 

EEP   Error End of Packet 

EOP   End of Packet 

EGSE   Electrical Ground Support Equipment 

ESA   European Space Agency 

ESC   Escape character 

FCT   Flow Control Token 

FIFO   First In First Out 

FPGA   Field Programmable Gate Array 

FSM   Fast Switch Matrix 

GTO   Geostationary Transfer Orbit 

HDL   Hardware Description Language 

HPL   Hosted Payload 

HW   Hardware 

IEEE    Institute of Electrical and Electronics Engineers 

IF   Interface 

I/O   Input / Output 

IP   Intellectual Property 
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JTAG   Joint Testing Action Group 

LEO   Low Earth Orbit 

LVDS   Low Voltage Data Signalling 

MMA   Main Mission Antenna 

M&C   Monitoring and Control 

OBP   On Board Processor 

PC   Personal Computer 

PCB   Printed Circuit Board 

R&D   Researching and Development 

RX   Reception 

SCP   SpaceWire Characterization Platform 

SD   STAR-Dundee 

SDRAM  Synchronous Dynamic Random Access Memory 

SIRF   Single-Event Immune Reconfigurable FPGA 

SMCS    Scalable Multi-channel Communication Sub-system 

SpW   SpaceWire 

SW   Software 

TAS-E   Thales Alenia Space España 

TX   Transmission 

UART   Universal Asynchronous Receiver-Transmitter 

UHF   Ultra High Frequency 

VHDL   VHSIC HDL 

VHSIC   Very High Speed Integrated Circuit 
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Resumen 

El presente Trabajo Fin de Máster pretende mostrar el proceso realizado para la 

caracterización eléctrica y funcional entre distintos dispositivos que utilizan el estándar de 

comunicaciones espaciales SpaceWire integrados en una tarjeta de evaluación diseñada 

para tal efecto. 

Para poder llevar a cabo dicha caracterización, en primer lugar, se realiza un estudio 

para el conocimiento del estándar SpaceWire. A continuación, se lleva a cabo otro estudio 

para el conocimiento de la tarjeta de demostración en la que se encuentran los distintos 

interfaces e IPs de SpW. Con esto último, se pretende conocer como están estructurados 

los dispositivos SpW, sobre todo a nivel de FPGA, y como se realiza la comunicación entre 

ellos.  

En base a los conocimientos adquiridos acerca de SpaceWire y los dispositivos SpW 

de la tarjeta de evaluación, se definen el conjunto de medidas y la estrategia a seguir para 

validar eléctricamente la interoperabilidad entre los distintos dispositivos, así como para 

realizar las comprobaciones funcionales necesarias para asegurar su correcto 

entendimiento. Además, con ello se podrá comprobar si se cumple el estándar y se podrá 

también buscar el límite de operación dentro de un sistema de comunicaciones 

representativo de los equipos existentes en un satélite.  

Realizado el plan de pruebas y aplicado sobre el hardware representativo se podrá 

dar por caracterizada la tarjeta a nivel SpW y realizar un informe con las conclusiones 

alcanzadas acerca del funcionamiento de los interfaces SpW de la tarjeta y las limitaciones 

encontradas. 
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Summary 

This Master Final Project is intended to show the process developed to the functional 

and electrical characterization between different devices that use the SpaceWire space 

communications standard integrated into an evaluation board designed for this purpose. 

In order to carry out this characterization, firstly, a study to understand the SpaceWire 

standard is done. After that, another study for the understanding of the demonstration board 

with its different interfaces and IPs of SpW is done. According to this, it is expected to find 

out how the SpW devices are structured, especially at FPGA level, and how is the 

communication between them. 

Based on the knowledge obtained about SpaceWire and the SpW devices integrated 

into the evaluation board, the set of measurements and the strategy to validate electrical 

interoperability between the different devices are defined, as well as to perform functional 

checks required to ensure its proper understanding. Furthermore, it will let check whether the 

standard is met and search the limit of operation within a communication system 

representative of existing equipment in a satellite. 

Once finished the test plan and implemented on the representative hardware, the 

board will be considered characterized at SpW level and a report with the conclusions 

reached about the operation of the SpW interfaces in the board and constraints found will be 

done. 
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The generalization of the SpaceWire protocol utilization on different space systems 

has led to the emergence of a large variety of SW/HW components and tools from different 

developers. Thus, it is quite important to evaluate the interconnectivity among all these 

elements to prevent and avoid the risk of future problems on the integration phases of any 

spacecraft project. Addressing low level interconnectivity problems at the integration phase is 

not an option since at this point any modification is complex and involves a costly redesign of 

the hardware architecture of the system. 

 

The beginning of launches planned for 2015 of Iridium NEXT will recreate the existing 

Iridium constellation architecture of 66 cross-linked LEO satellites covering 100 percent of 

the globe. Iridium NEXT will substantially enhance and extend Iridium mobile 

communications services [1]. Regarding this development, TAS-E [2] was asked to provide 

the necessary support and perform the required tests to evaluate with enough anticipation 

the correct interconnectivity between the main equipments composing the satellite’s payload. 

Specifically, the architecture to evaluate is composed of four equipments that are being 

developed by different companies. The interconnection between these equipments is based 

on simple point-to-point SpaceWire links. Furthermore, to implement these links each 

developer has made use of a different solution. 

 

 
Figure 1. Iridium Satellite. 
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Within the framework of this support project, TAS-E has designed a complete test and 

characterization platform including various logic SpW VHDL cores and a specific SpW ASIC, 

that will simulate the data handling at platform level for different payload data management. 

This support project has been conducted as an R&D activity which leads this Master Final 

Project.  

 

Due to the different nature of all the elements to be tested (VHDL IP, ASIC or even 

external equipments) different kinds of tests and interconnection architectures have been 

performed. The main aim of this Master Final Project is to describe the work carried out to 

demonstrate the correct operation and understanding between SpW links according to 

different parameters and conditions of every test conducted. 

 

 

Figure 2. Iridium Next Satellite. 
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For the successful development of the SpaceWire Characterization Platform the 

following tasks have been carried out: 

• Schematic capture 

• Printed circuit board design 

• Components assembly 

• Board characterization 

 

Among all the previous tasks, the task carried out in this Master Final Project is the board 

characterization. Board characterization is divided in four main groups: 

• General tests 

• SpW electrical tests  

• SpW functional tests 

• SpW interoperability tests 

 

To carry out the functional and interoperability tests a Test & Control module is needed. Such 

module is composed of a software application (developed in LabVIEW) and a VHDL code 

inside FPGA to perform the desired tests. 

In relation to the Test & Control module, the development of the full LabVIEW SW application 

and the VHDL code has not been done by the author of this Master Final Project. However, 

the high level definition of the specifications and requirements, as well as the technical 

support needed in both parts (LabVIEW and VHDL) to achieve the successful final module 

have been carried out by the author. 
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2.1. LabVIEW SW application specifications and 

requirements 

The specifications and requirements to meet for the LabVIEW SW application are listed 

below. 

1. Easy, intuitive and friendly interface. 

2. Connections have to be done point to point between every pair of SpW links. Besides, 

connections have to be possible between OBP SpW module and any other SpW 

module, taking into account that there is a total of thirteen SpW links present on the 

board. 

3. Clear distinction among all links configured according to every type of SpW IP 

available: STAR-Dundee, Bepi Colombo and SMCS332. 

4. Individual SpW link selection, among the thirteen links available. 

5. Link interface management at manual level. 

It will permit manually to configure and enable every SpW link. Next information and 

configuration options must be available: 

i. A minimum information of link about: 

 Link ID (Link 1, 2, 3, etc.) 

 Link function on SCP (OBP, FSM, MMA or HPL) 

 IP contained (STAR-Dundee, Bepi Colombo or SMCS332) 

ii. A minimum information of link status regarding: 

 Status and error flags 

 Also, the possibility to clear previous flags 

iii. Basic link configuration of: 

 Status: enabled or disabled 

 Bit rate selection up to 200 Mbps (except SMCS332) 
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 Auto-start of the link if desired 

 Selection of internal or external driver (except SMCS332) 

ii. Possibility to write the desired data to send to another link or even load 

data files 

iii. Possibility to show the data received from other links 

iv. Automatic checking of data transmitted and received 

 

2.2. VHDL code specifications and requirements 

1. VHDL code developed has to be developed to meet the requirements of 

configurations and link information specified in the previous section.  

2. All the modules present in the SCP are going to be implemented inside the FPGA by 

using an AMBA system where there will be used two sub-buses: AHB and APB. 

AMBA topology used will be explained more in detail in section 4.1.1.1. 

3. STAR-Dundee SpW IP will be used to implement the equipment which acts as FSM 

(Fast Switch Matrix) for communications. 

4. Bepi Colombo SpW IP will be used to implement the equipment which is in charge of 

the MMA (Main Mission Antenna), which provides the L band for the link from the 

satellite to terrestrial user. 

5. OBP SpW IPs will be implemented with both STAR-Dundee as with Bepi Colombo 

SpW IPs. 

6. HPL (SMCS332 ASIC) will be controlled by FPGA inside AMBA bus and its three 

internal SpW links will be functional.  

7. Every data to be transmitted between two SpW links have to be firstly transferred 

from the software application (LabVIEW) to the DDR memory through Ethernet. 

Afterwards, the transmitter SpW link has to read data from DDR memory and transmit 

them to the receiver SpW link. When receiver link gets data, they have to be written 

to another location of DDR memory. Finally, Ethernet module provides read data to 

the software application (LabVIEW) to compare them with initial data and validate the 

transmission.     
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The process explained before and the logic flow of commands and data movement 

among modules is illustrated in the next diagram: 

 

 
Figure 3. Data & Command flow. 

 

Once, the LabVIEW software and the VHDL code are finished according to the 

specifications, the SpW electrical, functional and interconnectivity tests can be carried out as 

explained in chapter 6.  
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For centuries, the stars and planets and their patterns and positions have been used 

for purposes similar to those for which we use modern space systems.  

Notable and ancient applications include navigation and environmental prediction. So 

it is surprising that even after Isaac Newton showed that man could, theoretically, place an 

object into space, no one immediately thought of any useful reason why anybody would want 

to. It was not until this feat was actually accomplished that we began to explore and discover 

the benefits offered by presence in space and began designing and building systems to take 

advantage of this wonderful new dimension [3]. 

 

 

Figure 4. ISS (International Space Station). 
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3.1. Space System 

The purpose of a space system is to place on the space equipment or staff to carry out 

activities that cannot be made from the Earth surface. 

A space system is composed of a Ground Segment, a Launch Segment, a User Segment 

and a Space Segment. 

 

3.1.1. The Ground Segment 

The Ground Segment consists of fixed or mobile transmission, reception, and ancillary 

equipment. The main features of a ground segment are: 

• Satellite network may have one or more earth stations. 

• Earth station may be transmitter/receiver or receiver only. 

 

 

Figure 5. Functional block diagram of an earth station. 

 

• Earth stations are connected to terrestrial networks like public switched 

telephone network or Internet. 

• Earth stations usually have very large antennas (up to 30m in diameter). 
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Figure 6. Ku band earth station antenna. 

 

• Earth stations have high quality and redundant links to terrestrial networks. 

 

3.1.2. The Launch Segment 

The Launch Segment is itself a different segment. It is according to its critical importance to 

put in orbit the satellite and its remarkable impact on the global cost of a space project.   

A launcher could be defined as an efficient medium of boosting the space vehicle (satellite) 

in order to reach the planned orbit overcoming the Earth’s gravity. 

Among all the propulsion methods, currently, the most effective is the chemical propulsion, 

which provides the necessary thrust in a short period of time.  

 

Among the factors that determine the choice of the launcher the first to be evaluated are the 

mass and the dimensions of the satellite. A key factor is the cost of the launch service, which 

includes not only the cost of the launch itself but the cost of all the annexes necessaries to 

carry it out, such as the integration campaign, insurances cost, logistic support, satellite’s 

propellant, etc. Also the reliability and the availability of every launcher have to be taken into 

account. 

A characteristic data in a launching is the relation between the total mass during the taking 

off and the payload mass (satellite). Normally, it is 100:1, being generally stronger than 50:1 

for low orbit and reaching values up to 1000:1 to interplanetary missions. The conditionings 

of the launcher have to be taken into account seriously either for the design of the satellite so 
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for the analysis of the mission. Launch segment involves not only the launch vehicle but the 

site selection for the launch. According to this, latitude of the launching base is a key factor, 

since it conditions the minimum inclination of the satellite’s orbit if not maneuvers are carried 

out during the launch phase. The inclination of the orbit reached by the satellite is a 

combination of latitude, azimuth and the maneuvers done during the launch. 

Some examples are the Ariane 5 and Vega launchers. 

 

3.1.2.1. Ariane 5 

Ariane 5 is, as a part of Ariane rocket family, an expendable launch system used to deliver 

payloads into GTO or LEO. Ariane 5 rockets are manufactured under the authority of ESA 

and the Centre National d'Etudes Spatiales (CNES). 

 

 
 

Figure 7. Ariane 5 ECA mission with Herschel & Planck (May 14, 2009). 
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3.1.2.2. Vega 

Vega (Vettore Europeo di Generazione Avanzata [4], Advanced Generation European 

Carrier Rocket) was designed to launch small payloads, from 300 to 2,500 kg satellites for 

scientific and Earth observation missions to polar and LEO [5]. Vega is the ESA’s newest 

launch vehicle. 

 

 
Figure 8. Vega launcher (February, 2011). 

 

3.1.3. The User Segment 

The User Segment is the personnel, equipment and facilities that use the capabilities 

provided by the satellite payload. 
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3.1.4. The Space Segment  

The Space Segment is the part of the space system that takes off from Earth and carries out 

a specific mission. 

Depending on the mission requirements, the Space segment can be formed by one satellite, 

a set of satellites working together to enhance the safety and reliability of the system 

(redundancy) or a set of satellites distributed on several orbital positions forming a 

constellation like Iridium or GPS. 

Satellites are divided in two different parts:  

• Payload, that involves all specific equipment needed to carry out the mission, 

for instance, scientific measurement instruments, or the antennas and 

repeaters for a communications mission.  

• The platform or service module: composed by the equipment needed to 

provide electrical, mechanical, attitude and communications support to the 

payload. 

3.1.4.1. Payload 

Payload is in charge of carrying out the mission. Depending on the characteristics of the 

mission several kinds of payloads can be mentioned: 

• Scientific payload: its mission is non commercial and they are related with the 

scientific study and researching of the universe (cosmology), the solar system, 

the Earth, etc.  

• Payload for Earth observation: its mission can be commercial, scientific or 

military. It consists on observing the Earth surface by means of using several 

sorts of sensors. It can be aimed to agriculture, cartography, oceanography, 

fire detection or weather forecast. 

• Communications payload: normally they entail a commercial or military 

mission. It consists on easing the communications between different points on 

Earth surface or in the space. They are mainly related to telephony, television 

or military communications. 

• Others: payload not related with the previous ones seen. They can be 

navigation, rescue, leisure or even funerals. 
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3.1.4.2. The platform or service module 

A telescope or an antenna orbiting around the Earth or travelling to the Sun does not make 

any sense if there is not a set of equipment dedicated to keep alive them and guarantee its 

performance in the required conditions. All of these equipments form the Platform or Service 

Module. Every platform develops several services which are named subsystems. Commonly, 

the subsystems in a satellite are: 

• Attitude and Orbit Control 

• Power 

• Thermal Control 

• Structure 

• Telemetry, Tracking and Command 

• On-Board Data Handling 

3.1.4.2.1. Attitude and Orbit Control Subsystem (AOCS) 

This subsystem is in charge of aiming the satellite in the right direction to its operation, 

according to the payload or to the platform.  

This subsystem has two important aspects, on the one hand, the satellite attitude 

determination and control that consists on knowing and controlling the direction or attitude of 

the satellite in a determined reference system. On the other hand, the orbit control, that 

consists on maintaining the orbit required. 

Depending on the mission, a spacecraft may have varying requirements for pointing 

accuracies. At some times it may be free to tumble and turn, but at others it may have to 

pinpoint a discrete location on the earth or deep in space. To do this, the spacecraft must be 

able to determine its own attitude with respect to some reference, and then to modify this 

attitude to perform the desired mission. Reference devices include earth horizon sensors, 

sun sensors, star trackers, magnetometers which measure the flux lines of the geomagnetic 

field and even in the last years the GPS system. Attitude control devices include tiny 

thrusters, angular momentum storage wheels, gravity-gradient booms or electromagnetic 

torque devices. 

A satellite must determine its attitude with respect to some reference (earth, sun, 

stars, and/or other satellites) and control its attitude to perform the desired mission. The 

control logic or computer that accepts input from attitude reference sensors is usually based 
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in space but may include ground-based assets in the control loop, directly or as a backup. 

The mass and configuration of the AOCS are determined by mission and payload inputs that 

include the final orbital attitude, payload pointing accuracy, and satellite estimated on-orbit 

mass. These factors influence the types of disturbances that will most perturb the spacecraft 

body. For example, at geosynchronous altitudes, the effects of solar radiation can impart 

unbalancing torques on the spacecraft body. 

In order to maintain the satellite inside the required orbit propulsion systems are used. They 

function is to correct the injection errors of the launcher and provide the increment of speed 

needed to compensate the various disturbances that satellite has to expose during its life. 

Some of the propulsion systems used are the monopropellant systems, based on Hidracine, 

ionic propulsion systems, bipropellant or nuclear systems. 

3.1.4.2.2. Power Subsystem 

The power supply needed in the satellite can be obtained with solar cells, thermoelectric 

generators, chemical batteries or nuclear devices. 

The suitable power subsystem is chosen according to the mission, for instance, for 

interplanetary missions nuclear device are used due to the reduction of solar radiation 

produce by the huge distances travelled. In the rest of the missions solar cells are used, 

normally combined with chemical batteries to provide power during darkness periods. 

 

The main functions of the power subsystem are: 

 

- Energy generation, mainly produced by the photovoltaic effect. 

- Energy warehousing in electrochemical devices. 

- Regulation and control of the electric power. 

- Distribution of the power to the rest of the equipments in the satellite. 

Normally, one or several power buses are used with a voltage of +28V DC. 

 

Primary power supplies 

 

They are the kind of devices able to generate or harvest energy coming from other types of 

energy. Mainly there are four types of primary power sources: 
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• Solar cells 

• Nuclear and radioisotope generators 

• Chemical 

• Magnetic 

 

Solar cells 

 

Solar cells are the most common source of spacecraft power. 

There are two types of systems that rely on the Sun’s radiations to generate power, solar 

cells and heat exchangers. Solar cells directly convert the sun’s photons (light) to electricity 

by their reaction to the incoming photon flux.  

Current solar cell technology provides sets of panels capable of generating from a few 

hundred watts to 26 kilowatts (a solar panel comprising 20.000 photovoltaic cells with a 

wingspan of up to 19 meters) [6]. Solar panels are usually built with Silicon or Gallium 

Arsenide (GaAs) cells.  The angle of incidence to the sun is very important and there is a 

general deterioration of the cells of up to 10% per year due to exposure to the space 

environment.  

Heat exchangers use the sun’s total radiated energy (the solar constant) to heat a working 

fluid which then turns a generator to produce electricity. Generated power quantities may be 

generally higher for heat exchanger systems, but their disadvantage over solar cells is their 

increased weight and complexity.  

Nuclear 

 

There are two types of nuclear-related power generators which can be used in space: fully 

critical nuclear reactors and radioisotope thermal generators (RTGs). Nuclear reactors, like 

solar heat exchangers, use the heat of the nuclear reaction to heat a working fluid which 

turns a generator to produce electricity. These systems can provide very large quantities of 

power for missions with high power requirements, such as space-based radars. RTGs also 

produce heat, but they are noncritical (and inherently safer) and produce lower quantities of 

electrical power. Both sources are very stable, exhibit long life, can operate far away from 

solar sources, and can be more compact than solar cells (for maneuvering purposes). The 

main disadvantages are that they are generally very heavy, radioactive, and currently in 

disfavour as a result of adverse public and political reaction to their use. 
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Chemical 

 

This type of power source includes batteries and fuel cells in which two elements are 

recombined with a subsequent release of electrical power such as the oxygen-hydrogen fuel 

cells currently used aboard the Space Shuttle. All spacecraft employ batteries, at least as 

storage devices, using the major power-producing system to charge the batteries and 

subsequently withdrawing power from the storage device during times when power cannot 

be generated, such as during launch, eclipse times, or malfunctions. Fuel cells represent 

more power availability than batteries as the quantity depends only on the amount of fuel 

elements carried. The space shuttle cells have an interesting benefit, as the by-product of the 

power generation is pure, potable water used by the astronauts for drinking. The 

disadvantage of both systems is their greater weight versus the amount of power produced 

compared to other methods.  

Magnetic 

 

It is also possible to produce power in other ways. One of these could use the process by 

which a current is produced when a loop of wire is moved through a magnetic field. The 

earth’s geomagnetic field and a spacecraft’s motion through it represent a possible future 

space power source. This potential was demonstrated on a space shuttle flight by deploying 

a payload on the end of a 12.5-mile-long tether; however, it has not been used operationally 

in space since there are other sources of power like discussed above. 

Secondary power supplies 

 

They are the power sources able to store energy, mainly batteries. They are used in the lack 

of primary supply or to complement it.        

Batteries are formed by sets of serial cells to provide the desired bus voltage. They are 

usually made of Ni-Cd or NiH2 and currently even Li-ion. 

 
Figure 9. Li-ion batteries used in Giove-B (Galileo). 
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These are the components which provide the power used by the spacecraft to 

support itself and perform its mission. Additionally, the hardware used to control the 

distribution of the power is an important element of this subsystem. 

3.1.4.2.3. Thermal Control Subsystem 

Space is a very hostile environment where thermal aspect is very critical. Spacecraft in orbit 

receives thermal inputs from many sources including direct exposure to solar radiation, 

infrared emissions from the earth and heat generated by on-board systems.  

The thermal control system keeps the temperature of the spacecraft within specified ranges. 

Too much built-up temperature may affect electronic systems, causing failures, and low 

temperatures may freeze up movable systems or cause fuel lines to freeze and burst. The 

control system must be able to react throughout the expected environmental and operational 

configurations experienced. Low-earth orbiting spacecraft continuously cycle in and out of 

the sun’s radiations, absorbing and radiating energy in phases. Geostationary satellites may 

be exposed to solar radiation continuously for weeks and months, and sun-synchronous 

satellites may be continuously exposed. Internally, a spacecraft may generate large 

quantities of heat during times of peak operation, and little during periods of dormancy. 

 

Thermal control devices fall into two categories: passive and active. 

Passive devices simply shield, insulate, or change their thermal characteristics depending on 

the existing temperature of the satellite. The external coating of a spacecraft determines the 

craft’s absorptivity (how much external energy is absorbed) and emissivity (how much 

internal thermal energy is radiated into space) characteristics to control temperature. The 

space shuttle rotates in a maneuver called rotisserie to alternately expose the black 

underside and the silver-coated open cargo bay doors for the purpose of thermal control. 

Many spacecraft are wrapped in thermal blankets to retain internal heat, and some 

spacecraft are equipped with passively heat-activated louvers which open or close to expose 

different external surfaces to radiate or retain internal heat. 

Active devices usually involve some sort of working fluid to carry heat from one location 

within a spacecraft to another to either increase or decrease internal or even local 

temperatures. Refrigeration devices, heat pumps, and heat pipes are examples of active 

spacecraft thermal control systems. These devices have the ability to more precisely control 

spacecraft temperatures, but their disadvantage is their increased weight and complexity. 

Special thermal subsystems, such as cryogenic coolers, are usually accounted for as unique 

payload support systems. Thermal subsystem mass is usually estimated as a percentage of 

spacecraft dry mass, typically 2 - 5% for passive systems and 4 - 8% for active systems. 
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3.1.4.2.4. Structure 

Spacecraft structural considerations must deal with the spacecraft in its many physical 

configurations. It must be able to support itself under the heavy load of the earth gravitational 

pull, survive the violent process of launch and positioning, be able to deploy systems into an 

operational configuration from the folded, compact configuration of launch, and finally, to 

maintain spacecraft integrity during station-keeping and attitude changes. 

The mass of the satellite structure can be estimated as a percentage of the satellite dry 

mass, typically around 20%. However, the structure mass is also influenced by payload and 

payload support dynamics, such as scanning antennas and magnetic tape recorder 

transport, and operating power levels and profiles. 

An alternate estimation of the mass of the structure subsystem is similar in calculation to the 

thermal subsystem calculation, with some important exceptions based on uncompensated 

momentum mass imbalance created by scanning payloads. The calculation is iterative 

beginning with the default values obtained for the mass of each of the spacecraft 

subsystems, recalculating at the end of the design process. An example calculation might 

proceed as follows:  

For each element of the payload the mass multiplier is 0.1 if the payload is passive and 0.15 

if the payload is active. The payload mass for this calculation is the total mass or the sum of 

the electronics and sensor mass. If the payload has a scanning antenna that is 

uncompensated, a compensating mass is added to the structure weight. 

For the AOCS and power subsystems structure, the mass multiplier is 0.1 if all of the 

payloads are passive and 0.15 if any of the payloads are active. 

The mass multiplier for each of the remaining spacecraft subsystems is 0.1. 

Each of these contributors is summed to produce the structure subsystems mass which is 

allocated to the contributing elements. Results using this type of an approach are consistent 

with representative designs. 

 

3.1.4.2.5. Telemetry, Tracking and Command Subsystem (TT&C) 

Normally, radiofrequency communication is used to transmit information between satellites 

and the ground segments or between satellites. Currently the sort of communication system 

more used is a digital system over phase modulations like PCM/PSK. 

The information transmitted from satellite, normally called telemetry, includes the status of 

the instruments and the data obtained from the payload. On the other hand, the information 

transmitted to the satellite, normally called telecommand, includes data and configuration 

parameters to change the state of the subsystems in real time or recorded. Habitually, this 
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subsystem is called TT&C, Telemetry, Tracking and Command subsystem because of the 

three main tasks it has: 

 

• Calculation and monitoring of the satellite position: Tracking. 

• Satellite status observation according to several parameters transmitted from 

the satellite: Telemetry. 

• Control and management of the satellite: Command. 

 

The TT&C subsystem function is done by using of a dedicated radiofrequency link, though 

sometimes can have common elements with the payload links of the satellite. 

 

Data transmission is either direct to a ground station and/or to a ground station via a 

communication relay satellite, such as the tracking and datum relay satellite (TDRSS). There 

are several communications bands normally used to send the data. The main 

communications bands for space are listed in the following table [7]. 

 

Band Frequency Use 

UHF 400 - 500 MHz Mobile, navigation, positioning 
and meteorological services 

L band 1 - 2 GHz Mobile, radio navigation (GPS) 
and broadcasting services 

S band 2 - 4 GHz 
Mobile, radio determination, 

broadcasting and intersatellite 
services 

C band 4 - 8 GHz Fixed services 

X band 8 - 12 GHz Military 

Ku band 12 - 18 GHz 
Fixed, mobile, radio 

determination, broadcasting 
and intersatellite services 

K band 18 - 27 GHz Broadcasting and intersatellite 
services 

Ka band 27 - 40 GHz Fixed, mobile and intersatellite 
services 

Table 1. Space Communications Bands. 

 

The most determinant elements in these subsystems are the quantity, the speed and 

reliability of data to transmit. 
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3.1.4.2.6. On-Board Data Handling Subsystem (OBDH) 

On-board data handling subsystem is used to control and reconfigure the satellite (especially 

when it is not visible from earth), to improve the performance of the system and to process 

data received and transmitted. These functions in detail are: 

 

• Monitor all operation aspects: communications, power, thermal control, 

navigation, etc., and inform about satellite status to the ground station. 

• Processing and codification of the telemetries collected prior to be sent to 

ground station. 

• Decodification and processing and distribution of the telecommands received 

from earth to control the satellite performance. 

• The capability of reprogramming the code during the mission in orbit. 

• Allow certain autonomy of the satellite. 

• Control and management in real time. 

• On-board memory storage. 

• On-board time reference system.  

 

On-board computers (OBC) have low mass, low consumption and volume, high resistance to 

radiation and very high reliability. Nowadays, systems based on microprocessors (CISC or 

RISC) are used, although the extreme conditions of space entail an important delay of 

several years in relation with the technologies used on earth.  

To store data and programs on-board, several types of memory can be used: ROM, PROM, 

EEPROM, RAM, but always with Error Detection and Correction systems (EDAC). 
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3.2. SpaceWire 

SpaceWire is a standard for high-speed links and networks for use on-board spacecraft, 

easing the interconnection of sensors, mass-memories, processing units, and downlink 

telemetry sub-systems.  

SpaceWire is defined in the European Cooperation for Space Standardization standard 

ECSS-E-ST-50-12C [8] [9] [10]. It is coordinated by the ESA [11] (European Space Agency) 

in collaboration with international space agencies including NASA (National Aeronautics and 

Space Administration), JAXA [12] (Japan Aerospace Exploration Agency) and RKA [13] (the 

Russian Federal Space Agency, commonly called Roscosmos).  

3.2.1. SpaceWire introduction 

Since the SpaceWire standard was published in January 2003 [14], it has been adopted for 

many missions and is being widely used on scientific, Earth observation, commercial and 

other spacecraft.  

SpaceWire technology has grown organically from the needs of on‐board processing 

applications. SpaceWire technology provides a formal basis for the exploitation of SpaceWire 

in a wide range of present and future on‐board processing systems. 

The benefit of SpaceWire as an efficient data-link to transmit science data on board 

spacecraft is now demonstrated through the growing development of SpaceWire in major 

space science projects such as Gaia, ExoMars rover, Bepi-Colombo, James Webb Space 

Telescope, GOES-R, Lunar Reconnaissance Orbiter and Astro-H.  

 

Figure 10. Space science projects developed with SpaceWire. 
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The efficiency of SpaceWire becomes even more obvious when used in a network 

configuration. Although not yet really popular on-board spacecraft, a network configuration 

not only reduces the overall data links mass, it also enables flexible implementation of 

scalable distributed systems which can be of great interest for future applications. However, 

state of the art SpaceWire networks cannot offer sufficient levels of communication services 

quality with the existing protocols which limit its field of application to non critical applications 

from the dependability or real-time standpoint. 

This Standard addresses the handling of payload data and control information on board a 

spacecraft. It is a standard for a high speed data link, which is intended to meet the needs of 

future, high capability, remote sensing instruments and other space missions. SpaceWire 

provides a unified high speed data‐handling infrastructure for connecting together sensors, 

processing elements, mass‐memory units, downlink telemetry subsystems and EGSE 

equipment. 

One of the principal aims of SpaceWire is the support of equipment compatibility and reuse 

at both the component and subsystem levels. According to this, reducing the cost of 

development, improving reliability and most importantly increasing the amount of scientific 

work that can be achieved within a limited budget. 

Integration and test of complex on‐board systems is also supported by SpaceWire with 

ground support equipment plugging directly into the on‐board data‐handling system. 

Monitoring and testing can be carried out with a seamless interface into the on‐board system. 

SpaceWire utilizes asynchronous communication and allows speeds between 2 Mbps and 

400 Mbps from one unit to another. SpaceWire links are full‐duplex, point‐to‐point, serial data 

communication links. 

SpaceWire's modulation and data formats generally follow the data strobe encoding - 

differential ended signalling (DS-DE) part of the IEEE Std 1355-1995, as well as 

ANSI/TIA/EIA‐644 and IEEE Standard 1596.3‐1996 Low Voltage Differential Signalling 

(LVDS). 
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3.2.2. SpaceWire purpose 

The purposes of the SpaceWire standard are: 

• To facilitate the construction of high-performance on-board data handling 

systems, to help reduce system integration costs, 

• To promote compatibility between data handling equipment and subsystems, 

and to encourage re-use of data handling equipment across several different 

missions. 

Use of the SpaceWire standard assures that equipment is compatible at both the component 

and sub-system levels. Processing units, mass-memory units and down-link telemetry 

systems using SpaceWire interfaces developed for one mission can be readily used on 

another mission. This reduces the cost of development (cheaper), as well as, it reduces 

development timescales (faster), besides, it improves reliability (better) and it increases the 

amount of scientific work that can be achieved within a limited budget (more). 

Payload processing involves several functions: 

• Controlling instruments 

• Calibrating instruments 

• Collecting data from instruments 

• Storing the instrument data 

• Processing the data 

• Compressing the data 

• Sending the data to the down-link telemetry transmitter 

 

SpaceWire is able to support many different payload processing architectures using point-to-

point links and SpaceWire routing switches. An architecture can be tuned to the 

requirements of specific missions. 
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3.2.3. SpaceWire description 

This section provides an overview of the Standard dealing with the main features that 

comprise the SpaceWire data link.  

This Standard covers the following protocol levels: 

• Physical level: Defines connectors, cables, cable assemblies and printed 

circuit board tracks. 

• Signal level: Defines signal encoding, voltage levels, noise margins, and data 

signaling rates. 

• Character level: Defines the data and control characters used to manage the 

flow of data across a link. 

• Exchange level: Defines the protocol for link initialization, flow control, link 

error detection and link error recovery. 

• Packet level: Defines how data for transmission over a SpaceWire link is split 

up into packets. 

• Network level: Defines the structure of a SpaceWire network and the way in 

which packets are transferred from a source node to a destination node 

across a network. It also defines how link errors and network level errors are 

handled. 

In the following sections will be described the most remarkable features of the protocol levels 

of SpW Standard.  

3.2.3.1. Physical level 

The physical level covers cables, connectors, cable assemblies and printed circuit board 

(PCB) tracks. SpaceWire was developed to meet the EMC specifications of typical 

spacecraft. 

3.2.3.1.1. Cables 

SpaceWire is a full‐duplex, bidirectional, serial, point‐to‐point data link. It encodes data using 

two differential signal pairs in each direction. As a result, SpaceWire comprises a total of 

eight signal wires, four twisted pair wires with a separate shield around each twisted pair and 

an overall shield. 
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Figure 11. SpaceWire cable construction. 

 

To achieve a high data signaling rate with SpaceWire over distances up to 10 meters a cable 

with the following characteristics is used: 

• Characteristic impedance matched to the line termination impedance 

• Low signal‐signal skew between each signal in a differential pair and between 

Data and Strobe pairs 

• Low signal attenuation 

• Low crosstalk 

• Good EMC performance 

 

 



Chapter 3 

32 

3.2.3.1.2. Connectors 

The SpaceWire connector has eight signal contacts plus a screen termination contact. A 

nine‐pin micro‐miniature D‐type is specified as the SpaceWire connector. This type of 

connector is available qualified for space use. 

 

Figure 12. SpaceWire connector contact identification. 

 

3.2.3.2. Signal level 

The signal level covers signal voltage levels, noise margins and signal encoding. 

3.2.3.2.1. Signal level and noise margins 

Low voltage differential signalling or LVDS (ANSI/TIA/EIA‐644) is specified as the signalling 

technique to use in SpaceWire. LVDS uses balanced signals to provide very high‐speed 

interconnection using a low voltage swing (350 mV typical). The balanced or differential 

signalling provides adequate noise margin to enable the use of low voltages in practical 

systems. Low voltage swing means low power consumption at high speed. LVDS is 

appropriate for connections between boards in a unit, and unit to unit interconnections over 

distances of 10 m or more. The signalling levels used by LVDS are illustrated in the following 

figure. 
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Figure 13. LVDS Signalling levels. 

 

A typical LVDS driver and receiver are shown in next figure. They are connected by a media 

(cable or PCB traces) with 100 Ω differential impedance. 

 

Figure 14. LVDS operation. 
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The LVDS driver uses current mode logic. A constant current source of around 3,5 

mA provides the current that flows out of the driver, along the transmission medium, through 

the 100 Ω termination resistance and back to the driver via the transmission medium. 

3.2.3.2.2. Data encoding 

SpaceWire uses Data‐Strobe (DS) encoding. This is a coding scheme which encodes the 

transmission clock with the data into Data and Strobe so that the clock can be recovered by 

simply doing a XOR between the Data and Strobe lines. The data values are transmitted 

directly and the strobe signal changes state whenever the data remains constant from one 

data bit interval to the next.  

 

 

Figure 15. Data-Strobe encoding scheme. 

 

A SpaceWire link comprises two pairs of differential signals, one pair transmitting the D and 

S signals in one direction and the other pair transmitting D and S in the opposite direction. 

That is a total of eight wires for each bidirectional link. 

 

3.2.3.3. Character level 

SpaceWire takes into consideration the character level protocol defined in IEEE Standard 

1355‐1995, but it also includes Time‐Codes to support the distribution of system time. 
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There are two types of characters: 

• Data characters which hold an eight‐bit data value transmitted least significant 

bit first. Each data character contains a parity bit, a data‐control flag and the 

eight bits of data. The parity bit covers the previous eight bits of a data 

character or two bits of a control character, the current parity bit and the 

current data‐control flag. It is set to produce odd parity so that the total 

number of 1’s in the field covered is an odd number. The data‐control flag is 

set to zero to indicate that the current character is a data character. The data 

character is illustrated in the following figure. 

 

Figure 16. Data character. 

 

• Control characters which hold two control bits. Each control character is 

formed from a parity bit, a data‐control flag and two control bits. The 

data‐control flag is set to one to indicate that the current character is a control 

character.  

• Parity coverage is similar to that for a data character. 

 

Figure 17. Control characters. 

 

One of the four possible control characters is the escape code (ESC). This can be 

used to form control codes. Two control codes are specified and valid which are the 

NULL code and the Time‐Code.  
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NULL is formed from ESC followed by the flow control token (FCT). NULL is 

transmitted whenever a link is not sending data or control tokens, to keep the link 

active and to support link disconnect detection. 

The Time‐Code is used to support the distribution of system time across a network. A 

Time‐Code is formed by ESC followed by a single data‐character. 

 

Figure 18. Control codes. 

 

3.2.3.4. Exchange level 

The exchange level protocol defines the steps needed to achieve a successful 

communication between a pair of links. It provides the following services: 

• Initialization: after the reset the link output is held in the reset state until it is 

instructed to start and attempts to make a connection with the link interface at 

the other end of the link. A connection is made following a handshake that 

assures both ends of the link are able to send and receive characters 

successfully. Each end of the link sends NULLs, waits to receive a NULL, then 

sends FCTs and waits to receive an FCT. Since a link interface cannot send 

FCTs until it has received a NULL, receipt of one or more NULLs followed by 

receipt of an FCT means that the other end of the link has received NULLs 

successfully and that full connection is achieved. 

• Flow control: A transmitter can only transmit N‐Chars (normal characters, 

which are data characters, EOP or EEP) if there is space for them in the host 

system receive buffer at the other end of the link. The host system indicates 

that there is space for eight more N‐Chars by requesting the link transmitter to 

send a flow control token (FCT). The FCT is received at the other end of the 

link (end B) enabling the transmitter at end B to send up to eight more 

N‐Chars. If there is more room in the host receive buffer then multiple FCTs 

can be sent, one for every eight spaces in the receive buffer. Correspondingly, 

if multiple FCTs are received then it means that there is a corresponding 
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amount of space available in the receiver buffer, for instance, four FCTs 

means that there is room for 32 N‐Chars. 

• Detection of disconnect errors: Link disconnection is detected when following 

reception of a data bit no new data bit is received within a link disconnect 

timeout window (850 ns). Once a disconnection error is detected, the link 

attempts to recover from the error (link error recovery service). 

• Detection of parity errors: Parity errors occurring within a data or control 

character are detected when the next character is sent, since the parity bit for 

a data or control character is contained in the next character. Once a parity 

error is detected, the link attempts to recover from the error (link error recovery 

service). 

• Link error recovery: Following an error or reset the link attempts to 

re‐synchronize and restart using an “exchange of silence”. The end of the link 

that is either reset or that finds an error ceases transmission. This is detected 

at the other end of the link as a link disconnected and that end stops 

transmitting too. The first link resets its input and output for 6,4 μs to ensure 

that the other end detects the disconnect. The other end also waits for 6,4 μs 

after ceasing transmission. Each link then waits a further 12,8 μs before 

starting to transmit. These periods of time are sufficient to ensure that the 

receivers at both ends of the link are ready to receive characters before either 

end starts transmission. The two ends of the link go through the NULL or FCT 

handshake to re‐establish a connection and ensure proper character 

synchronization. 
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Figure 19. Link restart. 

 

3.2.3.5. Packet level 

Information is transferred across a SpaceWire network in distinct packets. SpaceWire does 

not specify the contents of the packets of information but the packet level protocol defines 

how data is encapsulated in packets to be transferred from source to destination. The format 

of a packet is as follows: 

 
Figure 20. Packet format. 
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The fields that compound a packet are: 

• Destination address: it is a list of zero or more data characters that represents 

the destination identity. This list of data characters represents either the 

identity code of the destination node or the path that the packet will take to 

reach the destination node. 

• Cargo: it is the data to transfer from source to destination. 

• EOP (End of Packet): this marker is used to indicate the end of a packet. Two 

end of packet markers are defined: 

o EOP: normal end of packet marker that indicates end of packet; 

o EEP: error end of packet marker. It indicates that the packet is 

terminated prematurely due to a link error. 

The data character following an EOP. There is no limit on the size of a SpaceWire packet.  

 

3.2.3.6. Network level 

The network level defines what a SpaceWire network is, describes the components that 

make up, explains how packets are transferred across it, and details the manner in which it 

recovers from errors. 

A SpaceWire network is made up of a number of SpaceWire nodes interconnected by 

SpaceWire routing switches. A SpaceWire routing switch has several link interfaces 

connected together by a switch matrix, which allows any link input to pass the packets that it 

receives on to any link output for retransmission. 
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This chapter describes briefly the SpaceWire Characterization Platform (hereafter SCP). 

This platform tries to evaluate with enough anticipation the correct interconnectivity 

between the main equipments composing a satellite’s payload. Consequently, the 

architecture to evaluate is mainly composed of four equipments (VHDL IP, ASIC or external 

equipments) that actually are going developed by different companies. According to this, the 

board mainly integrates an FPGA and a specific SpW ASIC in order to implement all the links 

required. Also it includes several user I/O and communication ports, external RAM memory 

and expansion slots, to expand its functionality. Additionally, the system includes another 

PCB named Expansion Board which is designed to be connected to the board to provide the 

spare pins of the FPGA, to connect internally two spare SpW links and take out other two 

SpW links. 

4.1. Board Layout 

The following image represents schematically the layout of the SCP (only main components 

are included, also components in red and dashed lines are located in the bottom side). 

 

Figure 21. SCP Layout. 
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Figure 22. SCP Main Board. 

 

4.1.1. Main components 

The following sections describe the different components that compound the SCP. 

 

4.1.1.1. FPGA: Virtex-5 

The selected FPGA is the Xilinx Virtex-5 XC5VFX130T. This FPGA can be considered as the 

equivalent commercial model of the SIRF (Single-Event Immune Reconfigurable FPGA) 

XQR5VFX130.  

The FPGA can be configured through two different ways: 

• JTAG connector. The JTAG chain can be used to program the FPGA and 

access the FPGA for hardware and software debug.  

• Compact Flash plus System ACE configuration. The System ACE 

controller can also program the FPGA through the JTAG port. Using an 

inserted Compact Flash card, configuration information can be stored and 

played out to the FPGA. The System ACE controller supports up to eight 

configuration images that can be selected using the address configuration 

switches present on board. 
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Since the FPGA is the main component of the board and handles almost every 

module present on the board, it includes several interfaces (most of them SpW links) and the 

FPGA is the responsible of the generation of these links. For this reason the FPGA will have 

implemented inside several SpW IPs: 

• STAR-Dundee SpW IP 

• Bepi Colombo SpW IP 

The SpW links implemented and controlled by the FPGA try to reproduce a scenario where 

there will be four main equipments: 

• An on-board processor to initiate and manage the communications between 

other equipments 

• An equipment in charge of the MMA 

• An equipment to act as a FSM for communications 

• A hosted payload controlled by FPGA, that is, the SCP offers the possibility to 

include a new payload for additional functionalities if desired. The hosted 

payload is represented by the SMCS332 SpW ASIC. 

 

 

Figure 23. Main modules controlled by FPGA. 
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Furthermore, the FPGA contains a test and control module to coordinate all the SpW 

IP links, the SMCS332 and the DDR memory through a LabVIEW control application. These 

elements work together by using an AMBA bus topology as shown in the next functional 

block diagram. 

 

Figure 24. Functional block diagram of AMBA bus. 

 

The system of the previous figure is based on an AMBA-2.0 AHB/APB bus [15]. In this bus 

architecture the two sub-buses used are: 

• Advanced High-performance Bus (AHB): this sub-bus is used for high-

performance, high clock frequency system modules and provides high-

bandwidth operation. Several modules act as masters: all the SpW IPs, UART 

module, Ethernet MAC and Test & Control module. Besides, there are three 

slaves: the Memory Controller, SMCS332 IF and the AHB/APB Bridge. Finally, 

there is also a module to control the operation of the bus, the AHB Controller: 

arbiter and decoder.  

• Advanced Peripheral Bus (APB): this sub-bus is for low-power peripherals. 

AMBA APB is optimized for minimal power consumption and reduced 

interface complexity to support peripheral functions. The AHB/APB Bridge is 

the only master of the APB bus. As Figure 24 represents, most of the modules 

are connected to the APB bus as slaves for configuration and status checking 

purposes. 
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Since some SpW IPs are not originally designed to be implemented on an AMBA bus, 

an adaptation layer is required between the IP and the AMBA bus.  

The SpW IP core provides an interface to a transmission FIFO and a reception buffer that 

sometimes (depending on SpW IP internal structure) must be added externally. The rest of 

the signals forming the interface of the IP have configuration or status signaling purposes. 

Both TX FIFO and RX Buffer will be implemented with common FIFOS, requiring a minimal 

adaptation on the RX interface since is intended to work with a buffer. The connection to the 

bus is done through the APB bus (for configuration, control and status handling), and the 

AHB (for retrieving and storing FIFO data in the memory connected to the AMBA bus). 

 

4.1.1.2. SpaceWire ASIC: SMCS332  

The system includes a specific SpW ASIC, the Atmel AT7911E or SMCS332SpW [16], which 

provides 3 bidirectional SpW links capable to achieve transmission rates up to 100Mbps 

(according to hardware configuration performed). 

 

4.1.1.3. DDR SDRAM 

Two 32 Mbytes DDR SDRAM memories are placed on the board so a total amount of 64 

Mbytes are available. The DDR SDRAM is a high-speed CMOS which uses a double-data-

rate architecture to achieve high-speed. 
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4.1.1.4. SpaceWire links 

A total of thirteen SpaceWire links have been implemented on the SCP: 

ID 
Number 

Connector 
Reference 

Connector 
type Function Device 

1a P1 MDM-25 
pins male 

OBP_MMA_SPW(N) FPGA 
1c OBP_FSM_SPW(N) FPGA 
2a P2 MDM-25 

pins male 
OBP_MMA_SPW(R) FPGA 

2c OBP_FSM_SPW(R) FPGA 

3 P3 MDM-15 
pins male OBP_HPL_SPW(N) FPGA 

4 P4 MDM-15 
pins male OBP_HPL_SPW(R) FPGA 

5a P5 SubD-15 
pins male FSM_SPW(N) FPGA 

6a P6 SubD-15 
pins female MMA_SPW(N) FPGA 

7 P7 MDM-9 pins 
male HPL_SPW(N) SMCS332 

8 TY1 TYCO Internal-Backplane FPGA 
9 TY2 TYCO Internal-Backplane FPGA 

10 Expansion 
P1 

MDM-9 pins 
female HPL_SPW 2 SMCS332 

11 Expansion 
P2 

MDM-9 pins 
female HPL SPW 3 SMCS332 

Table 2. SpaceWire links implemented. 

 

The SpW interfaces presented are integrated in the connectors as the following sections 

define. OBP, MMA, FSM and HPL connections represent the different equipment to be 

connected to the SCP. Besides, all of them have nominal and redundant connectors. 

Interfaces with the same ID number share connector. 
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4.1.1.4.1. Link 1A1C: OBP_MMA SpW & OBP_FSM SpW Nominal. 

This interface simulates nominal MMA and nominal FSM connections on the OBP module. 

The link is handled with two of the SpW IPs integrated in the FPGA. 

These two SpW links share a MDM-25 pins male connector as next diagram indicates: 

 

Figure 25. Link 1A, 1C connector. 

 

*EPOCH lines are presented in next section of this document. 

 

P1 Connector (MDM-25 pins male) 

1 Dout-_MMA 14 Dout+_MMA 
2 Sout-_MMA 15 Sout+_MMA 
3 Spw_Shield_MMA 16 Sin-_MMA 
4 Sin+_MMA 17 Din-_MMA 
5 Din+_MMA 18 Epoch_Shield_MMA 
6 Epoch+_MMA 19 Epoch- _MMA 
7 GND 20 Epoch_Shield_FSM 
8 Epoch+_FSM 21 Epoch-_FSM 
9 Dout-_FSM 22 Dout+_FSM 

10 Sout-_FSM 23 Sout+_FSM 
11 Spw_Shield_FSM 24 Sin-_FSM 
12 Sin+_FSM 25 Din-_FSM 
13 Din+_FSM   

Table 3. P1 connector pinout. 
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4.1.1.4.2. Link 2A2C: OBP_MMA SpW & OBP_FSM SpW Redundant. 

This interface simulates redundant MMA and redundant FSM connections on the OBP 

module. The link is handled with other two SpW IPs integrated in the FPGA. 

Since this is the link 1 redundant connection, it is defined in the same way as the nominal 

interface: 

 

Figure 26. Link 2A, 2C connector. 

 

P2 connector (MDM-25 pins male) 

1 Dout-_MMA 14 Dout+_MMA 
2 Sout-_MMA 15 Sout+_MMA 
3 Spw_Shield_MMA 16 Sin-_MMA 
4 Sin+_MMA 17 Din-_MMA 
5 Din+_MMA 18 Epoch_Shield_MMA 
6 Epoch+_MMA 19 Epoch- _MMA 
7 GND 20 Epoch_Shield_FSM 
8 Epoch+_FSM 21 Epoch-_FSM 
9 Dout-_FSM 22 Dout+_FSM 

10 Sout-_FSM 23 Sout+_FSM 
11 Spw_Shield_FSM 24 Sin-_FSM 
12 Sin+_FSM 25 Din-_FSM 
13 Din+_FSM   

Table 4. P2 connector pinout. 
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Figure 27. C2 cable. MDM-25 pins female to 2x MDM-9 pins male. 

 

4.1.1.4.3. Link 3: OBP_HPL SpW Nominal. 

This interface simulates the nominal HPL connection on the OBP module. A SpW IP 

generates this link within the FPGA. 

This link uses a MDM-15 pins male connector as next diagram indicates: 

 
Figure 28. Link 3 connector. 

 

P3 connector (MDM-15 pins male) 

1 Din+ 9 Din- 
2 Sin+ 10 Sin- 
3 Spw_Shield 11 Sout+ 
4 Sout- 12 Dout+ 
5 Dout- 13 GND 
6 GND 14 GND 
7 GND 15 GND 
8 GND   

Table 5. P3 connector pinout. 
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Figure 29. C3 cable. MDM-15 pins female to MDM-9 pins female. 

 

4.1.1.4.4. Link 4: OBP_HPL SpW Redundant 

This interface simulates the redundant HPL connection on the OBP module. The link is 

handled with other two SpW IPs integrated in the FPGA  

Since this is the link 3 redundant connection, it is defined in the same way as the nominal 

interface: 

 
Figure 30. Link 4 connector. 

 

P4 connector (MDM-15 pins male) 

1 Din+ 9 Din- 
2 Sin+ 10 Sin- 
3 Spw_Shield 11 Sout+ 
4 Sout- 12 Dout+ 
5 Dout- 13 GND 
6 GND 14 GND 
7 GND 15 GND 
8 GND   

Table 6. P4 connector pinout. 



SpaceWire Characterization Platform 

53 

4.1.1.4.5. Link 5A: FSM SpW Nominal. 

This interface simulates the FSM module. It is handled by the FPGA with an implementation 

of STAR-Dundee SpW IP. 

FSM link uses a SubD-15 pins male connector as next diagram indicates: 

1 2 3 4 5 6 7 8

9 10 11 12 13 14 15

SpW ‐ FSM Epoch ‐ FSM
shield pin is outlined shield pin is outlined  

Figure 31. Link 5A connector. 

 

P5 connector (SubD-15 pins male) 

1 Din+ 9 Din- 
2 Sin+ 10 Sin- 
3 Spw_Shield 11 Sout+ 
4 Sout- 12 Dout+ 
5 Dout- 13 GND 
6 GND 14 GND 
7 Epoch+ 15 Epoch- 
8 Epoch_Shield   

Table 7. P5 connector pinout. 

 

4.1.1.4.6. Link 6A: MMA SpW Nominal. 

This interface simulates the MMA module. It is handled by the FPGA with an implementation 

of Bepi Colombo SpW IP. 

MMA link uses a SubD-15 pins female connector as next diagram indicates: 

 
Figure 32. Link 6A. 
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P6 connector (SubD-15 pins female) 

1 Din+ 9 Din- 
2 Sin+ 10 Sin- 
3 Spw_Shield 11 Sout+ 
4 Sout- 12 Dout+ 
5 Dout- 13 GND 
6 GND 14 GND 
7 Epoch+ 15 Epoch- 
8 Epoch_Shield   

Table 8. P6 connector pinout. 

 

 

Figure 33. C6 cable. SUB-D 15 pins male to MDM-9 pins male. 
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4.1.1.4.7. Link 7: HPL_SPW nominal. 

This interface simulates the HPL module. It is generated with the specific SpW IP SMCS332 

from Atmel. 

This link requires an MDM-9 pins male connector as next diagram indicates: 

 

Figure 34. Link 7 connector. 

 

P7 connector (MDM-9 pins male) 

1 Din+ 6 Din- 
2 Sin+ 7 Sin- 
3 Spw_Shield 8 Sout+ 
4 Sout- 9 Dout+ 
5 Dout-   

Table 9. P7 connector pinout. 

 

 

Figure 35. C7 Cable. MDM-9 pins female to MDM-9 pins male. 
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4.1.1.4.8. Link 8, 9: Internal backplane links. 

These two links are implemented in order to test the maximum speed that the SpW link can 

achieve through a physical backplane (not a cable). To do this, the links are driven to the 

TYCO connectors, allowing the connection between them with an external Expansion board 

(working as backplane). The objective is to achieve the maximum SpW speed (200 Mbps).  

This board is explained on section 4.2 of this document. 

 

4.1.1.4.9. Link 10, 11: Additional links. 

The ASIC used to implement link 7 includes three SpW interfaces. Since only one is required 

to generate this link, the other two are connected to the TYCO connectors (through their 

respective transceivers) in order to provide two additional general purpose links. This way, 

the Expansion board connected to the TYCO ports can include SpW connectors or be 

designed as backplane. The section of this document relating the Expansion board includes 

more info about how these links have been interfaced.  

Since the ASIC is configured to work at a maximum speed of 100 Mbps, this is the top speed 

of these links. 

 

4.1.1.5. SpaceWire receivers & drivers 

Low voltage differential signaling or LVDS is specified as the signaling technique to 

use in SpaceWire. LVDS uses balanced signals to provide very high-speed interconnection 

using a low voltage swing (350 mV typical).  

Most of the SpW links implemented on the board (except the ones generated by the ASIC) 

are capable of selecting an external driver/receiver or the FPGA differential I/O ports. This 

option will demonstrate if the FPGA handles the differential signals directly connected to its 

ports correctly or otherwise it’s necessary to add external drivers. Enabling of the 

internal/external driver and receiver is done from the FPGA. The following diagrams 

represent the design and the possible work modes:  
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Figure 36. Internal/external driver connection scheme. 

 

4.1.1.6. EPOCH lines 

The EPOCH lines will carry a synchronization signal between the OBP and the 

MMA/FSM modules (one per link). Since the OBP to MMA and the OBP to FSM links are 

redundant there are a total of six links as next table summarizes: 

ID 
Number 

Link 
Type 

Connector 
Ref. 

Connector 
Type Function Direction 

1b EPOCH 
P1 MDM-25 

pins male 
OBP_EPOCH_MMA(N) OUT 

1d EPOCH OBP_EPOCH_FSM(N) OUT 
2b EPOCH 

P2 MDM-25 
pins male 

OBP_EPOCH_MMA(R) OUT 
2d EPOCH OBP_EPOCH_FSM(R) OUT 

5b EPOCH P5 SUB-D 15 
pins male EPOCH_FSM(N) IN 

6b EPOCH P6 SUB-D 15 
pins female EPOCH_MMA(N) IN 

Table 10. EPOCH lines implemented on the system. 

 

These signals are generated by the OBP module and driven to the FSM and MMA modules. 

EPOCH lines must be treated the same as SpaceWire lines: LVDS signalling with optional 

FPGA external/internal drivers.  

For the purpose of this Master Final Project the functionality of these signals is not needed to 

be implemented. 
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4.1.1.7. M&C PC connector 

The M&C PC can be connected to the SCP through an RS232 serial bus. This 

interface also serves as configuration port. 

 

4.1.1.8. Ethernet connector 

The board includes an Ethernet port that also will serve as configuration port from 

M&C PC. 

 

4.1.1.9. TYCO connectors 

Connectors TY2 and TY3 has been designed in order to connect an Expansion board 

that will make accessible more than 200 I/O pins of the FPGA.   

 

4.1.1.10. Power supply  

The board includes a Jack connector to get the +5V power supply.  

 

4.1.1.11. Expansion Board description 

An external board (Expansion Board) is designed to be connected to the two TYCO 

ports of the SCP main board to provide several functions: 

• Serve as backplane to implement the connection between the two internal 

SpW links driven from the FPGA to the TYCO connectors 

• Interface another two SpW links generated with the SMCS332 ASIC. These 

links are connected to MDM-9s connectors. 

• Provide several user I/O ports. About 200 lines from the FPGA are straight 

connected to four header connectors easily accessible to the user. 
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Next images represent the bottom and the top layer of the Expansion board. 

 

Figure 37. Expansion board. 

 

The following image shows the Expansion board assembled on the SCP.  

 

 

Figure 38. Expansion & SCP main board interconnection. 
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Next sections describe the tests sequence to follow and the setup to deploy for the 

testbench. 

5.1. Test Sequence 

Four types of tests are going to be carried out: 

• General tests: to check the correct assembly of the components, the proper 

electrical operation and the power consumption of the whole SCP. 

• SpW electrical tests: they pretend to show the proper performance of SpW 

links at physical and electrical level. 

• SpW functional tests: they pretend to demonstrate the proper behaviour of the 

links in initialization, normal operation and when some errors are injected. 

• SpW Interoperability tests: they pretend to check the correct understanding 

between all the links present in the SCP. Due to the different nature of all the 

elements to be tested (VHDL IP, ASIC or possible external equipments) and 

to the high number of different connectors several interconnection 

architectures will be performed. 

 

The tests to be performed on the SCP and their relevant applicability are described in table 

below: 

Order Test Test Type 

1 Initial hardware inspection General 
2 Isolation General 
3 Power Supply Checking General 
4 Power consumption in stand-by mode General 
5 SpW electrical tests Electrical 
6 SpW functional tests Functional 
7 SpW interoperability tests Interoperability 
8 Power consumption in operating mode General 

Table 11. SCP test sequence. 

 

In the chapter 6 will be described in detail the procedures to perform the set of tests listed 

above. 
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5.2. Test Environment 

In this part of the document the set of instruments, cables, hardware tools and software tools 

used to perform the tests of the SCP are listed in the following table. 

Item Item Name Category Use 

1 Personal Computer PC Monitor and control 
2 Power supply Instrument Supply to SCP (+5V) 
3 Digital multimeter Instrument Perform electrical measurements 
4 Oscilloscope Instrument Perform electrical measurements 
5 Waveform generator Instrument Generate signals for electrical test 
6 Logic analyzer Instrument Perform electrical measurements 

7 STAR-Dundee Link 
Analyser HW & SW tool Analyze the link and generate errors 

8 LabVIEW program SW tool Monitor and control 
9 Several SpW cables Cable Connections among SpW interfaces 

10 JTAG cable Cable Program the FPGA 
11 Serial cable Cable Access the FPGA 
12 Ethernet cable Cable Access the FPGA 
13 Compact Flash card Card Load FPGA code 

Table 12. Cables, instruments, HW & SW tools to perform SCP tests. 

 

 

The set-up for the test is going to be as the one showed in the next figure: 
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Figure 39. SCP set-up for test. 
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Among all the elements that appear in Table 12, cables, measurement instruments 

and of course the SpaceWire Characterization Platform with its peripheral, there are two 

essential elements necessary to carry out the tests on SCP. Such elements are the STAR-

Dundee SpaceWire Link Analyser and the LabVIEW program to monitor and control the test 

from the PC. These two elements are going to be explained in the next sections. 

 

5.2.1. STAR-Dundee SpaceWire Link Analyser 

The Space Wire Link Analyser by STAR-Dundee will be used to monitor the flow of 

information through the SpW links. It is used to record and analyze data flowing along a 

SpaceWire link. It has two SpaceWire interfaces, a USB 2.0 interface and the external power 

supply (+5V adapter). A SpaceWire link is replaced by two cables connected to the Link 

Analyser. Then, the link Analyser can monitor record and analyse traffic flowing across the 

SpaceWire link. The results are displayed on the M&C PC connected via the USB interface. 

 

Figure 40. SpaceWire Link Analyser front view. 

 

 

Figure 41. SpaceWire Link Analyser rear view. 
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5.2.2. STAR-Dundee SpaceWire Link Analyser software 

The SpaceWire Link Analyser [17] [18] unit will be used to capture SpaceWire characters, 

errors and packets from a SpaceWire Link. Capture occurs when a trigger condition is met 

with data before and after the trigger being recorded. The user has control over the kind of 

SpaceWire character or link event to be recorded and analysed including low-level 

characters such as NULLs and FCTs. A variety of trigger conditions are provided which can 

be tailored to the user demands. Simple examples include triggering on the first byte of a 

packet or an end of packet marker (EOP). As a result, the link analyser will be used as a 

sniffer to check that the packets sent and the packets received are the same. Next figure 

shows an example of a capture: 

 

Figure 42. Packet Display View. 

 

5.2.3. Monitoring & control PC 

This personal computer has the functions of monitoring and controlling. They are going to be 

carried out in two ways: with a software developed in LabVIEW and with the specific software 

provided by STAR-Dundee SpaceWire Link Analyser manufacturer.  

 

5.2.4. LabVIEW software 

The program is in charge of providing the information for the FPGA to carry out the different 

tests in terms of address destination, number of packets, packet length, delay between 

packets and signalling rate. In addition, it is in charge of generating the packets to be sent 
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through the FPGA (to slight the performance of the FPGA). Finally, it collects the received 

packets from FPGA and performs the comparison to determine whether the packets sent and 

the packets received are the same. 

 

Figure 43. Main window of the configuration & control software. 

 

 

Figure 44. Link configuration & control window. 
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This section describes all the tests that shall be performed to check the proper 

behaviour and functionalities of the SCP board. 

6.1. Initial Hardware Inspection 

Test objective: the initial hardware inspection consists in a visual verification of the 

SCP to check mounting aspects. 

Test description: all the components must be assembled in the right position 

according to the silkscreen and the fidutials of the components in the printed circuit board. 

6.2. Isolation 

Test objective: Isolation measurement is intended to verify that no short circuit is 

present between the power supplies lines and between power supplies and ground. 

Test description: the isolation measurement has to be carried out by means of a 

standard digital multimeter. In order to perform these measurements the SCP shall be 

disconnected from the Test-Bench and from any power supply. Verify the absence of short 

circuits between supplies and ground in accordance with the following table: 

Check between points Measured 
value 

VCC5V (+5V) GND 7.22 kΩ 
VCC3V3 (+3.3V) GND 446 Ω 
VCC2V5 (+2.5V) GND 712 Ω 
VCC1V0 (+1.0V) GND 7.8 Ω* 

VTTDDR (+1.25V) GND 2.81 kΩ 
VCC5V (+5V) VCC3V3 (+3.3V) 7.7 kΩ 
VCC5V (+5V) VCC2V5 (+2.5V) 7.94 kΩ 
VCC5V (+5V) VCC1V0 (+1.0V) 7.21 kΩ 
VCC5V (+5V) VTTDDR (+1.25V) 38.5 kΩ 

VCC3V3 (+3.3V) VCC2V5 (+2.5V) 1.193 kΩ 
VCC3V3 (+3.3V) VCC1V0 (+1.0V) 453 Ω 
VCC3V3 (+3.3V) VTTDDR (+1.25V) 3.59 kΩ 
VCC2V5 (+2.5V) VCC1V0 (+1.0V) 723 Ω 
VCC2V5 (+2.5V) VTTDDR (+1.25V) 3.315 kΩ 
VCC1V0 (+1.0V) VTTDDR (+1.25V) 7.2 kΩ 

Table 13. Isolation results. 

* When FPGA is not supplied it offers a low impedance in the pins of the core internal supply (VCC1V0 pins). 

Once the FPGA is powered and supplies are present this condition changes. 
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6.3. Power Supply Checking 

Test objective: power supply checking is aimed to verify the correct power supply 

levels. 

Test description: power supply checking has to be carried out by means of a 

standard digital multimeter to measure the levels of the signals. In order to perform these 

measurements the SCP shall be supplied with +5V power supply. After that, all the power 

supplies will be measured. 

Power Supply Measured value 

VCC5V (+5V) 5.05 V 
VCC3V3 (+3.3V) 3.294 V 
VCC2V5 (+2.5V) 2.481 V 
VCC1V0 (+1.0V) 0.984 V 

VTTDDR (+1.25V) 1.24 V 

Table 14. Power supplies measured values. 

 

6.4. Power Consumption in Standby Mode 

Test objective: the purpose of this test is to find out the SCP consumption in 

standby mode. 

Test description: the SCP power consumption must be checked after power on. It 

will determine the initial operation power consumption when all links (except 2) are 

connected but disabled, as shown on Figure 45.  In order to perform these measurements 

the SCP shall be supplied with +5V power supply 

Condition Consumption (mA) 

After power on with all 
the links disabled 1,78 A 

Table 15. Initial power consumption. 

 

The following picture shows the interconnection of all SpW ends to perform this test. 
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Figure 45. All links disabled. 

 

The testbench developed for this test is shown in the next figure: 

 

 

Figure 46. Power consumption in standby mode. 
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6.5. SpW Electrical Tests 

Together with the previous verifications the following parameters shall be tested to ensure 

the correct electrical behaviour of the SpW interfaces and the fulfillment of the SpaceWire 

standard: 

 

• Characteristic impedance 

• Signal level and data encoding 

• Total transmitter Data-Strobe skew 

• Total transmitter Data jitter 

• Total transmitter Strobe jitter 

• Receiver Data-Strobe skew 

• Receiver Data jitter 

• Receiver Strobe jitter 

 

The maximum data signalling rate that can be achieved is different from one system to 

another, depending on several factors such as cable length, driver‐receiver technology, and 

encoder‐decoder design, and is limited by skew and jitter. Figure 47 illustrates the effect of 

skew and jitter on the Data and Strobe signals, where the parameters are as follows: 

• tskew is the skew between the Data and Strobe signals. 

• tjitter is the jitter on the Data or Strobe signal. tjitter data = tjitter strobe since they 

follow identical signal paths (as close as possible). 

• tdclk is the delay in the receiver from the edge of the Data or Strobe signal, 

through the XOR operation which produces the clock signal, to the clocking in 

of the data in the input flip‐flop. This may be regarded as the set‐up time for 

the data input flip‐flop from the edge of the Data or Strobe signal. 

• thold is the hold time for the Data signal after the clocking of the data into the 

input flip‐flop. 
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• tui is the unit interval or bit period. tui = 1/F, where F is the link operating data 

signalling rate. 

• The tdclk and thold parameters may be combined into a minimum specification 

for the separation of consecutive edges on the Data and Strobe signals at the 

input to the decoder, tds = tdclk + thold. 

•  tmargin is the available margin, tmargin = tui – (tskew + 2*tjitter + tdclk + thold) 

 

 
Figure 47. Skew and Jitter measurement. 

 

 

The following picture tries to show the main contributions to skew and jitter: 
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Figure 48. Contributors to skew and jitter. 

 

6.5.1. Characteristic impedance 

Test objective: determine the characteristic impedance of each differential signal 

pair. 

Test description: the characteristic impedance must be measured, by using a 

digital multimeter, between every couple of LVDS signals. Therefore, it must be measured in 

the receiver between:  

 

• Din+ and Din- 

• Sin+ and Sin- 
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Figure 49. Differential impedance between lines. 

 

According to test description the next table must be filled: 

ID 
Number 

Connector 
Reference Function Signal Pins Differential 

Impedance 

Link 1a 
P1 

OBP_MMA_SPW(N) Din+ & Din- 5 & 17 100.7 Ω 
Sin+ & Sin- 4 & 16 100.2 Ω 

Link 1c OBP_FSM_SPW(N) Din+ & Din- 13 & 25 100 Ω 
Sin+ & Sin- 12 & 24 100.1 Ω 

Link 2a 
P2 

OBP_MMA_SPW(R) Din+ & Din- 5 & 17 100.5 Ω 
Sin+ & Sin- 4 & 16 99.8 Ω 

Link 2c OBP_FSM_SPW(R) Din+ & Din- 13 & 25 100.3 Ω 
Sin+ & Sin- 12 & 24 99.9 Ω 

Link 3 P3 OBP_HPL_SPW(N) Din+ & Din- 1 & 9 99.9 Ω 
Sin+ & Sin- 2 & 10 100.8 Ω 

Link 4 P4 OBP_HPL_SPW(R) Din+ & Din- 1 & 9 100.4 Ω 
Sin+ & Sin- 2 & 10 100.5 Ω 

Link 5a P5 FSM_SPW(N) Din+ & Din- 1 & 9 99.6 Ω 
Sin+ & Sin- 2 & 10 100.2 Ω 

EPOCH EP+ & EP- 7 & 15 99.6 Ω 

Link 6a P6 MMA_SPW(N) Din+ & Din- 1 & 9 99.7 Ω 
Sin+ & Sin- 2 & 10 99.5 Ω 

EPOCH EP+ & EP- 7 & 15 99.8 Ω 

Link 7 P7 HPL_SPW(N) Din+ & Din- 1 & 6 99.9 Ω 
Sin+ & Sin- 2 & 7 99.9 Ω 

Link 8 TY1 Internal-Backplane Din+ & Din- 1 & 3 102 Ω 
Sin+ & Sin- 5 & 7 101.6 Ω 

Link 9 TY2 Internal-Backplane Din+ & Din- 1 & 3 101 Ω 
Sin+ & Sin- 5 & 7 100.4 Ω 

Link 10 Expansion 
P1 HPL_SPW 2 Din+ & Din- 1 & 6 101 Ω 

Sin+ & Sin- 2 & 7 100.8 Ω 

Link 11 Expansion 
P2 HPL_SPW 3 Din+ & Din- 1 & 6 99.6 Ω 

Sin+ & Sin- 2 & 7 99.8 Ω 
Table 16. SpW & EPOCH lines differential impedance. 
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Expected results: the characteristic impedance of each differential signal pair shall 

be 100 ohms approximately (100 ± 6 Ω). 

 

6.5.2. Signal level and data encoding 

Test objective: to test the correct signal levels and data encoding in every receiver 

between its differential signals for every sort of SpW IP. 

 

Test description: the signal levels will be measured by using two differential probes 

of an oscilloscope. This measure will be done at every SpW IP in the transmitter pair while 

links are sending NULLs and FCTs to initialize and maintain the connection. Furthermore, a 

logic analyzer could be used to verify signal integrity. 

These measurements will be done at every kind of SpW IP link transmitter: Dout & Sout. 

 

Figure 50. LVDS across 100 Ω termination resistor. 

 

Furthermore, the tests are going to be done at three different signaling rates for every kind of 

SpW IP. 

 

Expected results: the correct waveforms, signal levels (close to 800 mV according 

to previous figure) and the retrieved clock coherent with the data encoding. 

Besides, since the captures are going to be taken while link is sending NULLs in order to 

maintain communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 
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Figure 51. Consecutive NULL tokens on SpW IP. 

 

6.5.2.1. STAR-Dundee at 20 Mbps 

Next figure shows the capture of SpW Link Analyser for STAR-Dundee SpW IP as 

transmitter after initialization and keeping the data link active when there are no data 

characters to send (sending NULLs). 

 

Figure 52. Character exchange for SD SpW IP TX at 20 Mbps. 

 

As shown in the image both links are correctly configured at 20 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with STAR-Dundee SpW IP configured to 20 Mbps (FCLK = 10 MHz with DDR): 
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Figure 53. Signal Level with internal driver for SD SpW IP at 20 Mbps. 

 

 

Figure 54. Signal Level with external driver for SD SpW IP at 20 Mbps. 
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The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 55. Data encoding for SD SpW IP at 20 Mbps. 

6.5.2.2. STAR-Dundee at 100 Mbps  

Next figure shows the capture of SpW Link Analyser for STAR-Dundee SpW IP as 

transmitter after initialization and keeping the data link active when there are no data 

characters to send (sending NULLs). 

 

Figure 56. Character exchange for SD SpW IP TX at 100 Mbps. 
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As shown in the image both links are correctly configured at 100 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with STAR-Dundee SpW IP configured to 100 Mbps (FCLK = 50 MHz with DDR): 

 

Figure 57. Signal Level with internal driver for SD SpW IP at 100 Mbps. 
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Figure 58. Signal Level with external driver for SD SpW IP at 100 Mbps. 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 59. Data encoding for SD SpW IP at 100 Mbps. 
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6.5.2.3. STAR-Dundee at 200 Mbps  

Next figure shows the capture of SpW Link Analyser for STAR-Dundee SpW IP as 

transmitter after initialization and keeping the data link active when there are no data 

characters to send (sending NULLs). 

 

Figure 60. Character exchange for SD SpW IP TX at 200 Mbps. 

 

As shown in the image both links are correctly configured at 200 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with STAR-Dundee SpW IP configured to 200 Mbps (FCLK = 100 MHz with DDR): 
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Figure 61. Signal Level with internal driver for SD SpW IP at 200 Mbps. 

 

 

Figure 62. Signal Level with external driver for SD SpW IP at 200 Mbps. 
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The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 63. Data encoding for SD SpW IP at 200 Mbps. 

6.5.2.4. Bepi Colombo at 20 Mbps 

Next figure shows the capture of SpW Link Analyser for Bepi Colombo SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 64. Character exchange for BC SpW IP TX at 20 Mbps. 
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As shown in the image both links are correctly configured at 20 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with Bepi Colombo SpW IP configured to 20 Mbps (FCLK = 10 MHz with DDR): 

 

Figure 65. Signal Level with internal driver for BC SpW IP at 20 Mbps. 
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Figure 66. Signal Level with external driver for BC SpW IP at 20 Mbps. 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 67. Data encoding for BC SpW IP at 20 Mbps. 
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6.5.2.5. Bepi Colombo at 100 Mbps  

Next figure shows the capture of SpW Link Analyser for Bepi Colombo SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 68. Character exchange for BC SpW IP transmitter at 100 Mbps. 

 

As shown in the image both links are correctly configured at 100 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with Bepi Colombo SpW IP configured to 100 Mbps (FCLK = 50 MHz with DDR): 
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Figure 69. Signal Level with internal driver for BC SpW IP at 100 Mbps. 

 

 

Figure 70. Signal Level with external driver for BC SpW IP at 100 Mbps. 
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The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 71. Data encoding for BC SpW IP at 100 Mbps. 

6.5.2.6. Bepi Colombo at 200 Mbps  

Next figure shows the capture of SpW Link Analyser for Bepi Colombo SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 72. Character exchange for BC IP transmitter at 200 Mbps. 
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As shown in the image both links are correctly configured at 200 Mbps (lower right corner). 

All the snapshots will be taken with external and internal driver enabled. Furthermore, in 

every image signals appear in the following order: differential D signal, differential S signal 

and the retrieved clock as the absolute value of Data signal minus Strobe signal:  

CLK = ABS[D-S].  

Transmitter with Bepi Colombo SpW IP configured to 200 Mbps (FCLK = 100 MHz with DDR): 

 

Figure 73. Signal Level with internal driver for BC SpW IP at 200 Mbps. 
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Figure 74. Signal Level with external driver for BC SpW IP at 200 Mbps. 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 75. Data encoding for BC SpW IP at 200 Mbps. 
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6.5.2.7. SMCS332 SpW at 12,5 Mbps 

Next figure shows the capture of SpW Link Analyser for SMCS332 SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 76. Character exchange for SMCS332 SpW IP TX at 12,5 Mbps. 

 

As shown in the image both links are correctly configured at 12,5 Mbps (lower right corner). 

The snapshots will be always taken with external driver enabled because the SMCS332 only 

works with single ended signals. Furthermore, in every image signals appear in the following 

order: differential D signal, differential S signal and the retrieved clock as the absolute value 

of Data signal minus Strobe signal: CLK = ABS[D-S].  

Transmitter with SMCS332 SpW IP configured to 12,5 Mbps (FCLK = 6,25 MHz with DDR): 
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Figure 77. Signal Level for SMCS332 SpW IP at 12,5 Mbps. 

 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 78. Data encoding for SMCS332 SpW IP at 12,5 Mbps. 
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6.5.2.8. SMCS332 SpW at 50 Mbps 

Next figure shows the capture of SpW Link Analyser for SMCS332 SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 79. Character exchange for SMCS332 SpW IP TX at 50 Mbps. 

 

As shown in the image both links are correctly configured at 50 Mbps (lower right corner). 

The snapshots will be always taken with external driver enabled because the SMCS332 only 

works with single ended signals. Furthermore, in every image signals appear in the following 

order: differential D signal, differential S signal and the retrieved clock as the absolute value 

of Data signal minus Strobe signal: CLK = ABS[D-S].  

Transmitter with SMCS332 SpW IP configured to 50 Mbps (FCLK = 25 MHz with DDR): 
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Figure 80. Signal Level for SMCS332 SpW IP at 50 Mbps. 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 81. Data encoding for SMCS332 SpW IP at 50 Mbps. 
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6.5.2.9. SMCS332 SpW at 100 Mbps 

Next figure shows the capture of SpW Link Analyser for SMCS332 SpW IP as transmitter 

after initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 82. Character exchange for SMCS332 SpW IP TX at 100 Mbps. 

 

As shown in the image both links are correctly configured at 100 Mbps (lower right corner). 

The snapshots will be always taken with external driver enabled because the SMCS332 only 

works with single ended signals. Furthermore, in every image signals appear in the following 

order: differential D signal, differential S signal and the retrieved clock as the absolute value 

of Data signal minus Strobe signal: CLK = ABS[D-S].  

Transmitter with SMCS332 SpW IP configured to 100 Mbps (FCLK = 50 MHz with DDR): 
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Figure 83. Signal Level for SMCS332 SpW IP at 100 Mbps. 

 

The following picture shows the image taken from logic analyzer of the SpW Link Analyser in 

order to validate the data encoding. 

 

Figure 84. Data encoding for SMCS332 SpW IP at 100 Mbps. 
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6.5.3. Total transmitter Data-Strobe skew 

Test objective: determine the total transmitter data-strobe skew. 

Test description: it must be measured at the interface connector and it will be the 

Dout to Sout skew. Drivers will be configured as internal for this measurement. Data-Strobe 

skew will be measured by using a differential probe on an oscilloscope. This measure will be 

done between every pair of SpW links while sending NULLs to maintain the connection. 

The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be done at three different signaling rates for every SpW IP. 

 

Expected results: the skew should be 0,15 ns/m maximum. 

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 85. Consecutive NULL tokens on SpW IP. 
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6.5.3.1. STAR-Dundee at 20 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 86. Tx Data-Strobe skew for STAR-Dundee SpW IP at 20 Mbps. 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends.  
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6.5.3.2. STAR-Dundee at 100 Mbps  

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 87. Tx Data-Strobe skew for STAR-Dundee SpW IP at 100 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.3.3. STAR-Dundee at 200 Mbps  

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 88. Tx Data-Strobe skew for STAR-Dundee SpW IP at 200 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 

 

 

 

 

 



Chapter 6 

104 

6.5.3.4. Bepi Colombo at 20 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 89. Tx Data-Strobe skew for Bepi Colombo SpW IP at 20 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.3.5. Bepi Colombo at 100 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 90. Tx Data-Strobe skew for Bepi Colombo SpW IP at 100 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.3.6. Bepi Colombo at 200 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 91. Tx Data-Strobe skew for Bepi Colombo SpW IP at 200 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.3.7. SMCS332 SpW at 12,5 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 92. Tx Data-Strobe skew for SMCS332 SpW IP at 12,5 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 
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6.5.3.8. SMCS332 SpW at 50 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 93. Tx Data-Strobe skew for SMCS332 SpW IP at 50 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 
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6.5.3.9. SMCS332 SpW at 100 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 94. Tx Data-Strobe skew for SMCS332 SpW IP at 100 Mbps. 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 

 

As a result, analyzing all the previous pictures (D-S skew at 12.5, 20, 100 and 200 Mbps for 

every SpW IP), and taking into account the following assertions: 

 

• the length of the cables used to communicate both ends is about 9,2 m (except for 

SMCS332 which was 3,6 m) to increase the possible existing skew 

• Din+ & Din- signals have been routed as a differential pair making both PCB tracks 

very close to the same length  

• Sin+ & Sin- signals have been routed as a differential pair making both PCB tracks 

very close to the same length  
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• resulting data and strobe differential pairs have been also routed trying to have the 

same final length between them 

• furthermore, DS encoding improves the skew tolerance to almost 1‐bit time, 

compared to 0,5 bit time for simple data and clock encoding 

 

It can be assured that skew has no impact for the correct operation for the links and it is less 

than 1,38 ns (0,15 ns/m * 9,2 m) for the worst case. 

 

 

6.5.4. Total transmitter Data jitter 

Test objective: be aware of the total transmitter Data jitter. 

Test description: Data jitter must be measured at the interface connector (Dout 

jitter). Drivers will be configured as internal for this measurement. Jitter will be measured by 

using a differential probe on an oscilloscope. The oscilloscope will be configured on an 

infinite persistence mode with measurement of jitter as in an eye diagram. This measure will 

be done between every pair of SpW links while sending NULLs to maintain the connection. 

The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be tested at three different signaling rates for every SpW IP. 

 

Expected results: from 0,3 ns to 22 ns (approximately) depending on the speed 

rate (200 Mbps to 12,5 Mbps respectively). 

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 95. Consecutive NULL tokens on SpW IP. 

 



Test Cases  

111 

6.5.4.1. STAR-Dundee at 20 Mbps 

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 96. Data jitter for STAR-Dundee SpW IP as transmitter at 20 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 195,7 ps which is less than the maximum jitter expected, approximately 9 ns. 
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6.5.4.2. STAR-Dundee at 100 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 97. Data jitter for STAR-Dundee SpW IP as transmitter at 100 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 217,1 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.4.3. STAR-Dundee at 200 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 98. Data jitter for STAR-Dundee SpW IP as transmitter at 200 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 194,3 ps which is less than the maximum jitter expected, approximately 0,3 ns. 
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6.5.4.4. Bepi Colombo at 20 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 99. Data jitter for Bepi Colombo SpW IP as transmitter at 20 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 232,7 ps which is less than the maximum jitter expected, approximately 9 ns. 
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6.5.4.5. Bepi Colombo at 100 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 100. Data jitter for Bepi Colombo SpW IP as transmitter at 100 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 175,5 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.4.6. Bepi Colombo at 200 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 101. Data jitter for Bepi Colombo SpW IP as transmitter at 200 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 140,5 ps which is less than the maximum jitter expected, approximately 0,3 ns. 
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6.5.4.7. SMCS332 SpW at 12,5 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 102. Data jitter for SMCS332 SpW IP as transmitter at 12,5 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 154,2 ps which is less than the maximum jitter expected, approximately 22 ns. 
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6.5.4.8. SMCS332 SpW at 50 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 103. Data jitter for SMCS332 SpW IP as transmitter at 50 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 546,1 ps which is less than the maximum jitter expected, approximately 3 ns. 
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6.5.4.9. SMCS332 SpW at 100 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 104. Data jitter for SMCS332 SpW IP as transmitter at 100 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 524,2 ps which is less than the maximum jitter allowed, approximately 1 ns. 
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6.5.5. Total transmitter Strobe jitter 

Test objective: be aware of the total transmitter Strobe jitter. 

Test description: Strobe jitter must be measured at the interface connector (Sout 

jitter). Drivers will be configured as internal for this measurement. It will be measured by 

using a differential probe on an oscilloscope. The oscilloscope will be configured on an 

infinite persistence mode with measurement of jitter as in an eye diagram. This measure will 

be done between every pair of SpW links while sending NULLs to maintain the connection. 

The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be tested at three different signaling rates. 

 

Expected results: from 0,3 ns to 22 ns (approximately) depending on the speed 

rate (200 Mbps to 12,5 Mbps respectively). 

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 105. Consecutive NULL tokens on SpW IP. 
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6.5.5.1. STAR-Dundee at 20 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 106. Strobe jitter for STAR-Dundee SpW IP as transmitter at 20 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 192,4 ps which is less than the maximum jitter expected, approximately 9 ns. 
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6.5.5.2. STAR-Dundee at 100 Mbps 

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 107. Strobe jitter for STAR-Dundee SpW IP as transmitter at 100 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 175,5 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.5.3. STAR-Dundee at 200 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 108. Strobe jitter for STAR-Dundee SpW IP as transmitter at 200 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 124,8 ps which is less than the maximum jitter expected, approximately 0,3 ns. 
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6.5.5.4. Bepi Colombo at 20 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 109. Strobe jitter for Bepi Colombo SpW IP as transmitter at 20 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 179,9 ps which is less than the maximum jitter expected, approximately 9 ns. 
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6.5.5.5. Bepi Colombo at 100 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 110. Strobe jitter for Bepi Colombo SpW IP as transmitter at 100 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 185,1 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.5.6. Bepi Colombo at 200 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as transmitter after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 111. Strobe jitter for Bepi Colombo SpW IP as transmitter at 200 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 135,9 ps which is less than the maximum jitter expected, approximately 0,3 ns. 
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6.5.5.7. SMCS332 SpW at 12,5 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 112. Strobe jitter for SMCS332 SpW IP as transmitter at 12,5 Mbps. 

 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 217,9 ps which is less than the maximum jitter expected, approximately 22 ns. 
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6.5.5.8. SMCS332 SpW at 50 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 113. Strobe jitter for SMCS332 SpW IP as transmitter at 50 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 501 ps which is less than the maximum jitter expected, approximately 3 ns. 
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6.5.5.9. SMCS332 SpW at 100 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as transmitter after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 114. Strobe jitter for SMCS332 SpW IP as transmitter at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 658,1 ps which is less than the maximum jitter allowed, approximately 1 ns. 

 

6.5.6. Receiver Data-Strobe skew 

Test objective: determine the minimum receiver data-strobe skew. This test 

together with the receiver Data jitter and the receiver Strobe jitter let determine the total 

receiver minimum separation between Data and Strobe. 

Test description: it must be measured at the interface connector and it will be the 

Din to Sin skew. Drivers will be configured as internal for this measurement. Data-Strobe 

skew will be measured by using a differential probe on an oscilloscope. This measure will be 

done between every pair of SpW links while sending NULLs to maintain the connection. 
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The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be tested at three different signaling rates for every SpW IP. 

 

Expected results: the skew should be 0,15 ns/m maximum.  

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 115. Consecutive NULL tokens on SpW IP. 

6.5.6.1. STAR-Dundee at 20 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 116. Rx Data-Strobe skew for STAR-Dundee SpW IP at 20 Mbps. 
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As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends.  

 

6.5.6.2. STAR-Dundee at 100 Mbps  

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 117. Rx Data-Strobe skew for STAR-Dundee SpW IP at 100 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.6.3. STAR-Dundee at 200 Mbps  

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 118. Rx Data-Strobe skew for STAR-Dundee SpW IP at 200 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.6.4. Bepi Colombo at 20 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 119. Rx Data-Strobe skew for Bepi Colombo SpW IP at 20 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.6.5. Bepi Colombo at 100 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 120. Rx Data-Strobe skew for Bepi Colombo SpW IP at 100 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.6.6. Bepi Colombo at 200 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 121. Rx Data-Strobe skew for Bepi Colombo SpW IP at 200 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 9,2 m 

between both ends. 
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6.5.6.7. SMCS332 SpW at 12,5 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 122. Rx Data-Strobe skew for SMCS332 SpW IP at 12,5 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 
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6.5.6.8. SMCS332 SpW at 50 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 123. Rx Data-Strobe skew for SMCS332 SpW IP at 50 Mbps. 

 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 
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6.5.6.9. SMCS332 SpW at 100 Mbps 

Next figures show the snapshots taken for the D signal (channel 1: yellow), S signal (channel 

2: green) and the retrieved clock (function: pink). 

 

Figure 124. Rx Data-Strobe skew for SMCS332 SpW IP at 100 Mbps. 

 

As shown in the previous figure D-S skew is not visible in spite of placing a cable of 3,6 m 

between both ends. 

 

As a result, analyzing all the previous pictures (D-S skew at 12.5, 20, 100 and 200 Mbps for 

every SpW IP), and taking into account the following assertions: 

 

• the length of the cables used to communicate both ends is about 9,2 m (except for 

SMCS332 which was 3,6 m) to increase the possible existing skew 

• Din+ & Din- signals have been routed as a differential pair making both PCB tracks 

very close to the same length  

• Sin+ & Sin- signals have been routed as a differential pair making both PCB tracks 

very close to the same length  
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• resulting data and strobe differential pairs have been also routed trying to have the 

same final length between them 

• furthermore, DS encoding improves the skew tolerance to almost 1‐bit time, 

compared to 0,5 bit time for simple data and clock encoding 

 

it can be assured that skew has no impact for the correct operation for the links and it is less 

than 1,38 ns (0,15 ns/m * 9,2 m) for the worst case. 

 

6.5.7. Receiver Data jitter 

Test objective: be aware of the receiver Data jitter. 

Test description: Data jitter must be measured at the interface connector (Din 

jitter). Drivers will be configured as internal for this measurement. It will be measured by 

using a differential probe on an oscilloscope. The oscilloscope will be configured on an 

infinite persistence mode with measurement of jitter as in an eye diagram. This measure will 

be done between every pair of SpW links while sending NULLs to maintain the connection. 

The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be tested at three different signaling rates for every SpW IP. 

 

Expected results: 0,2 ns to 1,1 ns (approximately) depending on the speed rate 

(200 Mbps to 12,5 Mbps respectively). 

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 125. Consecutive NULL tokens on SpW IP. 
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6.5.7.1. STAR-Dundee at 20 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 126. Data jitter for STAR-Dundee SpW IP as receiver at 20 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 190,9 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.7.2. STAR-Dundee at 100 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 127. Data jitter for STAR-Dundee SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 175,8 ps which is less than the maximum jitter expected, approximately 0,5 ns. 
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6.5.7.3. STAR-Dundee at 200 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 128. Data jitter for STAR-Dundee SpW IP as receiver at 200 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 186,6 ps which is less than the maximum jitter expected, approximately 0,2 ns. 
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6.5.7.4. Bepi Colombo at 20 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 129. Data jitter for Bepi Colombo SpW IP as receiver at 20 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 79 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.7.5. Bepi Colombo at 100 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 130. Data jitter for Bepi Colombo SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 149,7 ps which is less than the maximum jitter expected, approximately 0,5 ns. 
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6.5.7.6. Bepi Colombo at 200 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 131. Data jitter for Bepi Colombo SpW IP as receiver at 200 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 166,7 ps which is less than the maximum jitter expected, approximately 0,2 ns. 
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6.5.7.7. SMCS332 SpW at 12,5 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 132. Data jitter for SMCS332 SpW IP as receiver at 12,5 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 659,3 ps which is less than the maximum jitter expected, approximately 1,1 ns. 
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6.5.7.8. SMCS332 SpW at 50 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 133. Data jitter for SMCS332 SpW IP as receiver at 50 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 619,9 ps which is less than the maximum jitter expected, approximately 0,7 ns. 
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6.5.7.9. SMCS332 SpW at 100 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 134. Data jitter for SMCS332 SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Data 

jitter is 458,1 ps which is less than the maximum jitter expected, approximately 0,5 ns. 
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6.5.8. Receiver Strobe jitter 

Test objective: be aware of the receiver Strobe jitter. 

Test description: Strobe jitter must be measured at the interface connector (Sin 

jitter). Drivers will be configured as internal for this measurement. It will be measured by 

using a differential probe on an oscilloscope. The oscilloscope will be configured on an 

infinite persistence mode with measurement of jitter as in an eye diagram. This measure will 

be done between every pair of SpW links while sending NULLs to maintain the connection. 

The maximum data signal rate is the highest data signalling rate at which a SpaceWire link 

can operate and is defined by consideration of signal skew and jitter. For this reason, the 

tests are going to be tested at three different signaling rates for every SpW IP. 

 

Expected results: 0,2 ns to 1,1 ns (approximately) depending on the speed rate 

(200 Mbps to 12,5 Mbps respectively). 

Since the captures are going to be taken while link is sending NULLs in order to maintain 

communication the expected waveform for Data signal should be as follows:  

NULL = ESC + FCT = P+1+1+1+P+1+0+0 where P = parity bit. 

 

Figure 135. Consecutive NULL tokens on SpW IP. 
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6.5.8.1. STAR-Dundee at 20 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 136. Strobe jitter for STAR-Dundee SpW IP as receiver at 20 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 119,5 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.8.2. STAR-Dundee at 100 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 137. Strobe jitter for STAR-Dundee SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 166,5 ps which is less than the maximum jitter expected, approximately 0,5 ns. 
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6.5.8.3. STAR-Dundee at 200 Mbps  

Next figure shows the capture taken from STAR-Dundee SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 138. Strobe jitter for STAR-Dundee SpW IP as receiver at 200 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 182,9 ps which is a bit more than the maximum jitter expected, approximately 0,2 ns. 
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6.5.8.4. Bepi Colombo at 20 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 139. Strobe jitter for Bepi Colombo SpW IP as receiver at 20 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 99,3 ps which is less than the maximum jitter expected, approximately 1 ns. 
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6.5.8.5. Bepi Colombo at 100 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 140. Strobe jitter for Bepi Colombo SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 150,5 ps which is more than the maximum jitter expected, approximately 0,5 ns. 
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6.5.8.6. Bepi Colombo at 200 Mbps  

Next figure shows the capture taken from Bepi Colombo SpW IP as receiver after 

initialization and keeping the data link active when there are no data characters to send 

(sending NULLs). 

 

Figure 141. Strobe jitter for Bepi Colombo SpW IP as receiver at 200 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 162,9 ps which is less than the maximum jitter expected, approximately 0,2 ns. 
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6.5.8.7. SMCS332 SpW at 12,5 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 142. Strobe jitter for SMCS332 SpW IP as receiver at 12,5 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 695,1 ps which is less than the maximum jitter expected, approximately 1,1 ns. 
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6.5.8.8. SMCS332 SpW at 50 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 143. Strobe jitter for SMCS332 SpW IP as receiver at 50 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 566,5 ps which is less than the maximum jitter expected, approximately 0,7 ns. 
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6.5.8.9. SMCS332 SpW at 100 Mbps 

Next figure shows the capture taken from SMCS332 SpW IP as receiver after initialization 

and keeping the data link active when there are no data characters to send (sending NULLs). 

 

Figure 144. Strobe jitter for SMCS332 SpW IP as receiver at 100 Mbps. 

 

According to the measurements performed by the oscilloscope on previous figure the Strobe 

jitter is 339,3 ps which is less than the maximum jitter expected, approximately 0,5 ns. 
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6.6. SpW Functional Tests 

For the development of the functional tests al SpW links used will be configured with internal 

driver, except SMCS332 that only uses external driver. 

6.6.1. Link connectivity 

 

Figure 145. Basic state diagram for SpW link interface. 

 

After a link interface (one end of a link) is reset, it enters the ErrorReset state where the 

transmitter and receiver are reset. The transmitter reset is a controlled reset, resulting first in 

the transmitter stopping transmission, followed by resetting of the Strobe signal and then the 

Data signal. This sequence avoids the simultaneous transition of both Data and Strobe 

signals.  

Table 17 and Figure 146 illustrate an initialization sequence. Link interface A is at one end of 

the link and link interface B is at the other end. By default at the beginning of link initialization 

both ends are configured with a signalling rate of 10 Mbps. 
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Link interface 
end A 

Link interface 
end B Event or condition causing transition 

ErrorReset ErrorReset End A times out after 6,4 μs and moves to 
the ErrorWait state. 

ErrorWait ErrorReset End B times out after 6,4 μs and moves to 
the ErrorWait state. 

ErrorWait ErrorWait End A times out after 12,8 μs and moves to 
the Ready state. 

Ready ErrorWait End A is link enabled so moves to the 
Started state. 

Started 
 

Sending NULLs 
 

ErrorWait 
End B detects NULL sent from end A. This is 
registered as gotNULL by end B. There is no 
state change. 

Started 
 

Sending NULLs 
 

ErrorWait End B times out after 12,8 μs and moves to 
the Ready state. 

Started 
 

Sending NULLs 
 

Ready End B is link enabled so moves straight to 
the Started state. 

Started 
 

Sending NULLs 
 

Started 
 

Sending NULLs 
 

End B sends a NULL. It has already 
detected a NULL (gotNULL) so can now 
move to the Connecting state. 
 

Started 
 

Sending NULLs 
 

Connecting 

End A detects NULL sent from end B 
(gotNULL) and can move to the Connecting 
state. 
End B sends out FCTs (and NULLs). 

Connecting Connecting 

End A sends out FCTs (and NULLs). 
End B sends out FCTs (and NULLs). 
End A receives an FCT and moves to the 
Run state. 

Run Connecting 
End A sends out FCTs, N‐Chars and NULLs. 
End B receives an FCT and moves to the 
Run state. 

Run Run 
Both ends are in the Run state and begin 
normal operation sending and receiving 
N‐Chars, FCTs and NULLs. 

Table 17. Example of initialization sequence. 
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ErrorReset
Reset Tx
Reset Rx

End A

End B

ErrorWait
Reset Tx

Enable Rx

Ready
Reset Tx

Enable Rx

Run
Send Time-Codes/FCTs/

N-Chars/NULLs
Enable Rx

Started
Send NULLs
Enable Rx

After 6,4 µs

After 12,8 µs

Link Enabled

gotNULL

gotFCT

Send NULLs

Send FCTs

Connecting
Send FCTs/NULLs

Enable Rx

ErrorReset
Reset Tx
Reset Rx

ErrorWait
Reset Tx

Enable Rx

Ready
Reset Tx

Enable Rx

Run
Send Time-Codes/FCTs/

N-Chars/NULLs
Enable Rx

Started
Send NULLs
Enable Rx

After 6,4 µs

After 12,8 µs

Link Enabled

gotNULL

gotFCT

Connecting
Send FCTs/NULLs

Enable Rx

Send NULLs

Send FCTs

 

Figure 146. Initialization sequence. 

 

Test objective: This test allows checking initialization between source and 

destination SpW links.  

Test description: Make a connection between two SpW links so NULLs and FCTs 

are transmitted from both ends. The SpaceWire Link Analyser LEDs should turn to green to 

indicate that the connection has been made and both interfaces are in the Run state.  
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Figure 147. Link disconnected. 

 

 

Figure 148. Link connected and in the Run state. 

 

Furthermore, it will be tested by using the STAR-Dundee SpW Link Analyser software and 

also watching the status LEDs of the board. 

 

 

Figure 149. Status LEDs in SCP showing links 3 & 4 (On/Off). 
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Figure 150. Status LEDs in the SCP showing some links connected. 

 

Link connectivity is going to be tested between: 

 

• STAR-Dundee & STAR-Dundee 

• STAR-Dundee & Bepi Colombo 

• STAR-Dundee & SMCS332 

• Bepi Colombo & Bepi Colombo 

• Bepi Colombo & SMCS332 

• SMCS332 & SMCS332 

 

Expected results: link connectivity successfully done.  

A transmitter can only transmit N‐Chars (normal characters, which are data characters, EOP 

or EEP) if there is space for them in the host system receive buffer at the other end of the 

link. The host system indicates that there is space for eight more N‐Chars by requesting the 

link transmitter to send a flow control token (FCT). This procedure is part of the control flow 

of SpW and it will be used to validate the correct initialization between every pair of ends. 
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6.6.1.1. STAR-Dundee & STAR-Dundee 

Both links are going to be configured at 20 Mbps. 

The next capture shows the initialization sequence taken from SpW Link Analyser SW. 

 

Figure 151. Link initialization between SD & SD. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 4 x 8 = 32 bytes.  
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6.6.1.2. STAR-Dundee & Bepi Colombo 

Both links are going to be configured at 20 Mbps. 

The next capture shows the initialization sequence taken from SpW Link Analyser SW. 

 

Figure 152. Link initialization between SD & BC. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 32 bytes for SD and 56 bytes for BC.  
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6.6.1.3. STAR-Dundee & SMCS332 

STAR-Dundee link is going to be configured at 20 Mbps whereas SMCS332 is going to be 

configured at 12,5 Mps. 

The next capture shows the initialization sequence taken from SpW Link Analyser SW. 

 

Figure 153. Link initialization between SD & SMCS332. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 32 bytes for SD and 16 bits for SMCS332. 
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6.6.1.4. Bepi Colombo & Bepi Colombo 

Both links are going to be configured at 20 Mbps. 

The next capture shows the initialization sequence taken from SpW Link Analyser SW. 

 

Figure 154. Link initialization between BC & BC. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 7 x 8 = 56 bytes (maximum credit count).  
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6.6.1.5. Bepi Colombo & SMCS332 

Bepi Colombo link is going to be configured at 20 Mbps whereas SMCS332 is going to be 

configured at 12,5 Mps. 

The following picture shows the configuration and both links enabled.  

 

Figure 155. Link initialization between BC & SMCS332. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 56 bytes for BC and 16 for SMCS332.  
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6.6.1.6. SMCS332 & SMCS332 

Both links are going to be configured at 12,5 Mbps. 

The next capture shows the initialization sequence taken from SpW Link Analyser SW. 

 

Figure 156. Link initialization between SMCS332 & SMCS332. 

 

The number of FCTs showed indicates the available space in their respective reception 

buffer (FIFO), 2 x 8 = 16 bytes.  
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6.6.2. Normal operation 

Test objective: This test allows checking the normal operation (packets exchange) 

between a source and a destination SpW links. 

Test description: 

In normal operation both ends of the link are in the Run state and are sending and receiving 

Time‐Codes, FCTs, N‐Chars and NULLs. The Run state is the state for normal operation 

where link connection has been made and L‐Chars and N‐Chars can flow freely in both 

directions across the link. The link remains in the Run state until an error occurs or until the 

link is disabled. 

This test will be done with all the links configured at 100 Mbps. In this case, the data to be 

sent are: 1111 2222 3333 4444 5555 6666 7777 8888 9999 AAAA BBBB CCCC. 

This exchange will be captured with the SpW Link Analyser to validate the proper normal 

operation.  

 

Figure 157. SpW Link Analyser transmitting (blue LEDs). 

 

In addition, blinking of SCP LEDs can be observed to see the normal behaviour of links. 

 

Figure 158. LEDs normal operation. 
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Expected results: correct sending of a data, EOP, FCT, and NULL characters. 

One end of a link (end A) is the transmitter, the other end (end B) is the receiver and it 

indicates that it is ready to receive N‐Chars by flagging that it has room for 8 more characters 

with a FCT. With this FCT, end A increments its credit count accordingly. As each character 

is transmitted by the end A, it decrements its credit count until it reaches zero, which means 

that end B is not ready to receive any more data. 

 

6.6.2.1. STAR-Dundee & STAR-Dundee 

 

Figure 159. Data exchange between SD & SD. 

 

End A sends data and finishes with an EOP. End B indicates with an FCT every time it has 

space for more N-Chars. 
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Figure 160. SD & SD packet display view. 

 

Previous figure shows the packet interchanged between both ends of SpW link. 

 

6.6.2.2. STAR-Dundee & Bepi Colombo 

 

Figure 161. Data exchange between SD & BC. 

 



Test Cases  

173 

 

Figure 162. Data exchange between SD & BC (cont.). 

 

End A sends data and finishes with an EOP. End B indicates with an FCT every time it has 

space for more N-Chars. 

 

Figure 163. SD & BC packet display view. 

 

Previous figure shows the packet interchanged between both ends of SpW link. 
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6.6.2.3. STAR-Dundee & SMCS332 

 

Figure 164. Data exchange between SD & SMCS332. 

 

 

Figure 165. Data exchange between SD & SMCS332 (cont.). 
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End A sends data and finishes with an EOP, but during the transmission the credit count of 

the end A reaches zero (besides, it begins to send the 16th N-Char at the same time that FCT 

from end B arrives to end A), so it thinks that end B buffer is full and it decides to wait 

sending several NULLs. After a few NULLs end A sends the rest of N-Chars. 

 

Figure 166. SD & SMCS332 packet display view. 

 

Previous figure shows the packet interchanged between both ends of SpW link. 

 

6.6.2.4. Bepi Colombo & Bepi Colombo 

 

Figure 167. Data exchange between BC & BC. 
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End A sends data and finishes with an EOP. End B indicates with an FCT every time it has 

space for more N-Chars. 

 
Figure 168. BC & BC packet display view. 

 

Previous figure shows the packet interchanged between both ends of SpW link. 

 

6.6.2.5. Bepi Colombo & SMCS332 

 

Figure 169. Data exchange between BC & SMCS332. 
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Figure 170. Data exchange between BC & SMCS332 (cont.). 

 

End A sends data and finishes with an EOP, but during the transmission the credit count of 

the end A reaches zero (while sending the 16th N-Char it receives the FCT from end B), so it 

thinks that end B buffer is full and it decides to wait sending several NULLs. After a few 

NULLs end A sends the rest of N-Chars. 

 

Figure 171. BC & SMCS332 packet display view. 

 

Previous figure shows the packet interchanged between both ends of SpW link. 
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6.6.2.6. SMCS332 & SMCS332 

 

Figure 172. Data exchange between SMCS332 & SMCS332 at 100 Mbps. 

 

 

Figure 173. Data exchange between SMCS332 & SMCS332 at 100 Mbps (cont.). 

 

End A sends data and finishes with an EOP. However, it seems that during the transmission 

the credit count of the end A reaches zero every 4 bytes sent (although end B has a 
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reception buffer of 16 bytes), so it detects that end B buffer is full and it decides to wait 

sending several NULLs. After a few NULLs end A continues sending the rest of N-Chars. 

Consequently, every byte is sent at 100 Mbps but the final time elapsed to send the complete 

packet is greater due to the waits. 

 

Figure 174. SMCS332 & SMCS332 packet display view at 100 Mbps. 

Previous figure shows the packet interchanged between both ends of SpW link. 

 

Analyzing next two images it can be observed that at 50 Mbps it almost does not happen, 

and at 25 Mbps this effect has disappeared, so it must be a trouble related to the high 

signalling rates and the VHDL code developed in the adaption layer for SMCS332. 

Consequently, it works at high signalling rates but not at expected speed. 

 

Figure 175. Data exchange between SMCS332 & SMCS332 at 50 Mbps. 
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Figure 176. Data exchange between SMCS332 & SMCS332 at 25 Mbps. 

 

6.6.3. Error detection and correction 

This test has two aims. One of them is to verify, according to the standard, the correct 

detection of errors in the SpW links. The other one is to verify that links can manage receiver 

errors. For the following tests, packets with different errors will be generated. 

 

6.6.3.1. Disconnect error 

Test objective: verify that link can manage disconnection errors. 

Test description: this error can be caused by three different ways: 

• disabling one end of the link through LabVIEW SW application 

• disconnecting physically the link 

• or using the SpaceWire Link Analyser to inject a disconnect error, where the 

data and strobe signals are set to zero 
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In this case, disconnection will be applied by using SpaceWire Link Analyser.  

These tests are going to be only conducted between next combinations of SpW IPs: 

 

• STAR-Dundee & STAR-Dundee 

• Bepi Colombo & Bepi Colombo 

• SMCS332 & SMCS332 

 

SpaceWire Link Analyser provides a dialog to inject errors. The options to set in the “End A 

Error Injection” tab are: 

 

• Error length: 20 μs  

• Error interval: 2 (to get an error every second) 

• Error type: Disconnect 

• Enable Interval Error 

 

Figure 177. Error injection dialog. 

 

With those options a disconnection will be applied continuously every second. Watching the 

SpW Link Analyser the continuous disconnections and recoveries of the links can be 

observed on the LEDs blinking and changing its colours.  

In addition, some images from SpaceWire Link Analyser SW will be taken. In order to 

obtain these images is worth activating the character enabling option not to get so many 

characters in the capture but the desired ones to find quickly the error. The character enable 
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dialog determines the characters which are recorded into the analyzer character and event 

memory. By disabling certain character types the amount of data which can be recorded is 

increased. 

 

Figure 178. Character enable options for disconnect error. 

 

With this option NULLs and FCTs characters will be ignored, and will not appear on capture. 

This test will be performed at 100 Mbps with internal drivers enabled (except for SMCS332 

that only has external). 

 

Expected results: link disconnection is detected when following reception of a data 

bit no new data bit is received (no transition on the D or S lines) within a link disconnect 

timeout window (850ns). Once a disconnection error is detected, the link attempts to recover 

from the error. 
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6.6.3.1.1. STAR-Dundee & STAR-Dundee 

 

Figure 179. Disconnect error for SD & SD. 

 

As shown in the previous picture end A injects disconnect error and it is identified on end B 

continuously. It is detected every second. The disconnect error itself is sometimes 

understood as wrong data characters on the other end producing also a parity error with an 

EEP.  

The following images show the flags activated for the error at every end of the link. 

 
Figure 180. SD end A with disconnect error detected. 
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Figure 181. SD end B with disconnect error detected. 

 

6.6.3.1.2. Bepi Colombo & Bepi Colombo 

 

Figure 182. . Disconnect error for BC & BC. 

 

As shown in the previous picture end A injects disconnect error and it is identified on end B 

continuously. It is detected every second. The disconnect error itself is sometimes 
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understood as wrong data characters on the other end producing also parity error with an 

EEP. 

 

The following images show the flags activated for the error at every end of the link. 

 

 
Figure 183. BC end A with disconnect error detected. 

 

 
Figure 184. BC end B with disconnect error detected. 
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6.6.3.1.3. SMCS332 & SMCS332 

 

Figure 185. Disconnect error for SMCS332 & SMCS332. 

 

As shown in the previous picture end A injects disconnect error and it is identified on end B 

continuously. It is detected every second. The disconnect error itself is sometimes 

understood as wrong data characters on end A producing also parity error with an EEP. 

 

The following images show the flags activated for the error at every end of the link. 

 

Figure 186. SMCS332 end A with disconnect error detected. 
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Figure 187. SMCS332 end B with disconnect error detected. 

 

6.6.3.2. Parity error 

Test objective: verify that receiver link can detect parity errors. 

Test description: the SpaceWire Link Analyser can inject errors into the SpaceWire 

bit-stream. One of them is a burst error where a pattern is injected onto the data and strobe 

outputs. The burst error will always cause a parity error.  

 

These tests are going to be only conducted between next combinations of SpW IPs: 

 

• STAR-Dundee & STAR-Dundee 

• Bepi Colombo & Bepi Colombo 

• SMCS332 & SMCS332 

 

SpaceWire Link Analyser provides a dialog to inject errors. The options to set in the “End A 

Error Injection” tab are:  

• Error length: 20 μs 

• Error interval: 2 (to get an error every second) 

• Error type: Burst Error 

• Enable Interval Error 
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Figure 188. Burst error injection. 

 

With those options a burst will be applied every second. Watching the SpW Link Analyser the 

continuous parity errors and recoveries of the links can be observed on the LEDs blinking 

and changing its colours.  

In addition, some images from SpaceWire Link Analyser SW will be taken. In order to obtain 

these images is worth activating the character enabling option not to get so many characters 

in the capture but the desired ones to find quickly the error (as indicated in previous section: 

Disconnect error). 

 

Figure 189. Character enable options for parity error. 

 

With this option NULLs will be ignored, and will not appear on capture. 

This test will be performed at 100 Mbps with internal drivers enabled (except for SMCS332 

that only has external). 
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Expected results: parity errors occurs when data or control characters are 

detected when the next character is sent, since the parity bit for a data or control character is 

contained in the next character. Once a parity error is detected, the link attempts to recover 

from the error. Parity errors are only recognized after a NULL is received. If a parity error 

occurs during link initialization the effect is identical to a disconnect error. 

 

6.6.3.2.1. STAR-Dundee & STAR-Dundee 

 

Figure 190. Parity error for SD & SD. 

 

As shown in the previous picture end A injects parity errors which sometimes are understood 

as data characters. After several parity errors a disconnect error is produced on end B. 

Besides, if a parity error occurs during link initialization the effect is identical to a disconnect 

error. 
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Next figures show every link state when they detect parity error. 

 

Figure 191. SD end A with parity error detected. 

 

 
Figure 192. SD end B with parity error detected. 
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6.6.3.2.2. Bepi Colombo & Bepi Colombo 

 

Figure 193. Parity error for BC & BC. 

As shown in the previous picture end A injects parity errors. Since parity error is produced 

injecting a pattern, it is sometimes understood as data characters and produces an EEP. 

After several parity errors a disconnect error is produced on end B. Besides, if a parity error 

occurs during link initialization the effect is identical to a disconnect error. 

Next figures show every link state when they detect parity error. 

 

Figure 194. BC end A with parity error detected. 
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Figure 195. BC end B with parity error detected. 

 

6.6.3.2.3. SMCS332 & SMCS332 

 

Figure 196. Parity error for SMCS332 & SMCS332. 

 

As shown in the previous picture end A injects parity errors. Since parity error is produced 

injecting a pattern, it is sometimes understood as data characters and produces an EEP. 
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After several parity errors a disconnect error is produced on end B. Besides, if a parity error 

occurs during link initialization the effect is identical to a disconnect error. 

 

Next figures show every link state when they detect parity error. 

 

Figure 197. SMCS332 end A with parity error detected. 

 

 
Figure 198. SMCS332 end B with parity error detected. 

 

 

 



Chapter 6 

194 

6.7. SpW Interoperability Tests 

This set of tests will check all the interconnections to be carried out inside SCP (supposed to 

be representative of the FSM, MMA, HPL SpW interfaces of the Iridium Next satellite). 

 

6.7.1. Test cases 

The test cases that are going to be conducted hereafter are: 

• Packet length tests 

• Bit rate tests 

 

6.7.1.1. Packet length tests 

This set of tests shall check the compatibility according to the packet format. The packet 

format can be changed by means of: 

• Packet length 

• Different data characters 

 

As shown in the following picture the packets are composed of three main fields: destination 

address (or header), cargo (that comprises the data characters that are going to be 

transferred), and the end of packet marker that can be an EOP or an EEP. 

 

Figure 199. Packet format. 

 

The destination address is a list of zero or more data characters that represent the 

destination identity. For the tests that are going to be developed the destination address is 

empty because interconnection is simply a point to point link from source to destination 

without any router. 

Every data character is composed of 10 bits (parity bit + data flag + 8 data bits). 
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Test objective: evaluate that communications between different links in the SCP are 

correct independently of the packet length and the kind of data character. 

 

Test description: packets with different length in cargo field will be sent between 

pairs of links. All links will be configures at 100 Mbps with internal deriver (except for 

SMCS332 that has only external driver). The tests will be done between the following pairs of 

SpW IPs: 

SpW IP Transmitter SpW IP Receiver 

STAR-Dundee STAR-Dundee 

STAR-Dundee Bepi Colombo 

STAR-Dundee SMCS332 

Bepi Colombo STAR-Dundee 

Bepi Colombo Bepi Colombo 

Bepi Colombo SMCS332 

SMCS332 STAR-Dundee 

SMCS332 Bepi Colombo 

SMCS332 SMCS332 

Table 18. Packet length tests. 

 

For every pair of SpW links listed before the packet lengths to be tested are: 

• Short packet: 8 data bytes. 

• Standard packet: 256 data bytes. 

• Large packet: 1024 data bytes. 

 

Expected results: successful transmission of data independently of the packet 

length and data character sent. Data will be checked by comparing the packets sent from 

one SpW link end and the packets received in the other end. In the following images “Data 

OK” indicator lights when transmission has been successful. 
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All transmission images taken have an aspect like the three following ones but changing for 

every case the transmission SpW IP and the number of data bytes to send.  

 

Figure 200. Example of SD transmission of 8 data bytes. 

 

 

Figure 201. Example of BC transmission of 256 data bytes. 

 

 

Figure 202. Example of SMCS332 transmission of 1024 data bytes. 
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In order to avoid the huge number of images taken for this test, only reception images for the 

three firs tests (SD & SD, SD & BC and SD & SMCS332) will be attached because the 

results obtained have been verified and they are identical. 

 

6.7.1.1.1. STAR-Dundee & STAR-Dundee 

 
Received packet on end B with a length of 8 data bytes: 

 

Figure 203. SD reception of 8 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 204. SD & SD 8 data bytes. 
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Received packet on end B with a length of 256 data bytes: 

 

Figure 205. SD reception of 256 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 

 

Figure 206. SD & SD 256 data bytes. 

 
Received packet on end B with a length of 1024 data bytes: 

 

Figure 207. SD reception of 1024 data bytes. 
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Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 208. SD & SD 1024 data bytes. 

 

6.7.1.1.2. STAR-Dundee & Bepi Colombo 

 

Received packet on end B with a length of 8 data bytes: 

 

Figure 209. BC reception of 8 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 
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Figure 210. SD & BC 8 data bytes. 

 

Received packet on end B with a length of 256 data bytes: 

 

Figure 211. BC reception of 256 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 212. SD & BC 256 data bytes. 
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Received packet on end B with a length of 1024 data bytes: 

 

Figure 213. BC reception of 1024 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 214. SD & BC 1024 data bytes. 
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6.7.1.1.3. STAR-Dundee & SMCS332 

Received packet on end B with a length of 8 data bytes: 

 

Figure 215. SMCS332 reception of 8 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 216. SD & SMCS332 8 data bytes. 

 

Received packet on end B with a length of 256 data bytes: 

 

Figure 217. SMCS332 reception of 256 data bytes. 
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Next figure shows the packet interchanged between both ends of SpW link. 

 

 

Figure 218. SD & SMCS332 256 data bytes. 

 

Received packet on end B with a length of 1024 data bytes: 

 

Figure 219. SMCS332 reception of 1024 data bytes. 

 

Next figure shows the packet interchanged between both ends of SpW link. 
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Figure 220. SD & SMCS332 1024 data bytes. 

 

6.7.1.2. Bit rate tests 

This set of tests shall verify the performance according to the bit rate. With these tests will be 

evaluated: 

• All bit rate configurations for every SpW IP 

• Bit rate independence of connector type used (because most of the 

connectors present on SCP are not the one specified in SpW standard) 

 

Test objective: this test pretends to demonstrate that is feasible to work at different 

bit rates in the same SpW IP. 

Test description: all different SpW IPs present on SCP are going to be tested at all 

bit rates detailed on the next table. Also all the respective bits rates are going to be tested in 

every connector. Links are going to be tested with internal driver (except for SMCS332 that 

has only external driver) verifying that they have established the signaling rate to the desired 

value. To perform this test as there is a total of 11 connectors configured since P2 connector, 

which can contain 2 IPs, has not been configured with any SpW IP. 
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STAR-Dundee Bepi Colombo SMCS332 

4 Mbps 4 Mbps 3,125 Mbps 
8 Mbps 8 Mbps 6,25 Mbps 

10 Mbps - 12,5 Mbps 
20 Mbps 20 Mbps 25 Mbps 

- 40 Mbps - 
50 Mbps - 50 Mbps 

100 Mbps 100 Mbps 100 Mbps* 
200 Mbps 200 Mbps - 

Table 19. Bit rates for every SpW IP. 

 

*According to SMCS332 supply (+3,3V) it can operate at a maximum speed of 100 Mbps. 

Expected results: correct link initialization at different signalling rates should be 

successful.  

Due to the huge number of images taken from LabVIEW SW for this test (there is a total 

amount of 70 possible combinations among the 3 different SpW IPs, 6 or 7 respectively 

signaling rates for every SpW IP and a total of 11 connectors to be tested) only the most 

significant snapshots will be shown. 

6.7.1.2.1. STAR-Dundee signaling rates 

The following image shows the SD SpW link on P4 connector configured at 4 Mbps.  

 

Figure 221. Connector P4: SD configured at 4 Mbps. 

 
The following images show all possible signaling rates configured for STAR-Dundee. They 

have been taken by using the SpW Link Analyser SW. 
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Figure 222. Connector P4: SD all signalling rates. 
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As shown in the previous figure SD links are correctly configured at all signalling rates in any 

connector. There is only a little deviation when it is configured at 8,333 Mbps instead of 8 

Mbps. 

In addition, SD internal link 9 can be configured up to 100 Mbps, but there is a malfunction at 

200 Mbps (bits get corrupted). It only happens on SD internal link 9 but it does not happen on 

BC internal link 8. 

 

Figure 223. SD link 9 correctly configured at 100 Mbps. 

Next image highlights the errors produced in link 9 trying to work at 200 Mbps. 

 

Figure 224. SD link 9 malfunction at 200 Mbps. 

 

As a result, as this signalling rate works properly in the rest of connectors where SD SpW IP 

is present, it can be ensured that this error is related to the path of the signals. Signals go 

from FPGA to the expansion board through the TYCO connector. Once in the expansion 

board they are connected directly by backplane (PCB) to the BC link 8. So the trouble 

probably will be due to the complicated path of the signal. 
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6.7.1.2.2. Bepi Colombo signaling rates 

The following image shows the BC SpW link on P3 connector configured at 4 Mbps.  

 

Figure 225. Connector P3: BC configured at 4 Mbps. 

 

The following images show all possible signaling rates configured for Bepi Colombo. They 

have been taken by using the SpW Link Analyser SW. 
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Figure 226.Connector P1A: BC all signalling rates. 

As shown in the previous figure BC links are correctly configured at all signalling rates in any 

connector. 
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6.7.1.2.3. SMCS332 signaling rates 

Next image shows the SMCS332 SpW link on P11 connector configured at 3,125 Mbps.  

 

Figure 227. Connector P11: SMCS332 configured at 3,125 Mbps. 

 

The following images show all possible signaling rates configured for SMCS332. They have 

been taken by using the SpW Link Analyser SW. 
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Figure 228. Connector P7: SMCS332 all signalling rates. 

 

As shown in the previous figure SMCS332 links are correctly configured at all signalling rates 

in any connector. 
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6.8. Power Consumption in Operating Mode 

Test objective: the purpose of this test is to measure the SCP power consumption 

in operation mode. 

Test description: once switched on the SCP the 11 links (all except links on 

connector P2) will be enabled with internal drivers (except for SMCS332 that only has 

external driver) and configured to the signaling rate specified in the next table. Power 

consumption must be filled for every case in the table. 

Condition +5V Consumption 

All links enabled and connected at 
minimum signaling rate1 1,79 A 

All links enabled and connected at 
intermediate signaling rate2 1,85 A 

All links enabled and connected at 
100 Mbps 1,91 A 

All links enabled and connected at 
maximum signaling rate3 1,99 A 

Table 20. Power consumption in operation mode. 

 
1Minimum signaling rate:  

• STAR-Dundee = 4 Mbps 

• Bepi Colombo = 4 Mbps 

• SMCS332 = 3,125 Mbps 

2Intermediate signaling rate: 

• STAR-Dundee = 50 Mbps 

• Bepi Colombo = 40 Mbps 

• SMCS332 = 50 Mbps 
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3Maximum signaling rate: 

• STAR-Dundee = 200 Mbps 

• Bepi Colombo = 200 Mbps 

• SMCS332 = 100 Mbps 

 

Next images show the testbench developed to carry out these tests. 

 

Figure 229. Configuration & control SW with 11 links enabled. 

 

 

Figure 230. SCP with 11 links enabled. 
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The following image shows the testbench deployed to measure the power consumption with 

all links connected and enabled at maximum signaling rate (except links 2A and 2C). 

 

Figure 231. Testbench for power consumption in operation mode. 
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All the tests conducted are going to be summarized in the following table:  

Test Subtest Expected 
Result 

Obtained 
Result Status

General 

(SCP) 

Initial hardware inspection 

Isolation 

Power supply checking 

Power consumption (stand-by) 

Power consumption (operating)

-- 

> 300 Ω 

-- 

-- 

-- 

Verified 

Verified 

Measured 

1,78 A 

1,79 - 1,99 A 

OK 

OK 

OK 

OK 

OK 

SpW 

Electrical 

Characteristic impedance 

Signal level and data encoding 

Total transmitter D-S skew 

Total transmitter Data jitter 

Total transmitter Strobe jitter 

Receiver D-S skew 

Receiver Data jitter 

Receiver Strobe jitter 

100 ± 6 Ω 

≈ 800 mV 

0,15 ns/m* 

22 ns max* 

22 ns max* 

0,15 ns/m* 

1,1 ns max* 

1,1 ns max* 

≈ 100 Ω 

680 -847 mV 

< 0,15 ns/m 

≤ 0,52 ns 

≤ 0,658 ns 

< 0,15 ns/m  

≤ 0,659 ns 

≤ 0,695 ns 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

SpW 

Functional 

Link connectivity 

Normal operation 

Error detection and correction 

-- 

-- 

-- 

Verified 

Verified 

Verified 

OK 

≈ OK 

OK 

SpW 

Interop. 

Packet length tests 

Bit rate tests 

-- 

-- 

Verified 

Verified 

OK 

≈ OK 

Table 21. Summary of test results. 

 

*Illustrative values obtained from the examples provided in the SpW standard [8]. 
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All general tests have been successful and the measured values are correct.  

From the point of view of the SpW electrical tests, the measurements obtained are in general 

lower than the values extracted from the examples of the SpW standard [8]. Thus, it can be 

assured that they are right.  All the SpW links present an acceptable performance at 

electrical level taking into account that the higher is the signaling rate used the worse is the 

quality of the signal. However, thanks to LVDS and to the SpW D-S scheme for retrieving the 

clock, all data are correctly acknowledged and interpreted at both ends of every SpW link 

tested. 

SpW functional and interoperability tests are almost compliant except for three little 

drawbacks: 

• STAR-Dundee IPs are configured at 8,333 Mps instead of 8 Mbps. Probably it 

is a mistake in the calculation of the signaling rate. 

• STAR-Dundee IP deployed on internal link 9 works properly up to 100 Mbps. 

At 200 Mbps link cannot be established and there are parity errors. Since this 

IP works properly in the rest of links where it is implemented, this error is 

surely due to the signal path through the expansion’s board connector that 

corrupts data. Besides, in the internal link 8 there is no problem at 200 Mbps 

signaling rate.  

• SMCS332 SpW IP has some problems regarding high data signaling rates, 

specially at 100 Mbps, because it transmits every data character (10 bits) at 

100 Mbps but not all packet, i.e. in the transmission between data characters 

sometimes there are wait times with NULLs, as a result, it decreases final 

desired signaling rate. It works correctly up to 50 Mbps. Probably will be 

necessary to evaluate the VHDL code developed in the adaptation layer and 

try to improve it. 
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8.1. Conclusions 

With the development of this Master Final Project as a characterization report next 

conclusions have been reached: 

 

 The main objective of measuring and characterizing the interoperability between 

devices with SpW communications has been accomplished, fulfilling all the 

expectatives for this Master Final Project. 

 All SpW IPs behave properly at electrical level.  

 All SpW IPs behave correctly at functional level. 

 There are not problems between every sort of SpW links present on the SCP and 

even with another external SpW IP tested (NASA SpW IP called Goddard tested at 

10 Mbps). So interoperability tests can be considered successful and it can be 

warranted that there will not be problems in the integration phase, when they 

represent the different equipments on the Iridium Next satellite. 

 The SCP developed can be considered successful and it will be used for developing 

future SpW designs. 

 This study of SpW links can be considered as an important way to enlarge the 

personal and professional knowledge about SpW protocol, which will be very useful 

to address future designs based on SpW communications.   

 Furthermore, this study contributes to the general deployment and expansion of SpW 

communications, making them more reliable, reusable, maintainable and affordable 

for coming challenges. 

 Finally, this Master Final Project has led to the writing of a paper titled “SpaceWire 

Interoperability Characterization” [19] for the International SpaceWire Conference 

2013 [20] that was recently held at Gothenburg, Sweden, from 10 to 14 of June. 

The International SpaceWire Conference aims to bring together SpaceWire product 

designers, hardware engineers, software engineers, system developers and mission 

specialists interested in and working with SpaceWire to share the latest ideas and 

developments related to SpaceWire technology. The conference is targeted at the full 

SpaceWire community including both academics and industrialists [20].   
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8.2. Future Works 

According to the test results, the conclusions reached and following with the tasks foreseen 

for the SCP, next future works have been identified: 

 Investigate the way to fix the minor issues detected, mainly the one found on 

SMCS332 SpW IP to mitigate any possible handicap and improve its performance. 

 Avoid using expansion boards to work with high signaling rates for future SpW 

developments. 

 Follow with the next phase foreseen for the project of Iridium Next Constellation by 

expanding the functionality of the SCP to be able to simulate exactly the behaviour of 

every equipment in the satellite according to the real OBP, FSM, MMA and HPL in 

terms of synchronization and data handling. 
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