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Sammanfattning 
 
Detta examensarbete behandlar utveckling, implementering och testning av en ”Data Transfer 
Engine” (DTE). Denna enhet ingår i nästa generations systemplattform, som Swedish Space 
Corporation utvecklar för satelliter. De största fördelarna med den nya plattformen gentemot 
de gamla är användningen av FPGA:er för att skräddarsy de önskade funktionerna gentemot 
kraven, minskad strömförbrukning, vikt och storlek, införandet av SpaceWire teknologin samt 
ökad datahastighet till och från massminnet. 
 
DTE:n arbetar autonomt på order av processorn med att flytta data till eller från satellitens 
massminne. Den har inbyggda funktioner för felhantering och protokoll för att kommunicera 
med processorn. Designen är optimerad för att klara de datahastigheter som förekommer i 
systemet. Datatrafiken går över satellitens SpaceWire-nätverk och mycket höga 
datahastigheter kan erhållas. Processorn behöver ej hantera datatrafiken utan endast övervaka 
den. Detta frigör beräkningskapacitet och möjliggör de höga hastigheterna. 
 
En Virtex Xilinx FPGA används och implementationen sker i programmeringsspråket VHDL. 
En DTE och en massminneshanterare är integrerade i en FPGA för att testa konstruktionen i 
hårdvara. Som massminne används en vanlig Samsung SDRAM PC-133 minnesmodul. 
 
 
 
 



Abstract 
 
The objectives of this master thesis work are to develop, implement and test a “Data Transfer 
Engine” (DTE). This unit is part of the next generation system unit that the Swedish Space 
Corporation develops for satellites. The biggest advantages with this new unit are use of 
FPGA technology to increase flexibility, decrease in power consumption, weight and size, use 
of SpaceWire technology for internal data communication and major increase in data rate to 
and from the mass memory. 
 
The main task of the DTE is to autonomously transfer data to or from the satellites mass 
memory, by order from the central processing unit. Error handling and protocols to 
communicate with the CPU are other features that are included in the DTE. The design is 
optimized to handle the amount of data that transmits through the system. One reason to the 
high data rates is the use of the SpaceWire standard. The other one is that the central 
processing unit does not need to be in charge of the data communication, just monitoring it.  
 
A Virtex Xilinx FPGA is used as target for the DTE implementation and VHDL is the 
programming language. One DTE and one mass memory controller is implemented in the 
same FPGA to test the design in hardware. A common Samsung SDRAM PC-133 is used as 
mass memory.
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1 INTRODUCTION 

1.1 Acronyms and abbreviations 
 

ADD Architectural Design Description 

BDE Active HDL Block diagram 
CCSDS Consultative Committee for Space Data Systems 
CPU Central Processor Unit 
DMA Direct Memory Access 
DTE Data Transfer Engine 
FPGA Field Programmable Gate Array 
FSM Finite State Machine 
HDL Hardware Description Language 

MBit Million Bits 
MHz Mega Hertz 
MM Mass Memory 
SP Specification document 
Spw SpaceWire 
SSC Swedish Space Corporation 
SU System Unit 
VHDL VHSIC Hardware Description Language 

VHSIC Very High Speed Integrated Circuits 

 

1.2 Background 
The background to this thesis work is described in appendix A chapter 5. 

1.3 Aim of this thesis work 
The main goal of this thesis is to design a DTE logic function that fulfils all the requirements 
described in appendix A chapter 4. Both simulation and analysis of the design shall be 
performed to make the design suitable for the space environment.   
 
 
 
 
 
 
 
 
 
 



2 DESIGN 

2.1 Functional description 
The DTE is a part of the new generation SU that SSC is developing. All core functions are 
included in three FPGA:s. Appendix A chapter 6 describes the core architecture and the 
DTE’s functions, interfaces and where it is used. 

2.2 Design specification 
In order to fulfil the requirements and the functional description of the DTE a more detailed 
specification is needed. Appendix A chapter 7 describes all the DTE’s external signals. 
Diagrams are included to show the use of control signals and how data is transmitted. All 
communication to and from the CPU is also specified. This includes the following packages: 
DTE initialisation package, status report and error messages. 

2.3 Design flow 
When the design specification is complete the implementation of the DTE begins. First a draft 
schematic of the design is created. This schematic is drawn on paper and includes the basic 
building blocks of the design. Data paths and control signals are connected between the 
different blocks.  
 
Second all the blocks are implemented, either in HDL or as Finite State Machine (FSM). 
Active HDL 6.2 is used as design environment and Xilinx ISE as synthesis tool. The design 
flow is described in Figure 1.  
 

  
Figure 1 Design flow used for implementation 
 
The HDL language used is VHDL. A normal text editor inside the Active HDL environment 
is used for writing the HDL files. FSM:s are used in several blocks in the design. Active HDL 
provides a graphical tool to create FSM:s. When all blocks are completed they are tied 
together with signals in a block diagram (BDE). The design is now ready for functional 
simulation. This is carried out with help of a test bench. When the result of the simulation is 
satisfied the design is synthesised. After synthesis the design is simulated once more and 
finally the design is ready to be implemented into the FPGA chip. 



2.4 Architectural description 
Appendix B chapter 5 describes the DTE architecture. A BDE schematic shows all included 
blocks and the signals between them. The functionality of each block is explained. This is the 
result of the implemented DTE. 

2.5 Feasibility analysis of the design 
This analysis of the design is performed to verify if it is suitable for the space environment. A 
lot of effort has been made to calculate the probabilities for different errors that occur due to 
Single Events Upsets (SEU) and the effect of them. Appendix B chapter 6 discusses this topic.  

2.6 Architecture verification 
The functional simulation is described in appendix B chapter 7. All the DTE’s functions are 
tested. Both functions and test procedures are included. 

2.7 Hardware test 
Figure 2 describes the test setup in use. An ISA card has been developed for communication 
between the PC and the FPGA. Two internal interfaces are developed to meet the DTE 
communication protocols, specified in appendix A chapter 7. All functionality of the DTE is 
tested from the computer. Unfortunately the ISA bus is not fast enough to test the maximum 
speed of the data transfer between the DTE and the MM. 
 

  
Figure 2 Hardware test setup 



3 RESULTS 
All results of the functionality tests that have been performed are found in appendix B chapter 
8. The data transfer rate has been calculated using Formula 1. The total number of clock 
cycles is measured from the functional simulation waveform. 1024 numbers of data blocks are 
transferred and each block corresponds to 32 bits of data.  
 

frequencyclock
cycles

dtransferredataratedata

_
1

__
∗

=  

 
Formula 1 Calculation of data transfer rate 
 
data_transferred = 1024 * 32 = 32768 bits 
cycles: write = 6170, read = 11304  
clock_frequency = 40 MHz 
 
Data rate writing to MM is 212 Mbit / s. 
Data rate reading from MM is 116 Mbit / s. 
 
The DTE has been tested in hardware and implemented in a Xilinx Virtex FPGA together 
with the MM controller. All hardware tests are completed successfully and data has been 
written to and read from the MM.  
 

4 FURTHER WORK / IMPROVEMENTS 
An integration of all parts that are included in the FPGA must be done. After that the timing 
simulation is performed. The result of the simulation shows the maximum data transfer rate 
achieved in the hardware. 
 

5 CONCLUSION 
The aim of this thesis work is met. A DTE is implemented and tested for use in the new 
satellite’s system unit. The data transfer speed to and from the mass memory is sufficient by a 
factor of two. 
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1 INTRODUCTION 

1.1 Purpose and Scope of this Document 
This document specifies the requirements of the Data Transfer Engine logic function. 

1.2 Applicability 
This document applies to the next generation system unit. 

1.3 Maintenance 
Responsible for the maintenance of this document is the System Unit Engineer. 

1.4 Coding Convention 
The design follows the coding convention in [AD-1] 
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2 RELATED DOCUMENTS 

2.1 Applicable Documents 
 

 Document number Version Doc title 

AD-1 SE10-S97 1.2 FPGA development plan 

AD-2 SPC31600-S6 1.0 System Unit Specification 

 

2.2 Reference Documents 
 

 Document number Version Doc title 

RD-1 SE10-S96 1.0 SSC FPGA Cookbook 

RD-2 ECSS-E-50-12A 
 

 SpaceWire - Links, nodes, 
routers and networks 
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3 ACRONYMS AND ABBREVIATION 
 

CAN Controller Area Network 

CPU Central Processing Unit 

DMA Direct Memory Access 

DTE Data Transfer Engine 

FPGA Field Programmable Gate Array 

kBps kilo Bit per second 

MM Mass Memory 

Spw SpaceWire 

SpWa SpaceWire arbiter 

VCA Virtual Channel Assemblers 

 



  Page 7 

 
  ver Draft 
 

 

 

 

4 REQUIREMENTS 

4.1 Higher Level Requirements 
These requirements, taken from the system unit specification, AD-2, are given without 
requirements number reference for the time being.  
This discrepancy will be fixed when the higher level requirements are entered into “test 
director” 

HR-1: There shall be a high speed communication bus, capable of 50 Mbit/s communication 
rate. 
Verification: Test 

HR-2: Data Transfer Engine, DTE:s shall be implemented. 
The DTE shall be able to, after setup, autonomously transfer data to and from the Mass 
Memory and the bus communication node. 

Verification: Test 

HR-3: No asynchronous digital designs shall be implemented. 
Verification: Review of Design 

HR-4: The mean time between failure due to meta-stability problems shall be longer than 20 
years. 

Verification: Analysis 

HR-5: FPGA firmware version shall be readable by OBSW 
Verification: test 

HR-6: All internal state machines shall be self healing within one second if they change state 
due to SEU effect. 

Verification: Analysis 
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4.2 Lower Level Requirements 
 
ID Requirement Parent Validation 

R1 The DTE data throughput shall be minimum 50Mbit /s. HR-1 Test 

R2 The DTE shall be able to, after setup, autonomously transfer data to and from 
the Mass Memory and the SpaceWire arbiter. 

HR-2 Test 

R3 DTE shall not consist of any asynchronous parts. HR-3 RoD 

R4 MTBF due to meta-stability shall be longer than 20 years. HR-4 Analysis 

R5 DTE firmware version number shall be readable by OBSW. HR-5 Test 

R6 All state machines shall be self healing within one second if they enter an 
unused state due to SEU effects. 

HR-6 Analysis 

R7 There shall be a reset input returning the DTE to a fully known state. New Test 

R8 The DTE shall be set up by the central processor with the following parameters:  

• SpaceWire user node address 
• Memory start address 
• Block size in words (word = 32 bit) 
• Read / write / idle / status request command 

New Test 

R9 The processor shall be able to read the following DTE status parameters:  

• SpaceWire user node address 
• Memory address pointer 
• Remaining block size 
• DTE read / write / idle status 

New Test 

R10 When the DTE has been set up, it shall send a confirmation message (status 
report) to the CPU and thereafter commence its task. 

New Test 

R11 When the DTE has finished its task, it shall send a confirmation message (status 
report) to the CPU. 

New Test 

R12 When the DTE receives data without being initialized or is configured as a 
reading device, it shall inform the CPU (error message). 

New Test 

R13 If there is an uncorrectable error in the mass memory the DTE shall send an 
error message to the CPU. 

New Test 

R14 If the spw_error signal is active an error message is send to the CPU. New Test 

R15 If the mm_alert signal is active an error message is send to the CPU. New Test 

R16 The DTE shall have knowledge of both the nominal and redundant CPU node 
address in the SpaceWire network. 

New Test 
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5 INTRODUCTION 

5.1 Background 
With SMART-1, SSC has developed a modern flexible avionics architecture that provides 
flexibility regarding downscaling and up-scaling in terms of adding or removing redundancy 
and other functions. 

On SMART-1 all data communication to the telemetry system is performed via a Controller 
Area Network (CAN) bus with a data forwarding capacity of 500 kilo Bit per second (kBps) 
when 100% utilised. In practice full utilisation is not possible. It is more realistic to assume 
50% bandwidth utilisation, which means, that the upper bandwidth limit is 250 kBps. 

In currently projected satellite missions, telemetry rates between 1 and 10 Mbps are required, 
which means that the CAN bus would be a communication bottleneck. 

One obvious approach would be to move the mass memory function from being associated 
with the on board main processor to be closely coupled to the telemetry (TM) downlink, so 
that the TM downlink can fetch its data directly from the MM without first passing the CAN 
bus. 

A more standalone type of mass memory would be more beneficial to system flexibility. This 
will require faster communication interfaces, at least between TM unit and MM but also 
between payloads and MM in order to be able to quickly store large amount of scientific data. 

5.2 The new approach 
In order to meet the demands of future missions, high-speed communication paths are needed 
on the spacecraft. ESA is promoting the use of SpaceWire, a derivative of the IEEE1355 
standard. 

SpaceWire can accommodate transfer speeds from 2Mbps up to several hundred Mbps. 

SpaceWire is not a bus system, so a network needs routers in order to exchange messages 
between more than two nodes. 

With this high communication capacity, it is feasible to connect the mass memory as a 
standalone unit connected to the SpaceWire network. 

A few problems will then need to be resolved: 

• Several different nodes must be able to read and write data to the mass memory 
“simultaneously”. 

• The high communication bandwidth shall not be wasted by a slow data shuffling 
mechanism between the mass memory and the communication interface. This means that 
the processor shall be offloaded the task of moving data between data ports. 
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6 FUNCTIONAL DESCRIPTION 

6.1 Introduction 
In order to support several simultaneous users transferring data to and from the mass memory 
a Data Transfer Engine (DTE) is envisaged. It is implemented in a field programmable gate 
array (FPGA) as a part of the data handling system. 

The DTE is a logic function that offloads the main processor regarding data transfer from a 
data source to a destination. In the core architecture three DTE units are used between the 
MM controller and the SpaceWire arbiter (SpWa), see Figure 1. 
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Figure 1 Core architecture 

Example: Payload1 wants to transmit data to the MM.  

Number Action 

1 Payload1 sends a request “data transfer to the MM (exact amount)” 
to the CPU 

2 CPU initiates DTE1 

3 DTE1 answers the CPU “I am ready to receive data” 

4 CPU sends “Go ahead, destination DTE1” to payload1 

5 Payload1 transmits the correct amount of data to DTE1 

6 DTE1 sends “transfer completed” to CPU 
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6.2 Data transfer 
The basic function of the DTE shall be to autonomously move data from source to 
destination. It is connected between the SpWa and the mass memory (MM) controller 
according to Figure 2. Data transfers between the DTE and the SpWa uses one 9 bit wide data 
bus. Data transfers between the SpWa and the DTE uses one 8 bit wide data bus. If more than 
one DTE is connected to the SpWa, the data bus and the error flag are common but the 
handshake signals are separate. 

All data in the MM is addressable for the DTE and the data is transferred through a 32 bit 
wide data bus. Address increment will be used until the DTE has finished its task. The bus 
handling is managed with control signals. 

6.3 Status communication 
The CPU is able to read the DTE status, which enables verification that the data transfer is 
proceeding to the specified destination and how far it has progressed.  

When the DTE is finished it sends one status report to the CPU. 

6.4 Initialisation and control 
The SpWa will use the DTE control / data (dtecd) signal to inform the DTE that control data 
will occur on the DTE data bus. This information is either a status request or initiation data 
from the CPU. The DTE will always answer the CPU with a status report after any initiation. 

Three different initiation modes are available for the DTE; idle, reading - / writing – device.  

If the DTE is running and becomes reinitiated the current mode stops, and a status report is 
sent to the CPU. Then the DTE starts its new mode. 

 

Figure 2 DTE Interface 
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7 DESIGN SPECIFICATION 

7.1 Setup registers 
The DTE is controlled via a number of parameters listed below 

• Mass memory block start address is contained in a 32 bit pre-loadable counter which is 
incremented after each memory cycle. 

• Data block size (in 32 bit words) is contained in a 16 bit pre-loadable counter which is 
decremented after each memory cycle. When reaching zero, the block transfer operation 
is terminated.  

• The status register is a 2 bit register that define in which mode the DTE is.  

 

Bit 

S1 S0 

Description 

0 0 Idle 

0 1 Reading device 

1 0 Writing device 

1 1 Used for error messages 

Table 1 Description of the DTE status register 

 

• User node address is an 8 bit register that contains information about the SpaceWire 
node address of the unit using the DTE. This register is used as SpaceWire destination 
address when the DTE is configured as a reading device. 

• CPU node address is two 8 bit read only register, defined at compile time, which 
contains the nominal and redundant CPU SpaceWire node addresses. Those addresses are 
only used for status communication from the DTE to the CPU. 

7.2 General inputs 
 

Signal Description Input / 
Output 

Active  
high / low 

clk System clock, minimum 
40Mhz 

Input - 

reset_n Active low synchronised reset Input Low 
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7.3 SpaceWire interface 

7.3.1 Data Transfer from SpaceWire to DTE 
Table 2 describes the signals used when the SpaceWire interface transmits data to the DTE. 
dtereq is set high when the SpaceWire interface shall transmit data. The dtecd signal 
determines if it is data or control commands. When the DTE is ready to receive the data it 
signals back to the SpaceWire interface with a dteack signal and the data transfer will begin. 
Data transfer is always a block of 4 bytes. dtereq is set low again when the last data byte is 
available on the data bus.  

The SpaceWire error signal is described in 7.7.3. 

Signal Description Input / Output Active  high / low
dtereq DTE is requested to receive data Input High 
dtecd DTE control / data indication Input Control=1, Data=0
dteack DTE acknowledge, ready for reception Output High 
dted[7:0] 8 bit data bus Input - 
spw_error SpaceWire error signal Input High 
Table 2 DTE receiving data signals 

 

7.3.2 Data transfer from DTE to SpaceWire 
spwreq is set high when the DTE wishes to transmit data. When the SpaceWire is ready for 
reception it responds with the spwack and the transfer will begin. The transfer is always a 
block of 4 bytes. The spwreq is set low at the same time as the last data byte is transferred on 
the spwd. 

Signal Description Input / Output Active  high / low
spwreq SpaceWire is requested to receive data Output High 
spwack SpaceWire acknowledge, ready for reception Input High 
spwd[7:0] 8 bit data bus Output - 
Table 3 DTE transmitting data signals 

The actual data transferred is (000) to (003). The first byte (080) is the Spw packet header, 
coming from the user node address register. 
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7.4 Mass Memory interface 
mmreq is active when the DTE want access to the MM.  The mmrw is used to describe if it’s a 
read or a write cycle. When the MM is ready it signals back with the mmack signal.  

The mm_error and alert signals are described in chapters 7.7.2 and 7.7.4. 

Signal Description Input / Output Active  high / low
mmreq Mass Memory request Output High 
mmrw Mass Memory read / write Output Read=1 
mmack MM acknowledge Input High 
mm_error MM uncorrectable data error Input High 
alert MM alert signal Input High 
mmd[31:0] 32 bit data bus D31-D0 Bi-directional - 
mma[33:2] 32 bit address bus A33-A2 Output - 
Table 4 Mass Memory interface signals 

MM write process 

 

MM read process without error 

 
MM read process with uncorrectable data error 
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7.5 Initiation data 
Initiation of a DTE as reading or writing device requires one 8 byte SpaceWire package 
(Table 5). I0, I1 are initiation bits, N/R determines if nominal (N/R = 0) or redundant (N/R = 
1) CPU node address shall be used, B15-B0 is the block size, A33-A2 is the memory start 
address and N7-N0 is the user node address. 

All four commands, read / write / idle / status request, from the CPU are determined by the 
two bits I0 and I1 (Table 7). 

The CPU must address the package to the DTE SpaceWire control node (set dtecd =1). 

If a status request or idle initiation command is requested by the CPU only one byte of data 
is needed.  

 Bit 
Byte 7 6 5 4 3 2 1 0
0 I1 I0 - - - - - N/R
1 B15 B14 B13 B12 B11 B10 B9 B8
2 B7 B6 B5 B4 B3 B2 B1 B0
3 A33 A32 A31 A30 A29 A28 A27 A26
4 A25 A24 A23 A22 A21 A20 A19 A18
5 A17 A16 A15 A14 A13 A12 A11 A10
6 A9 A8 A7 A6 A5 A4 A3 A2
7 N7 N6 N5 N4 N3 N2 N1 N0

Table 5 Read- / write- device initiation package 

Byte 7 6 5 4 3 2 1 0 
0 I1 I0 X X X X X N/R

Table 6 Status request and idle initiation package 

Bit Command Bit CPU node address 
I1 I0  N/R
0 0 Idle 0 Nominal
0 1 Read 1 Redundant
1 0 Write 
1 1 Status request 

Table 7 CPU initiations commands and nominal or redundant CPU selection 

DTE read or write device initialisation sequence:  
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7.6 Status report 
If a status request command is sent from the CPU the DTE will answer with a SpaceWire 
status report package (Table 8). The package contains following data: 

• DTE status register; S1 and S0 

• Error field; E5-E0 

• Remaining block size; B15-B0 

• Current memory address; A33-A2 

• User node address; N7-N0 

 Bit 
Byte 7 6 5 4 3 2 1 0 
0 S1 S0 E5 E4 E3 E2 E1 E0 
1 B15 B14 B13 B12 B11 B10 B9 B8 
2 B7 B6 B5 B4 B3 B2 B1 B0 
3 A33 A32 A31 A30 A29 A28 A27 A26 
4 A25 A24 A23 A22 A21 A20 A19 A18 
5 A17 A16 A15 A14 A13 A12 A11 A10 
6 A9 A8 A7 A6 A5 A4 A3 A2 
7 N7 N6 N5 N4 N3 N2 N1 N0 

Table 8 Status report package 

Bit Command 
S1 S0  
0 0 Idle 
0 1 Write
1 0 Read 
1 1 Error message 

Table 9 Status register 

When all data are transmitted the DTE sends a status report to the CPU (shown below). 

 
The first data byte (AB) is the selected SpaceWire CPU node address, then follows a status 
report package (40 to 80). 
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7.7 Error handling and alerts 
Byte zero in the status report determines if an error has occurred. Both S1 and S2 are ‘1’ and 
bit 0 to 5 describes the type of error. This is called an error message and has the same format 
as the status report, except for the “DTE unexpected data reception” error and “MM alert” 
that only use byte zero. 

Bit Error Length 
E5 E4 E3 E2 E1 E0 (byte) 
0 0 0 0 0 0 DTE unexpected data reception 1 
0 0 0 0 0 1 MM uncorrectable data error 8 
0 0 0 0 1 0 SpaceWire (Framing) error 8 
0 0 0 0 1 1 MM alert 1 

Table 10 Different errors and alerts 

7.7.1 DTE unexpected data reception 
This error will occur if the DTE receives data from SpaceWire without being in write mode. 
Only byte zero of the error message is sent to the CPU (Table 11). 

Byte 7 6 5 4 3 2 1 0 
0 1 1 0 0 0 0 0 0 

Table 11 DTE unexpected data reception error message 

 

7.7.2 MM uncorrectable data error 
If the DTE reads data from an address in the mass memory that is damaged and not 
correctable (multiple bits errors) the MM controller sets the error signal high at the same time 
as data is available at the mmd bus. The corrupt data is transferred by the DTE and an error 
message is sent to the CPU. The DTE will transfer the corrupt data to the user node address 
and proceed with the remainder of the requested block transfer. If new uncorrectable errors 
occur, new error messages will be sent to the CPU. The data message is transferred before the 
error message. 
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7.7.3 SpaceWire (Framing) error 
The spw_error signal is independent of all the other signals in the SpWa – DTE interface. 
When active (one clock period) it indicates that a framing error has occurred when data was 
sent from the DTE to the SpWa. The DTE sends an error message (shown below) to the CPU 
and continues with its task. Same message will be sent if a framing error occurs in the 
opposite direction. 
This error will always be reported to the CPU, regardless of what the active DTE mode is.  

 

7.7.4 MM alert 
This signal is set high during one clock period by the MM controller, after a memory test has 
been complete. A one byte long error message is sent to the CPU.  
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1 INTRODUCTION 

1.1 Purpose and Scope of this Document 
This document describes the design implementation and architecture of the Data 
Transfer Engine logic function. 

1.2 Applicability 
This document applies to the next generation system unit. 

1.3 Maintenance 
Responsible for the maintenance of this document is the System Unit Engineer. 

1.4 Coding Convention 
The design follows the coding convention in [AD-1] 
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2 RELATED DOCUMENTS 

2.1 Applicable Documents 
 

 SSC doc no ESA doc no Doc title 

AD-1 SE10-S97  FPGA development plan 

AD-2 SPC31600-S27  Data Transfer Engine SP 

 

2.2 Reference Documents 
 

 SSC doc no ESA doc no Doc title 

RD-1 SE10-S96  SSC FPGA Cookbook 

RD-2  ECSS-E-50-12A 
 

SpaceWire - Links, nodes, 
routers and networks 
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3 RELATED FILES 
 

RF-1  DTE_1p0.zip/cpu_node_address.vhd 

RF-2  DTE_1p0.zip/user_node_address.vhd 

RF-3 DTE_1p0.zip/block_size.asf 

RF-4 DTE_1p0.zip/init.asf 

RF-5 DTE_1p0.zip/memory_address.asf 

RF-6 DTE_1p0.zip/mmd_coder_decoder.asf 

RF-7 DTE_1p0.zip/status_answer.asf 

RF-8 DTE_1p0.zip/receiving_error_detector.asf 

RF-9 DTE_1p0.zip/spw_error_detector.asf 

RF-10 DTE_1p0.zip/dte.vhd 

RF-11 DTE_1p0.zip/dte_constants.vhd 

RF-12 DTE_1p0.zip/dte_block.bde 

RF-13 DTE_1p0.zip/TestBench/dte_block_TB.vhd 

RF-14 DTE_1p0.zip/TestBench/dte_block_TB_runtest.do 

RF-15 DTE_1p0.zip/TestBench/function_data_in.vhd 

RF-16 DTE_1p0.zip/TestBench/test_result.log 
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4 ACRONYMS AND ABBREVIATION 
 

CAN Controller Area Network 

CPU Central Processing Unit 

DMA Direct Memory Access 

DTE Data Transfer Engine 

FPGA Field Programmable Gate Array 

IP Intellectual Property 

kBps kilo Bit per second 

MM Mass Memory 

RTL Register Transfer Logic 

Spw SpaceWire 

TBD To Be Determine 
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5 ARCHITECTURAL DESCRIPTION 

5.1 General 
Please refer to [AD-2] for overall description. 

5.2 External protocols 
Please refer to [AD-2]. 

5.3 Detailed architectural design description 

5.3.1 Top level 
Please refer to [AD-2] for a description of the external interfaces. Figure 1 shows 
the top level block diagram of the DTE. A general description of the diagram is 
made below.  Consider section [5.3.3] for a detailed block description. All internal 
signals are listed in [5.3.2]. 
 
All inputs are located on the left hand side and the outputs on the right one. The 
mmd is a bidirectional port. The yellow circles represent global nets. All ports that 
have the same name as the global net are connected together. 

The data flow is represented by the thick black nets called, dted, spwd, mmd and 
the memory address mma. All other nets are external and internal control signals. 

U1 to U5 are the same registers as shown in AD-1, figure 2. 

U6 is used for the initialisation sequence.  

U7 is the most central unit of the design. It is responsible for all data transferred 
from the SpaceWire node, to the MM, and back. As shown in RF-12 are all data 
nets connected to this unit. 

 

U8 handles all reports sent to the CPU.  

U9 to U12 generates the send_error signals for U8. 

U13 holds the different static error codes defined in RF-11. These are sent on the 
spwd on request from U8. 

U14 is a block that only contains logical OR gates. 

U15 is the DTE version number. 
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Figure 1 DTE Top Level. 
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5.3.2 Internal interfaces 
 
U1  
block_zero Active when the block size register is zero. 
  
U2  
status_register_i(1:0) The status register internal signal. 
  
U6  
command(1:0) Mapped to dted(7) and dted(6). Determines the CPU 

command during the first initialization byte. 
dted_0 Detects if dted(0) is 0 (nominal CPU) or 1 (redundant 

CPU) during the first initialization byte.  
select_cpu Determines if the nominal (select_cpu = 0) or 

redundant (select_cpu = 1) CPU SpaceWire node 
address are used.  

init_user   
init_ block 
init_memory 
init_status 

Determines when status register, block size, memory 
address, user node address and the cpu node address- 
blocks shall start to sample data from the dted [RD-
2]. These signals are used when the DET is initiated. 

send_status_report Active when the report_generator shall send a status 
report to the CPU. 

start_init Is active when the DTE is initialized.  
init_mmd_coder_decoder Resets the mmd_coder_decoder.  
  
U7  
counter_zero Active when an internal counter in U7 is zero. 
decrement_block Decrement the block size by one. 
increment_memory Increment the memory address pointer by one 
mm_read_active Active when the DTE reads from the MM. 
send_error Active when a MM uncorrectable error occurs. This 

signal is active until the error report is sent to the 
CPU (error_sent(1) become active). 

send_status_report Active when the report_generator shall send a status 
report to the CPU. 

spw_active Active when data is written to the Spw. 
  
U8  
enable_block 
enable_memory 
enable_user 
enable_cpu 
enable_status 

Determines when status register, block size, memory 
address, user node address and cpu node address- 
data shall be sent on the spwd(7 to 0). Data is 
available on the bus one clock period after the enable 
signal is active. These signals are used for status/error 
answers.  

error_sent(4:0) Is active one clock period when the error message is 
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sent by the report_generator. Also used for enabling 
the error message code at the Spw data bus (MM 
uncorrectable data error excluded). 

s_active Active while the report generator is active. 
status_valid Determines when the status report is sent to the CPU 

and the DTE may activate the status_register. 
  
U9 – U12  
status_register_1 status_register_i(1). Used to determine if the DTE is 

in writing mode. 
send_report Active when a status report shall be sent to the CPU. 
send_error(3:0) Active when an error occurs until they are reported to 

the CPU (error_sent become active). 
  
U13  
enable_error see U8 
error_sent see U8 
  
U14  
dteack_mcd 
dteack_init 
dteack_rg 

Signals are connected to dteack through an OR gate. 

spwreq_rg 
spwreq_mcd 

Signals are connected to spwreq through an OR gate. 

enable_user_rg 
enable_user_w 
 

Signals are connected to enable_user through a logic 
OR gate. 

enable_user see U8 
Table 1. Internal signals 

 

5.3.3 Detailed block description 
 

5.3.3.1 U1: cpu_node_address 
Two 8 bit registers are used as nominal or redundant CPU addresses in the 
SpaceWire network. Both CPUs values are set at compile time in RF-11. The 
select_cpu signal switches between the different registers( 0 = nominal, 1 = 
redundant) and the enable_cpu signal activate the register data on the spwd.  
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5.3.3.2 U2: user_node_address 
One 8 bit register contains the user node address information. If init_user is active 
it reads the dted into the register. The register data is sent on the spwd when the 
enable_user signal is active. 

 

5.3.3.3 U3: block_size 
This block has one 16 bits register that contains the block size value. If init_block 
is active it reads the dted into the register. The register data is sent on the spwd 
when the enable_user signal is active. Both enable and init operations use two 
clock cycles. See RF-3 for a graphic description of the state machine. 

If the decrement_block signal is active the block size is decremented by one. If the 
block size reach zero the block_zero signal sets active. 

 

5.3.3.4 U4: memory_address 
This block holds the 32 bit memory address pointer register. One state machine is 
used. It is incrementing the address pointer (increment = ‘1’), initiate the register 
(init_memory = 1) and enables the register (enable_memory = 1) on the spwd. 
Figure 2 describes the mapping of data to and from the memory address register. 
Both init and enable uses four clock periods because of the data bus used is only 8 
bit wide and the register is 32. 

 

Figure 2 Data mapping to and from the memory address register. 

The register always drives the mma output. 
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5.3.3.5 U5: status_register 
This block generates the internal signal status_register_i. It is fed to the 
mmd_coder_decoder block and determines in which state the DTE operates, see 
Table 2.  

status_register_i value DTE mode 

00 Idle 

01 Read data from MM 

10 Write data to MM 

11 Unused state 

Table 2 Different DTE modes 

The status_register is initiated and enabled in the same way as the U2 register. 

5.3.3.6 U6: init 
This block is used for DTE initialisation. It detects if dtereq and dtecd are active 
and decode the command signal. Four different cases are possible. If command is: 

00, the command is stored in the status_register (init_status = ‘1’) and 
send_status_report is active one clock period.  

01 and 10, the init signals are active in order to map the correct data into the 
different registers, see Figure 7. command is stored in the status_register. 
init_block, init_memory and init_user are active to inform the corresponding 
register when the valid data appears on the dted. Data stores into the respective 
register. Compare with section 7.5 in [AD-2].  

 

Figure 3 Initialisation sequence 

The send_status_report is active for one clock period after that data has been 
stored. 

11, this is only a status report request from the CPU. The send_status_report will 
be active for one clock period. 

select_cpu is set according to the dted_0 value when init_status is active. In 
Figure 3 is dted_0 = 1. 

start_init is active as long as the initialisation is in progress.  
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5.3.3.7 U7: mmd_coder_decoder 
This is the most complex block in the design. It is connected to all the data busses 
and handles all data transferred to and from the MM. To achieve maximum data 
throughput two 32 bits register are used for storing data temporary. In this way it 
is possible for the DTE to read data from the dted and, at the same time, write to 
the MM or read from MM and write to the spwd. Two signals (mm_reg and 
spw_reg) are used as muxes between the 32 bits registers. A 2 bit counter is also 
used to determine if none, one, or both of the registers contain any data.  
Two separate state machines are used in this block. The status_register_i signal 
determines the data flow in the mmd_coder_decoder block, see U5. 

Figure 4 describes the data flow from SpaceWire, through this block, to the MM. 
This is a schematic to illustrate the function of this block. The states in this figure 
are not real states in the state machines used. See RF-7 for the actual state 
machine diagram. 

a and b are 32 bits wide registers. To illustrate if the data access to a and b are 8 or 
32 bits wide, the registers are divided into four blocks in the 8 bits access case. 

1. Idle state. Both registers are empty and no data is written to or read from 
them. 

2. First read state. Data from SpaceWire is written to register a (yellow). This 
process has a length of four clock cycles. Each cycle writes one byte of 
data to the register. After a1, a2, a3 and a4 are written the process is 
finished. 

3. First read / write state. Data from register a is written to the MM (blue). In 
the same time is data written to register b from the SpaceWire in the same 
way as described in First read state (yellow). From this state three possible 
exits exist. 

(1).  Normal operation. 

(2).  Writing data to MM is slow. 

(3).  Writing data from SpaceWire to the registers are slow. 

4. Second read / write state. This state has the same function as the previous 
one. Note the change between the two registers.  

5. Register full state. If data is written to register a, but b’s data is not written 
to the MM, this state occurs. Both registers are now full and no new data is 
written to them from the SpaceWire until b’s data is written to the MM.  

6. Register empty state. If the case is opposite to 5, spw writes data slowly to 
the registers this state occurs. Both registers will be empty when b’s data is 
written to the MM and the next state is the Idle state. 
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Figure 4 Dataflow schematic from SpaceWire to MM. 

During normal conditions the mmd_coder_decoder is working between the states 
3 and 4. One of spw_active or mm_read_active is 1 during operation. When all 
data is transferred (block_zero = 1) the block starts to idle and send_status_report 
goes active for one clock period. 

If an uncorrectable error occurs when reading from the MM, the send_error signal 
is set to 1. No more data is transferred until the error report is sent. The error_sent 
signal will then be 1 for one clock period. 

 

 

 

 

 



  Page 17 

 
  ver Draft 
 

 

 

 

5.3.3.8 U8: report_generator 
The report_generator block sends status reports and error messages to the CPU. 
There are five cases when this block is active: After initialisation, when the CPU 
requests a status report and when the three different errors occur. The priority 
between the different cases is shown in Table 3.  

Priority Case
1 SpaceWire error 
2 MM uncorrectable error 
3 MM alert
4 Status report
5 DTE unexpected data reception error 
Table 3 report_generators case priority 

The state machine enables the different registers by using enable signals. If the 
signal is active the selected register’s data is transmitted on the spwd.  

 

5.3.3.9 U9: status_report_detector 
The purpose of this block is to detect a report signal that is only one clock period 
long and drives the output high until the report has been processed. In this case the 
report_generator sets the error_sent signal high when it has fulfilled its report. 

This block logical function is described in Figure 5. At reset send_error is zero. It 
remains zero until send_status_report signal turn one and enables the FDRE. The 
send_error signal is now one until input error_sent is active. The output has now 
reached its initial value, zero. 

 

Figure 5 status_report_detector logic 

 

5.3.3.10 U10: mm_alert_detector 
This block has the same basic function as U9. Detect the mm_alert signal and set 
the send_error output high until the report_generator answer back with the 
error_sent signal. 
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5.3.3.11 U11: receiving_error_detector 
This block detects the “DTE unexpected data reception” error and has the same 
function as U9. If all conditions are met in  Figure 6 the send_error signal will be 
active until the report_generator has sent an error message. 

 
Figure 6 Condition for DTE unexpected data reception error 

 

5.3.3.12 U12: spw_error_detector 
This block function is an exact copy of U10. It only differs in signal names, 
spw_error instead of mm_alert. 

5.3.3.13 U13: cpu_report 
This block enables the different error codes defined in RF-11 on the spwd. Table 4 
shows the error codes versus the input signals. 

Enable signal active high Error message sent on the spw data bus
error_sent(0) DTE unexpected data reception error
error_sent(2) spw error
error_sent(3) MM alert
enable_error MM uncorrectable error 

Table 4 Different errors send on the spw data bus according to the input signals. 

If no input signal is active is the SpaceWire data bus tri-stated. 

5.3.3.14 U14: or_logic 
Figure 7 describes all the content of U14. 

 

Figure 7 or logic block 
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5.3.3.15 U15: ver 
This block is the DTE version number assigned at compile time in RF-11. 

 

5.3.4 Reset circuitry  
The reset signal into this design (reset_n) has already been synchronized to the 
system clock. No extra latches are needed. 

 

5.3.5 Handling of unused states 
All state machines in this design are coded with one-hot encoding and with trap 
states. The trap state is equivalent to the idle state for all state machines. All 
unused states will be recovered by the trap state after one clock period.  

5.3.6 Packages used 

5.3.6.1 IEEE packages 
Library Package 

IEEE STD_LOGIC_1164 

IEEE STD_LOGIC_UNSIGNED 

IEEE STD_LOGIC_ARITH 

 

5.3.6.2 Other packages 
Library Package 

WORK DTE_C 

WORK DATA_TEST 

 

DTE_C is the constant package defined in RF-11.  

DATA_TEST is a package used by the test bench [RF-15]. It contains procedures 
for check status report, check SpaceWire data and check MM data. 
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6 FEASIBILITY ANALYSIS OF THE ARCHITECTURE 

6.1 Operating frequency 
All parts of this design are synchronous and have the operation frequency of 
minimum 40 MHz. 

6.2 Power dissipation 
TBD 

6.3 Metastability 
Metastability will not occur in this design because there are no unsynchronised 
input signals. 
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6.4 Single event upset 
This analysis is only concerning the flip-flops in the FPGA and not the 
configuration bits. The window of opportunity will also be considered during 
these calculations. If nothing else is stated the window of opportunity equals one. 
If time is included in the calculation the clock frequency is assumed to be 40 
MHz. The probability for a flip-flop to change value due to a SEU during a day is 
stated in Table 5. All numbers calculated are probabilities per day. 

Environment Probability / Flip-Flop / Day 
Solar minimum 6,074E-07
Worst week 1,948E-06
Table 5 SEU probability for one Flip-Flop during one day 

6.4.1 U1: cpu_node_address 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Data is sent to corrupt Spw address instead of the CPU. 

Window of opportunity is, in case of maximum block 
length, approximately  2 / (65536 * 7) ≈  4,36E-6 

8 flip-flops ⇒  

Psmin  = 2,12E-11 

Pwweek = 6,79E-11 

 ∑ 9 flip-flops 

6.4.2 U2: user_node_address 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Data is sent to corrupt Spw address instead of the user 
node address. Only applies when the DTE is a reading 
device. 

16 flip-flops ⇒  

Psmin  = 9,72E-06 

Pwweek = 3,12E-05 

 ∑ 17 flip-flops 
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6.4.3 U3: block_size 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Corrupt block size data is sent on the spwd. 

Window of opportunity is, in case of maximum block 
length, approximately  4 / (65536 * 7) ≈  8,72E-6 

8 flip-flops ⇒  

Psmin  = 4,24E-11 

Pwweek = 1,36E-10 

Block size register becomes corrupt. 16 flip-flops ⇒  

Psmin  = 9,72E-06 

Pwweek = 3,12E-05 

State machine will enter the trap state. Following errors 
may appear: 

Decrement will not occur. Applies when DTE is a reading 
or writing device. Window of opportunity is 1 / 7 ≈  0,14 

Initialisation of the block size will fail. Window of 
opportunity is, in case of maximum block length, 
approximately  2 / (65536 * 7) ≈  4,36E-6 

Block size data sent on spwd is corrupt. Window of 
opportunity is, in case of maximum block length, 
approximately  2 / (65536 * 7) ≈  4,36E-6 

6 flip-flop ⇒  

Psmin  = 5,21E-07 

Pwweek = 1,67E-06 

Psmin  = 1,59E-11 

Pwweek = 5,10E-11 

Psmin  = 1,59E-11 

Pwweek = 5,10E-11 

 ∑ 31 flip-flops 

6.4.4 U4: memory_address 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Corrupt memory address pointer data is sent on the spwd. 

Window of opportunity is, in case of maximum block 
length, approximately  8 / (65536 * 7) ≈  1,74E-5 

8 flip-flops ⇒  

Psmin  = 8,47E-11 

Pwweek = 2,72E-10 
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Memory address register becomes corrupt. 32 flip-flops ⇒  

Psmin  = 1,94E-05 

Pwweek = 6,23E-05 

State machine will enter the trap state. Following errors 
may appear: 

Increment will not occur. Applies when DTE is a reading 
or writing device. Window of opportunity is 1 / 7 ≈  0,14 

Initialisation of the memory address will fail. Window of 
opportunity is, in case of maximum block length, 
approximately  8 / (65536 * 7) ≈  1,74E-5 

Block size data sent on spwd is corrupt. Window of 
opportunity is, in case of maximum block length, 
approximately  8 / (65536 * 7) ≈  1,74E-5 

10 flip-flop ⇒  

Psmin  = 8,68E-07 

Pwweek = 2,78E-06 

Psmin  = 1,06E-11 

Pwweek = 3,40E-10 

Psmin  = 1,06E-10 

Pwweek = 3,40E-10 

 ∑ 51 flip-flops 

6.4.5 U5: status_register 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 3 flip-flop ⇒  

Psmin  = 1,82E-06 

Pwweek = 5,84E-06 

Corrupt status is sent on the spwd. 

Window of opportunity is, in case of maximum block 
length, approximately  2 / (65536 * 7) ≈  4,36E-6 

2 flip-flops ⇒  

Psmin  = 5,30E-12 

Pwweek = 1,70E-11 

 

Status register becomes corrupt. 2 flip-flops ⇒  

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

Initialisation of status register fails. Window of 
opportunity is, in case of maximum block length, 
approximately  21 / (65536 * 7) ≈  4,58E-5 

3 flip-flop ⇒  

Psmin  = 8,34E-11 

Pwweek = 2,68E-10 

 

Correct status in not sent to the CPU when the DTE is 
finished. 

2 flip-flop ⇒  

Psmin  = 1,21E-06 
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Pwweek = 3,90E-06 

 ∑ 12 flip-flops 

6.4.6 U6: init 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Initialisation process fails. Window of opportunity is, in 
case of maximum block length, approximately  10 / (65536 
* 7) ≈  2,18E-5 

 

Worst case scenario is that data is written to the wrong 
memory area. Window of opportunity is, in case of 
maximum block length, approximately  2 / (65536 * 7) ≈  
4,36E-6 

16 flip-flop ⇒  

Psmin  = 2,12E-10 

Pwweek = 6,79E-10 

Psmin  = 4,24E-11 

Pwweek = 1,36E-10 

Dteack or start_init is active for one clock period. 2 flip-flops ⇒  

Psmin  = 1,21E-06 

Pwweek = 3,90E-05 

select_cpu changes its value.  

The status report will go to the wrong CPU when the DTE 
is finished transferring data. 

The status report after DTE initialisation will go to the 
wrong CPU. Window of opportunity is, in case of 
maximum block length, approximately  12 / (65536 * 7) ≈  
2,62E-5 

1 flip-flops ⇒  

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

 

Psmin  = 1,59E-11 

Pwweek = 5,10E-11 

 ∑ 19 flip-flops 

6.4.7 U7: mmd_coder_decoder 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Corrupt data from MM is sent on the spwd. 

Window of opportunity is 0,5 
8 flip-flops ⇒  

Psmin  = 2,43E-06 

Pwweek = 7,79E-06 
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Internal data registers becomes corrupt. This error will 
affect one word of data. 

64 flip-flops ⇒  

Psmin  = 3,89E-05 

Pwweek = 1,25E-04 

mmd_read state machine will enter the trap state. 
Following errors may appear: 

Read cycle from MM will fail. 

 

Read cycle from SpaceWire will fail. 

19 flip-flop ⇒  

Psmin  = 4,25E-06 

Pwweek = 1,36E-05 

Psmin  = 5,47E-06 

Pwweek = 1,75E-05 

mmd_write state machine will enter the trap state. 
Following errors may appear: 

Write cycle to MM will fail. 

 

Write cycle to SpaceWire will fail. 

15 flip-flop ⇒  

Psmin  = 9,11E-06 

Pwweek = 2,92E-06 

Psmin  = 9,11E-06 

Pwweek = 2,92E-05 

External registered signals. 

mm_read_active and spw active will change state. If the 
state machines are in idle states this flip is harmless and 
will flip back on the next clock period. If not in the idle 
state an initialisation may override the current read / write 
cycle and a status answer may consist of wrong block size 
and memory address pointer. Window of opportunity is, in 
case of maximum block length, approximately 28 / (65536 
* 7) ≈  6,10E-05. 

mmrw or dteack change state during one clock period. 

spwreq will change value when writing data to the Spw. 
Window of opportunity is 0,9. 

5 flip-flop ⇒  

Psmin  = 7,41E-11 

Pwweek = 2,38E-10 

 

 
 

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

Psmin  = 5,47E-07 

Pwweek = 1,75E-06 

Internal registered signals. 

Counter. A flip result in loss off data in the two internal 
32bit registers. 

spw_reg and mm_reg. A flip result in loss of data in one 
32bit register or that the same data used in previous read / 
write cycle is reused once again. 

Signal1. A status report is sent to the CPU if the flip occurs 
when the DTE is in idle mode. 

6 flip-flop ⇒  

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 
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mm_error_i. A flip results in a false uncorrectable MM 
error during a read cycle.  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

 ∑ 118 flip-flops 

 

 

 

6.4.8 U8: report_generator 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

An Error or status report will not be correctly sent to the 
CPU. Window of opportunity for the status report is, in 
case of maximum block length, approximately 18 / (65536 
* 7) ≈  3,92E-05. For all errors are the number calculated 
according to the used states. 25 errors each per day is used 
in these calculations. 

 

Status report fails. 3,92E-05 

 

MM alert report fails. (25 ns * 25 * 1) / ( 24 * 3600) ≈  
7,23E-12 

 

Spw error report fails. (25 ns * 25 * 9) / ( 24 * 3600) ≈  
6,51E-11 

 

Receiving error report fails. (25 ns * 25 * 1) / ( 24 * 3600) 
≈  7,23E-12 

 

Uncorrectable MM error report fails. (25 ns * 25 * 9) / ( 24 
* 3600) ≈  6,51E-11 

15 flip-flop ⇒  

 

 

 

Psmin  = 3,57E-10 

Pwweek = 1,15E-09 

 

Psmin  = 6,59E-17 

Pwweek = 2,11E-16 

 

Psmin  = 5,93E-16 

Pwweek = 1,90E-15 

 

Psmin  = 6,59E-17 

Pwweek = 2,11E-16 

 

Psmin  = 5,93E-16 

Pwweek = 1,90E-15 

mm_error_i changes it’s value. Worst case is, if this 
happens during the status report sent to the CPU after 
initialisation. The status_valid signal will not turn active 
and the result is that the DTE never enter the requested 
mode. Window of opportunity is, in case of maximum 
block length, approximately  10 / (65536 * 7) ≈  2,18E-5 

1 flip-flops ⇒  

Psmin  = 1,32E-11 

Pwweek = 4,25E-11 
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Dteack or s_active is active for one clock period. 

 
2 flip-flops ⇒  

Psmin  = 1,21E-06 

Pwweek = 3,90E-06 

 

 ∑ 18 flip-flops 

 

 

6.4.9 U9: status_report_detector 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

A false status report is sent to the CPU. 

 

 

 

A correct status report is not sent to the CPU. Window off 
opportunity is, in case of maximum block length, 
approximately  1 / (65536 * 7) ≈  2,18E-6 

1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

 

Psmin  = 1,32E-12 

Pwweek = 4,25E-12 

 

 ∑ 1 flip-flops 

 

6.4.10 U10: mm_alert_detector 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

A false error message is sent to the CPU. 

 

 

 

An occurred error is not sent to the CPU. Window off 
opportunity is, in case of 25 errors a day, (25 ns * 25 * 10) 
/ ( 24 * 3600) ≈  7,23E-11 

1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

 

Psmin  = 4,39E-17 

Pwweek = 1,41E-16 

 

 ∑ 1 flip-flops 
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6.4.11 U11: receiving_error_detector 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

A false error message is sent to the CPU. 

 

 

 

An occurred error is not sent to the CPU. Window off 
opportunity is, in case of 25 errors a day, (25 ns * 25 * 10) 
/ ( 24 * 3600) ≈  7,23E-11 

1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

 

Psmin  = 4,39E-17 

Pwweek = 1,41E-16 

 

 ∑ 1 flip-flops 

6.4.12 U12: spw_error_detector 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

A false error message is sent to the CPU. 

 

 

 

An occurred error is not sent to the CPU. Window off 
opportunity is, in case of 25 errors a day, (25 ns * 25 * 10) 
/ ( 24 * 3600) ≈  7,23E-11 

1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

 

Psmin  = 4,39E-17 

Pwweek = 1,41E-16 

 

 ∑ 1 flip-flops 

6.4.13 U13: cpu_report 
Error 

A bit-flip in this block may cause the following errors: 

SEU probability / 
day 

Data is sent on the spwd during one clock period. 1 flip-flop ⇒  

Psmin  = 6,07E-07 

Pwweek = 1,95E-06 

Error code sent to Spw is corrupt. 

Window of opportunity is, in case of total 100 errors a day,  
(25 ns * 100) / (24 * 3600) ≈  2,89E-11 

8 flip-flops ⇒  

Psmin  = 1,41E-16 

Pwweek = 4,51E-16 
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 ∑ 9 flip-flops 

6.4.14 U14: or_logic 
This block doesn’t use any flip-flops. 

6.5 Glitches 
No outputs from this IP block are external. 
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7 ARCHITECTURE VERIFICATION 
The verification procedure consists of 9 tests. 

The first 8 tests are completely automated and simulate the DTE’s RTL code. All 
of these tests are executed by a VHDL test bench design, RF-13. Figure 8 shows 
the external stimuli blocks used during the tests. The test bench verifies the 
correct behaviour of the DTE’s outputs as described in each sub-section below.  

 

 

Figure 8 DTE test bench schematic 

The test bench is used for both RTL simulation and structural simulation (after 
synthesis).  

The 9:th test uses the VHDL test bench (test 1-8) and perform a structural 
simulation of the VHDL netlist from the synthesis tool . 

7.1 Non-nominal input signals 
There are no input signals from the outside of the FPGA into this design. 

7.2 Description of the tests 
The following sub-sections contain a complete description of the 9 tests. Each test 
is described in its own sub-section. 

7.2.1 Tests 1- 8: RTL simulation 
All 8 tests are performed during the same simulation. The reset_n signal is set low 
for 120 ns at the beginning of the simulation. The clock frequency is set to 40 
MHz. 
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7.2.1.1 Test 1: DTE setup as reading device, part 1 
This test will check that the status report is sent to the CPU. 

Test procedure: 
1. Send a DTE initialisation package. 

2. Check that correct status report is sent to the correct CPU address. 

7.2.1.2 Test 2: DTE setup as reading device, part 2 
This test will check that the data read from the MM, is sent on the Spw and a 
correct status report is sent, when the DTE is done. 

Test procedure: 
1. Check that mmreq = 1 and mmrw = 1 

2. Check that correct spw node address is sent on the spwd. 

3. Check that the data sent on spwd is equal to data sent on mmd. 

4. Check that correct status report is sent to correct CPU address. 

7.2.1.3 Test 3: DTE setup as writing device, part 1 
This test will check that the status report is sent to the CPU. 

Test procedure: 
1. Send a DTE initialisation package. 

2. Check that correct status report is sent to the correct CPU address. 

7.2.1.4 Test 4: DTE setup as writing device, part 2 
This test will check that the data read from the dted is written to the mmd at the 
same time as correct mma. It also checks that correct status report is sent when the 
DTE is done.  

Test procedure: 
1. Check that mmreq = 1 and mmrw = 0 

2. Check that correct MM address is active. 

3. Check that the data sent on mmd is equal to data sent on dted. 

4. Check that correct status report is sent to correct CPU address on the Spw. 

7.2.1.5 Test 5: MM uncorrectable data error 
Test MM uncorrectable error when DTE is reading from MM. 

Test procedure: 
1. Check that mm_error is 1. 

2. Check that the correct error message is sent on the Spw. 
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7.2.1.6 Test 6: DTE unexpected data reception error 
Test DTE unexpected data reception. 

Test procedure: 
1. Check that dtereq = 1 and dtecd = 0. 

2. Check that the correct error message is sent on the Spw. 

7.2.1.7 Test 7: SpaceWire error 
Test Spw error. 

Test procedure: 
1. Check that spw_error = 1. 

2. Check that the correct error message is sent on the Spw. 

7.2.1.8 Test 8: MM alert 
Test MM alert. 

Test procedure: 
1. Check that MM alert = 1. 

2. Check that the correct error message is sent on the Spw. 

7.2.2 Test 9: Structural simulation on DTE 
This test is performed after synthesis of the block. The test executes the same test 
cases as for RTL simulation (tests 1-8). The netlist is generated by Xilinx ISE. 

7.3 Test results 
The simulation script, RF-14, simulated the generated VHDL source file, RF-12, 
using the test bench file RF-13. This simulation successfully performed Tests 1-9. 
The simulation results were cut from the console window and saved in a log file 
[RF-15]. 
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8 REQUIREMENTS COMPLIANCE 
 
ID Requirement Tested in test 

number 
Result 

R1 The DTE data throughput shall be minimum 50Mbit / s. 2,4 OK 

R2 The DTE shall be able to, after setup, autonomously transfer 
data to and from the Mass Memory and the SpaceWire arbiter. 

2,4 OK 

R3 DTE shall not consist of any asynchronous parts. - RoD 

R4 MTBF due to meta-stability shall be longer than 20 years - Analysis 

R5 DTE firmware version number shall be readable by OBSW - Test 

R6 All state machines shall be self healing within one second if 
they enter an unused state due to SEU effects. 

- Analysis 

R7 There shall be a reset input returning the DTE to a fully known 
state. 

- Test 

R8 The DTE shall be set up by the central processor with the 
following parameters:  

• SpaceWire user node address 
• Memory start address 
• Block size in words (word = 32 bit) 
• Read / write / idle / status request command 

1,3 OK 

R9 The processor shall be able to read the following DTE status 
parameters:  

• SpaceWire user node address 
• Memory address pointer 
• Remaining block size 
• DTE read / write / idle status 

1,3 OK 

R10 When the DTE has been set up, it shall send a confirmation 
message (status report) to the CPU and thereafter commence 
its task 

1,3 OK 

R11 When the DTE has finished its task, it shall send a 
confirmation message (status report) to the CPU. 

2,4 OK 

R12 When the DTE receives data without being initialized or is 
configured as a reading device, it shall inform the CPU (error 
message). 

6 OK 

R13 If there is a un correctable error in the mass memory the DTE 
shall send an error message to the CPU. 

5 OK 

R14 If the spw_error signal is active an error message is sent to 
the CPU. 

7 OK 

R15 If the mm_alert signal is active an error message is sent to the 
CPU. 

8 OK 

R16 The DTE shall have knowledge of both the nominal and 
redundant CPU node address in the SpaceWire network. 

1,2,3,4,5,6,7,8 OK 

 


