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Sammanfattning 
Denna rapport är en del av det examensarbete som utförts på Stoneridge Electronics i Bromma, 
Stockholm under hösten och vintern 2005-2006. Bakgrunden till examensarbetet härrör från den 
trend inom bilindustrin där färgdisplayer blivit allt vanligare för presentation av 
förarinformation; en trend som även kommit till lastbilsindustrin. Syftet med examensarbetet har 
varit att utreda huruvida programmerbar logik, och då med avseende på FPGA teknologi, skulle 
kunna vara lämpligt för hantering och grafikgenerering till dessa, mer komplexa färgdisplayer i 
lastbilsmiljö. 
 
I utredningsarbetet har det ingått att undersöka FPGA teknologin, det vill säga vilka möjligheter 
och risker som finns med avseende på bland annat miljö- och säkerhetskrav. Dessutom har 
marknaden för FPGAer och färdiga IP-block undersökts. I den praktiska delen av 
examensarbetet har två prototyper utvecklats. Dessa prototyper används för att hantera en 
färgdisplay och generera grafik till denna. Som grund till dessa plattformar har ett 
utvecklingskort och mjukvara för utveckling använts. 
 

Utredningen under examensarbetet visar att FPGAer lämpar sig för displayhantering och 
grafikgenerering i lastbilsmiljö. Det finns kretsar som motsvarar de krav som ställs av Stoneridge 
Electronics och dessutom finns färdigutvecklade IP-block för displayhantering och 
grafikgenerering. Lämpligheten hos FPGAer understryks ytterliggare av de två prototyper som 
tagits fram. I rapporten föreslås även hur Stoneridge Electronics på bästa ska implementera den, 
för företaget, nya teknologin och då med koncentration på utvecklingsfasen. 
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Abstract 
This report is part of the major thesis carried out at Stoneridge Electronics in Bromma, 
Stockholm during autumn and winter 2005-2006. The background to the thesis is the trend 
within the automotive industry where color displays have become more common for presentation 
of information to the driver, a trend that has come to the commercial vehicle market. The 
purpose of the thesis has been to evaluate whether programmable logic, with respect to FPGA 
technology, could be suitable for display control and graphics generation of these more complex 
color displays in automotive environment. 
 
Within the scope of the thesis the FPGA technology has been investigated, i.e. what 
opportunities and threats there are with aspect to environmental and security requirements. In 
addition, the market of FPGAs and pre-built IP-cores has been investigated. In the practical part 
of the thesis two demonstration prototypes have been developed. These two prototypes are used 
for display control and graphics generation. As a basis for the prototypes a development card and 
software development tools have been used. 
 
The results show that FPGAs are well suited for display control and graphics generation in 
commercial vehicle applications and environment. There are components on the market that 
correspond to the requirements set by Stoneridge Electronics. Furthermore, there are pre-built IP-
cores for display control and graphics generation. The suitability of FPGAs is emphasized by the 
two prototypes developed. In the report a proposition is presented how Stoneridge Electronics 
most technologically and financially could implement the FPGA technology and development 
flow. 
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Glossary 
 
ASIC: Application Specific Integrated Circuit; an IC for a custom requirement. 
 
CPLD: Complex Programmable Logic Device; smaller than an FPGA and has nonvolatile 
configuration memory and thus the configuration is not lost when power is turned off. 
 
CLB: Configurable Logic Block; the generic term for the basic building blocks in an FPGA. 
 
DSP: Digital Signal Processing. 
 
FPGA: Field Programmable Gate Array; digital IC that can be configured in the field after 
manufacture.  
 
GPU: Graphics Processing Unit; an IC designed for graphics generation. 
 
GUI: Graphical User Interface. 
 
HDL: Hardware Description Language; language for hardware programming. Two commonly 
used standards are VHDL and Verilog. 
 
HMI: Human Machine Interface, for example a display and buttons. 
 
IP-core: Intellectual Property core; a block of logic, for example a function described in VHDL 
for use in an FPGA or ASIC. 
 
LUT: Look-Up Table; a data structure, usually an array used to replace computation at runtime 
with a simpler lookup operation. Used to store e.g. color information to reduce the total required 
video memory 
 
NDA: Non-Disclosure Agreement; A legal contract signed by two parties that wishes to 
exchange confidential information for a certain purpose and agrees not to disclosed the 
information. 
 
PCB: Printed Circuit Board; where the components are mounted. 
 
PLL: Phase-Locked Loop; used for example when external frequency is 50MHz and internal 
clock should be 1GHz. The PLL generates the internal clock, synchronized with the external 
clock. 
 
PROM: Programmable Read-Only Memory; memory that does not loose its contents when 
power is turned off. 
 
RAM: Random Access Memory; memory that looses its contents when power is turned off. 
 



 

  

ROM: Read Only Memory; memory that does not loose its memory at power off. 
 
SEU: Single Event Upset; when a memory cell change state caused by external radiation, for 
example a configuration memory cell in an FPGA. 
 
SRE: Stoneridge Electronics 
 
Structured-ASIC: Compared to an ASIC the Structured-ASIC has fewer metallization layers 
that the customer can configure i.e. the majority of layers are predefined. Thereby, the migration 
cost from FPGA to Structured-ASIC is lower. Moreover, the Structured-ASIC cannot be 
reconfigured after fabrication. 
 
VDHL: VHSIC (Very High Speed Integrated Circuit) Hardware Description Language; 
programming language used when programming FPGAs or ASICs. 
 
VGA: Video Graphics Array; video standard. The term is often used to refer to a resolution of 
640x480 pixels regardless of the hardware producing the picture. 
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1 Introduction 
Within the automotive industry (i.e. passenger cars industry) the trend has been towards more 
sophisticated infotainment systems. Infotainment systems integrate the information and 
entertainment i.e. audio, video, DVD, navigation system, and other vehicle control features into 
one system. The trend has lead to an increased amount of information that should be presented 
for the driver. The automotive manufacturers have solved this by presenting the information on 
integrated color displays in the dashboards. Figure 1 shows the dashboard of the BMW 7 Series 
and illustrates the trend of more sophisticated infotainment systems. 
 

 

Figure 1: The BMW iDrive Infotainment system and the color display[1] 

 

Until now the trend within the automotive industry has not been subject to the commercial 
vehicle industry (i.e. buses and trucks). Within a few years the complexity of infotainment 
system will be considerably higher also for commercial vehicles. The use of color displays is 
new to the industry and therefore it is not obvious exactly how the graphics should be generated 
and how the display should be controlled by hardware.   
 
Stoneridge Electronics, a developer of instrument clusters and electronic control units for the 
commercial vehicle industry, has put together this thesis which purpose is to evaluate whether 
FPGA technology (3 FPGA Technology, Environment and Market) is a serious alternative to 
other components on the market for graphics generation and display control. The FPGA 
technology has rapidly evolved during recent years and today FPGAs can be found in a wide 
variety of applications and environments. The examples below indicate that the FPGA 
technology could be a viable alternative for generating graphics and display control signals. 
 

• Hirschmann Electronics Group and their hybrid car-TV receiver.[2] 
• Johnson Controls Inc. and their new automotive audio video system.[3] 
• The BMW Williams Formula one team and their Vehicle Control Module.[4] 
• NASA and their Mars explorer vehicle for controlling steering, wheels, instrumentation 

[5] and cameras.[6] 
 
The report will mainly describe the FPGA technology, investigate the market, capabilities and 
limitations of FPGAs, develop a demonstration prototype, and describe how Stoneridge 
Electronics could utilize the FPGA technology most effectively. 
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2 Context and Objectives 

2.1 Need Statement 
The Human Machine Interface (HMI) in vehicle instrument clusters (Figure 2) in the automotive 
industry is becoming more sophisticated. A better graphical interface between vehicle and driver 
is needed. One possible solution would be a change from monochrome displays to more 
advanced color displays. Therefore, it is vital to study how the more advanced color displays 
should be controlled and the graphics generated. The purpose of the thesis is to investigate how 
well Field Programmable Gate Arrays (FPGAs) are suited for control of color displays. 

 
Figure 2: Instrument Cluster developed by SRE.[7] 

2.2 Vision Statement 
This thesis aims to investigate how well FPGA technology is suited for controlling color displays 
and generating graphics. However, implementing other functions into the FPGA, for example 
stepper motor drivers and microprocessor, would also be preferable. Thereby, the need of an 
advanced external processor would hopefully be eliminated. Hopefully, this will lead to a 
reduction in cost of other external components. 

2.3 Objectives 
The objectives of the thesis are to: 
 

• Investigate the market to see whether there are FPGAs suitable for display control and 
graphics generation in automotive environment. 

• Conduct research to see whether there are Intellectual Property cores (IP-cores) for 
display control and graphics generation on the market. 

• Investigate the advantages and risks using FPGA technology. 
• Describe a standard solution compared with a solution using FPGA. 
• Develop an application prototype using an FPGA to enable a better evaluation of using 

FPGA. 
• Evaluate development tools used. 
• Describe future trends and possibilities using FPGA technology. 
• Demonstrate how the company should implement FPGA technology. 



 

 3 

2.4 Delimitations 
The objectives of the thesis are not to: 
 

• Construct a complete functioning product. 
• Conduct extensive tests to evaluate whether FPGA is suitable for the automotive 

industry. 
• Conduct a complete study of the effects on FPGA of radiation. 
• Compare all types of programmable logic, besides the FPGA technology, to standard 

technology. 
• Completely scrutinize all brands of FPGAs and IP-cores to see whether they can fulfill 

the Stoneridge Electronics requirements.  
• No analysis of price has been conducted. 

2.5 Definitions 
The following definitions are made: 
 

• Size of the FPGA, the number of Logic Elements and not the physical size of the 
component are meant. 

• Standard product/component/technology is used to gather all those components that could 
be used for the same applications the FPGA could be used for, i.e. if FPGA were used for 
display control the standard component would be an IC-circuit capable of display control. 

• Controller (display controller or graphics controller) is used as a general term to describe 
the application. 

• Platform is used for the code, both hardware and software, implemented on the FPGA 
device. 

• Design/system is also used to describe the demonstration prototype. 
• Development board or just board is used for describing the actual physical hardware 

development board that comprises all hardware components e.g. the FPGA.  
• Automotive industry is used to describe the commercial vehicle industry, as the 

similarities between the two segments are substantial. 
 
It should be noted that these definitions are only valid within the report of the thesis and used for 
facilitating the explanations. There could be other types of definitions found elsewhere outside 
the scope of the thesis. 

2.6 Method 
The thesis has been carried out at Stoneridge Electronics in Bromma, Stockholm. To acquire 
knowledge about the technology of FPGAs, an extensive literature study has been made i.e. 
relevant books and articles have been read. Interviews with Stoneridge Electronics and external 
consultant companies have been used to understand the market and technology more thoroughly. 
A hardware development board and software development tools have been chosen for the 
demonstration prototype. A couple of tutorials have been attended to acquire skills how to 
program FPGAs and how to use the chosen hardware and software development tools. The thesis 
has focused on two areas: one market and technology area and one demonstration prototype area. 
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Two prototypes have been developed. The first is a further development of an existing platform 
presenting an entire embedded system. This prototype has been used for introduction to the field 
and to interface a color display. The second demonstration prototype is a stand-alone display 
controller. During the development tests have been made to verify the functionality of the 
demonstration prototypes. Finally, conclusions have been drawn from the results of the two areas 
of focus of the thesis. 
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3 FPGA Technology, Environment and Market 
In order to understand the concept of programmable logic, i.e. FPGA technology, a general 
overview comprising hardware, hardware language, history and trend is given. In addition, the 
environmental effects on the FPGA are described, as there are some technology specific aspects 
to be aware of when using FPGA. A description of standard solutions compared to FPGA 
solutions of display control and graphics generation is given. This facilitates the following 
market research of what FPGAs and what IP-cores are available and suitable for the application. 

3.1 FPGA Technology Overview 
The FPGA technology is rather similar to regular digital electronics. However, the versatility of 
the technology makes it complicated and thereby it takes some time to fully understand and 
utilize the flexibility. For this reason it is vital to understand 
 

• FPGA fundamental structure. 
• Programming of the device and the concept of Intellectual Property cores. 
• History and trend of the FPGA technology field. 

3.1.1 FPGA Fundamental Structure 
There are several families of FPGAs from a variety of manufacturers. These families differ 
slightly in architecture and integrated features but the basic principle is the same; a matrix of 
Configurable Logic Blocks (CLBs also LBs)1 and In/Out blocks (IOBs) located along the sides 
of the FPGA (Figure 3). The CLBs are connected internally to each other and to the IOBs 
through a grid structure with programmable latches.  
 

 

 
Figure 3: Model of basic FPGA technology 

                                                 
1 Every manufacturer has its own definition and name for the CLB. See 3.4.1 Manufacturers of FPGAs for a number 
of examples. 
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The CLB is constructed to function as any type of logic gate, shift register or memory block. It 
comprises a number of 4-input Look-Up Tables, called function generators, storage elements - 
either as D-type flip-flop or level-sensitive latches e.g. synchronizing data. Multiplexers are used 
to enhance versatility even more. A schematic model is shown in Figure 4. 
 
 

 
Figure 4: Schematic model of Configurable Logic Block 

 
For improved storage of data, blocks of RAM are implemented in the device. In addition, today 
hard multipliers are often embedded in FPGAs.  
 
FPGAs are most often based on SRAM and thereby loose their configuration when power supply 
is switched off. Booting from an external flash solves this. Another option is to use flash based 
FPGA that retain its configuration after power is switched off. 
 
It should be mentioned that the FPGA only handles digital signals, i.e. no analog signals could be 
processed in the FPGA. 

3.1.2 Parallel Programming 
Programming an FPGA is rather different from programming a standard microprocessor. In a 
microprocessor the instructions are executed sequentially whereas in the FPGA the execution is 
parallel, as the hardware is carried out through the code written. Thus standard software thinking 
is not applicable to FPGA. 
 
The design of the FPGA could be done at a number of levels, from gate-level design to system 
design. The language mostly used for construction is VHDL (VHSIC (Very High Speed 
Integrated Circuit) Hardware Description Language). An alternative to VHDL is Verilog, 
another programming language. As the development of FPGAs is continuing the development of 
software development tools is improving. Xilinx offers a development tool2 where an entire 
system can be created within minutes using a Graphical User Interface (GUI). Recently Mobius 
[8], a new programming language for high-level design was released, where the resulting code is 
very effective compared to other alternatives.[9] 
 
The basic concept when designing in VHDL is to define entities with I/O signals. The properties 
of the entity are defined within the architecture of the entity. These entities are connected to each 
other constituting the entire system. See Appendix A: And-gate Code Example for a small 
example of code. The code is synthesized using applicable synthesis tool. This is comparable to 

                                                 
2 Xilinx EDK, ISE and SDK in combination 
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compiling software code. When synthesizing the design, the result can be either optimized for 
speed or size. 
 
It is becoming more common to implement one or many soft microprocessors, i.e. processors 
constructed in hardware code. For example Nios from Altera or MicroBlaze from Xilinx could 
be used in the FPGA and thereby software code, for example C or C++, is also used in the 
design. 

3.1.3 Intellectual Property Cores 
The size and complexity of FPGAs increase rapidly; thereby the possibility to construct large and 
complex systems has improved. According to Reiner Hartenstein customers are not just looking 
for million gates of logic to implement complex systems, but also how to cope with the 
complexity and to reduce development time.[10] Therefore many companies, for example Xylon  
[11], BitSim[12], DDC [13] and Xilinx [14], have specialized in developing functions, 
Intellectual Property cores (IP-cores) for FPGAs. A wide variety of IP-cores are available in the 
market for the automotive industry such as CAN bus controllers, display controllers, and a 
number of video cores. 

3.1.4 FPGA History and Technology Trend 
The first FPGA, XC2064, was developed by Xilinx and released in 1985, comprising 800 gates, 
2.0 µ process technology, at a cost of $55.[15] Since then the development of faster, smaller 
devices with larger number of gates has been rapid. The process technology has reached 90 nm 
and Xilinx has given a glimpse of the next step of process technology, 65 nm.[16] The smaller 
FPGAs have hundreds of thousands of gates, at a cost far below the introduction price of the first 
FPGA. Nowadays, the capacity of FPGAs has made it possible to fit entire multi-processor 
embedded systems on the silicon of the FPGA. One example of a multiprocessor system is 
Driver Assistance System developed by Xilinx that automatically helps the driver in hazardous 
situations and thereby mitigates the consequences of an accident. The system uses a number of 
soft processors for calculation of time critical data in real time.[17] Before and parallel to the 
FPGA technology other programmable logic technologies have existed and exist with 
functionality more or less similar to the FPGA technology.3  
 
Furthermore, in high volume, low cost industries where FPGAs only have been used for 
Application Specific Integrated Circuit (ASIC) development, the alternative of also 
implementing FPGA in the products has become viable. In addition, those industries where the 
use of ASICs was not possible due to the high migration cost from FPGA design to ASIC, the 
substantial reduction of device costs for FPGAs has now made it possible for those industries to 
use programmable logic. 
 
The FPGA manufacturers are today explicitly targeting the automotive industry, for example 
Xilinx offers the XA [18] series and Actel the flash based FPGA series.[19] Xilinx explicitly 
says that the company is focusing on the automotive industry.[20] New FPGAs introduced 
contain more advanced features, for example hard Digital Signal Processing (DSP) blocks that 
could be used for boosting the capabilities of the designed systems. 

                                                 
3 However, these will not be described according to 
2.4 Delimitations.  
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The market for FPGAs will definitely continue to expand. According to R. Hartenstein an annual 
market growth of 20 percent is predicted.[21] There are FPGAs suitable for low cost applications 
up to high cost, high end products; making the technology suitable for a wide variety of industry 
segments. In addition, as the time to market for products is reduced, the flexibility of FPGAs 
could be used to shorten development time. Thereby the market for the FPGA technology will be 
boosted even more. Finally, the parallel development of IP-cores from third party providers and 
FPGA manufacturers will most certainly increase the future use of FPGAs in its third decade. 

3.2 Environmental Effects on the FPGA 
There are two types of environmental effects on FPGAs, the nature effect and the human effect. 
The nature effect comprises for example climate and temperature and the human effect is reverse 
engineering. In addition, the FPGA technology will be implemented in products in the 
automotive market and thereby the requirements on reliability will be high. In this section 
manufacturer specific FPGAs are mentioned. These are more thoroughly described in 3.4.1 
Manufacturers of FPGAs4. 

3.2.1 Automotive Environmental Requirements 
The requirements on products and components in the automotive industry are higher than 
products manufactured for the consumer market. Often a new technology is implemented in the 
consumer market and when the technology is reliable the automotive industry implements the 
technology. The automotive industry requires among others the component to be operating 
within a wider temperature range, under rougher climate circumstances, and long life 
expectancy. 
 
An unbiased comparison between different FPGAs and standard components is complex to 
conduct. The manufacturers present test reports5 but the parameters are sometimes different, for 
example constants used in the formula for calculating accelerated life expectancy6, is not always 
the same. Moreover, process technology, power consumption, and package type could differ 
between manufacturers and FPGAs making a comparison difficult. 
 
However, according to Lennart Böhlin, SRE, experienced within reliability tests at Ericsson and 
Flextronics, the tests conducted at those companies did not show that the FPGA technology 
should have lower reliability and higher failure rate compared with other types of standard 
components. Therefore, in the thesis, the standard and most important requirement for SRE, the 
temperature, is used for evaluating the different FPGA manufacturers to see whether they have 
components that fulfill the automotive requirements. The component should be capable of 
operation between  –40 and +85 °C. 
 

                                                 
4 If more information is required, product datasheets could be found on the different manufacturers web pages. 
5 Test reports for some FPGA manufacturers: 

http://www.altera.com/literature/rr/rr.pdf, (available 4/01/2006) 
http://www.xilinx.com/bvdocs/userguides/ug116.pdf, (available 4/01/2006) 
http://www.actel.com/documents/Q2_05_Reliability_Report.pdf, (available 4/01/2006) 
http://www.latticesemi.com/lit/docs/qa/reliability_report.pdf, (available 4/01/2006) 

6 The Ahrrenius formula  
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Studied are those FPGA series that could be considered for an application according to 3.3.1 
Display Control and Graphics Generation. Table 1 shows the result. 
 
 

Manufacturer Product series Fulfils the SRE –40 and +85 °C 
requirement 

Xilinx XA Yes [22] 
Altera Cyclone II Yes [23] 
Actel ProASIC3 Yes [24] 
Lattice Semiconductor LatticeXP Yes [25] 
QuickLogic PolarPro Yes [26] 
Atmel AT40K Yes [27] 

Table 1: SRE temperature requirement results per FPGA series. 

 
In addition, short start-up time is vital for SRE and the automotive industry. There is no general 
requirement but approximately half a second is required. 
 

• SRAM based FPGAs require approximately tens of milliseconds.[28] However, when 
using a platform comprising soft processor with OS the start-up time is longer than 
without OS. Nonetheless, the extended startup time is comparable to the use of external 
processor with OS.[28] 

• Flash based FPGAs are instantly alive at power-up.[29] 
 
This means that both SRAM and flash based FPGAs fulfill the requirements. 

3.2.2 The Risk of Reverse Engineering and How to Re duce the Risk  
The environmental effects do not only comprise temperature and humidity, but also those effects 
caused by humans, for example customers and competitors. The principle of SRAM based 
FPGAs is that the configuration of the device is loaded at startup from an external PROM; thus it 
is relatively easy to access this bitstream to either use by competitors to benchmark or come up 
with better versions, or by people that would like to do modifications to the existing 
functionality. Depending on required security level there are some alternatives to mitigate the 
risk of reverse engineering: 
 

• Encryption 
o Xilinx has on-chip decryptor in the Virtex series, Advanced Encryption Standard 

[30] - AES7  - (256-bit key) or Data Encryption Standard [31] – 3DES8 - (three 
56-bit keys) depending on device.[32] 

o Altera has on-chip decryptor in the Stratix II, comprising a 128-bits AES key.[33] 
 

• External CPLD 
o For Altera devices, an external CPLD, non-volatile MAX II could be used for a 

secure transfer of the configuration code to the FPGA.[34] 
                                                 
7 Advanced Encryption Standard adopted as an encryption standard by the US government. 
8 Data Encryption Standard, in recent years DES has been superseded by the AES. 
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• Secure EEPROM 

o Xilinx has a solution for the non-Virtex devices, i.e. where cost is crucial, where a 
secure EEPROM [35] that contains a secret key is used.[36] See Figure 1 for a 
graphical presentation. 

 

 
Figure 5: Application where Xilinx device uses secure EEPROM.[36] 

 
• Using flash based FPGA, where no external boot PROM is needed, instead of SRAM 

based 
o Actel, one of the flash-based FPGA manufacturers.[37] 

3.2.3 Single Event Upsets 
As described earlier, the complexity of FPGAs is rapidly increasing; hence more complex 
systems can be fitted inside. In addition, the process technology is constantly shrinking; today 90 
nm is standard9 for most FPGAs. Moreover, operating voltages are decreased and clock 
frequencies are increased.[38] The problem of cosmic radiation in form of neutrons that earlier 
mostly was a problem at higher altitudes is becoming a ground level problem that at least should 
be taken into consideration when deciding to use FPGA. 
 
Neutrons are created in the upper atmosphere when high-energy particles collide with nitrogen 
and oxygen. These neutrons are not charged and travel at high speed until they collide with 
atmospheric gases or objects on the surface of the earth.[39] Most neutrons that strike an 
integrated circuit will pass through it, but if a neutron collides right on or close to a reverse-
biased device in a flip-flop or memory cell, Figure 6, the neutron could make the device change 
state, called Single Event Upset (SEU).[40]  
 

                                                 
9 Altera Cyclone II 90 nm, Xilinx Spartan3 90 nm, apart from Actel ProASIC3 130nm 
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Figure 6: Interaction of High-Energy Neutron and Silicon Integrated Circuit10. 

 
Not all FPGAs are subject to the threat of neutrons but in SRAM based FPGAs the configuration 
of the device is stored internally in SRAM cells. If one or many of the cells are subject to SEUs 
the functionality of the circuit could be altered, called a firm error. Firm errors are more 
dangerous than regular soft errors, where a standard SRAM memory is affected and where the 
memory cell could easily be overwritten with new data, e.g. in a video application the result of 
SEU could be missing or wrong colored bits on the display.[42] This firm error is not easily 
detected and will not be corrected until the device is reconfigured.11 In worst case the firm error 
can lead to a hard error if a signal is misrouted and an internal short is created.[43] 
 
An experimental study was conduced by iRoC Technologies [44] ordered by Actel. The test was 
compliant with the JEDEC standard JESD89 [45] and gave the following result from neutron 
radiation (Table 2). The results were translated to be radiation at the location of New York 
City.[46] FIT is the number of failures that occur in 1 billion (1e9) hours. 
 

 
Table 2: Overall Cosmic-ray FIT at sea level in NYC. 

 
By using the result from the tests a simple approximation could be made to see how the effect of 
neutrons would be for SRE. The Xilinx XC3S1000 SRAM based FPGA is a product suitable for 
the discussed solutions at SRE.  
 

                                                 
10 Reproduced from Actel, Reliability Considerations for Automotive FPGAs. [41] 
11 Xilinx offers PlanAhead, a tool used for partial reconfiguration.[47] 
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If the production would be 100k units a year the total number of SEUs per day would be 
1240*100e3/1e9*24=2.98.  
 
This figure should of course be seen as a very rough calculation as the design on the device is not 
the same, as SRE would use. In addition, these tests are based on 24 hour a day use. Moreover, 
only a third of these SEUs alter the output of the FPGA (the left SEFI table indicates faults that 
results in corrupt output). Anyhow the figures give a hint of the sensitivity of SRAM based 
FPGAs. Another aspect of the tests is the fact that the flash based FPGAs from Actel (AX100 
and APA1000) are not affected by the radiation. 
 
There are a number of ways to reduce the impact of firm errors; though, not all of them are 
applicable to the automotive requirement of cost optimization. However it is not possible to 
shield against high-energy neutrons. The given solutions are only summaries and not intended to 
be full explanations. 
 

• With Triple Module Redundancy, TMR, the concept is to have three identical logical 
blocks that have the same function. The results are compared and democracy decides 
which alternative should be chosen.[48] A major drawback is the increased need of 
space. 

 
• Read out the configuration of the FPGA and compare it with the expected one stored 

outside the FPGA. If a mismatch is found the error part is reloaded. [50] The fault will be 
present until the code is compared. If this is done with long intervals the fault will be 
present for a significant time period.  

 
• Use Cyclic Redundancy Check (CRC). A Checksum is calculated upon configuration and 

stored on the FPGA. A checksum based on the FPGA configuration is continuously 
calculated and compared to the stored one. If these are not equal the FPGA is reset and 
reloaded. This alternative still requires the FPGA to be reconfigured.[49] 

 
• Choose a flash-based FPGA according to the test results.[51] 
 
• If using an Operating System, OS in the FPGA it is possible to enhance the reliability of 

the system by using duplicate tasking, or even multiple tasking. The unused space on the 
FPGA is used, in run time, to duplicate the tasking. As the space may be limited the 
priority of what tasks that should be duplicated is prioritized either by the programmer or 
automatically using special programs to analyze the code. This alternative requires, in 
addition to an OS, that the device is partially configurable in runtime. A setback of this 
solution is that the execution time is increased.[52] 

 
• It is also possible to enhance robustness by using a reliability-oriented place and route 

algorithm, as the shortest path is not always the most reliable one. The total speed of the 
system is reduced, but no extra space is needed.[53] 
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• Use an analysis framework consisting of two parts. First of all investigate what parts of 
the FPGA those are more sensitive to radiation; the FPGA manufacturer does this. The 
second part consists of fault injection to analyze what happens when SEUs occur to a 
specific design. This instead of having radiation tests where it is difficult to address the 
faults that arise.[54] 

 
The impact of radiation should be taken into consideration even though the risk of SEU is seen 
as low. Anyhow it is difficult to give an exact answer on how substantial the risk of firm errors 
is. 

3.3 Standard Solution and the FPGA Alternative 
The natural choice would probably be to use standard components if the company is unfamiliar 
with FPGA technology when constructing a product containing a display controller. However, 
the reconfigurability of FPGA would facilitate modifications and future upgrades. In addition, it 
will be possible to shift software algorithms into hardware IP-cores, so called hardware 
acceleration, when necessary. This has been used in the Xilinx Driver Assistance System 
described in 3.1.4 FPGA History and Technology Trend. The concept of a solution using 
standard components and an equivalent solution using FPGA is graphically described in this 
section. 

3.3.1 Display Control and Graphics Generation 
There are a number of different components on the market for display controlling and graphics 
generation. The complexity and features of these components range from mere display control to 
controllers with advanced graphics acceleration features. Below, two standard component types 
and corresponding FPGA alternatives are graphically presented. The presented applications 
emphasize two different alternatives of interfacing the display. The first application, called 
display control requires an external processor for generation of graphics. The second application, 
called graphics controller, generates the graphics internally and thus no external processor is 
needed for graphics generation. However, the second alternative still requires an external 
processor for initializing and using12 the graphics controller. 

3.3.1.1 Display Controller Using Standard Alternati ve 
The display controller (Figure 7) generates timing signals for the display, transfers data from 
video memory to the display, and arbitrates the memory so the user can safely write into video 
memory without corrupting the image written to the display. The interface to the video memory 
is only accessible via the display controller and could be either external or internal depending on 
product. However, there could be extra features, but the principle of using an external processor 
for graphics generation is the same. Epson [55] and Renesas [56] are good examples of 
companies that have components that have the features of a standard display controller. In 
addition, there are some extra features, for example hardware rotation of pictures. 
 

                                                 
12 When there should be changes to the display, for example drawing submenus 
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Figure 7: Standard display controller solution. 

 
3.3.1.2 Display Controller Using FPGA Alternative 
The functionality of the FPGA alternative  (Figure 8) could be constructed in a way comprising 
the desired features of a standard display controller. The complexity is rather low and therefore 
the size is rather small making it possible to choose a rather small FPGA. See 3.4.3 Developers 
of IP-cores for display controller IP-core examples. 

FPGA
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Memory Display
Controller
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Processor

 
Figure 8: FPGA display controller solution. 

 
3.3.1.3 Graphics Controller Using Standard Alternative 
In addition to one or several functions that are included for generating graphics, so called 
Graphics Processing Units (GPU), the display controller is a part of the graphics controller 
(Figure 9). The interface to the video memory is only accessible via the graphics controller and 
could be either external or internal depending on product. Anyhow, the capabilities of the 
graphics controllers are varying. 
 
NEC [57], Toshiba [58] and Fujitsu [59] are good examples of companies that have components 
that have 3D graphics, hardware cursor, and external video input, scaling and displaying 
features. 
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Figure 9: Standard graphics controller solution. 

 
3.3.1.4 Graphics Controller Using FPGA Alternative  
By using an FPGA (Figure 10) the functionality could be made almost equal, if desired, to the 
various graphics controllers’ features. See 3.4.3 Developers of IP-cores for examples. Using 
internal memory in the FPGA for video memory is not an alternative as the memory in suitable 
FPGAs is not sufficient enough. 
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Figure 10: FPGA graphics controller solution. 

3.4 Industrial Benchmarking 
As mentioned in 3.1.4 FPGA History and Technology Trend FPGAs have been present for 
approximately 20 years and the development has been rapid. There are a number of 
manufacturers that offer a variety of FPGAs suitable for different applications. In addition, there 
has been an increase in the number of IP-cores available on the market. This section research the 
market for suitable FPGAs for display control graphics generation, and appropriate display 
controller IP-cores. In addition, a number of applications in rougher environments where FPGAs 
are used are described. 



 

 16 

3.4.1 Manufacturers of FPGAs 
There are a several manufacturers of FPGAs, offering a wide variety of FPGA families. In this 
section a brief summary of the different producers, first and foremost the major vendors in the 
market (Table 3) are presented comprising product families, data for the products and other 
figures vital for the thesis. Those products obviously not compatible with the basic requirements 
are omitted but devices that could be considered for a future, more complex design are briefly 
mentioned. 
 

 
Table 3: Market share of top four FPGA manufacturers year 2000.[60] 

 
Depending on the chosen IP-design the necessary size for implementation will differ but 
approximately 1500 to 2000 Logic Cells (170-220 CLB) would be sufficient13. However, if a 
very basic display controller is chosen, the number of Logic Cells could be reduced. It should 
also be mentioned that even though the FPGA is equipped with enough capacity, it is also 
important to investigate whether the design requires other FPGA architecture specific features, 
for example hard IP-cores or sophisticated PLLs (Phase-Locked Loop). Conducting more 
research to see whether the FPGAs have enough complex PLLs and other functions to handle the 
different IP-cores could require the company to sign Non-Disclosure Agreements (NDA), 
thereby the size criterion has been chosen. 
 
In addition, every manufacturer has its own definition of the building bricks, Logic Cells14 
(Xilinx), Logic Elements (Altera), Logic Modules (Actel), Logic LUTs (Lattice), and Logic Core 
(Atmel). The basic principle is however the same as described in 3.1.1 FPGA Fundamental 
Structure. 
 
3.4.1.1 Xilinx  
Xilinx, an American company, is one of the major actors in the development of FPGAs and has a 
substantial part of the market share.[14] The Xilinx portfolio of FPGAs comprises the Spartan, 
Virtex, and EasyPath series; ranging from small, cost optimized devices up to high-density, high-
performance devices. The Spartan series would be most suitable for SRE. 
 
 
 

                                                 
13 The size requirement presented by BitSim for their BADGE solution is used as a reference size. [97] 
14 The Xilinx CLB constitutes of a number of Logic Cells. The number of equivalent Logic Cells is defined total 
CLBs x 8 x 1.125 effectiveness. 
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Spartan: 
The Spartan series is a low cost high volume series with device sizes from 100k system gates 
(2100 Logic Cells) up to 50M (75k Logic Cells). There are a number of different types within the 
series with different features. 
 

• Spartan-3E [61] Cost optimized for gate centric applications 
• Spartan-3 [62] Cost optimized for I/O centric applications 
• Spartan-3L [63]  Optimized for low quiescent power consumption 

 
In addition, Xilinx offers a product family addressed for the automotive industry. The XA family 
[64] has an increased temperature range, for Automotive Industrial -40°C to +100°C and for 
Automotive Q-grade -40°C to +125°C. 
 
Virtex: 
The Virtex series [65] is suitable for high-performance, high-density solutions with many 
features for high-end applications. The density is overlapping the Spartan series but the Virtex 
series has a number of built in hard IP-cores, for example PowerPC processor. The Virtex series 
ranges from approximately 500 up to 200k of Logic Cells.  
 
EasyPath: 
The EasyPath series [66] comes both in a Virtex and Spartan series alternative and is used when 
migration of the FPGA to a structured-ASIC (see Glossary) is desired. The EasyPath family uses 
the exact same silicon as the traditional FPGA and has the same features; hence net lists do not 
have to be converted. 
 
Development tools: 
Xilinx also offers a set of software design tools, facilitating the development process. Further 
described in 4.1 Development Tools Description. 
 
3.4.1.2 Altera 
Altera is an American based company and is one of the major actors in the field of 
programmable logic.[67] The FPGA devices Altera offers are the high density Stratix and Stratix 
II, and the low cost Cyclone and Cyclone II. The Cyclone/Cyclone II series is most likely the 
best choice for SRE. 
 
Cyclone/Cyclone II: 
The Cyclone II [68] is the successor after the Cyclone [69], high volume low cost series, and is 
said to be both cheaper and faster. The device sizes for the Cyclone ranges from 2.9k to 20k 
Logic Elements and the Cyclone II from 4.6k to 68k Logic Elements. 
 
Stratix/Stratix II: 
The Stratix II is the new generation of Stratix FPGAs.[70] The series represents Altera’s high-
end series of FPGAs, where the size ranges from 15k to 179k Logic Elements. The series also 
contains extra features for enhanced performance. 
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Hardcopy: 
The Hardcopy series is for a seamless migration of Stratix designs to structured-ASICs where 
high density and high performance are preserved.[71] 
 
Development tools: 
Altera offers Quartus II, a set of development tools, comprising DSP and System-On-a-
Programmable-Chip (SOPC) builder, and Integrated Development Environment (IDE) for 
software development to the Nios II soft processor.[72] 
 
3.4.1.4 Lattice Semiconductor 
Lattice Semiconductor has a number of FPGA families in its portfolio; including SRAM based 
FPGAs, LatticeEC/ECP and non-volatile flash based FPGAs, ixpXPGA and LatticeXP.[73] 
Lattice’s non-volatile based FPGAs, should rather be seen as semi-non-volatile as the 
configuration data is transferred to configuration-SRAM at start up compared to Actel where the 
configuration memory is flash based [74] 
 

• LatticeEC/ECP, low cost devices with sizes ranging from 1.5k to 32.8k Logic LUTs. [75] 
• ixpXPGA, low-cost with sizes ranging from 1.9k to 15.4 k Logic LUT-4s. [76] 
• LatticeXP, low-cost series with sizes ranging from 3.1k to 19.7 k Logic LUTs. [77] 

 
Development tools: 
As the other manufacturers, Lattice too facilitates development by offering a set of software 
development tools, ispLEVER.[78] 
 
3.4.1.3 Actel 
Actel, also an American based company, specialized in flash and antifuse FPGAs compared to 
Altera and Xilinx that are SRAM specialized. [79] Actel has a range of flash and antifuse based 
FPGAs ranging from very small to standard size, comparable to the smaller series of Altera and 
Xilinx FPGAs. All of their devices meet the Industrial temperature requirements. 
 
Flash: 
The FPGA configuration information is stored in on-chip flash cells hence no external boot 
PROM is needed. Either ASIC design flow or FPGA design flow could be used during the 
development process. ProASIC3 [80], the 3rd generation (ProASIC plus and ProASIC are two 
older versions) has 30k to 1 million System Gates, (760 to 75k Logic Modules15). 
 
Antifuse: 
The series of antifuse FPGAs are one-time programmable devices. There are a number of types 
targeting different applications. Axcelerator has a size of 125k to 2 million System Gates (2k to 
32k Logic Modules). [81] The others SX-A/ SX [82], eX [83], and MX [84] are of smaller size 
6k to 108k System Gates. 
 
Development tools: 
Actel offers a set of software design tools, facilitating the development process.[85]  

                                                 
15 Comparable to Xilinx Logic Cells, according to Abu Mukkadas, Actel Corporation 
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3.4.1.5 QuickLogic 
QuickLogic [86], also an American company, has a number of FPGA series; though only one, at 
a first glance, would be suitable for SRE. The others consist of too few Logic Cells. 
 

• PolarPro, a low power, high volume family with densities ranging from 512 to 7,600 
Logic Cells16.[87] 

 
Development tools: 
As the other manufacturers, QuickLogic too facilitates development by offering a set of software 
development tools, QuickWorks.[88] 
 
3.4.1.6 Atmel 
Atmel [89] offers a series of FPGAs, AT40KAL, with density ranging up to 2.8k Core Cells [90] 
Hence the device could be suitable but no larger type is accessible today. 
 
Development tools: 
Atmel facilitates development by offering Integrated Development System (IDS), a set of 
software development tools.[91] 

3.4.2 Applications Where FPGAs are used 
FPGAs are used in a number of critical applications. In automotive, industrial environment and 
in space industry; however, exactly what products and companies are often classified, or at least 
not publicly published. Nonetheless, some manufacturers of FPGAs present customer success 
stories on their homepages to give a hint of what their products are capable of.17 
 

• Hirschmann Electronics Group uses the Altera Cyclone device including Altera’s Nios 
processor in their hybrid car-TV receiver.[2] 

• Johnson Controls Inc. uses Altera’s FPGAs in their new automotive audio video 
system.[3] 

• The BMW Williams Formula one team uses the Xilinx Virtex-II platform in their Vehicle 
Control Module.[3] 

• NASA uses Xilinx radiation tolerant Virtex FPGA in their Mars explorer vehicle for 
controlling steering, wheels, instrumentation [5] and cameras[6] 

 
It should be kept in mind that only the success stories are presented by the manufacturers, failure 
stories, if there are any, are obviously not presented. 

3.4.3 Developers of IP-cores 
The use of pre-built IP-cores has become more and more common.[94] The majority of FPGA 
manufacturers provide the customers with in-house built IP-cores or IP-cores developed by third 
party companies. Currently FPGA manufacturers develop most of the IP-cores but the trend is 
towards more IP-cores provided by third party companies.[95] There are IP-cores free of use and 
IP-cores with different types of one-time costs or license fees. 
                                                 
16 The PolarPro cell architecture is logically equivalent to two 3-input LUT blocks or one 4-input LUT block. 
17 Mails were sent to Actel, Lattice Semiconductor, and QuickLogic but no response was given. 
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As mentioned earlier, IP-cores for display control already exist on the market. The spectrum of 
these types of IP-cores is ranging from free downloadable from Internet forums [96] to highly 
sophisticated IP-cores that could perform, not only pure display controlling but also a number of 
graphics features, for example picture-in-picture and text/graphic overlay.[97] 
 
Below is a list of FPGA manufacturers, which provide IP-cores; and those IP-cores possibly 
suitable for, in the thesis described, display controller applications. When there are third party 
providers, those are listed together with the FPGA manufacturer to facilitate an overview of the 
limits/opportunities a specific FPGA brand gives. It should also be noted that some third party 
providers cooperate with more than one FPGA manufacturer, facilitating second source 
requirements. As mentioned in 3.4.1 Manufacturers of FPGAs, not all companies are listed and 
not all IP-cores are described, only those that could be found and of interest for the thesis 
application. Finally, a list of soft processors is presented to give a glimpse of what processors are 
available on the market. 
 
3.4.3.1 Xilinx 
Xilinx provides a wide range of IP-cores, some internally developed but mostly developed by 
third party companies. Xilinx cooperates with a large number of third party companies and those 
are described within the concept AllianceCORE that guarantees the quality of the code. 
However, Xilinx does not take any responsibility for malfunctioning code from third party 
companies, only that it is possible to implement the code in a Xilinx device.[98] Listed are three 
third party companies, which target display control, graphics generation, and video processing. 
 

• Xylon [99], a Croatian based company, part of the AllianceCORE and offers a video 
controller solution, logiCVC[100] The IP-core supports most types of display 
technologies and can handle displays from 128x64 up to 1024x768 pixels. 

 
• Digital Design Corporation [101], also within the AllianceCORE offers a variety of IP-

cores within the field of graphic control. Not only does DCC offer display controller but 
also different types of scaling and image quality enhancement cores. 

 
• BitSim [102] offers a solution called BADGE, mentioned in the introduction that except 

from display controlling also could include a number of Graphics Processing Units 
(GPUs) for graphics generation. 

 
3.4.3.2 Altera 
Altera has internal development of IP-cores but also cooperates with third party IP-core 
developers [103] within a program called Altera Megafunctions Partner Program (AMPP) 
comprising about 20 partners with a wide variety of IP-cores. Listed is one company targeting 
display control and graphics generation. In addition, Altera has an internally developed display 
controller, VIMOB.18 
 

• BitSim, the BADGE solution described under Xilinx is also available for Altera devices 
                                                 
18 Source code for VIMOB was obtained from Altera. However, due to time limitation no evaluation of the 
controller was done. 
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3.4.3.3 Actel 
Actel presents over 120 IP-cores comprising bus interfaces, communications, memory 
controllers, and multimedia cores.[104] Actel has the definition of internally produced, so called 
DirectCores – designed, verified, supported and maintained by Actel for Actel devices, and 
externally produced, co called CompanionCores - designed, verified, supported and maintained 
by Actel IP partners for Actel devices. Listed is one company targeting display control. 
 

• Inicore provides a LCD controller that can be used in B/W mode or 8-shade gray 
scale.[105] It handles Intel and Motorola 16-bits memories. 

 
3.4.3.4 QuickLogic 
QuickLogic has a smaller range of IP-cores, approximately 50.[106] The company cooperates 
with a few numbers of third party providers. Listed is one company targeting display control. 
 

• Quest Innovations offers a SVGA controller.[107] The controller is capable of 24-bits 
color, 32-bits SRAM memory controller (DDR controller also available), and 135 MHz 
pixel clock. This SVGA controller is available for Xilinx Spartan II, QuickLogic 
QuickMIPS QL901-QL904, Actel and Altera. 

 
3.4.3.5 Lattice Semiconductor 
Lattice Semiconductor provides the customers with approximately 100 different IP-cores, both 
internally and externally designed.[108] Lattice ispLeverCORE IP-cores are free to use reference 
designs. Apparently, there are no display controller IP-cores suitable for display controlling from 
Lattice. 
 
3.4.3.6 Atmel 
Atmel has a few IP-cores in its portfolio, however no IP-cores that would be suitable for display 
control or graphics generation is available according to the list of IP-cores provided.[109] 
 
3.4.3.7 Soft Processors 
There are also a number of soft processors on the market. Below is a list of some of the soft 
processors available. 
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Table 4: Soft processor cores.[110] 

3.5 Alternative Products and the Issue of Analog Signals 
The primary objective of the thesis is to investigate the possibilities and limitations using FPGA 
technology for display control and graphics generation instead of standard components. As 
described in 2.2 Vision Statement, it would be desirable if it were possible to fit an entire system 
within the FPGA. Mentioned in 3.1.4 FPGA History and Technology Trend, fitting an entire 
embedded multi-processor system in standard FPGAs is feasible. However, only the digital parts 
of the system could be implemented; analog signals have to be converted outside the FPGA. 
Therefore, if there were circuits that also comprise elements for analog handling, this would be 
of interest. 
 
According to Niclas Jansson, BitSim, there have been FPGAs with analog elements on the 
market before but those have been withdrawn due to problems of writing and debugging 
software.[28] Nonetheless, recently Actel launched a new series, Fusion [111], of FPGAs (sizes 
from 2.3 k to 38.4k Logic Modules) with internal analog cores (12-bits, 600k samples per 
second). However, the family only has one or two PLLs, which would limit the possibilities of 
constructing a complex display and graphics controller. Whether or not the Fusion family will be 
a competitive product is still too early to tell.[28] 
 
In addition to standard FPGAs, and the presented mixed signal FPGAs, there are a number of 
Systems on Chip (SoC) with different types of programmable logic, processors, and analog cores 
that could be of interest to consider. Except the examples of SoCs presented below, no further 
investigation intended. 
 

• QuickLogic   QuickMIPS [112] 
• Cypress   PSoC Mixed [113] 
• Atmel   FPSLIC [114] 
• STMicroelectronics  SPEArHead [115] 
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3.6 FPGA Technology Results and Discussion 
The results and discussion of the thesis are divided into three major fields illustrated in Figure 
11. The three fields are design/system development, the market of FPGAs, and the FPGA in its 
environment. These fields are overlapping and interacting, that is changing the conditions in one 
field will affect the other fields more or less. This distinction has been made to facilitate the 
structure of the FPGA technology results and discussion. The subparagraphs below describe the 
aspects of the fields, comprising advantages, disadvantages and how SRE could utilize those 
advantages when iterating to reach the best overall solution. 
  

Environment

The Market of FPGAs

FPGA typesManufacturers

Design/System
Development

Internal External

FPGA

 
Figure 11: The interaction of described fields. 

3.6.1 FPGA and its Environment 
Described in 3.2 Environmental Effects on the FPGA, two types of environments, the nature 
environment comprising for example climate and temperature, and the human environment 
comprising customers and competitors exist. The FPGA will be implemented in an automotive 
product thus the climate and temperature requirements will be higher compared to the consumer 
market. Whether or not the impact of customer and competitor environment will be hard depends 
on what type of application is implemented in the FPGA. 
 
3.6.1.1 Automotive Environmental Requirements 
The higher demand on the products in the automotive industry requires the products to be more 
reliable. However, conducting extensive research and reliability tests to see whether FPGA 
technology could fulfill the automotive requirements is difficult according to 3.2.1 Automotive 
Environmental Requirements. Nevertheless, the temperature capabilities required by SRE 
showed that the described FPGAs fulfill the temperature requirement. Moreover, the success 
stories described in 3.4.2 Applications Where FPGAs are used and the statement in 3.2.1 
Automotive Environmental Requirements by Lennart Böhlin, further emphasize the capabilities 
of FPGAs and that they are capable of handling the harsh automotive environment. 
 
3.6.1.2 Single Event Upset 
It is not only the local environment that could be a problem; the cosmic radiation described in 
3.2.3 Single Event Upsets could also pose a threat. However, the severity of this threat is difficult 
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to determine. Depending on which manufacturer is asked, the answer will be different. In a 
nutshell it is Actel (flash based) versus Xilinx and Altera (SRAM based). The report by iRoC 
Technologies showed that bitflips do occur and the very rough calculation made for SRE showed 
a result that could not be neglected that easily. However, according to Johan Andersson, FPGA 
SRAM cells are 100 times more stable compared to regular SRAM based memories.[116] It is 
difficult to assess whether the figure is an actual problem as no complete tests at SRE could be 
done. 
 
However, the more complex i.e. larger system implemented, the more significant the risk of 
bitflips and subsequent malfunction of the device will be. In addition, if soft processor is 
implemented, controlling for example external gauges, those could also be affected by a bitflip, 
i.e. not only the display would be affected. It would be preferable, probably not cost effective 
though, to conduct long time tests of a large number of units where the SRE application is 
implemented to see what the results would be. Anyway, if the threat is seen as too severe some 
of the proposed solutions in 3.2.3 Single Event Upsets, for example flash based FPGAs, could be 
used to mitigate the risk. 
 
3.6.1.3 Reverse Engineering 
The risk of reverse engineering should not be forgotten. Depending on design/system 
implemented, theft of hardware code could be more or less likely. However, the company should 
compare the probable extra cost that would occur when some sort of security enhancement, 
described in 3.2.2 The Risk of Reverse Engineering and How to Reduce the Risk, is used, versus 
what the consequences of a stolen and cracked code would be. Depending on security level the 
following alternatives are available. 
 

• Low importance SRAM-based FPGA without security enhancement 
• Medium importance SRAM based FPGA with some type of encryption 

 and/or external CPLD or secure EEPROM 
• High importance Flash based FPGA 

 
Finally, if an FPGA solution would be used in the future for digital tachographs, the aspect of 
reverse engineering would be of greater importance. Hence, it would be preferable if SRE took 
this into consideration today as the use of similar FPGA, or at least same brand, for all 
applications would probably reduce the future cost per FPGA device. 

3.6.2 The Market of FPGAs  
A number of manufacturers of programmable logic were presented in 3.4.1 Manufacturers of 
FPGAs and the FPGAs that could be of interest for the thesis and SRE. The subject described in 
2.3 Objectives was to evaluate whether the FPGA manufacturers could provide components that 
are able to fit a display controller or IP-core for graphics generation and have the features i.e. 
temperature, required by the automotive industry and SRE (3.2.1 Automotive Environmental 
Requirements). Table  5 gives a summary of the results of the research. 
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 Fit IP-design SRE –40 and +85 °C Display c./graphics c. available 
Altera Yes Yes Yes/Yes 
Xilinx Yes Yes Yes/Yes 
Lattice Semi. Yes Yes No/No 
Actel Yes Yes Yes/No 
QuickLogic Yes Yes Yes/No 
Atmel Yes Yes No/No 

Table 5: Manufacturers and the capabilities of their products. 

 
However, due to limited resources, no complete analysis of the products has been made. The 
basic principle was that SRE temperature requirement was fulfilled. There are test reports 
conducted by the FPGA manufacturers but it is difficult to make an objective and correct 
comparison and evaluation. Furthermore, analyzing whether the FPGA manufacturer has FPGAs 
that could fulfill the requirement of handling a display and graphics controller was based on the 
number of Logical Elements the FPGAs has. This criterion was chosen as conducting more 
detailed research to see whether the FPGAs have enough complex PLLs and other functions to 
handle the different IP-cores could require the company to sign Non-Disclosure Agreements 
(NDA). A future, more detailed analysis would require such actions. In addition, a complete 
study of fulfillment of the automotive requirements could be done to make sure no 
environmental factors have been overlooked. 
 
Furthermore, which manufacturer that should be chosen depends, besides price and delivery 
reliability, on what type of FPGA is desired. Depending on the risk of SEUs or reverse 
engineering either SRAM based or flash based FPGA could be chosen. 
 
Additionally, the manufacturer should have a range of devices within the same FPGA family that 
are footprint compatible, facilitating a change to a smaller or larger device by reducing the risk 
of having to redesign the PCB and those problems derived from the redesign. 
 
Finally, some manufacturers provide Structured-ASIC alternatives to their FPGAs, whether or 
not this will be a serious alternative for future production is not obvious. The FPGA prices have 
been declining and thereby making a conversion to Structured-ASIC less profitable, or even non-
profitable. According to Martin Trojer, Altera, a conversion from FPGA to ASIC using one of 
Altera’s smaller FPGAs will not be profitable, for example the reduced need of silicon is only 
approximately 20 percent for a Cyclone device. 

3.6.3 Design/system development 
According to 3.4.3 Developers of IP-cores the complexity of IP-solutions has increased, hence 
companies use externally pre-built IP-cores in their solutions; especially for standard parts of the 
design, pre-built cores are used to facilitate the development process.[117] Therefore, it is vital 
when deciding to use the FPGA technology to consider the advantages and disadvantages 
between developing the IP-cores internally, externally or to use some type of combination of the 
two alternatives. The question the company should ask itself is: “How vital is this component to 
the company; is this what we develop and see as our core competence, or is this only a by-
product that could be developed and maintained outside the company?” Depending on the 
answer the most suitable path could be chosen. 
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3.6.3.1 General Advantages and Disadvantages of Internal and External Development 
At first, there are some general advantages and disadvantages of internal and external 
development: 
 

• Internal Development 
  Advantages 

- Knowledge is created and kept within the company. 
- Easier to maintain the FPGA solution on a daily basis if the knowledge is 

present within the company. 
 Disadvantages 

- Time consuming development; hence delayed design process.19 
- High initial cost, i.e. not likely the company can develop an internal solution 

at a lower cost than external experts. 
- Probably difficult to find personnel with sufficient knowledge on a short time 

basis. 
 

• External Development 
Advantages 

- Short development time as external developer would have a pre-developed IP-
core. 

- Best knowledge in the market could be obtained. 
Disadvantages 

- Knowledge is outside the company. 
- Could be costly upgrades and modifications, i.e. could be difficult to assess 

the difficulties and required time for upgrades and modifications. 
- Risk of IP developer goes bankrupt. 
- It could be hard to find a second source to the existing IP-developer, i.e. after 

choosing an IP-developer it is difficult to switch to another. 
 
3.6.3.2 General Information and Recommendations 
Below general information and recommendations are presented to facilitate the understanding of 
the aspects with the two alternatives. 
 
Pure internal development: 

• Conduct a survey to see what knowledge is present within the company today. 
 

                                                 
19 Approximation of development time (one person) based on information from Niclas Jansson, BitSim: 
 Employ experienced personnel - 2 months 
 Introduction to Stoneridge Electronics – 2 months 
 Developing pure display controller for chosen display and memory, 1 – 2 months 
 Developing simulation cores and tools - 2 months 

Developing one GPU – 2-3 months (approximately 0-4 are needed, depending on desired 
complexity/functionality) 

 Summary: Approximately 15 months for one person 
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• If necessary, employ people with suitable skills within the field. Using consultants would 
not be a preferable option as the purpose is to generate and maintain the knowledge 
within the company. 

 
• Designing an IP-solution from scratch would be very time-consuming; hence the deadline 

of a prototype or product could not be expected to be in the near future. 
 

• There are a number of development tools and tools for verification and tests. Some of 
these are free of charge whereas others are sold for a significant amount. The company 
should evaluate how complex and detailed tests and verifications have to be in order to 
choose the most suitable tool. 

 
Pure external development: 

• FPGA second source - most IP developers only target one or a few brands of FPGAs, 
hence moving to another type of FPGA in the future could be difficult depending on the 
chosen IP design. According to Niclas Jansson at BitSim, this will not be a problem [28] 
but it is not known if this is valid for all IP developers.  

 
• The IP developer’s willingness to adapt to the customer requirements. A developer that is 

prepared to modify the IP-core according to the company’s wishes would be preferable. 
 

• The stability of the IP developer. Within the automotive industry the products are 
produced and used for significant time periods; that is, it would be preferable if the IP 
developer were active for more than 10 years to come. 

 
• As there are applications that could, in the future, be suitable for implementing in an 

FPGA, for example stepper motor drivers and CAN-cores, it would be preferable if the IP 
developer has the expertise to implement those cores, or make preparations for such 
solutions. 

 
3.6.3.3 The Stoneridge Electronics’ Middle Course 
The application described in 3.3.1 Display Control and Graphics Generation for SRE is vital, but 
the knowledge today is not sufficient; hence a middle course would preferably be chosen. Using 
a middle course, see Figure 12 for a graphical presentation, the advantages from both internal 
and external development could be utilized, creating the most cost effective and technology 
effective result. 
 

Development

Internal External
SRE

External
+

 Internal
+  

Figure 12: An illustration of the SRE middle course. 
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To achieve the desired cost and technology effective result, SRE should follow the described 
general information and recommendations below. In addition, the information and 
recommendations described in 3.6.3.1 General Advantages and Disadvantages and 3.6.3.2 
General Information and Recommendations should also be taken into consideration. 
 
Starting point would be to use an external provider of the IP design to reduce the initial 
development time. However, as this component is rather important to the company it is vital to 
transfer the knowledge to company personnel. Acquiring the source code, not only a net list, of 
the IP developer’s solution, could do this. Moreover, extensive documentation of the design 
should be obtained to facilitate future modifications of the code. It is also crucial to weight the 
cost versus risk of depending on the IP-developers expertise when future modifications and 
improvements are to be done. 
 
It is vital to consider all the mentioned aspects to reduce the risk of myopia, that is, not only take 
into account those parts that would be best for a short term solution, but also those aspects vital 
for a long-term solution, even though these could be costly in the short-term. This is a new field, 
not only for SRE, but also for other players in the automotive industry. Hence, it is crucial to 
establish knowledge within the field to utilize the benefits of the FPGA technology. 

3.6.4 Future 
The future of FPGA seems to be very bright. Prices are shrinking at the same time device size is 
increasing and development tools are improved, see 3.1.4 FPGA History and Technology Trend. 
The number of industry sectors using the technology would most certainly increase, hence 
boosting a further development of the technology as the market increases. The most significant 
advantage of the FPGA technology is its versatility. In the future, as the technology becomes 
more familiar to SRE, an entire embedded system including processor could be implemented. 
Another future possibility is the implementation of functions that require digital to analog 
conversion into the FPGA, increasing the versatility even more. 
 
3.6.4.1 Implement an Entire System within the FPGA 
In  3.3.1 Display Control and Graphics Generation the possible FPGA solutions today for SRE 
were presented. In the future, as the FPGA technology becomes a natural part of the SRE’ in-
house knowledge, the versatility of the FPGA could be used for implementing the 
microprocessor. Furthermore, other functions, for example stepper motor control or CAN 
interface could be implemented for a complete usage of the possibilities an FPGA provides 
(Figure 13). 
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Figure 13: FPGA future solution. 

 
3.6.4.2 Bringing Analog Signals into the FPGA 
As described in 3.5 Alternative Products and the Issue of Analog Signals there have been 
unsuccessful products in the market that would diminish the possibilities of fulfilling the stated 
vision in 2.2 Vision Statement; however the products recently launched and presented by Actel 
brings back hope. 
 
At this moment it is difficult to say whether or not the presented product from Actel will be a 
competitive alternative. Nonetheless, some general guidelines and recommendations that could 
be of help when analyzing the probability of success for SRE if implementing mixed signal-
FPGAs. 
 

• The implementation of A/D converter IP-cores into the FPGA should make the total cost 
lower than a solution using an FPGA and external A/D converter. 

 
• It is obvious that the capability of the A/D converter should be sufficient today, but also, 

the likelihood of a product update that would require an A/D converter with better 
resolution should be analyzed. If this would be needed it would imply changing FPGA to 
an FPGA that has the required A/D converter or adding an external A/D converter to the 
Printed Circuit Board (PCB). The consequences, for example the possible verifications 
and tests that follow should be evaluated. Depending on result, it could be profitable to 
use an external A/D converter from the beginning. 

 
• If the A/D converter has to be replaced by an external component or another internal 

converter, the complexity of modifications to IP-design interface towards the converter 
should be thought of. 
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• Those difficulties that could occur when trying to debug and verify a mixed signal system 
should be analyzed. In addition, it should be made sure that there are suitable tools for 
debugging. 

 
The increased complexity of a mixed signal FPGA compared to a standard FPGA in combination 
with the fact that the FPGA technology is new to SRE makes a mixed signal device inappropriate 
as a starting point in the FPGA technology for the company; nonetheless, for future products this 
might be an excellent alternative. 
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4 Prototypes, Display and Development Tools 
According to the objective of the thesis application prototypes have been developed. The 
prototypes have been used to implement a practical aspect to the thesis. This enables a better 
evaluation and analysis of the aspects of using FPGA for display control and graphics generation 
and shows the abilities of FPGA technology. The experimental part of the thesis has resulted in 
two separate prototypes; both developed using software tool and development board sponsored 
by Xilinx. As described in 3.4.3 Developers of IP-cores there are already IP-cores for display 
control and graphics generation in the market. In addition, the complexity and development time 
of these cores are substantial, especially with limited knowledge. The first prototype used a pre-
built embedded system comprising a display controller developed by Xilinx and pin compatible 
with the development board. The pre-built system was used as a basis for further modifications 
and development, for example a Sharp 10.4” display was implemented. 
 
The display controller in the first prototype had some limitations. In addition, the programming 
and technology knowledge has been improved during the thesis; therefore a stand-alone display 
controller has been developed to show the abilities of a “pure” display controller. This section 
describes the development tools, display, the development board and the two prototypes. 

4.1 Development Tools Description 
The development board and development software is sponsored by Xilinx and was used in the 
experimental part of the thesis. 

4.1.1 Spartan-3 FPGA  
The FPGA used is a Spartan-3 XC3S200 with 200,000 gates in 4,320 Logic Cells and with 216 
kBit BRAM. This component is in the spectrum of what would be suitable for a solution for 
SRE. 

 
Figure 14: Spartan-3 FPGA 

4.1.2 Digilent Development Kit 
A development card from Digilent is used.[118] The card includes the Spartan-3 XC3S200 
FPGA, 1Mbyte of SRAM (two 256Kx16 ISSI IS61LV25616AL-10T), 2Mbit Xilinx XCF02S 
Platform flash, RS-232 serial port, PS/2-style mouse/keyboard port, four-character, seven-
segment LED display, eight slide switches, eight LED outputs, four push buttons, and JTAG 
port. See Figure 15 for a complete development card overview. 
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Figure 15: Xilinx Spartan-3 Starter Kit Board Block Diagram.[120] 

4.1.4 Xilinx Integrated Software Environment – Xili nx ISE 
The development environment used is Xilinx ISE 7.1i that comprises all features necessary for 
the development process e.g. synthesize, simulation, area and timing constraints, and timing 
analyzer tools. The Project Navigator is a high-level manager for managing the development 
flow in the ISE environment (Figure 16). The Project Navigator has been used for the stand-
alone display controller development. In addition to the ISE environment, the Xilinx Embedded 
Development Kit, EDK has been used for the further development of the pre-built embedded 
system. 
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Figure 16: Development flow graphically presented in Project Navigator. 

 

4.1.5 Xilinx Embedded Development Kit – Xilinx EDK  
EDK is a suit of programs and features used for generating an embedded system comprising soft 
processor and required logic. One of the components in EDK is Xilinx Platform Studio (XPS), a 
GUI for creating both hardware and software for an embedded system. In addition to XPS, EDK 
also includes C/C++ Debugger and compiler for MicroBlaze, IP-cores, and software libraries. 
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4.2 Display and the Signals for Controlling It 
As mentioned in 1 Introduction it has become more common with color displays. Display used 
for the prototypes in the thesis is a 10.4” TFT-LCD display from Sharp (LG104V1DG51). It is a 
VGA display with 640x480 pixels resolution. The display has been chosen as it represents the 
type of displays that are suitable for automotive applications. It is a Liquid Crystal Display 
(LCD), matrix display that uses very small amount of power. LCD displays can either be 
transmissive or reflective. Transmissive type is illuminated from the back by a backlight and 
viewed from the front, whereas reflective type is illuminated by external light reflected by a 
reflector behind the display. The Sharp 10.4” is of transmissive type. Each pixel is divided into 
three cells red, green and blue. Each cell can be controlled individually and thereby resulting in 
3-bit color or more depending on desired number of colors. Thin Film Transistor (TFT) is used 
for improved image quality. 
 
A typical display requires a number of signals (Figure 17) to display a picture correctly. First of 
all, Red, Green and Blue color signals (RGB) that could be 3-bit or more, depending on the 
desired number of colors. The synchronization signals, Vertical Sync and Horizontal Sync 
(Figure 18), are used to inform the display when to change row and start from beginning i.e. 
upper left corner. The display clock is used for sampling each data signal. Finally, Vcc and 
Enable signals are used for a correct startup and driving of the display logic; the exact 
configuration is depending on display. 
 

Display controller DisplayHorizontal Sync

Enable

Green

Vertical Sync

Display Clock

Vcc

Red

Blue

 
Figure 17: Signals required by the display to be fully functioning. 

 
Figure 18: Sync signals for the Sharp 10.4” display.[119] 
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4.3 Platform Comprising Display Controller 
The platform20 selected was designed to show the capabilities of the Digilent development board 
including segment display, pushbuttons and VGA interface by letting the user play a Pong-game 
[121] (Figure 19) implemented on the platform and the board21. However, the main reason for 
choosing this platform, except from the free of use aspect and easy implementation on the 
Digilent development board, was the display controller incorporated in the platform. The Pong-
game was written solely in software code and could be used as a template for further 
development of the software code written for the purpose of the thesis. 
 

 
Figure 19: Screen dump of the Xilinx Pong-game. 

4.3.1. Platform General Overview 
The chosen platform differs slightly from the proposed solutions in 3.3.1 Display Control and 
Graphics Generation. The Xilinx platform uses an internal soft processor  (Figure 20) whereas 
the proposed solutions require external processor. This sidestep was taken as the chosen Digilent 
development board did not include external processor. 
 

FPGA

Video
Memory

Display
controller

Display

Processor

 
Figure 20: Simplified schematic picture of the Xilinx platform. 

                                                 
20 The term platform is used to describe the code, both hardware and software, implemented into the FPGA. See 2.5 
Definitions. 
21 The term board is used to describe the actual physical hardware i.e. the Digilent development board comprising 
FPGA and peripherals. See 2.5 Definitions.  
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The platform consists of a 32-bit MicroBlaze soft processor core, internal bus, display controller, 
and hardware for supporting the board peripherals, e.g. pushbuttons and four-character seven-
segment LED display. The main graphics is displayed via a computer monitor connected to a 
VGA port on the board. 
 
The most important part of the platform is the display controller, thus the focus will be on this 
part of the platform. The display controller is a regular display controller with no internal 
hardware acceleration. Furthermore, the controller uses internal memory on the FPGA as video 
memory and therefore the quality of the image is rather low. This makes the image too basic to 
be used for showing graphic information on a real display implemented in an instrument cluster. 
Anyhow, the controller gives the chance of showing the abilities of a simpler display controller.  
 
To be able to fit the image within the FPGA some restrictions have been made. The display 
controller only support 3-bit colors i.e. 8 colors. Moreover, the pixels on the display are grouped 
into blocks of 64 (8x8). Within these blocks only one color is allowed and the different pixels 
could only be programmed as on or off. 
 
The platform consists of four layers (Figure 21) each with specific functionality. The lowest 
level is written in hardware code i.e. the programmable logic code whereas the upper three layers 
are created using c or c++. However, the parts of the Pong software that interface the display 
controller have only two layers – hardware support and higher-level software. 

Hardware

Hardware support software

Low-level software

High-level software

 
Figure 21: Overview of the different platform layers. 

• The hardware layer comprises the hardware cores e.g. processor and display controller. 
• The hardware support software is the layer constituting all libraries and drivers generated 

by the development tools for communication between hardware layer and the higher 
levels of software. 

• The Low-level software is used to facilitate the communication between the Hardware 
support software layer and the High-level software. 

• High-level software, the layer that comprises the main program algorithms. 
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4.3.2 Platform Hardware Overview  
Peripheral Instance Version Description22 
microblaze microblaze_0 2.10.a 32-soft microprocessor 
util_bus_split util_bus_split_2 1.00.a Used for bus split23 
util_bus_split util_bus_split_0 1.00.a Used for bus split 
opb_v20 mb_opb  1.10.b On-Chip Peripheral Bus (OPB) arbiter 
opb_timer system_timer 1.00.b  System timer 
opb_intc system_intc 1.00.c  Interrupt control 
opb_color_video_ctrl opb_color_video_ctrl_0 1.00.a  Display controller 
bram_block lmb_bram 1.00.a  BRAM block 
lmb_bram_if_cntlr lmb_cntlr 1.00.b  BRAM interface controller24 
lmb_v10 ilmb 1.00.a  Local Memory Bus (LMB) 
fsl_v20 fsl_v20_1 1.00.b  Fast Simplex Link25 
fsl_ps2 fsl_ps2_0 1.00.a  Fast Simplex Link26 
lmb_bram_if_cntlr dlmb_cntlr 1.00.b  BRAM interface controller 
lmb_v10 dlmb 1.00.a  Local Memory Bus (LMB) 
opb_mdm debug_module 2.00.a  Debug interface 
opb_emc SRAM 1.10.b  External memory controller 
opb_uartlite RS232 1.00.b  RS232 interface 
opb_gpio Push_Buttons_3bit 3.01.a  4 pushbuttons 
opb_gpio PROMREAD 3.01.a  PROM read back 
opb_gpio LEDs_8Bit 3.01.a  8 LEDs 
opb_7segled LEDS_7SEGMENT 1.00.a  7-segment LED display 
opb_gpio DIP_Switches_8Bit 3.01.a  8 bit dipswitches 
 

Table 6: Platform Hardware 

4.3.3 Platform Hardware Support Software Overview 
Peripheral  Driver Version 
opb_timer tmrctr 1.00.b 
opb_intc none  
opb_color_video_ctrl generic 1.00.a 
microblaze cpu 1.00.a 
opb_v20 generic 1.10.a 
lmb_bram_if_cntlr bram 1.00.a 
fsl_ps2 none  
opb_mdm uartlite 1.00.b 
bus_pad none  
opb_emc emc 1.00.a 
opb_uartlite uartlite 1.00.b 
opb_gpio gpio 1.00.a 
opb_7segled gpio 1.00.a 
 

Table 7: Platform Hardware Support Software 

                                                 
22 This information could be found in XPS, MicroBlaze preferences under the tab “parameters”. 
23 The bus split is used for more efficient implementation in the FPGA, e.g. when an IP-core has 32-bit out signal 
but only a few of them are needed. 
24 The interface controller between the BRAM peripheral and the Local Memory Bus 
25 Unidirectional data streaming interfaces ideal for hardware i.e. a point-to-point bus for high bandwidth data 
transfers. 
26 FSL used for the ps2 interface. 
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4.3.4 Platform Display Controller Overview  
The display controller is formed by a number of HDL files and software files. 
 
4.3.4.1 Hardware 
The display controller is hierarchically constructed where the opb_color_video_ctrl is the top-
level entity. Figure 22 shows the hierarchy and below are those entities essential for the thesis 
demonstration platform briefly described. 
 

opb_color_video_ctrl*

color _mode_svga_ctrl*

Drive_DAC_Data

character_mode

char_ram

char_gen_rom

Color_RAM

color_pipe

SVGA_Timing_Generation*

FDR

FDRE

pselect

Drive_DAC_DataFIFO

FDCPE

 
Figure 22: Overview of the display controller. Entities marked with an ‘*’ has been modified. 

 
• opb_color_video_ctrl – top entity where all sub entities are gathered and all external 

signals to the rest of the platforms are handled 
 

• Drive_DAC_Data - enables either the bit-mapped image data from the video RAMs, or 
the character-mapped data from the character BRAMs to be passed to the video DAC. 27 

 
• character_mode – assembles those parts that comprises the video memory and 

information about the pre-defined characters and symbols 
 

• char_ram – the video memory 
  

• char_gen_rom  - where the predefined characters and symbols are stored, i.e. a Lookup 
Table (LUT) for those. The LUT could be updated at runtime 

 
• Color_RAM – creates a memory that is used to define the color of the 8x8 pixel blocks. 

                                                 
27 Bitmap mode is not available in this version of Xilinx Pong. 
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• color_pipe – creates a pipeline delay for the character color data to synchronize to the 

pixel data and the color data. 
 

• SVGA_Timing_Generation - handles the generation of synchronization signals. 
 
4.3.4.2 Software 
Hardware support software 
 
Function (Xilinx produced)   Description 
void scr_init()     Initialize screen 
void scr_clr()     Clear screen 
void scr_clr_region(int sx, int sy, int ex, int ey)   Clear region 
void scr_clr_block (int sx, int sy, int ex, int ey)   Clear block 
void scr_redefine_char (unsigned char c, unsigned int *defptr)  Redefine 8x8 pixel block 
void scr_write_char(int x, int y, char c, char color)  Write character 
void scr_write_chars(int x, int y, char  color, char *buf, int count) Write a string of characters 
void scr_read_char(int x, int y, int *c)   Read character 
void scr_fill_char(int x, int y, char c, char color, int count)  Fill a row of characters 
void scr_redefine_char (unsigned char c, unsigned int *defptr)  Redefine character 
void scr_draw_horiz_line(int x, int y, char color, int linelen)  Draw horizontal line 
void scr_draw_vert_line (int x, int y, char color, int linelen)  Draw vertical line 
 
Function (Thesis produced)   Description 
void scr_draw_array (char c, char color, char *needle)  Draw array 
void draw_redefined_pixel(int x, int y, char color)  Draw a redefined block 
void draw_filled_pixel (int x, int y, char color)   Draw filled block (8x8 pixels) 
void scr_write_char_field (int x, int y, char c, char color, int hl, int vl) Draw a field of characters 
 

Table 8: Xilinx and thesis produced hardware support software. 

 
4.3.4.3 Higher-level software 
In addition to the hardware support software there are thesis produced higher-level software that 
uses the hardware support functions to demonstrate their functionalities. This software is also 
integrated in the pre-written Xilinx software. 
 
Moreover, there are a number of Xilinx Pong methods that handles timer, keyboard, PS2 mouse, 
LED display, and push buttons. These functions are not important for the thesis and thus not 
described. 

4.4 Stand-alone Display Controller 
The platform described in 4.3 Platform Comprising Display Controller, and especially the 
display controller had some limitations, including 3-bit color, lack of comments in the code, and 
use of character mode for more effective data storage in video memory. Therefore, a stand-alone 
display controller has been developed (Figure 23), using the knowledge acquired from the 
platform modification and development, to mitigate those limitations. The stand-alone video 
controller has been created using ISE Project Navigator. It is carried out solely in HDL, i.e. 
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graphics is generated in hardware compared to the platform where the graphics is generated in 
software. 

Display
controller

 
Figure 23: Schematic overview of the stand-alone display controller. 

 
The capabilities of the display controller include 18-bit color, i.e. the entire spectrum supported 
by the display. Moreover, a video memory has been created where a 50x50 pixel frame could be 
stored. Pushbuttons and switches are used to facilitate interaction between user and application. 
The hierarchy of the display controller is presented in Figure 24, a screen dump of the Project 
Navigator hierarchy window.  
 

 
Figure 24: Display controller hierarchy.28 

 
• vga_controller – top level entity, external signals are handled and sync signals are 

generated 
 
• debounce – handles the ripple from the push buttons 

 
• rgb_generator – creates the graphics presented on the display 

 
• video_rom – constitutes the video memory 

 
 

                                                 
28 vga_controller.ucf, is the user constraints file and specifies the constraints on the design. These constraints affect 
how the design is implemented in the target device. 
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4.5 Developed Prototypes - Results and Discussion 
Two prototypes have been developed using Xilinx development tools and development board. 
The two prototypes enlighten different aspects of using FPGA. The evaluation is held separately 
for each of them. In addition, an evaluation of the development tools has been made. 

4.5.1 Embedded System Comprising Display Controller  
The use of an existing platform as a starting point to the demonstration platform gave the 
development a quick start. Thereby, more aspects of the demonstration prototype and 
development flow could be tested and analyzed. The embedded system put the display controller 
into a more realistic future application. The externally developed platform/IP-core illustrates a 
number of advantages and disadvantages that could be mapped to a future SRE application. 
These aspects are also used for the internal versus external development analysis in 3.6.3 
Design/system development. 
 
Advantages 

• Time saved as the platform was already constructed, i.e. no time had to be spent 
constructing the platform except understand the concept of Xilinx FPGA embedded 
system. 

• Even though the platform/IP-core is not used for a final application the knowledge and 
solutions implemented could be utilized in the final application. In this case, the platform 
was used to understand the concept of display control and graphics generation and 
thereby the development of the stand-alone display controller was facilitated. 

 
Disadvantages 

• There was no documentation or other information about the display controller29. This 
made modification and further development rather complex as the trial and error method 
sometimes had to be used.30 

• The Xilinx platform has been automatically generated using Xilinx development tools. 
The development tools create an immense number of project files that are hard to 
overlook. 

• It was difficult to know whether the functionality of the design was correct i.e. that the 
Xilinx developer had tested and verified the design properly. 

 
The lack of documentation emphasizes the importance of acquiring sufficient documentation and 
information if an IP-core is acquired from an external company. 
 
According to the report file generated by XPS the embedded system uses approximately 60 
percent of the CLBs. Figure 25 gives a graphic approximation of the relative size required.  
 

                                                 
29 However, for the basic system generated by XPS there is extensive documentation. 
30 It should be noted that Johan Andersson at Xilinx willingly answered the questions posted. However, as the 
platform was freeware it was difficult to demand appropriate assistance. 
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Figure 25: FPGA Editor generated routing of the Xilinx platform pasted on an FPGA. 

 
Development briefly described 
A standard monitor was used to display the information for the original platform via the standard 
VGA port on the development board. A number of modifications had to be done to make the 
platform compatible with the Sharp 10.4” display. 
 
Generation of  

• Pixel clock signal 
• Start-up sequence signal 
• Correct horizontal and vertical synchronization signals 
• Signals for displaying the picture correctly 
• Correct RGB-signals 

 
In addition a cable between development board and FPGA had to be created. 
 
Further development could be to 

• Interface the external memory, and thereby facilitating an increase in video memory. 
• Implement the stand-alone display controller into a complete platform. 
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4.5.2 The Stand-alone Display Controller 
The resulting display controller IP-core shows that it is rather easy with sufficient knowledge to 
create a display controller. The controller uses approximately 10% of the CLBs (approximately 
500 equivalent Logic Cells) and the 90x90 pixel video memory requires approximately 75% of 
total BRAM when implemented in the XC3S200. This indicates that a display controller could 
be fitted inside a rather small FPGA. Figure 26 gives a graphic approximation of the relative size 
required31. 
 

 
Figure 26: FPGA Editor generated routing of the stand-alone controller pasted on an FPGA. 

 
The most significant limitation is the small video memory due to the use of internal FPGA RAM. 
In addition, it is not possible to write to the video memory at runtime at this point.  
 
Further development of the display controller could be to 

- Increase the complexity of the graphic generation. 
- Interface external ROM/RAM to increase the video memory. 
- Develop a bus interface to make it possible to implement the controller in an 

embedded system comparable to the first prototype. 

                                                 
31 The figure illustrates the routing between the CLBs. This gives a rough approximation of the size of the FPGA 
that has been used. However, the stand-alone display controller is not optimized i.e. it could be possible to reduce 
required size by optimizing the code and thereby use each CLB more efficiently. 
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4.5.3 Development Tools Used 
Development tool used during the thesis have been Xilinx ISE, described in 4.1 Development 
Tools Description. ISE has facilitated the development and thereby made it possible within the 
scope of the thesis to develop two separate prototypes. Two ISE development-flow managers, 
Project Navigator and Xilinx Platform Studio (XPS), have been used. 
 
Project Navigator - used for the stand-alone display controller design - connects the ISE program 
applications, e.g. synthesize, place and route into one shell. This has given a comprehensive view 
of the entire development flow and hierarchy of the files in the design. In addition, VHDL test 
benches for the design can easily be generated and used for simulation in ModelSim.[122] When 
using Project Navigator it is also possible to produce schematics of the actual physical design. 
This gives the developer a better overview of the different entities in the design and the 
connections between them. 
 
Xilinx Platform Studio, used for the platform comprising display controller, assists the user to 
create an entire embedded system within minutes; presumed that the preferences of the 
development board are known to XPS. The system could be created without having to write any 
HDL code. Furthermore, necessary hardware drivers and software files are automatically 
generated and implemented and thereby the developer can start writing software code instantly. 
However, there is a risk of using the provided wizard to create the system. It is difficult to 
overlook the entire system and generated files. Another benefit is that XPS can automatically 
generate report files comprising information about the system, addresses, timing information, 
and required size per peripheral and soft processor. 
 
During the development of the first prototype, the method of trial and error has been used. The 
major drawback of trial and error is the time that is required to synthesize, place and route the 
design. It takes approximately 20 – 25 minutes to implement the first prototype. A better solution 
would have been to use the Xilinx Microprocessor Debug (XMD) for parallel debugging of 
hardware and software. However, building simulation models and debugging has been seen as 
too complex and time consuming during the first prototype development. However, during the 
development of the stand-alone display controller test benches have been created (using Project 
Navigator) to simulate behavior of the IP-core in ModelSim. 
  
ISE provides the developer with a number of other tools that facilitates the development. By 
using those tools the versatility of the FPGA can be fully utilized. One of the tools is FPGA 
Editor where preferences of I/O-blocks and CLBs can be set32. In addition, ISE supports the 
developer with extensive documentation and coding examples. 
 
Finally, the ISE development tools are rapidly evolving. At the beginning of the thesis ISE 6.3 
was much of a standard. However ISE 7.1 was used during the thesis and now in January the ISE 
8.1 is available. 

                                                 
32 Example: for the I/O-block slew rate, i.e. the slope of the signal pulse. 
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5 Conclusion 
The objective of the thesis was to investigate the FPGA technology, comprising manufacturers, 
devices, and Intellectual Property cores to evaluate whether the technology could be a viable 
option for display control and graphics generation for the automotive industry and SRE. 
  
There are FPGAs on the market that fulfill the standards set by the automotive industry described 
in 3.4.1 Manufacturers of FPGAs. The cost per FPGA device has shrunk drastically at the same 
time the capacity of FPGAs has become significantly larger. This has made the FPGA 
technology a serious alternative for a number of industry sectors, among those the automotive 
industry. In addition, some manufacturers have FPGAs that explicitly target the automotive 
industry. 
 
Moreover, the different pre-built IP-solutions presented 3.4.3 Developers of IP-cores in 
combination with the thesis demonstration board solution shows that display control and 
graphics generation using FPGA technology is possible. Furthermore, the number of pre-built IP-
cores are increasing and thereby facilitating the use of FPGAs for companies with lack of earlier 
knowledge of the technology. 
 
Of course, when SRE decides whether to use the FPGA technology, there are a number of 
aspects to consider and take advantage of to create the best cost and technology effective result. 
SRE should consider, among others, the nature and human environmental aspects and thereby 
whether to use SRAM or flash based FPGAs. Moreover, SRE should also consider whether 
development should be made internally, externally or a combination of both. The later alternative 
has been proposed in the thesis. In addition to display control other automotive applications are 
possible to implement into the FPGA. It is therefore vital to consider those applications today to 
reduce the risk of myopia i.e. make good long-term decisions facilitating future implementations 
of those applications. 
 
Moreover, the re-programmability of FPGAs allows the designers to take greater risks and 
innovate more during the development phase. It will also be possible to accelerate applications 
by implementing software algorithms into hardware code. In addition, FPGA facilitates last 
minute changes of the design without having to make changes in the actual PCB. Furthermore, in 
the future the total number of components and component cost can probably be reduced as 
functions can be implemented in the FPGA. 
 
Finally, the future of the FPGA technology looks very bright; the trend is towards even better 
devices at a lower cost, compatible with other technologies, hence starting to use FPGA 
technology will most certainly benefit SRE both technologically and financially. 
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Appendix A: And-gate Code Example 
The example of code creates an and-gate that has reset and toggles at positive clock signal. The 
first figure illustrates the entity (red – farthest out), the architecture (blue - middle) and processes 
(green – farthest in). The second figure shows the corresponding code. 
 

 
 

 


