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Introduction

In the Industry, rapidly increasing design complexity and very tight time-to-market
schedules are typical for many years by now. In the field of embedded systems design,
a paradigm shift occurred from System-on-Chip towards Reconfigurable System-on-Chip
(RSoC) designs. This shift requires new tools, skills, and methodologies. One way to
help developers deal with these new challenges is by providing them with development
kits. This practice is widely used even for designs based on simple micro-controllers,
e.g., 8051-based systems, and provides two major advantages. First, by utilizing
development kits selection of the most appropriate solution for the end product becomes
feasible. Second, the utilization of working hardware together with example or refer-
ence designs can significantly speed up the development process and shorten the tools
learning time. Since many of today’s Computer Engineering students are the Industries
embedded systems designers of tomorrow, they have to gain practical skills required
by the real situation in the Industry. Therefore, it is important to include up-to-date
development tools and state of the art hardware into the University educational programs.

As wviewed from the Academic perspective, the existing development kits, such as
the Altera EPXA10 development kit [1] and the Xilinx Virtex-1I Pro [2] development kit,
suffer from two main disadvantages: very high cost and insufficient interface options,
e.g., lack of video out and audio in/out. Those two factors make them practically
unusable for Academic and small Research/Industry groups. In order to address these
disadvantages (with a limited budget in mind), it was decided to initiate the DAMP
(Delft Altera-based Multimedia Platform) project which is meant to produce a low-cost
multimedia enhanced platform built around an Altera Fxcalibur RSoC device. In this
thesis the last stages of the DAMP project are described, namely testing a prototype,
redesigning the schematics and PCB, and the development of reference designs, which
are required to support future DAMP development.

This chapter is organized as follows.  Section 1.1 gives background information
concerning reconfigurable computing and system-on-chip design. Section 1.2 presents
some information about the hardware/software co-design paradigm. Section 1.3 discusses
the Altera Fxcalibur device. Section 1.4 presents the DAMP design goals and the utilized
methodology. Section 1.5 discusses the framework of the thesis.

1.1 Reconfigurable System-on-Chip

The ongoing miniaturization process, the introduction of power efficient algorithms and
computational structures, and the advances in battery technology has been boosting
the portable devices market. Standard design practice for these portable devices is to
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develop them around a single microchip that contains the electronic circuits and parts
which can normally be found in a system. This microchip is referred to as a System-on-
Chip (SoC). The key components of an SoC are a (micro)processor, memory and various
interfaces to external devices.

Due to the increased performance and decreased cost, programmable devices are be-
coming standard components in many embedded systems. Today’s Field Programmable
Gate Arrays (FPGA’s) provide over 10 million system gates composed of memory, data-
path elements and reconfigurable logic gates. By using FPGA-based hardware in combi-
nation with a SoC design, a system can be reprogrammed to exhibit arbitrary hardware-
based functionality. An SoC that includes reconfigurable logic is referred to as a Recon-
figurable System-on-chip (RSoC).

The use of an RSoC design provides three major advantages when compared to
Application Specific Integrated Circuit (ASIC) or General Purpose Processor (GPP)
designs:

- First, the RSoC combines the speed of an ASIC with the versatility of a GPP, thus
an RSoC can offer higher performance than a GPP and can be more flexible than
an ASIC.

- Second, the use of RSoC designs reduces time to market when compared to tradi-
tional ASIC designs. This is because the real hardware is available immediately,
while the ASIC has to be manufactured. In addition, bug fixes and design upgrades
can be more extensive as significant portions of the hardware can be altered and
not just the software.

- Third, the RSoC design provides the means for the utilization of run-time re-
configurability. Run-time reconfigurability implies that the behavior of application
specific units can be changed under hardware or software control while maintaining
the normal operation of the system.

There are two types of processor cores that can be used in an RSoC, namely a softcore
processor implemented in reconfigurable logic, such as the Altera Nios processor [3], and
a hardware-based processor like in the case of the Altera Excalibur device [4], which
consists of an industry-standard ARM922T processor core and FPGA-based hardware.
Another example of an RSoC with a hardware-based processor is the Xilinx Virtex-
IT Pro FPGA series [2] which integrate up to four IBM PowerPC 405 processors and
FPGA-based hardware.

The ARM processor is very popular in many embedded devices, some of them target-
ing the 3G mobile telephony. An important part of the ARM processor is the Advanced
Microcontroller Bus Architechure (AMBA) [5] bus, which is widely used by developers
of SoCs. The AMBA bus is connecting the ARM processor with peripherals, such as a
Liquid Crystal Display (LCD) controller and a Synchronous Dynamic Random Access
Memory (SDRAM) controller. Two AMBA buses are present in the Altera Excalibur
device. The Programmable Logic Device (PLD), which is the reconfigurable part of the
Excalibur device, is one of the peripherals connected to the AMBA bus. Hence, it is
possible to develop custom AMBA peripherals and to reconfigure them via a software
program at run-time. Runtime reconfigurability and the presence of the AMBA bus,
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give the Excalibur its unique properties. The Altera Excalibur device is therefore chosen
as DAMP’s backbone.

1.2 Hardware/Software Co-design

Many people tend to think of embedded systems in terms of end products, e.g., mobile
telephones, PDAs. However, a system is an embedded system if it is a component of
some larger system. Therefore SoCs and RSoCs are also embedded systems, which can
be embedded in a larger environment, such as for example a television set.

DAMP supports the embedded systems development, and in fact already contains
an embedded system, namely the Altera Excalibur RSoC. One of the main questions in
designing embedded systems, is to decide what part of the application to map in hardware
and what to map in software. This is called the hardware/software co-design paradigm.
If an application is to be mapped on DAMP, this paradigm should be exercised in such
a way that an optimal system design is produced.

When a given application has to be mapped on DAMP, the software can be run on the
ARM processor and special hardware units can be programmed in the PLD. In this way,
different implementations corresponding to the same application can be investigated,
which helps finding the most appropriate implementation for a certain application.

1.3 Excalibur organization

The Excalibur device consists of two parts: a PLD and a stripe. The PLD is basically
an FPGA fabric based on the Altera APEX 20KE technology [6]. The stripe contains an
ARM processor and other peripherals, such as a Synchronous Dynamic Random Access
Memory (SDRAM) interface, Universal Asynchronous Receiver/Transmitter (UART)
interface, and an interrupt controller. Figure 1.1 presents the internal organization of
the Excalibur device.

The ARM processor, the PLD and the on-chip peripherals are connected via two
busses, which are based on the AMBA High-performance Bus (AHB) specification [5].
The first AMBA bus (AHB1) is the main bus and connects the processor to processor
specific slaves, such as the interrupt controller and the watchdog timer. The processor is
the only master on this bus. The internal Static Random Access Memory (SRAM) and
the Dual Port Random Access Memory (DPRAM) are also connected to AHB1, which
allows the processor fast memory access. Any transaction which is not intended for a
peripheral on AHB1 is routed to the AHB1-2 bridge. This bridge is also one of the AHB1
slaves, which gives the processor access to the AMBA bus AHB2.

AMBA bus AHB2 is connected to all other peripherals and provides access to the PLD
from the ARM processor. There are three potential bus masters on AHB2:

- AHBI1-2 bridge: The AHB1-2 bridge processes transactions that originate from
the embedded processor on AHB1 and whose destination is either on AHB2 or in the
PLD.

- Configuration logic: The Configuration logic configures the SRAM, DPRAM
and the PLD.
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Figure 1.1: Internal organization of the Excalibur device.

- PLD-to-Stripe bridge: The PLD-to-Stripe bridge provides masters in the PLD
access to slaves on AHB2.

All other peripherals, such as the UART and Stripe-to-PLD bridge, behave as slaves
on the AHB2. Note that the Configuration Logic can operate in both modes: slave and
master.

The stripe interface enables the communication between the stripe and the PLD of the
Excalibur device and consists of the following interfaces: the DPRAM memory, the PLD-
to-Stripe bridge and the Stripe-to-PLD bridge. The DPRAM memory can be used as an
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shared memory interface with data access from both sides of the stripe interface. The
PLD-to-Stripe and the Stripe-to-PLD bridges utilize the AHB bus standard [5]. As stated
before, the PLD-to-Stripe bridge enables peripherals (masters) inside the PLD to access
slave peripherals located on AHB2. An example of such a peripheral is a VGA engine,
which reads data from a framebuffer located in the SDRAM. Access to the framebuffer
is provided by the PLD-to-Stripe bridge, the AHB2 bus and the SDRAM controller. The
Stripe-to-PLD bridge enables the ARM processor to access slave peripherals located
inside the PLD. Such a slave peripheral can be utilized by software and can perform
computational intensive tasks in hardware, e.g., FFT.

In order to interface with external memory, the Excalibur device contains an Expan-
sion Bus Interface (EBI) and an SDRAM interface. The SDRAM interface is capable
of addressing 512Mbytes of SDRAM memory in 32-bit mode. The EBI interface sup-
ports various other memory types, e.g., Flash memory, SRAM, and memory mapped
peripherals.

The Excalibur device family consists of the EPXA10, EPXA4 and EPXA1 device
types, which all have different PLD sizes. Since the EPXA10 is expensive, when com-
pared to the EPXA4 and EPXAL, it was decided that DAMP should be based on either
the EPXA4 or the EPXA1. Table 1.1 shows a short overview of the main EXPAx capa-
bilities. The ARM-Based Embedded Processor PLD’s Hardware Reference Manual 2.0
[4] presents a complete overview of the capabilities of the EPXAx devices.

Feature EPXA1 device EPXA4 device
Max. system gates 263.000 1.052.000
Typical gates 100.000 400.000
Logic Elements 4.160 16.640
Embedded System Blocks | 26 104
Maximum RAM bits 53,248 212.992
Maximum User I/O pins | 178 275

(PLD)

SRAM 32 kBytes 128 kBytes
DPRAM 16 kBytes 64 kBytes
Embedded Trace Module | No ETM9
General Purpose I/O | 4-bits 8-bits

Port

Low-power PLL Yes No

Table 1.1: EPXAx capabilities

The EPXA4 and EPXA1 are available in various package versions. The EPXA4 is
available in a 672-pin Fineline Ball Grid Array (FBGA) package and in a 1020-pin FBGA
package. The EPXAL is available in a 672-pin FBGA package and in a 484-pin FBGA
package. The 672-pin versions of the EPXA4 and EPXAT1 devices are pin-compatible.
However, since the EPXA1 device contains less I/O pins than the EPXA4, there are
more not-connected pins on the EPXA1 than on the EPXA4. It was decided to use the
common 672-pin package, in order to support both devices with the same PCB design.
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Figure 1.2: Overview of the DAMP Design Trajectory.

1.4 DAMP Design Trajectory

The main target of the DAMP project is to provide a low-cost development platform
for the embedded systems specification and hardware-software co-design, with the main
focus on (mobile) multimedia applications. In order to obtain the targeted result, a
design trajectory (Figure 1.2) has to be followed. The DAMP Design Trajectory consists
of the following steps:

1. A DAMP specification has to be defined. In order to acquire the DAMP specifica-

tion, a thorough investigation of the requirements, restrictions, and of the design
space is needed.

. The DAMP hardware has to be designed. The design flow of the hardware design

consists of the following sub-steps:
- Design a functional representation of the system, i.e., develop a schematic
design according to the DAMP specification.

- Design a physical representation of the system by converting the schematic
design into a Printed Circuit Board (PCB) design.

. The DAMP design has to be verified, by testing a prototype. In order to do that, a

testing methodology has to be developed and the test results have to be analyzed.

. The DAMP hardware has to be redesigned according to the results of the verifica-

tion step.

In order to support future DAMP developments, reference designs have to be developed.
Such reference designs, together with a fully functional DAMP development board, can
significantly speed up the development process and shorten the tools learning time.
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1.5 Thesis Framework

The purpose of this thesis is to present an overview of the research and development
work, concerning the DAMP project, done at the Computer Engineering Laboratory
of the department of Electrical Engineering. This work is performed as part of a
graduation project in the Computer Engineering Master of Science program at Delft
University of Technology. The thesis organization is as follows:

Chapter 2 discusses the requirements, restrictions and the design space explo-
ration used to acquire the DAMP specification.

Chapter 3 presents the testing methodology, which was developed to detect de-
sign errors. The resulting design modifications are also presented.

Chapter 4 describes the redesign process of the DAMP schematic and the DAMP
PCB. The results of Chapter 3 are used as a guideline.

Chapter 5 discusses the reference designs, which are created in order to support
future DAMP development.

Chapter 6 concludes the thesis, describes the main contributions and highlights
future work directions.
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DAMP Specification

Designing a complex multimedia platform for embedded systems development such as
DAMP, cannot be done without a clear system specification. A thorough investigation of
the requirements and restrictions together with a design space exploration are required, in
order to acquire the DAMP specification. Acquiring the DAMP specification constitutes
the subject of the present chapter.

This chapter is organized as follows. Section 2.1 discusses the requirements and
restrictions that were taken into consideration. Section 2.2 presents the design space
exploration process. Finally, in Section 2.3 an overview of the DAMP specification is
presented, which is based on the decisions made during design space exploration.

2.1 Requirements and Restrictions

Before proceeding with the DAMP design space exploration, the main requirements and
restrictions have to be considered. The requirements and restrictions form the base of
the design space exploration.

Requirements

The DAMP design has to fulfill a number of requirements. These requirements are as
follows:

1. Multimedia: DAMP is meant to be used as a platform for embedded systems
development, mainly targeted on multimedia and mobile applications. DAMP
should therefore support interfaces like video and audio, and should also provide
communication options, such as UART or Ethernet. All these features require
memory present on the development board, therefore DAMP should incorporate
onboard memory.

2. Excalibur compatibility: DAMP should be compatible with all 672-pins versions
of the Excalibur device family.

3. Software support: Currently only Altera provides design software that supports
hardware and software development for the Excalibur device. Hence, DAMP should
work gluelessly with the Quartus II development tools [7] and standard Altera
download cables.

4. Nios support: DAMP is supposed to provide a natural Nios-to-Excalibur migra-
tion path for Nios customers extension boards.
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5. Testability: DAMP should support a variety of testing capabilities. In order to
accomplish this, some or all Excalibur pins should be connected to test pin-headers.
DAMP should also support the debugging features of the Excalibur device. These
debugging features can be addressed through standard Joint Test Action Group
(JTAG [8]) or In-Circuit Emulator (ICE) interfaces.

Restrictions

The DAMP design process has one main restriction, namely that DAMP should be a
low-cost development platform. The total cost of a DAMP PCB and the components
should not exceed €1000. In order to keep the cost of the development board reasonable,
the Printed Circuit Board (PCB) production cost should be minimal. Furthermore, the
DAMP cost can be further decreased by reducing the component cost. The following
factors influence PCB production cost:

- PCB Stack-up: The amount of copper used on each layer stack-up, the number
of layers, the print thickness/size and layer base material.

- PCB Traces: The minimal/maximal trace width and number of traces used.
- PCB Vias: The amount, type and minimum hole size used for the vias.

- PCB Surface finish: The type of surface finish used for the top and bottom
layer.

- PCB Mask layers: The optional use of a solder mask and paste mask.

- PCB Silkscreen: The optional use of silkscreen on one side or both sides of the
PCB.

To reduce the component cost, circuits can be simplified. However, this decreases the
number of services and the flexibility of these services. Some services can be taken over
by units inside the PLD of the Excalibur device, which reduces the cost even more.
However, DAMP is intended to be a platform for hardware/software co-design, which
implies that the PLD utilization for such purpose should be limited. Ideally, the entire
PLD should be available for the end user.

Because the cost of the Excalibur device is high, when compared with other compo-
nents, the main focus should be on the reduction of the PCB cost. However, component
cost and PLD utilization should still be taken in consideration.

2.2 Design Space Exploration

As stated before, DAMP is meant to be used as development platform for embedded
systems, mainly targeted on multimedia and mobile applications. DAMP should contain
an infrastructure, which is required by the Excalibur device and other devices in order
to operate, namely power, clock and reset circuitry. Furthermore it should contain
multimedia interfaces, such as video and audio. In order to communicate with other
development boards, daughter cards or computers, various interfaces should also be part
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of the DAMP design. To fulfill these requirements, a platform is proposed (Figure 2.1)
which contains the following features:

- Power, clock and reset circuit

- Connectors to access Excalibur’s dedicated and I/0 pins
- JTAG interface

- User I/0 interface

- Flash memory

- SDRAM interface

- UART interface

- Video out

- High quality audio in/out (stereo)

- Ethernet support

- USB v2.0 support

- PS/2 interface

- IDE interface

- Optional Altera Apex FPGA (socket)

- Daughter card interface (Nios daughter card interface compatible)

In the next subsections, different implementations of the proposed features are analyzed.
A short evaluation of each possibility is presented in respect to cost and utilization of
Excalibur resources when appropriate. Furthermore, for each and every feature, we
present the implementation decision we’ve taken after the evaluation process.

Power, clock and reset circuit

The Excalibur device cannot operate in absence of proper power, clock and reset signals.
Thus, circuits that provide these signals are to be implemented.

The Excalibur device requires two different voltage levels: 1.8V for the internal core
and 3.3V for the I/O buffers, which connect the internal core to various I/O pins. Fur-
thermore, it is likely that components are to be used which require voltage levels of 5V
and 12V.

Related to the implementation of the power circuit, two options can be considered.
First, an external Advanced Technology eXtended (ATX) power supply can be used and
thus an ATX connector should be mounted on the development board. This gives the
advantage that several voltage levels are present on the board and gives the flexibility
of using standard widely available ATX power supplies. The second option is to use
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Figure 2.1: Proposed Features, Requirements and Signal-flow for DAMP board.

an external 5V or 9V power supply (not ATX) and several voltage regulators on the
development board. This increases the complexity of the PCB design, however an
external ATX power supply is not required.

Based on the previous discussion, the decision was made to implement the fol-
lowing. The Power Circuit should use an ATX power supply, which delivers most of the
required voltages to the DAMP board. Since the ATX power supply doesn’t provide
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1.8V, an additional voltage regulator is required to generate this voltage on the board.

The Excalibur device features four clock inputs, which are connected to the Ex-
calibur PLD part, and one reference clock input, which is connected to the stripe. This
gives a total of five clock inputs. A clock circuit is required to provide the clock inputs
of the Excalibur device with clock signals.

There are two solutions on how to implement the DAMP clock circuit. The first
solution is to provide a single clock oscillator and a clock buffer. This reduces component
cost and PCB space, however this solution cannot provide different clock frequencies at
the Excalibur’s clock inputs, hence all resources run with the same speed. The second
option is to use a separate clock oscillator for each Excalibur clock input. This provides
a high flexibility, however it increases the complexity of the design and the component
cost. Nevertheless, by supplying various PLD units with different clock frequencies, one
can achieve a better performance or a more efficient power usage. For example, a rather
large computation takes more time than small computation and therefore requires to run
at a lower clock frequency than the small computation. By increasing the frequency at
which the small computation operates, one can achieve a higher performance. Decreasing
the frequencies of both computations increases the efficiency of the power usage. Thus
it becomes clear that the DAMP has to include more clock oscillators in order to be able
to provide the means for power effective computation.

An additional feature for the clock circuit can be to provide the means for external
clock inputs, in the form of an extra input pin. This requires the onboard clock
oscillators to be disabled when this feature is utilized.

Based on the discussion about the above solutions, it was decided to use five
separate clock oscillators. As stated before, four clock oscillators should be connected
to the PLD of the Excalibur device and one should be connected to the stripe’s clock
input. Switches should also be incorporated to enable/disable the clock oscillators.

The Excalibur device requires an external power-on-reset signal, in order to per-
form a proper power-up sequence. The reset circuit should also contain a manual
reset option, which functions independently of the power-on-reset signal. The external
power-on-reset signal should be generated by a voltage monitoring component and
should be connected to the power-on-reset input (NPOR) of the Excalibur device. In
order to provide a manual reset option, a dedicated reset button should be used. This
button is to be connected to the reset input (NCONFIG) of the Excalibur device.

Based on the previous arguments, the following was decided. The Reset Circuit
should consist of a power-on-reset component, which generates the proper reset pulse to
the Excalibur device after the required voltage levels are reached. Second a push-button
has to be implemented to provide a manual reset option.
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Connectors to access Excalibur’s dedicated and I/0O pins

In order to test the Excalibur device and its connected features, there should be an
option to read, write and monitor all pin values of the Excalibur device. To accomplish
this, pin headers should be implemented around the Excalibur device (Figure 2.1). The
two possible options are:

1. Connect every ground, power, I/O and dedicated pin of the Excalibur device to a
corresponding test pin.

2. Connect every I/O and dedicated pin of the Excalibur device to a corresponding
test pin and connect the power and ground pins directly to the power distribution
on the PCB.

The first option offers the highest flexibility, but requires a significant amount of test
pins. Hence, this will increase the PCB space considerably. Furthermore, in order to
connect all Excalibur pins to pin headers, additional signal layers are required and thus
PCB production cost increases. The second option does not increase the cost, but then
only the I/O and dedicated pins of the Excalibur device pins can be accessed, which
reduces the testing capabilities.

Based on the discussion above, the following was decided. Only the dedicated
and I/O pins of the Excalibur device are to be connected to test pins. To support
this, twelve 2x20 pins headers and four 2x24 pins headers have to be mounted on the
development board. The unconnected pins of the pin headers are to be connected to
the power distribution on the PCB.

JTAG interface

The Excalibur device can be configured through the JTAG interface with the use of
the Quartus II development tool. The Excalibur device provides JTAG Boundary Scan
Test (BST) circuitry, that complies with the IEEE Std. 1149.1-1900 specification [4].
In addition to the internal test options, the JTAG BST circuitry provides access to
external memory connected to the Excalibur device, e.g., Flash memory. The Excalibur
device contains two JTAG Test Access Port (TAP) controllers. The Programmable Logic
Device (PLD) TAP controller is used for boundary scan testing of the physical pins of
Excalibur device and for downloading configuration data to the PLD. The TAP controller
(ARM TAP) connected to the embedded ARM processor can be used for monitoring
debug information from the embedded ARM processor. This includes processor registers
information, stackpointer information and error detection capabilities.
The Excalibur device supports two JTAG configuration modes:

- Serial JTAG programming mode: In serial JTAG programming mode the
PLD TAP controller and the ARM TAP controller are connected in single serial
chain. Both controllers are accessible from one physical port and thus require only
single connector.
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- Simultaneous JTAG programming mode: In simultaneous JTAG program-
ming mode the PLD TAP controller and the ARM TAP controller are connected
to separate ports and thus require two connectors, which are presented in Figure
2.1. This mode makes it possible to simultaneously access both TAP controllers in
realtime for debugging purposes.

Because one of the requirements is that the board should be compatible with Altera
download cables, a MasterBlaster [9] compatible connector has to be used on the de-
velopment board. The MasterBlaster should be connected to the Excalibur PLD TAP
controller and utilizes JTAG boundary scanning. In order to support the JTAG simul-
taneous programming mode, a second 2x20 pins connector should be connected to the
Excalibur device, which is directly connected to the ARM TAP controller. Furthermore
it should still be possible to use JTAG serial programming mode through the use of
the MasterBlaster connections. Thus two connectors are to be used on the development
board.

User 1/0 interface

In order to support interaction with the user, an user interface is required. There are
several options on how to implement this feature. One option is to use a touchscreen
controller, which is advanced but costly. Another option, which is less complex but
inexpensive, is to use a more standard approach that utilizes the following components:

Push-buttons.

Dipswitch bank.

- LEDs.

7-segment displays.

With simplicity and the low-cost restriction in mind, the following was decided. The User
I/O implementation should consist of one 8-switch dipswitch bank, four push-buttons
and two 7-segments displays. Furthermore, the User I/O should also include eight LEDs.
All User I/O components have to be connected to the PLD I/O pins.

Flash memory

Flash memory devices have become the solution of choice in many applications, including
mobile phones. The Altera Excalibur device provides a bidirectional Expansion Bus
Interface (EBI), which is used as a bridge to external low-speed memory devices, such
as Flash memory devices. Altera offers tools to program Flash memories through the
JTAG interface. Furthermore the Excalibur device supports booting from external Flash
memory.

The EBI of the Altera Excalibur device is supporting up to four external memory
devices, each of them being up to 32 MBytes. The DAMP development board can also
contain support for up to four devices, such that the end user can extend the amount
of memory if desired. This provides maximum flexibility in Flash memory support, but
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it increases design complexity and PCB cost. An alternative is to provide support for
less Flash memory devices, which decreases the complexity and the cost. However, this
also limits the flexibility.

The following was decided. Support of up to four Flash memory devices should
be provided on the development board, in order to support a large storage space. To
program the Flash devices with the Quartus II development tool, it is required that
the Flash devices are to be compatible with the AMD command-set [10]. The Toshiba
TC58FVB641FT-10 [11] NOR Flash device is to be used as a reference device, which
has a capacity of 64Mbit and utilizes the AMD command-set.

SDRAM interface

The Excalibur device contains a certain amount of internal RAM in order to run software
programs. The amount of memory inside depends on the Excalibur device type (Table
2.1). In many practical situations the on-chip memory present in either the EPXA1
or the EPXA4 devices is not sufficient. In order to support high-speed data transfers
between a larger memory and the ARM processor or PLD, DAMP should support an
SDRAM interface.

Device | SRAM Size | DPRAM Size
EPXA1 32 KBytes 16 KBytes
EPXA4 | 128 KBytes 64 KBytes

Table 2.1: Excalibur Internal RAM sizes.

There are two options available to implement an SDRAM controller:
1. Use a custom-made SDRAM controller implemented in the PLD.
2. Use the SDRAM controller integrated in the Excalibur device.

The first option gives maximum flexibility to the user in how to implement the SDRAM
controller, such that different and faster implementations are feasible. The disadvantage
here is that Excalibur I/O pins are required, when using the EPXA1. The EPXA4 device
is able to use the pins connected to the integrated SDRAM controller as I/O pins, thus
no extra pins are required.

The second option does not utilize the PLD. Furthermore the dedicated SDRAM
pins from the Excalibur device can be used, thus no extra I/O pins are required. The
integrated SDRAM controller supports Single Data Rate (SDR, 133 MHz) memory and
Double Data Rate (DDR, 266 MHz) memory confirming to JEDEC [12] specifications.
There are several options on how to implement SDRAM memory on the development
board:

1. SDR memory devices mounted directly on the development board.

2. DDR memory devices mounted directly on the development board.
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3. A 168-pin Dual Inline Memory Module (DIMM) socket mounted directly on the
development board.

4. A combination of the above options: the use of memory and a DIMM socket on
the development board.

The first two options have the advantage that there is always memory available onboard,
however they increase the component cost of the development board. A major weakness
for both is that the memory sizes are fixed and cannot be varied. The use of sockets
solves this issue and gives the third option a significant advantage. The last option has
all the advantages of the other options, but has also two disadvantages considering the
low-cost restriction. First, it is the most expensive one in terms of component cost.
Second, the PCB design complexity increases in terms of connecting the Excalibur to
the SDRAM devices and matching SDRAM timing requirements.

Based on the previous discussion, the following was decided. An 168-pin DIMM
socket is to be mounted on the DAMP development board in order to support SDRAM.
This option provides a high flexibility, as different SDRAM DIMM modules can be
utilized. The SDRAM controller only requires software configuration and initialization,
which both are supported by the Quartus IT development tool.

UART interface

DAMP should support a number of debugging and communication options. The Excal-
ibur device has an integrated UART module, which allows serial communication with a
terminal program running on a Personal Computer, that can be used to debug programs
running on the embedded ARM processor for example.

The integrated UART module of the Excalibur device supports only one UART
channel. More UART channels can be implemented by developing a PLD mapped UART
controller. This can be used to interface with multiple devices that communicate via
UART, such as GPS antennas and other development boards. However, extra Excalibur
I/O pins and PLD resources have to be used.

The UART module is capable of functioning at the terminal end or at the modem
end of the RS-232 link. Usually a null-modem cable is used for communication between
two terminals, otherwise a normal serial cable is required. In case the UART is to act
as a terminal device, a male connector is to be used on the DAMP development board,
in order to support the null-modem cable option.

Based on the previous arguments, the following was decided. One RS-232 con-
nector should be mounted on the development board and should be connected to the
UART controller of the Excalibur device. A proper driver/receiver has to be used for
voltage level conversion.

Video out

Video output is required for multimedia applications development. The following options
for video out are considered (Figure 2.1):
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1. A VGA connector on the development board, a simple resistor network for 8-
bit DAC conversion and a simple 8-bit precision Red/Green/Blue (RGB) VGA
controller unit mapped on the PLD of the Excalibur device.

2. A VGA connector on the development board, a 24-bit precision DAC (or multiple
8-bit precision DACs), and a 24-bit precision RGB VGA controller unit mapped
on the PLD of the Excalibur device.

3. A third party LCD controller on the development board connected to the PLD.

An advantage of the first option is that only a simple VGA controller has to be imple-
mented in the PLD of the Excalibur device. In addition only eight data signals (Red,
Green and Blue) and two synchronization signals (HSync and VSync), and some resistor
networks for simple DAC conversion are required. This solution provides 256 different
colors, which is sufficient for most applications. Another advantage is that a standard
VGA monitor can be used. A disadvantage here is that the VGA controller requires
some PLD resources, which leaves less room for custom designs.

The main advantage of the second option is that it produces 24-bit precision colors
on a standard PC monitor. However, it requires more I/O pins and occupies more space
of the PLD of the Excalibur device, than the first option. This leaves even lesser room
for custom designs. In addition, the component cost increases, because additional or
more expensive external DACs are required.

The last option is intended for LCDs. This means that a standard PC monitor
cannot be used. The use of an LCD controller increases the cost of the development
board and requires a large amount of signals, when compared to the first option. The
advantage here is that extra features of the LCD controller (e.g., integrated framebuffer)
can be used. Furthermore only a small amount of PLD resources are required in order
to communicate with the LCD controller.

The following was decided. For video support, a VGA connector is to be used
on the development board. A hardware controller for 8-bit precision RGB VGA output
has to be developed and programmed into the PLD. This solution only occupies a small
amount of the PLD, when compared to the 24-bit precision RGB variant. Furthermore,
it also reduces the cost, when compared to the use of a complete LCD controller on the
DAMP development board.

High quality audio in/out

High quality audio input and output is required in order to develop multimedia applica-
tions. Audio support can be obtained via one of the following options:

1. Separate Analog to Digital Converters (ADCs) and Digital to Analog Converters
(DACs) implemented on the development board.

2. ADCs and DACs implemented on optional daughter extension card.

3. Audio Coder-Decoder (CODEC) implemented on the development board.
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4. Audio CODEC implemented on optional daughter extension card.

The advantage of the first two approaches is their simplicity. The audio can be processed
by the ARM922T processor, if a simple driver is mapped on the PLD, or it can directly
be processed by a dedicated engine, which is mapped on the PLD. This is, the PLD
mapped unit can be used as a simple Digital Signal Processor (DSP). However most
ADCs and DACs don’t support more than 8-bit precision, while it is preferable to
support state of the art audio quality (24-bit precision with 96kHz sampling rate).
The disadvantage of using 24-bit DACs/ADCs is that they require 96 (stereo in/out)
PLD device pins. The second option decreases the cost of the development board, as
the audio daughter card becomes an optional extension to the DAMP mainboard, but
requires a significant amount of daughter card interface pins. An advantage of the
last two options is that audio CODECs often feature DSP functionality, thus higher
performance can be achieved. An additional advantage is that a limited number of
interface signals is required, when compared to the use of DACs and ADCs, because
the audio is encoded into a serial bitstream. A disadvantage of the use of a CODEC, is
that the Excalibur device has to contain a driver which takes care of the communication
protocol between the driver unit and the CODEC. Such driver has to be implemented
in the PLD of the Excalibur device, which decreases the amount of PLD resources
remaining for custom designs. However, the driver occupies less PLD space than a
complete DSP would as with the first two options. The fourth option is similar to the
third one but additionally decreases the cost of the development board and requires five
daughter card interface pins.

Based on the previous arguments, the following was decided. @A Texas Instru-
ments TLC320AD77C CODEC [13] is to be included on the DAMP development
board, because of its low cost and high-quality (up to 24-bit precision with a sample
rate of 96kHz). Furthermore only eight Excalibur I/O pins are required for data
communication and device configuration. The CODEC is able to communicate via the
following communication protocol standards:

16-bit, 20-bit and 24-bit MSB first, right/left justified.

16-bit, 20-bit and 24-bit I%S.

16-bit MSB first, left justified/left justified.
- 16-bit DSP frame.

A detailed overview of the various standards can be found in the data sheet [13] of the
TLC320AD77C. A hardware driver unit mapped on the PLD has to be developed to
interface with the CODEC.

Ethernet support

In addition to all low-speed external communication options, DAMP should support
an external interface which allow the transfer of large amounts of data at high speeds
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(e.g., streaming video). Second, DAMP should support remote configuration and remote
debugging of the Excalibur device. To provide these features industry standard Ethernet
support is considered.

The Ethernet controller usually consists of a physical layer (PHY) and a protocol
layer. The physical layer consists of a Manchester encoder/decoder and a peripheral
that drives/receives 10BASE-T signals. The protocol layer processes all Ethernet frame
data transactions (TX and RX). There are four different options to be considered in respect
to the Ethernet controller:

1. Use a third party PHY controller on the development board, implement the pro-
tocol layer unit and map it on the PLD of the Excalibur device.

2. Use a third party chip that contains both layers on the development board.
3. Use a third party chip that contains both layers on an optional daughter card.

4. Combination of the first and third option, i.e., use a third party PHY chip on
the development board and use a third party chip that contains both layers on a
daughter card.

The first option is a low-cost solution and offers high flexibility. The user is free to
create its own network interface or network controller for example. A disadvantage is
that the controller implementation requires a significant amount of PLD space, which
leaves less room for other functionality to the end user. The second and third option
do not offer the flexibility of the first one, but occupy only a limited amount of PLD
resources. This is for a driver unit mapped on the PLD of the Excalibur device. An
advantage of the third option is that it decreases the cost of the development board, but
it occupies a significant amount of daughter card interface pins. The fourth option is
the most flexible, and leaves the final decision to the end user. It has the disadvantages
of the first or the third option, as it requires a significant amount of PLD resources and
it occupies the daughter card interface pins.

It was decided to use a Cirrus Logic CS8900A [14] controller, incorporating both
Ethernet layers, because of its low cost. In order to support remote (via network) PLD
reconfiguration, the Ethernet controller is to be connected to the EBI of the Excalibur
device with the use of glue logic, thus a dedicated driver implemented in PLD logic is
not required.

USB v2.0 support

USB, like Ethernet, provides a way of communicating with the development board at
high speed and can be split up into two distinct layers: a physical layer and a protocol
layer. Furthermore, USB controllers are available in two different types, host controllers
and device controllers.

There are several options for the development board:

1. Use a third party USB v.2.0 host/device controller chip on the development board.
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2. Use a third party USB v.2.0 transceiver chip on the development board and imple-
ment the protocol layer of the USB controller in the PLD of the Excalibur device.

3. Use a third party USB v.2.0 host/device controller chip on a daughter card.

The first two options require a considerable amount of Excalibur I/O pins. The first
option occupies some PLD logic for a driver, which leaves less PLD resources for custom
designs. The second option requires that the protocol layer is implemented as PLD
logic in the Excalibur device, which decreases the amount of PLD resources even more.
The second option however, is the most flexible solution of the two, since custom USB
controllers can be implemented in the PLD of the Excalibur device. The third option
leaves it to the designer to implement a controller on the daughter card (with or without
the use of PLD logic). The advantage here is that the cost of the development board
decreases. The disadvantage of this option is that it occupies the daughter card interface.

The decision was made not to implement a USB interface, but to leave it as a
feature for a daughter card. This is due to the fact that the requirement of having a
high-speed communication interface is already being fulfilled by the Ethernet controller.

PS/2 interface

Nowadays all computers can be controlled with the use of a PS/2 device (e.g., mouse or
keyboard). DAMP should provide a PS/2 interface to the Excalibur device. Support
for this interface (Figure 2.1) can be given by placing a PS/2 connector on the
development board and by implementing the PS/2 controller in PLD logic on the
Excalibur. Another option is to place a controller on the development board, which
controls the PS/2 clock and data signals, however the cost of an extra component is
large when compared to the limited amount of PLD resources required for the first option.

It was decided to implement the following. One PS/2 connector is to be mounted on
the development board in order to support a mouse or PC keyboard. A PS/2 driver
has to be designed and programmed into the PLD.

IDE interface

Nowadays most computers require devices which can store large amounts of data, e.g.,
CD-ROM players/recorders and harddisks. Most of these devices can also be used to
store a file system, thus provide the means for an operating system stored on this device.
In order to support these features, an IDE interface has to be implemented on the DAMP
board.

This interface can be implemented by introducing a 40-pins header on the develop-
ment board and by implementing an PLD mapped IDE controller unit. Another option
for the IDE interface is the use of an external IDE controller on the development board,
however this reduces the flexibility and increases component cost.

Based on the previous discussion, it was decided to provide support to IDE com-
patible devices. A 2x20 pins header is to be mounted on the development board and is
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to be connected to Excalibur I/O pins. Furthermore, a PLD mapped IDE controller is
to be developed. The IDE interface can only be used with the EPXA4 device, because
the EPXA1 device features less I/O pins and thus some IDE interface connections are
connected to pins of the EPXA1 device which are unused.

Optional Altera Apex FPGA

A very flexible way of adding extra functionality to the DAMP is to use an extra FPGA
device. Using this FPGA device offers more room for user specific circuits, because both
the PLD of the Excalibur device and the external FPGA can be reconfigured at run-time.
There are several options:

1. Altera Apex FPGA mounted directly on the development board.
2. Altera Apex FPGA mounted on a daughter card.
3. FPGA socket for an Altera Apex FPGA mounted on the development board.

The first option increases the flexibility of the development board. However, it also
increases the cost. The cost of the development board can be reduced by the second
option, but this option increases the utilization of daughter card interface pins. The
last option lets the user decide whether or not to use an extra FPGA device, so the cost
of the development board increases only by a small amount.

The optional Altera Apex FPGA is not to be implemented on the DAMP devel-
opment board, but is left as a feature for a daughter card. In this way the overall cost
of the DAMP board is reduced. If more FPGA space is required, the first solution is to
use the EPXA4 device, instead of the EPXA1. If the FPGA space of the EPXA4 is still
not sufficient, the FPGA daughter card solution should be considered.

Daughter card interface

As stated in Section 2.1, one of the requirements is that the DAMP development board
should be compatible with the daughter card interface of the Altera Nios development
kit [3]. In addition to the Nios daughter card interface compatible part, an additional
interface can be defined to support more complex daughter cards.

It was decided to implement three headers with pin-counts 14, 20 and 40, to en-
sure compatibility with the Nios daughter card interface. Furthermore, a single
oscillator should be connected to the Nios daughter card interface, which provides
the clock signal to the daughter card. In order to provide additional support to the
developer of daughter cards, an extra DAMP extension header is to be implemented
next to the Nios daughter card interface compatible part. This DAMP extension header
consists of 40 extra pins, which connect to I/O pins of the PLD.
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2.3

DAMP Specification

This section summarizes the DAMP specification. DAMP is based on the Altera Excal-
ibur device, which is housed in a 672-pins FPGA package. Hence, DAMP is compatible
with both the EPXA1 and EPXA4 type Excalibur devices. Furthermore, it was decided
that DAMP should incorporate the following;:

Power circuit: An external ATX Power Supply and an 1.8V voltage regulator.

Clock circuit: Five separate clock oscillators with enable/disable function
(jumpers).

Reset circuit: A reset button for a manual reset and a power-on-reset component.
Connectors to access Excalibur’s dedicated and I/O pins.

JTAG interface: Two connectors to support serial JTAG programming and si-
multaneous JTAG programming.

User I/0 interface: Four push-buttons, one 8-switch dipswitch bank, eight
LEDS and two 7-segment displays.

UART interface: One line-convertor and RS-232 connector.
PS/2 interface: One PS/2 connector.
Flash memory: Support of up to four AMD compatible NOR Flash devices.

SDRAM interface: 168-pins DIMM socket connected to the SDRAM controller
of the Excalibur device.

High quality audio in/out (stereo): TLC320AD77C Audio CODEC connected
to the PLD.

Video out: Support of up to 256 colors through a VGA connector and a simple
DAC.

Ethernet support: Cirus Logic CS8900A Ethernet controller connected to the
EBI of the Excalibur device.

Nios daughter card interface: Nios daughter card interface compatible part
and an additional DAMP extension header.

IDE interface: IDE header connected to the PLD of the Excalibur device.
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Testing methodology, results
and modifications

The last step of the DAMP Design Trajectory, is testing a prototype in order to verify its
functionality and to improve the DAMP design. Hence, each DAMP feature should be
tested thoroughly. In order to test the DAMP features correctly and efficiently, a testing
methodology was developed.

This chapter is organized as follows. Section 3.1 presents a short overview of the
DAMP testing process. The testing methodology, results and modifications of the various
DAMP features are discussed in Section 3.2 through Section 3.14. Section 3.15 concludes
this chapter by summarizing the results.

3.1 Introduction

Testing the Power, Clock, Reset and Excalibur configuration selector circuits before
mounting the Excalibur device on the PCB is preferable, because these circuits constitute
the PCB infrastructure. If the infrastructure does not function properly, the Excalibur
device and all the other devices cannot function properly as well.

However, the Excalibur device is housed in an Fineline Ball Grid Array (FBGA)
package, which was mounted on the DAMP PCB. Hence it was not possible to test
the Power, Clock, Reset and Excalibur configuration selector circuits before the Excal-
ibur device was mounted. This implies that the mounted Excalibur device formed the
starting-point of the testing methodology.

One of the steps in verifying the DAMP prototype is a functional verification. During
a functional verification, speed aspects are not considered. This implies that the Excal-
ibur device with the lowest speed grade can be used, which reduces the component cost
significantly. The DAMP design is supposed to be compatible with both the EPXA4 and
the EPXA1. The PLD of the EPXA1 device has less logical gates (100,000) than the
PLD of the EPXA4 device (400,000), which implies that the EPXA1 has a lower num-
ber of I/O pins than the EPXA4. However, they are both housed in the same 672-pin
FBGA package, which results in a larger amount of unconnected pins on the EPXAT,
compared to the EPXA4. This implies that the DAMP extension of the Daughter card
interface and the IDE interface are partially or not connected when using the EPXAI,
thus they cannot be tested. However, the other part of the Daughter card interface,
the Nios daughter card interface compatible part, is connected entirely even when the
EPXAT1 is utilized. Furthermore, the EPXAT1 can be used to test all the other features.

Based on the previous discussion, it was decided to use the Excalibur EPXA1 device
with the lowest speed grade on the DAMP prototype. This reduced the cost of the
prototype significantly, but implied that some parts could not be tested.

The Power, Clock, Reset and Excalibur configuration selector circuits are required
by the Excalibur device, in order to function properly. This implies that these circuits

25
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should be tested first. The JTAG interface comes second, because this interface is used
to program and debug the Excalibur device and to program Flash memory devices.

The User 1/O provides simple interaction with the user. Since interaction may be
required by other tests, the User I/O should be tested as third.

When the Altera Quartus II development tool is used to compile the VHDL and
C/C++ program files, Quartus links a bootloader object file to the other files. This
process generates a bootloader, which can be programmed into the Flash memory. On
start-up the Excalibur device reads and executes the bootloader program from Flash
memory. The bootloader then programs the PLD, configures the stripe and starts the
software program. Using the Flash memory offers a large storage space for user programs
and provides the possibility to initialize the SDRAM controller during the boot process.
These features can be used to test some other features, therefore the Flash memory
should be tested as fourth.

The Excalibur device features on-chip SRAM: 32KB on the EPXA1 and 128KB on
the EPXA4. Most applications however, require a larger memory space. The applications
that are used to test the other features might use a larger memory space than the internal
SRAM offers, therefore SDRAM should be tested as fifth.

Some applications require interaction with the user. Using the User I/O is not always
sufficient. This can be solved by using a terminal program and a serial connection to
DAMP via the UART interface. Because the applications that are used to test the
various features might require interaction, the UART interface should be implemented
as sixth.

DAMP is intended to be used a multimedia development platform. Hence both VGA
and Audio should be tested, but the order in which VGA and Audio are tested is of no
importance. The order in which the PS/2 and Daughter card interface are tested is also
not relevant.

The order in which the various features were tested, can be summarized as follows:

1. Power circuit.

2. Clock circuit

3. Reset circuit.

4. Excalibur configuration selector circuits.
5. JTAG interface.

6. User I/0O.

7. Flash memory.

8. SDRAM.

9. UART interface.

10. VGA.

11. Audio.
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12. PS/2
13. Daughter card interface (Nios compatible part only).

These 13 steps provide a guideline, which was used to test the various parts and services
of the DAMP design. However, some parts of the DAMP design were not tested. These
parts are:

1. DAMP Extension of the Daughter card interface
2. IDE interface
3. Ethernet facility

Furthermore, a speed verification was not performed. Thus future work should incorpo-
rate a speed verification and a test of the untested parts of DAMP.

3.2 Power circuit

The Power circuit mainly consists of passive components, which are all located at the
bottom of the DAMP PCB. Furthermore, it consists of an ATX power supply connector,
a LED, a switch and the PT6520 voltage regulator. In Figure 3.1 the location of the
Power circuit components is presented.

According to the ATX specifications [15], one of the requirements of an ATX power
supply is that a 2.5W load has to be attached to the power supply in order to start up.
This requirement is met by using the WH25 high power resistor [16].

If the ATX power supply starts up, the POWER 0K LED should light up. The signal
that drives the POWER 0K LED is generated by the ATX power supply and indicates that
the 5V and 3.3V voltage levels are within the tolerated threshold margins. This start up
process should be tested first, before performing all other measurements.

The Power circuit supplies four different voltages: 12V, 5V, 3.3V and 1.8V. The
12V, 5V and 3.3V voltages are supplied directly by the external ATX power supply. The
1.8V voltage is supplied by the PT6520 voltage regulator. The PT6520 voltage regulator
requires a supply voltage of 3.3V. The voltage levels at the outputs of the ATX power
supply connector and the in- and outputs of the PT6520 voltage regulator should be
measured second.

Measuring the voltages near the ATX connector and near the PT6520 voltage
regulator does not guarantee that the entire Power circuit is correct. Fabrication flaws
can be the cause of errors. Measuring the voltage levels and ground plane connections
of predefined test points in the four corners of the DAMP PCB, ensures an even power
distribution of the power plane. If the alignment is correct, it can be assumed that
the Power circuit contains no fabrication flaws. The predefined test points are located
near the WH25 high power resistor, near the UART connector, near the Daughter card
interface and near the PS/2 connector.

Based on the previous discussion, it was decided to test the Power circuit in the
following order:
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Figure 3.1: Location of the Power circuit components.

1. ATX power supply startup test, with the WH25 high power resistor attached.

2. Checking the POWER OK LED.

3. Measurements of the voltage levels and ground plane connections near the ATX

connector:

12V voltage levels.

5V voltage levels.

3.3V voltage levels.

- Ground plane connections.

4. Measurements of the voltage levels and ground plane connections near the PT6520

voltage regulator:

- 3.3V input voltage levels.
- 1.8V output voltage levels.

- Ground plane connections.
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Figure 3.2: Footprint of the WH25 high power resistor on the DAMP PCB.

5. Measurement of the voltage levels and ground plane connections near the WH25
power resistor:
- 5V voltage level of the WH25 power resistor.
- Ground plane connection of the WH25 power resistor.
6. Measurement of the voltage levels and ground plane connections near the UART
connector:
- 3.3V voltage level of resistor R2.
- Ground plane connection of pin 5 of the UART connector.
7. Measurement of the voltage levels and ground plane connections near the Daughter
card interface:
- 3.3V voltage level of pin 4 of clock oscillator U6.
- Ground plane connection of pin 2 of clock oscillator U6
8. Measurement of the voltage levels and ground plane connections near the PS/2
connector:
- 5V voltage level of pin 4 of the PS/2 connector.
- Ground plane connection of pin 3 of the PS/2 connector.
During the construction of the Power circuit, it became clear that traces are routed
through the footprint of the WH25 high power resistor. Furthermore, vias are inside the
footprint. Figure 3.2 presents the footprint of the WH25 resistor on the DAMP PCB.
Because these traces and vias can cause a short circuit with the WH25, it was decided

to leave the WH25 unmounted. However, wires were used to connect the WH25 to the
PCB.
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The ATX power supply specifications [15] clearly states the restrictions and require-
ments which the manufacturer should follow. The results of the first test proved that
most ATX power supplies on the market do not comply with these specifications:

- ATX power supplies indeed require a load in order to start up.

- The behavior of the POWER OK LED depends on the model of the ATX power
supply. If the load of the WH25 power resistor is not sufficient, the LED blinks. If
it is sufficient, the POWER OK LED burns constantly.

The other results of the followed testing methodology were:

- The voltage levels and ground plane connections near the ATX power connector
are correct.

- The voltage levels and ground plane connections near the PT6520 voltage regulator
are correct.

- The voltage levels and ground plane connections of the predefined points in the
four corners of the PCB are correct.

- The silkscreen that indicates the On position of the power switch indicates the 0ff
position and visa versa.

3.3 Clock circuit

The Clock circuit consists of five clock oscillators and their enable/disable jumpers.
Furthermore the Clock circuit consists of a 1k resistor and a connector for an external
clock input. The resistor is connected to the CLKLK_ENA pin and enables the PLL’s of
the Excalibur device. One of the oscillators is connected to the dedicated clock input
of the stripe of the Excalibur device. The other four clock oscillators are connected to
the dedicated clock inputs of the PLD of the Excalibur device. A socket was used, such
that the 25MHz clock oscillators can be easily interchanged with clock oscillators with a
different frequency. The location of the Clock circuit components is presented in Figure
3.3.

Testing the Clock circuit was straightforward. The clock oscillators can be enabled
or disabled by changing the setting of the jumpers that are part of the Clock circuit.
The output of each clock oscillator was measured, with the clock oscillator in its enabled
and disabled state. The clock signals of the other components are not part of the Clock
circuit. Most clock signals however, are generated by the Excalibur device. Because the
clock frequencies required by these components are relatively low, clock skew due to
propagation delay is not an issue. The SDRAM interface is an exception.

The results of the followed testing methodology were:

- All clock oscillators function correctly in their enabled state. The output pins of
the clock oscillators are high impedance connections in the disabled state of the
clock oscillators.
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Figure 3.3: Location of the Clock circuit components.

- The silkscreen that indicates the On position of the jumpers indicates the 0ff
position an visa versa.

3.4 Reset circuit

The Reset circuit only contains a button, an LM3722 power-on-reset device, a diode and
some passive components. Figure 3.4 presents the location of these components.

There are two mechanisms in the Reset circuit that can generate a reset signal: the
push-button and the LM3722 power-on-reset device. In order to test the Reset circuit,
these mechanisms were tested.

The first mechanism was tested by measuring the output of the LM3722 when the
ATX power supply started up. The LM3722 drives the npor pin of the Excalibur
device. The reset signal on this pin should be low until all voltage levels are within the
tolerated margins. Additionally, once these conditions are met, five additional clock
cycles must elapse before the reset signal becomes high. The other mechanism is tested
by measuring the output of the push-button after pressing it and observing the behavior
of the Excalibur device.
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Figure 3.4: Location of the Reset circuit components.

The results of the followed testing methodology were:

- The LM3722 generated a reset signal on power up. The duration of the reset pulse
was 190 ms, which is more than the required five clock cycles.

- The output of the reset push-button was correct and no jitter was detected, which
indicated that the debounce circuit was behaving correct. The Excalibur device is

reset by pressing the reset button.

During the construction of the Reset circuit, it became clear that capacitor C98, which
is used in the debounce circuit, has a different value (10pF) than the capacitors used
in the debounce circuit of the push-buttons of the User I/O. Because of this, a large
current flows through the reset button when pressed. This could damage the button.
Hence, capacitor C98 should be replaced by a capacitor with a smaller value. The value
of this capacitor can have the same value (100nF) as the capacitors used in the debounce
circuit of the push-buttons in the User I/O circuit.
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Figure 3.5: Location of the Excalibur configuration selector circuit components.

3.5 Excalibur configuration selector circuit

Figure 3.5 presents the location of the Excalibur configuration selector circuit compo-
nents. The circuit only consists of jumpers and a few resistors.

The jumpers that are part of the Excalibur configuration selector circuit, enable
the various configuration modes used for booting the Excalibur device. Furthermore, a
jumper is used to select either the Serial JTAG programming mode or the Simultaneous
JTAG programming mode. The EN_SELECT jumper can provide a ground connection or
a 3.3V voltage level to the corresponding Excalibur pin. This pin is reserved for future
use and should be connected to ground. The pins of the Excalibur configuration selector
circuit are either connected to the ground plane, connected directly to the 3.3V voltage
level or connected to the 3.3V voltage level via a pull-up resistor. The pins that are
connected via a pull-up resistor were tested to ensure that the Excalibur configuration
selector circuit can properly setup the programming mode.

The results of the followed testing methodology indicated that the voltage levels
of the pins on the On side (pull-up resistor side) of the BOOT_FLASH, JSELECT, DEBUG_EN
and the EN_SELECT jumpers were correct.
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Figure 3.6: Location of the JTAG interface components.

3.6 JTAG interface

The JTAG circuit consists of a few pull-up resistors, a capacitor and an invertor, which
inverts the INIT_DONE signal and drives a LED. Furthermore, the JTAG circuit contains
a MasterBlaster and a Multi-ICE connector. The location of the components is presented
in Figure 3.6.

Even though the JTAG interface contains both a Multi-ICE and a MasterBlaster
connector, only the MasterBlaster connector was tested. The reason for this is that in
order to test the Multi-ICE connector, extra third-party hardware had to be acquired.
Because of the limited budget, no Multi-ICE hardware was acquired.

The Excalibur device contains two parts: a Programmable Logic Device and a stripe.
The PLD contains FPGA based hardware. The stripe of the Excalibur device contains
the ARM processor and some common interfaces, e.g., UART of SDRAM, SRAM, Dual
port SRAM (DPRAM). Furthermore the stripe contains Configuration logic, which com-
municates between a configuration source and the PLD of the Excalibur device. The
Configuration logic also initializes the internal registers and SRAM. DAMP uses the
Altera ByteBlaster cable as a configuration source, which has the same connector as the
MasterBlaster.
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In order to test the JTAG interface the Altera ByteBlaster cable was connected to
DAMP and the Altera Quartus II development tool was used to perform the following
actions:

1. The Auto Detect function of the programmer was used to probe the JTAG chain.

2. The PLD of the Excalibur device was programmed with an SRAM Object File
(SOF).

The SOF file of the first User I/O testbench (see Section 3.7) was used to program the
Excalibur device. The Quartus II development tool indicates whether programming was
successful or not. After programming the Excalibur device, it initializes itself. During
this initialization phase, the INIT_DONE signal is low which deactivates the INIT_DONE
LED. If the initialization was executed successfully, the INIT_DONE signal activates the
INIT_DONE LED. This behavior was also tested.

The results of the followed testing methodology were:

- The Quartus II development tool recognized the two devices in the JTAG chain.
These devices are the configuration logic master and the ARM processor of the
EPXA1 Excalibur device.

- The User I/O SOF file was successfully programmed into the Excalibur device. A
screenshot of this is presented in Figure 3.7.

- The behavior of the INIT_DONE LED was as expected.

3.7 UserI/O

The User 1/0 section of DAMP consists of four push-buttons, a 74LV14 hex invertor, a
dipswitch bank, eight LEDs and two 7-segment displays. Figure 3.8 presents the location
of the User I/O components.

In order to test the User I/O, a testbench had to be designed, which can be pro-
grammed in the PLD of the Excalibur device. This testbench can then be used to do a
steady-state analysis of the following:

e Push-buttons.

e LEDs.

e T-segment displays.
e Dipswitch bank.

Two testbenches were implemented. The first testbench only uses the User I/O circuit
and the PLD of the Excalibur device. The second testbench also consists of a program
that runs on the ARM processor in the stripe of the Excalibur device.
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Figure 3.7: Screenshot of the Quartus II development tool, which has programmed the
Excalibur device via JTAG.

The first testbench displays a number on the 7-segment displays and is able to drive
the LEDs. The dipswitch bank is used as an input for the binary number to 7-segment
display conversion. This conversion only uses four switches of the dipswitch bank, which
means that numbers between 0 and 15 can be displayed. The other four switches and the
four push-buttons are used to drive the eight LEDs. Note that both 7-segment displays
display the same number and that they display the least significant digit of the decimal
number. The dots of the 7-segment displays indicate the most significant digit, which is
one or zero. Figure 3.9 presents the schematic of the first testbench. The file listing of
the decoder.vhd file can be found in Appendix A.

The second testbench is actually a program written in assembly, which writes
certain values to a predefined address of the DPRAM of the Excalibur device. A
simple device, which is located in the PLD of the Excalibur device, is connected to
the internal DPRAM interface of the Excalibur device and the LEDs of the User 1/0.
This device reads the value from the predefined address of the DPRAM and uses it to
drive the LEDs. The predefined address which is used to interface between the software
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Figure 3.8: Location of the User I/O components.

decoder

> segment_1[7..0]

> segment_2[7..0]

[ > user_led[7..4]

[ user_led[3..0]

- bcd[3..0] > Ned— bed[3.0]  segment_1[7..0] OUTPUT
segment_2[7..0] OUTPUT
inst1
inv4
jbcd[?..4] > |NPCL(J:T |qst{>o < OUTPUT
inv4
fuserﬁpb[3..0] [ — "‘\%%T imsl’l>c < JOUTPUT

Figure 3.9: Schematic of the first User I/O testbench.

and the hardware, can be any arbitrary value, but it was decided to use address zero.
The testbench merely consists of connections to I/O pins and some internal ground
connections. The address bus of the DPRAM interface is connected to ground, which
results in the selection of address zero. The write enable and input data bus are also

connected to ground. The output data bus is connected to the LEDs.

Figure 3.10

presents the second testbench. The assembly program file (arm_pld.s) can be found in
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Figure 3.10: Schematic of the second User I/O testbench.

Appendix A.

During the construction of the User I/O circuit, it became clear that the 74LV14 hex
invertor has no 100nF decoupling capacitor attached to its voltage supply, which implies
that transitions inside the invertor are not filtered and can thus be seen on the 3.3V
voltage level. No modification was performed, however the design flaw was corrected by
redesigning the schematics and PCB, which is discussed in Chapter 4. The results of the
followed testing methodology were:

1. Results of the first testbench:

The push-buttons functioned correctly. The silkscreen that indicated button
2 actually indicated button 3, and visa versa.

The LEDs functioned correctly.

The 7-segment displays functioned correctly.

The dipswitch bank functioned correctly, but the enabled position (0On) of the
dipswitch bank actually was the disabled position.

2. Results of the second testbench:

e The second testbench functioned correctly, which indicated that the program
running on the ARM processor was writing data to the correct location and
that the design within PLD of the Excalibur device was reading the data from
this location.

3.8 Flash memory

The Flash memory circuit consists of up to four NOR Flash memory devices, some pull-
up resistors and buffer capacitors, and a jumper that selects the bus width. Figure 3.11
presents the location of the components.

Even though DAMP offers supports for up to four Flash memory devices, only one
Flash memory device was used on the DAMP prototype in order to test the Flash
memory circuit. A Flash programming tool is required in order to program the Flash
memory device. Altera supplies such a tool with the Quartus II development tool. The
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Figure 3.11: Location of the Flash memory circuit components.

exc_flash_programmer tool can be used to program, read and erase the Flash memory
devices that are connected to the Excalibur device.

Testing the Flash memory circuit was done by reading from the Flash memory device,
because then every data and address line that is connected to the Flash memory device
is used. If one of the data or address lines fails, the exc_flash_programmer tool notifies
the address on which the error occurs. In order to test the Flash memory circuit, the
Flash memory device must contain predefined data. This was achieved by erasing the
Flash memory device prior to the reading process.

Finally, booting from Flash memory was tested. The Quartus II tool can be
configured to generate a Flash programmable bootloader or an SOF file when compiling
the VHDL and C/C++ files of the testbench. If the Excalibur device starts up and
the BOOT_FLASH jumper is set correctly, the Excalibur reads and loads the bootloader
data from Flash memory. This bootloader will then configure the stripe and program
the PLD of the Excalibur device. Since a bootloader was required, Quartus II was
configured accordingly. In order to test the booting from the Flash memory, the second
User I/O testbench was compiled with the Quartus II tool, which was configured to
generate a bootloader. This bootloader was programmed into Flash memory and was
used to test the boot process.
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After successfully assembling the Flash memory circuit, the exc_flash_programmer
tool was used in order to erase the device. However, this resulted in an error message,
which noted that the device could not be recognized. Investigating the schematic and
PCB design initially gave no result. An assumption was made that compatibility issues
might create the problem. In order to solve the compatibility issues, it was decided to
use the same AMD Flash devices that Altera uses on their EPXA1 development board.
After mounting the AMD Am29DL322D Flash devices the exc_flash_programmer
generated the same error.

After another examination of Altera application note 142 [17], about using the EBI
of the Excalibur device with Flash devices, and the DAMP schematics, it became clear
that the Flash device was incorrectly connected to the EBI of the Excalibur device. The
address lines of the EBI should be shifted up one position with respect to the address
lines of the Flash memory devices, such that the EBI address line EBI_A1 is connected
to the Flash memory address line AO.

Because of this design flaw, the Flash memory footprints on DAMP were useless.
However Flash memory support was still desirable. Therefore the decision was made
to use a separate PCB that contains the appropriate footprint and breakout header
connections, which are connected to this footprint. A Flash memory device was mounted
on this PCB and wires were used to connect the breakout header connections to the
DAMP PCB.

The results after applying the modification were:

The exc_flash_programmer was able to erase the Flash memory device success-
fully.

The data was read from the Flash memory device successfully.

The contents of the data was correct.

The testbench was successfully programmed into the Flash memory.

The Excalibur device was able to boot from Flash memory with the BOOT_FLASH
jumper enabled (On).

3.9 SDRAM

DAMP supports 168-pins SDRAM DIMM modules. The SDRAM circuit therefore con-
sists of a DIMM socket. Furthermore the SDRAM circuit consists of a CY2305 clock
buffer, some resistors and a capacitor. The location of the components is presented in
Figure 3.12.

A testbench was designed in order to test the SDRAM interface. Every data and
address line had to be tested, thus the testbench writes the write addresses to the appro-
priate memory locations and verifies the contents of the memory locations afterwards.
Figure 3.14 presents the schematic of the testbench. The file listings can be found in
Appendix E.
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Figure 3.12: Location of the SDRAM circuit components.

The testbench generates output on the 7-segment displays. Initially the 7-segment
displays display two small circles. If the test completes successfully, the circles rotate
clockwise. If the test is not successful, an error mark appears on the 7-segment displays.
Figure 3.13 presents the behavior of the 7-segment displays during the test.

Note that the SDRAM controller of the Excalibur device can be used in 16-bit or
32-bit mode. The 16-bit mode uses the lower 16 lines of the data bus and the 32-bit
mode uses all lines of the data bus. Altering the settings of the stripe and modifying
the width of the sdramdq, sdramdqs and sdramdqrn signals in the schematic of the
testbench, generates a design which uses the 16-bit or 32-bit mode. The SDRAM
testbench was used in 16-bit and 32-bit mode.

The results of the followed testing methodology were as follows: the testbench
functioned correctly in 16-bit mode. However, the testbench did not function in 32-bit
mode. Even though all connections were correct and different timing settings were used,
the 32-bit mode was not functioning. Future work should incorporate a more thorough
test of the 32-bit SDRAM mode.
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Figure 3.13: Behavior of the 7-segment displays during the memory test.

3.10 UART interface

The UART interface consists of a MAX3241 voltage level convertor, a 9-pins female
SUB-D connector and a few capacitors. Figure 3.15 presents the location of the UART
interface components.

In order to test the UART interface, a testbench was designed. Since almost every
book concerning programming starts with the classic Hello World! program, this was
also be the base of the UART testbench. The schematic of the testbench, which was
created in the Quartus II development tool, is presented in Figure 3.16. The program
generates the following output on the UART:

>k 3k 3k 3k 5k >k >k >k 3k 3k >k >k >k 3k 5k 5k >k %k >k 3k 5k >k >k %k %k 3k >k 5k >k >k k 3k >k >k >k >k %k 5k >k >k %k >k %k >k >k >k %k >k %k >k >k %

*ok *ok
**% Hello DAMP Team! *k
*ok *ok
** DAMP is alive and kicking.... *k
*ok *ok

>k >k 3k 5k 5k >k >k >k 5k 3k 5k >k %k 5k 5k 3k >k >k %k 3k 5k 3k >k >k 5k 3k 5k 5k >k >k %k 5k 3k >k >k >k %k >k 3K >k %k >k %k >k > % %k >k %k >k %k %

Appendix B presents the listings of the C and assembly files. The file armc_startup.s
starts up the ARM C environment. This is required in order to run programs written in
C. The uartcomm.c file contains a routine that initializes the UART, such that it uses
a baudrate of 38400, 8 data bits, 1 stop bit and no parity. The other files are required
to provide communication via the UART and to handle interrupts and exceptions. The
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inst

Figure 3.14: Schematic of the 16-bit SDRAM testbench.

Quartus II development software was used to compile the design and the software. The
resulting bootloader was be programmed into Flash memory, so the Excalibur device
could boot the program.

During the construction of the UART interface circuit, it turned out that the
footprint of the MAX3241 was too small for the device. This was solved by bending the
pins of the device. Furthermore the female 9-pins SUB-D connector had to be mounted
on the bottom of the PCB in order to fit.

The testbench was successfully programmed into Flash memory. However, incorrect
characters were displayed by the terminal program. Investigating this issue made clear
that a null-modem cable should be used, which has a female connector on each end.
Because a female 9-pins SUB-D connector was mounted on the DAMP PCB, a standard
null-modem cable cannot be used. Using a male 9-pins SUB-D connector on the DAMP
PCB would have solved the null-modem cable problem and this connector could have
been mounted on the top of the DAMP PCB.

To solve this issue, a custom cable was made in order to connect the output of the

UART interface to the serial port of a computer. After applying this modification, the
text was displayed correctly by the terminal program. Figure 3.17 presents a screenshot
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Figure 3.15: Location of the UART interface components.
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Figure 3.16: Schematic of the UART testbench.
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Figure 3.17: Screenshot of the UART testbench output.

of the output of the UART testbench, displayed by a terminal program.

3.11 VGA

The VGA circuit basically consists of three simple DACs, which are made out of resistors.
The red and green color signals are created by a 3-bit DAC and the blue color signal by a
2-bit DAC. The output voltage level of the outputs of the Excalibur device can be 3.3V,
2.5V or 1.8V. The level of these outputs, in DAMP’s case, is equal to the voltage level
of the Excalibur I/O power supply, which is 3.3V. The resistor network was designed
for a 5V input, such that a voltage level convertor is needed. The VGA circuit contains
two 7407 buffers, which function as a voltage level convertor. Figure 3.18 presents the
location of the VGA circuit components.

In order to test the VGA circuit, a testbench was designed that generates a color
pattern. The output can be displayed on a VGA monitor. In order to do that, the
testbench generates the VGA synchronization signals HSYNC and VSYNC, and the
color signals red, green and blue.

Negative pulses on the HSYNC signal indicate the end of a line and the start of a
new line. Negative pulses on the VSYNC signal indicate the end of a frame and the start
of a new frame. Figure 3.19 presents the relation between the HSYNC and the VSYNC
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Figure 3.18: Location of the VGA circuit components.

signals. The variables within his figure have the following meaning:

Tusvync The duration of the horizontal synchronization pulse, measured in pixels. A
pixel is generated on each pulse of the clock oscillator that drives the VGA signal
generator.

Tuceper The duration of the time between the end of the horizontal synchronization

pulse and the start of the horizontal gate, measured in pixels. This is usually
called the back porch.

Tucare The duration of the visible area of a video line, which is typically 640 pixels.
This is usually called the active time.

Tusper The duration of the time between the end of the visible area of a video line,
and the start of the horizontal synchronization pulse, measured in pixels. This is
usually called the front porch.

Turen The duration of a complete video line, measured in pixels.

Tvsync The duration of the vertical synchronization pulse, measured in lines.
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Figure 3.19: Video frame timing overview.

Tveoer The duration of the time between the end of the vertical synchronization pulse
and the start of the vertical gate, measured in lines. This is usually called the back
porch.

TvsperL The duration of the time between the end of the visible area of a video frame,
and the start of the vertical synchronization pulse, measured in lines. This is
usually called the front porch.

Tveare The duration of the visible area of a video frame, which is typically 480 lines.
This is usually called the active time.

Tvien The duration of a complete video frame, measured in lines.

The value of these variables depends on the VGA mode that is used. Table 3.1 presents
the horizontal timing information of two VGA modes that generate 640x480 video frames.
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Figure 3.20: Schematic of the VGA testbench.

Table 3.2 presents the vertical timing information.

Refresh rate | Pixel clock | Sync pulse | Back porch | Active time | Front porch | Line total
MHz usec | pix pix pix pix pix
60 Hz 25.175 3.81 96 45 646 13 800
72 Hz 31.5 1.27 40 125 646 21 832
Table 3.1: Horizontal timing information.
Refresh rate | Line width | Sync pulse | Back porch | Active time | Front porch | Frame total
usec usec lin usec lin usec lin usec lin usec lin
60 Hz 31.78 63 2 953 30 15382 | 482 285 9 16683 | 525
72 Hz 26.41 79 3 686 26 12782 | 484 184 7 13735 | 520

Table 3.2: Vertical timing information.

The timing information of the 72 Hz mode was used, because the required pixel
clock frequency of 31.5 MHz can be easily created by using a PLL in the PLD of the
Excalibur device. This can be accomplish this by setting the multiplier of the PLL to
63, which multiplies the input frequency of 25 MHz by 63, and setting the divider of
the PLL to 50, which divides the result by 50. Figure 3.20 presents the schematic of
the VGA testbench. In Appendix C one can find the VHDL description of vga_core.
Note that the output of the PLL is connected to a dedicated clock pin of the Excalibur
device to provide an additional test for the PLL in the PLD of the Excalibur device.

During the VGA tests it became clear that the color signal RGB[3] could not be connected
to the physical pin J2, which is connected to a 7407 buffer. This is because the pin J2 is a
not-connected pin on the EPXA1 Excalibur device. Using the EPXA4 would have solved
this problem, but DAMP should support VGA with both the EPXA1 and EPXAA4.

The design was modified by soldering a wire on two pins of the breakout header,
which is connected to the Excalibur pins, such that J2 is connected to J3.

After the PLD of the Excalibur device was programmed with the VGA testbench,
nothing appeared on the VGA monitor. Measuring the outputs of the I/O pins of the
Excalibur device, at the inputs of the 7407 buffers, made clear that the testbench was
not generating signals. However, the simulation results of the VGA testbench indicated
that the design should function correctly.
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Since the VGA testbench requires a clock in order to function, measuring the output
of the PLL in the PLD of the Excalibur device is a logical step. As described earlier, the
output of the PLL is connected to a dedicated clock output pin. Probing the dedicated
clock output pin made clear that the PLL was not functioning.

The PLLs are internal circuits that use dedicated clock input lines. The number of
PLLs present inside the Excalibur device depends on the device type: the EPXA1 has
two PLLs and the EPXA4 has four. In the EPXAT1 one of the PLLs can be connected
to a dedicated clock output pin. The EPXA4 has two dedicated clock output pins.
The PLL circuits also have their own dedicated power supply pins. These should be
connected to the same voltage level as the stripe of the Excalibur device, which is 1.8V.
The dedicated clock output pins also have their own dedicated power supply pins. These
should be connected to 3.3V.

Examining the DAMP schematic, made clear that two of these power supply pins
(VCC_CKLK2 and VCC_CKLK4), that were supposed to be connected to 1.8V, were actually
connected to a voltage level of 3.3V. It also became clear that the power supply pins
(VCC_CKOUT1 and VCC_CKOUT2) of the two dedicated clock output pins were connected
to 1.8V instead of the required 3.3V.

The design was modified by desoldering the chip inductors L8 and L10 at the side of
the 3.3V voltage level connection, and soldering two wires from the chip inductors to a
connection on the PCB with a 1.8V voltage level. The design flaw at the power supply
pins of the dedicated clock output pins was corrected by desoldering the chip inductors
L11 and L12 at the side of the 1.8V voltage level connections, and soldering two wires
from the chip inductors to a connection on the PCB with the 3.3V voltage level.

After applying these modifications, the PLD of the Excalibur device was programmed
again with the VGA testbench. Probing the dedicated clock output pin made clear that
the PLL was functioning. However, there was still no result visible on the VGA monitor.
Measuring the outputs of the I/O pins of the Excalibur device at the inputs of the 7407
buffers, indicated that the testbench was generating signals. But there was no activity
on the outputs of the buffers.

After re-examining the schematics, it became clear that a design flaw exists at the
open-collector outputs of the 7407 buffers [18]. The open-collector outputs require a
pull-up resistor in order to pull up the output voltage level. However, attaching a pull-
up resistor on the output affects the behavior of the resistor ladder network, which is
attached to the outputs of the buffers and is used to generate the three color signals red,
green and blue.

This problem was solved by using a 7414 hex-invertor, which is pin-compatible with
the 7407 and has no open-collector outputs. Using the 7414 hex-invertor, automatically
implied the use of invertors in the VGA testbench. The modified testbench is presented
in Figure 3.21.

These modifications seemed successful, because a color pattern was visible on the
VGA monitor. However, the displayed color pattern was not correct. Investigating the
DAMP schematic turned out that the labels, which denote the color signal and are used
in the schematic, are incorrect. The results were as follows:

- The VGA_R3 PCB signal is connected to pin J5, but should be connected to L2.
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Figure 3.21: Schematic of the modified VGA testbench.

- The VGA_R2 PCB signal is connected to pin H4, but should be connected to J3.
- The VGA_R1 PCB signal is connected to pin L2, but should be connected to K2.
- The VGA_G3 PCB signal is connected to pin H5, but should be connected to H4.
- The VGA_G2 PCB signal is connected to pin J3, but should be connected to J5.
- The VGA_G1 PCB signal is connected to pin K2, but should be connected to H5.
- The VGA_B2 PCB signal is connected to pin H3, which is correct.

- The VGA_B1 PCB signal is connected to pin E3, which is correct.

Modifying these design flaws was done by modifying the pin assignments of the VGA
testbench. After applying this modification, the PLD of the Excalibur device was pro-
grammed again, which resulted in a correct color pattern on the VGA monitor.

3.12 Audio

The Audio circuit contains a Texas Instruments TLC320AD77C audio CODEC, three
Texas Instruments TLV2362 OPAMPs, a CINCH multi-connector and a few passive
components. Figure 3.22 presents the location of the Audio circuit components.

In order to test the Audio circuit a testbench was designed. The CODEC is con-
tinuously sampling data, which is transmitted by the SDOUT pin of the CODEC. This
data can be used as an output, by utilizing a loopback device. The testbench therefore
contains a loopback device, which uses the input data from the SDOUT pin of the CODEC
as an output to drive the SDIN pin of the CODEC. A simple schematic of the loopback
device is presented in Figure 3.23. A side effect of the testbench is that the left and right
input channels are reversed at the output.

As stated before, the TLC320AD77C audio CODEC supports various communication
standards. The 16-bit I?S standard was used, because of the wide spread use of the
standard. The testbench generates three clock signals: MCLK, SCLK and LRCLK. These
clock signals have to meet the following requirements, which can be found in the data
sheet [13] of the TLC320AD77C:

- The frequency of LRCLK must be equal to the sample frequency.

- The frequency of SCLK must be 64 times the sample frequency.
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Figure 3.22: Location of the Audio circuit components.
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Figure 3.23: Simple schematic of a loopback device.

- The frequency of the MCLK is four times the SCLK frequency, thus 256 times the

sample frequency.

- The edges of the SCLK and the MCLK signals must be at least 3ns apart.

The testbench uses a sample frequency of approximately 32 kHz.

The preferred
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Figure 3.24: Schematic of the Audio testbench.

frequency of MCLK should then be 8.192 MHz, but since a 25MHz clock oscillator is
used, this frequency cannot be generated by a PLL because of the limited divider and
multiplier settings of the PLL. However, the PLL can generate a frequency of 82MHz,
which is divided by 10 in order to obtain a frequency of 8.2 MHz. This results in a
sample frequency of 32.031kHz. Because the edges of SCLK and MCLK should be at
least 3ns apart, a flipflop was inserted. This flipflop delays the SCLK and LRCLK with
approximately 12ns with respect to the MCLK signal. Figure 3.24 presents the schematic
of the Audio testbench.

During the construction of the Audio circuit, it became clear that the footprint of the
TLC320AD77C Audio CODEC was to small. This was corrected by bending the pins of
the CODEC. Furthermore, the footprint of the CINCH multi-connector was mirrored.
The CINCH multi-connector was therefore mounted on the bottom of the PCB.

After programming the PLD of the Excalibur device with the Audio testbench, the
Audio circuits input was connected with the audio output of a laptop. The Audio circuits
output was connected to a speaker set with build in amplifier. However, the Audio circuit
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did not function.

Measuring at the input of the Audio circuit, indicated that there was a signal present
on the input. However, measuring the analog input pins of the audio CODEC indicated
that the input circuit was incorrect. Re-examining the data sheet of the TLC320AD77C
audio CODEC [13] and the schematic, made clear that the input circuit was incorrect.
The following design flaws were found:

The 2.5V reference voltage at pin 5 of Opamp U21, should be 1.65V.

A connection was missing between pin 7 of Opamp U21 and resistor R81.

A connection was missing between pin 7 of Opamp U23 and resistor R83.

Opamp U23 was not connected to power, because the connection between the
inductor L4 and the capacitor C92 was not connected to the 5V voltage level.

- Capacitors C75 and C76 had a value of 1uF, but this value should be 1nF.

After modifying the prototype, the analog input pins of the audio CODEC were probed.
This indicated that the input circuit was functioning correctly. However, there was no
activity on the analog output pins of the CODEC. Measuring the LRCLK, SDCLK and MCLK
clock signals, made clear that the timing requirements of the clock signals were met.
The Audio circuit has to be tested more thoroughly, but this is left as future work.

3.13 PS/2

The PS/2 circuit only consists of a PS/2 compatible mini DIN connector, which is
connected to the ground plane and to the 5V voltage level of the power plane. The
location of the PS/2 connector is presented in Figure 3.25.

In order to test the PS/2 connector, a testbench was implemented that displays
the hexadecimal code send by a keyboard when pressing a key. The hexadecimal code
appears on the 7-segment displays. Figure 3.26 presents the schematic of the testbench.
The listings of the VHDL files of the testbench can be found in Appendix D.

The results of the test was as follows. The PS/2 testbench functioned correctly, which
indicated that the PCB traces are correct. However, the PS/2 standard is based on a
5V voltage level and the I/O of the Excalibur device is based on a 3.3V voltage level.
This difference in voltage levels can damage the Excalibur device, because the 1/O pins
of the Excalibur device are not 5V tolerant. Measuring the clock and data pins of the
PS/2 connector made clear that a voltage level of 5V was present.

There is a solution to this problem. According to a publication [19] from Altera,
the device can be made 5V tolerant by using a special I/O mode: 3.3V PCI. Doing this
enables the PCI clamping diode present on each I/O pin of the Excalibur device. This
results in a voltage drop on the input, such that the voltage is 4.1V or less. To limit a
large current draw from the 5V device, a resistor should be inserted between the device
and the I/O pin of the Excalibur device. This resistor should be small enough for a
fast signal rise time and large enough so it does not damage any device. In an example,
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Figure 3.26: Schematic of the PS/2 testbench.

Altera indicates that a 164€) resistor can be used and that the example employs worst-
case conditions. To be certain of not damaging any device, a resistor of 300§2 was soldered
inside a keyboard. Because the PS/2 clock frequency has a maximum of 16kHz, there
should be no problem with slow signal rise times.

After applying this modification, a voltage of 3.79V was measured on the clock and
data pins of the PS/2 connector. The PS/2 testbench still functioned correctly.
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3.14 Daughter card interface

The Daughter card interface consists of four breakout headers, a jumper, a clock oscillator
and two passive components. The location of these components is presented in Figure
3.25.

The Daughter card interface contains three headers which are compatible with the
Nios daughter card interface. Furthermore, the Daughter card interface contains an
additional header which is the DAMP extension header. As stated before, the DAMP
extension header is not connected to the Excalibur device used on the current prototype.
This is because the EPXA1 device is used, which has fewer I/O pins available than the
EPXA4. Thus, only the Nios daughter card interface compatible part of the DAMP
Daughter card interface could be tested.

In order to test the remaining three headers of Daughter card interface, a testbench
was developed. The Daughter card interface contains three dedicated clock pins: a clock
oscillator output, a pin which is connected to a PLL output pin of the Excalibur device,
and a clock input directed to the Excalibur device. The clock oscillator, which drives
the clock oscillator output pin, can be enabled and disabled by setting the J17 jumper
in the On or Off position. This behavior was verified by probing the clock oscillator pin.
The PLL output pin of the Excalibur device was attached to a PLL in the testbench in
order to test the PLL output pin. The clock input pin was treated as an I/O pin.

The Daughter card interface also contains a reset pin, which can be used to reset the
Excalibur device externally. This behavior was analyzed by connecting the reset pin MR
to the ground plane and a 3.3V voltage level.

All other pins are I/O pins or not connected pins. Testing the I/O pins can be
done in numerous ways. A simple 2-bit counter was used in the testbench, which feeds
the odd and even rows of the Daughter card interface. The odd rows are connected to
output bit 0 of the counter and are thus driven by a signal with a frequency of 25MHz.
The even rows are connected to output bit 1 of the counter and are thus driven by a
signal with a frequency of 12.5MHz. Figure 3.27 presents the testbench that tests both
the PLL output of the Excalibur device and the I/O pins.

One of the last design steps, during the design process of the Daughter card interface
testbench, was assigning the pins of the testbench design to the physical 1/O pins of
the Excalibur device. It became clear that the signals nios40_27 and nios40_32 could
not be connected to physical pins Y7 and Y9 respectively, which are the pins that are
connected to pins 27 and 32 of breakout header JP13. This is because the pins Y7 and
Y9 are not connected on the EPXA1 Excalibur device.

This problem was solved by soldering wires between pins of the connector to the
Excalibur pins. The wires were soldered between pin Y7 and AE16 and between Y9 and
AC21.

After applying this modification, the PLD of the Excalibur device was programmed
with the Daughter card interface testbench. The results of the followed testing method-
ology are as follows:

- Connecting the pin MR to ground did result in a reset of the Excalibur device.
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Figure 3.27: Schematic of the Daughter card interface testbench.

- The clock oscillator functioned correctly in its enabled state and was inactive in
its disabled state.

- The silkscreen that indicates the enabled (On) position of the clock jumper, actually
indicated the disabled position.

- The dedicated clock output pin of the Daughter card interface was functioning
correctly.

- Probing the I/O pins of the Daughter card interface gave the expected result.

3.15 Summary

The design flaws which have been found during the testing process can be summarized
as follows:

1. Power circuit:

- VCC_CKLK2 should be connected to a voltage level of 1.8V.
- VCC_CKLK4 should be connected to a voltage level of 1.8V.
- VCC_CKOUT1 should be connected to a voltage level of 3.3V.
- VCC_CKOUT1 should be connected to a voltage level of 3.3V.

- All vias, which are located inside the footprint of the WH25 high power re-
sistor, should be relocated.

- All traces, which are routed through the footprint of the WH25 high power
resistor, should be rerouted.

- The silkscreen that indicates the 0ff and On position of the power button,
should be corrected.
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2. Clock circuit:

- The silkscreen that indicates the 0ff and On position of the enable/disable
jumpers, should be corrected.

3. Reset circuit:

- The value of capacitor C98, which is located in the debounce circuit, should
be 100nF.

4. User 1/0:

- A buffer capacitor should be added to the power connection of the 74LV14
hex invertor.

- The connections of the dipswitch bank should be altered, such that the On
indication is correct.

- The silkscreen of the push-buttons should be altered, such that the push-
button numbering is correct.

5. Flash memory:

- Flash addresses 0 to 23 should be connected to EBI addresses 1 to 24.
6. UART interface:

- The footprint of the MAX3241 should be resized.
7. VGA:

- The 7407 open-collector hex buffer should be replaced by a 7414 hex invertor.
- The VGA_R3 PCB signal should be connected to L2.
- The VGA_R2 PCB signal should be connected to J3.
- The VGA_R1 PCB signal should be connected to K2.
- The VGA_G3 PCB signal should be connected to H4.
- The VGA_G2 PCB signal should be connected to J5.
- The VGA_G1 PCB signal should be connected to H5.

8. PS/2:
- Resistors should be added to the data line and clock line of the PS/2 interface.
9. Daughter card interface:

- Pin nios40_27 should be connected to AE16.
- Pin nios40_32 should be connected to AC21.

Since the Audio feature was not tested more thorough, it does not appear in the summary.
This implies that the Audio circuit was not redesigned.
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Schematic and PCB redesign

When designing a complex multimedia platform such as DAMP, it is unavoidable to
have design mistakes, despite the effort to achieve a first-time-right design. In order to
correct the design flaws found in DAMP, some of the parts had to be redesigned. This
chapter presents the redesign process of these parts.

4.1 Introduction

The DAMP Design trajectory (Chapter 1, Figure 1.2) basically consists of an iterative
loop. Chapter 3 describes the last step of this loop. The design flaws, summarized in
Section 3.15, are used as a guideline in order to redesign the features that contain the
design flaws. The redesign process starts with the following steps:

e A redesign of the DAMP schematic and DAMP PCB, in order to correct functional
design flaws.

e A redesign of the DAMP PCB, in order to correct PCB design flaws. Note that
PCB design flaws have no relation with the functional design flaws.

The last step of the iterative loop of the DAMP Design Trajectory consists of testing
another prototype. Future work should incorporate this.

4.2 Redesign

In order to correct the design flaws, the related parts need redesign. The following
sections describe all redesign issues in more detail.

Power circuit

The following design corrections were performed, in order to correct the Power circuit:

e Functional redesign: The Excalibur PLL power pins VCC_CKLK2 and VCC_CKLK4
were connected to net-label 3.3V, and are now connected to 1.8V (Figure 4.1). Pin
VCC_CKOUT1 and pin VCC_CKOUT2 were connected to net-label 1.8V, and are now
connected to 3.3V. The Power circuit now provides the correct voltage levels to
the Excalibur power supply pins, capacitors and inductors.

e PCB redesign: The Excalibur PLLs power supply capacitors (C100, C102, C105,
C106) and inductors (L6, L8, L11, L12) were relocated on the PCB, because they
should be placed as close to the appropriate power supply as possible. The power

99
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Figure 4.1: Example of a net-label correction of a PLL power supply pin.
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Figure 4.2: Footprint of the WH25 high power resistor without traces or vias.

supply in this case is either the ATX power supply and ATX connector (3.3V), or
the PT6520 voltage regulator (1.8V). The filtering capacitors (100nF, 10nF, and
2.2uF) do not require relocation, since they are intended for filtering the high-
frequency signals originating from the PLLs of the Excalibur device. All via’s
inside the footprint of the WH25 high power resistor were relocated, in order to
avoid electrical connections to the WH25 high power resistor. Furthermore, all
traces on the top layer, which are crossing the footprint of the WH25 high power
resistor (Figure 4.2), were rerouted on other layers. The On and 0ff silkscreen
marks of the power switch were corrected.

Clock circuit

The silkscreen text indicating the 0ff and On positions of the enable/disable jumpers
of the clock oscillators was corrected, in order to provide a valid indication of the clock
oscillator setting.
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Figure 4.3: Redesign of the dipswitch bank connections.

Reset circuit

The following design corrections were performed, in order to correct the Reset circuit:

e Functional redesign: As explained in Chapter 3, the value of capacitor C98 in
the debounce circuit of the reset push-button should be 100nF. The capacitor value
was changed in the schematic design.

e PCB redesign: The footprint of capacitor C98 was resized to a standard 0805
footprint, in order to be able support the mounting of a 100nF capacitor.

User 1/0

The following design corrections were performed for the User 1/O circuit:

e Functional redesign: A 100nF capacitor was added between the power supply of
the 74LV14 hex invertor and ground. The connections of the dipswitch bank were
altered, in order to provide a valid display of the On indication. This is presented
in Figure 4.3.

e PCB redesign: The 100nF capacitor of the 74LLV14 hex invertor was added on
the PCB (capacitor C135) close to the 74LV14 hex invertor. The changes in the
dipswitch bank connections were also adjusted in the PCB design.

Flash memory

The following design corrections were performed for Flash memory:

e Functional redesign: In order to support 16-bit Flash devices, capable of be-
ing programmed by the Altera flash programmer, the Excalibur EBI address-lines
EBI_A1 to EBI_A24 were connected at Flash address-lines AO to A23. This was done
by adjusting all net-labels of the first three Flash devices in the schematic design.
The highest Excalibur EBI address-line (EBI_A24) is used as a chip-select, in order
to select either Flash device four or the Ethernet controller. Hence, Flash device
four can have a maximum size of 16Mbytes. Other Flash devices still support up
to 32Mbytes.
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e PCB redesign: The address-lines between the footprint of Flash device one and
the Excalibur EBI interface were reconnected. The other three Flash devices have
their address-lines directly connected to the first Flash device, thus no further
rerouting was necessary.

UART interface

The SMD pads of the PCB footprint used for the MAX3241 device were not large enough
to mount the component on the PCB. In order to correct this the land pads on the top

copper layer of the PCB were enlarged, such that the footprint provides sufficient space
for soldering the MAX3241 device.

VGA

The following design corrections were performed for VGA:

¢ Functional redesign: As stated in Section 3.15, the 7407 hex buffers should be
replaced by 7414 hex invertors. Hence, the component labels of the hex buffers
(7407) were replaced by labels with the correct indication (7414). Furthermore,
the labels of the VGA-signals between the 7414 hex-buffers and Excalibur I/O pins
were altered to ensure a valid connection between the Excalibur and the DACs.
The connection of signal VGA_R2 to the Excalibur device was altered, such that
it connects to Excalibur I/O pin J3 instead of pin J2, because the J2 pin is a
not-connected pin on the EPXAL.

e PCB redesign: The silkscreen of the 7407 hex buffer was adjusted, such that it
indicates the right component type. In order to match the altered VGA-signals in
the schematics, an appropriate rerouting of the VGA traces was performed.

PS/2

In order to support 5V tolerance, two resistors were placed between PS/2 pins (PS2_data
and PS2_clk) and the corresponding Excalibur I/O pins. The PCB was redesigned by
placing two additional SMD footprints with size 0805 on the PCB, to accommodate the
resistors, and by rerouting the appropriate traces.

Daughter card interface

Two signals of the Daughter card interface (NI0S40_27 and NI0S40_32) were connected
to pins which are unused in the EPXA1 (EPXA4 does support these pins as I/O pins).
The two Nios signals were reconnected to respectively Excalibur I/O pins AE16 and AC21.



DAMP reference designs

In order to support future DAMP development, reference designs are required. Three
reference designs were created in order to satisfy this requirement:

1. VGA Slideshow: This reference design contains a Direct Memory Access (DMA)
controller, which fetches data from SDRAM and outputs this data on a VGA mon-
itor. A software program, which runs on the ARM processor, is used to initialize
the DMA controller.

2. DAMP Gamepack: This reference design is a software program, which can re-
configure the PLD of the Excalibur device at run-time. The DAMP Gamepack
contains four classic games.

3. DAMP Linux: This Linux version offers a starting point for further Linux de-
velopment.

This chapter is organized as follows. Section 5.1 presents the VGA Slideshow refer-
ence design. The DAMP Gamepack reference design is discussed in Section 5.2. The
third reference design (DAMP Linux) is presented in Section 5.35.

5.1 VGA Slideshow

The VGA Slideshow reference design provides a reference for the development of appli-
cations which require both hardware and software. The hardware is written entirely in
VHDL. It basically consists of a DMA controller, which reads data from a framebuffer
via the AMBA bus of the Excalibur device. Furthermore, it contains additional hard-
ware to process the data and send the appropriate signals to the VGA monitor. The
framebuffer is located in the SDRAM. Figure 5.1 presents the global hardware structure
of the VGA Slideshow and the hierarchy of the VHDL files.

The top entity video_system.vhd contains all components and connections. The
video_dma.vhd contains the DMA controller (video_dma_controller.vhd) and the
VGA driver (vga_driver.vhd), which generates the appropriate VGA signals. Further-
more, it consists of a line buffer (1ine_buffer.vhd) and a component which contains
registers (slave_interface.vhd). These registers are required in order to setup, con-
trol and monitor the DMA controller and the VGA driver. The slave_decoder.vhd,
default_slave.vhd and response_and_data_mux.vhd files function as an interface be-
tween the registers and and the AMBA bus.
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Figure 5.1: Hardware structure of the VGA Slideshow and the file hierarchy of the VHDL
files.

Functional description

The organization of the Excalibur device is presented in Chapter 1. A schematic rep-
resentation of this organization is presented in Figure 1.1. Given this organization, the
DMA controller (master) is connected to the slave interface of the PLD-to-stripe bridge.
The master initializes the bridge to receive data from the framebuffer, which is located
in SDRAM. In order to initialize the PLD-to-stripe bridge, the master has to set signals
which indicate the data size and burst type. The burst type can be one of the following;:

- Single transfer.
- Incrementing burst of unspecified length.

- 4-beat wrapping burst.
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- 4-beat incrementing burst.
- 8-beat wrapping burst.
- 8-beat incrementing burst.

16-beat wrapping burst.

16-beat incrementing burst.

A beat is a transfer of data packets, thus a 4-beat wrapping burst is a transfer of 4
packets. Incrementing bursts access sequential locations, such that the address of each
transfer in the burst is just an increment of the previous address. Wrapping burst also
access sequential locations, but are wrapped at 16-byte boundaries. For example, if the
start address of a 4-beat wrapping burst with a data size of 4 bytes is 0x34, four transfers
occur on addresses 0x34, 0x38, 0x3C and 0x30. The DMA controller uses the increment-
ing burst of unspecified length in order to fetch an entire video line in one burst. This
increases the performance of the hardware design, because access to the AMBA bus is
negotiated once. The video line is then stored in the line buffer (line_buffer.vhd).
The VGA driver reads the pixel data from the line buffer and generates the appropri-
ate VGA signals. The driver always transmits 640x480 frames with a refresh rate of
60Hz. However, different framebuffer sizes can be used with this driver. Information
about the framebuffer size and the base address is transmitted by the software into
slave_interface.vhd. As stated before, the slave_interface.vhd contains the reg-
isters in which this information is stored. The registers of slave_interface.vhd are
presented in Table 5.1.

Register name Address offset Description

BUFFER_ADDRESS 0x00 This register contains the 32-bit base address of the framebuffer.

IMAGE_DIMENSIONS 0x04 Bits 15 : 0 contain the total number of lines. Bits 31 : 16 contain
the number of pixels in each line.

CONTROL 0x08 Bit 0 is used to enable the DMA controller: 1 = enable, 0 =
disable.

CURRENT_ADDRESS 0x0C This register contains the 32-bit address from which the DMA
controller reads data.

STATUS 0x10 Bit 1 of this register contains the status of the horizontal blanking
signal, bit 2 contains the status of the vertical blanking signal.

Table 5.1: Register information of the VGA Slideshows.

The address offset is the offset with respect to the Stripe-to-PLD bridge address, which is
0x80000000 in the VGA Slideshow. The slave_decoder.vhd, default_slave.vhd and
response_and_data_mux.vhd files are functioning as an interface between the Stripe-
to-PLD bridge and the slave_interface.vhd register bank, such that the software can
read and write the contents of the register bank.

The software initializes the hardware by writing the base address of the framebuffer
to the BUFFER_ADDRESS register, writing the framebuffer size into the IMAGE_DIMENSIONS
register and writing a 1 into bit 0 of the CONTROL register. After the DMA controller
has transmitted the last pixel of the frame to the line buffer, an interrupt is generated.
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This interrupt signal is connected to the stripe, such that the software running on the
ARM processor is able to handle this interrupt. The interrupt handler of the software
contains a counter, which is used to count the number of interrupts (frames). If the
counter has reached a value of ’100°, the interrupt handler changes the base address
of the framebuffer by writing the new base address into register BUFFER_ADDRESS. After
that, the software continues with interrupt counting. This is done two times (with couter
values '200” and ’300’), such that three pictures are displayed on the VGA monitor. The
interrupt handler then resets the counter and writes changes the base address of the
framebuffer to its initial value.

All VHDL files can be found in Appendix F. The software uses the same files as
the UART testbench, which is described in Chapter 3. However, the main.c and irq.c
files are different, so they can also be found in Appendix F. In order to fill the SDRAM
memory with images, a Perl script was used which converts BMP images into Intel HEX
format files. The next three paragraphs presents the script.

BMP2HEX Perl script

A BMP2HEX Perl script, which is supplied by Altera, was modified in order to produce
a Intel HEX format file which contains 8-bit pixels instead of 16-bit pixels. The Perl
script uses a 24-bit BMP image with a resolution of 640x480 as an input, strips the least
significant bits of the pixels and uses the remaining bits to produce a Intel HEX file
which contains 8-bit pixels (640x480).

The generated Intel HEX format file contains a base address, which indicates the
memory location where the pixels of the image start. This base address can be altered by
modifying the Perl script. The line my $temp = 48 + $_[0]; in the hex_address_line
subroutine can be used to alter the base address by changing the number 48 into a
multiple of 16: 16 indicates a base address of 0x100000, 32 indicates a base address of
0x200000, and so on.

After converting the BMP images, the Intel HEX files can be linked to the bootloader.
If the bootloader starts on power-up, it copies the images from Flash memory to SDRAM
memory. The Perl script is presented in Appendix F.

Restrictions

The DMA controller of the VGA Slideshow uses locked transactions to fetch data from
the SDRAM. A locked transaction locks the AMBA bus to provide a master exclusive
access to the bus. Since the VGA Slideshow requires a lot of memory transfers, the
AMBA bus is locked for a significant amount of time. This leaves less bandwidth to the
processor, which implies that updating the framebuffer from software can cause problems.
However, the VGA Slideshow was tested on an Excalibur device with the lowest speed
grade. Using a faster device will increase the bandwidth, because the AMBA bus on a
faster device can run on higher frequencies.
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5.2 DAMP Gamepack

The DAMP Gamepack is intended to be a reference design for run-time reconfiguration of
the PLD of the Excalibur device. The PLD can be reconfigured from a software program
with one of four classic games: Minesweeper, Pong, Snake and Riverrun. The software
program is based on the Germs monitor, which is generated by the Altera SOPC Builder
software [21]. The Germs monitor can be used to read and write from memory and is
able to display the memory contents on a terminal program via the UART interface. The
games are implemented entirely in VHDL, thus the Germs monitor does not interact with
these games. Four instructions were added to the Germs monitor, in order to reconfigure
the PLD with the four VHDL games.

For PLD reconfiguration, the software program includes the Serial Binary Image
(SBI) files of the four games. This is done in an assembly file (sbi_data.s) by using the
INCBIN statement. To indicate the start and end addresses of the SBI file, additional
labels were added. In assembly this is represented as follows:

start_1_sbi
INCBIN sbi/minesweeper.sbi

end_1_sbi

The file germs_monitor.c is the main program, from which the instructions are is-
sued that reconfigure the PLD of the Excalibur device. These instructions call the
configure_pld function located in the config_logic.c file, which configures the PLD
of the Excalibur device. Figure 5.2 presents the flowchart of configure_pld function.
This function starts by sending a value to the CONFIG_UNLOCK register to unlock the
Configuration logic, which is located in the stripe. Then the configure_pld function
checks if the Configuration logic is unlocked, by checking the value of the LK (locked) bit
of register CONFIG_CONTROL. If it is locked, the function returns an error code. If it is
unlocked, the configure_pld function sets the clock divider of the Configuration logic,
which requires an operating frequency of 16MHz or less. Then the IDCODE is checked,
which is located in the SBI file. This code indicates the device type and should be equal
to the code of Excalibur EPXAT1 device. If the IDCODE is not correct, the configure_pld
function should not configure the PLD with this SBI file. Hence, the function returns an
error code. If it is correct, the configure_pld function enables the Configuration logic.
The Configuration logic is enabled by setting the CO bit of register CONFIG_CONTROL.
The initialization phase is ended when the B (busy) bit of register CONFIG_CONTROL is
cleared.

After the initialization phase, the Configuration logic is ready to receive data from
the SBI file. An SBI file contains a byte stream, which should be send to register
CONFIG_DATA. The configure_pld function starts a timer and then sends four bytes
to register CONFIG_DATA. The Configuration logic then starts configuring the PLD of
the Excalibur device. The configure_pld function waits until the busy bit of register
CONFIG_CONTROL is cleared and then reads out the timer to check if a timeout occurred.
If a timeout occurs, the function returns an error code. If a timeout doesn’t occur,
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Figure 5.2: Flowchart of the configuration process.

the configure_pld function checks if the end of the SBI file is reached. If not, the
configure_pld function sends the next four bytes to register CONFIG_DATA. The Config-
uration logic then continues the configuration of the PLD. The configure_pld function
waits until the busy bit of register CONFIG_CONTROL is cleared and then reads out the
timer again to check if a timeout occurred. This loop is executed until the end of the SBI
file has been reached. If the end of the SBI file is reached, the configure_pld function
waits until the CO bit of register CONFIG_CONTROL is cleared or until a timeout occurs. If
a timeout occurs, the function returns an error code. Else, the function stops the timer
and returns the ok code.

As stated before, the software is based on the Germs monitor, which is generated by
the Altera SOPC Builder software. Hence, only the modified germs_monitor.c file and
the other application specific files are presented in Appendix G.

5.3 DAMP Linux

The operating requirements of an embedded application are often simple enough, that
there is no need for an operating system. However, some of today’s embedded appli-
cations are quite complex, requiring software to manage a large number of tasks and
hardware devices simultaneously. Linux is becoming a popular operating system for em-
bedded systems. Additionally it is open source, thus it can be ported to new platforms
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with relative low effort. In order to port Linux to the DAMP board, the following steps
should be performed:

1. A bootloader has to be created for DAMP, or has to be ported from a existing
bootloader to DAMP. The bootloader performs the initialization of the Excalibur
device and additionally boots the Linux kernel.

2. The Linux kernel has to be ported to DAMP, together with drivers for DAMP
devices, such as Flash and UART.

3. Linux requires a root filesystem, i.e., a filesystem used for storage of data and
proper booting of Linux. In addition both the bootloader and Linux kernel should
be stored on Flash memory for stand-alone operation of DAMP.

In order to compile both the bootloader and Linux kernel, a cross-compiler tool is re-
quired. The compiler used for DAMP bootloader and Linux kernel is a precompiled
toolchain from Armlinux [22]. The Linux distribution used for compiling the bootloader
and Linux kernel is Redhat Linux 8.0 [23] which contains the standard GCC compiler
toolchain used in combination with the cross-compiler.

DAMP bootloader

To boot the Linux kernel, a bootloader is required. It is possible to develop a cus-
tom bootloader for DAMP, however some advanced bootloaders are already present, like
BLOB [24] and ARMBoot [25]. ARMBoot is chosen as bootloader for DAMP, since it al-
ready supports the ARM9 processor and EPXA1 development board [26]. Furthermore,
ARMBoot supports multiple types of Flash memory, network download via bootp, dhcp,
tftp, PCMCIA CF booting and more. Compared to the port of the EPXA1 develop-
ment board available in ARMBoot the following changes have been introduced to the
ARMBoot source-code in order to support correct initialization of DAMP:

e The EPXAI1 development board has 16MB SDRAM, while DAMP supports up to
512MB SDRAM. The DAMP prototype consists of the EPXA1 with speed grade
—3, which has a maximum clock frequency of 83MHz. In order to support all speed
grades and 512MB SDRAM, the SDRAM parameters have been changed to reflect
the new situation.

e The DAMP prototype uses a different processor clock frequency. In order to sup-
port this, the frequency parameters have been adjusted to reflect this.

e The EPXA1 development board has support for the SMC911 Ethernet controller
connected to the EBI. The support for this controller has been disabled in the
DAMP port.

e The EPXA1 development board supports up to two Flash devices, DAMP supports
up to four Flash devices. Additional support for this has been added.
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Figure 5.3: Layout used for Flash device.

There is still one issue which requires to be addressed, namely support for the CS8900a
Ethernet controller should be implemented in the ARMBoot. Support for the CS8900a
Ethernet controller is available in the ARMBoot, hence the driver only requires porting
to DAMP.

Linux Kernel

As stated before, the Linux kernel should be ported to DAMP. There already exists a
specific patch for ARM processors, which also enables support for the EPXA1 devel-
opment board. Compared to the port of the EPXA1 development board the following
changes have been made to ARM-Linux:

e The DAMP prototype uses a different processor clock frequency. In order to sup-
port DAMP, the frequency parameters have been changed to reflect the new situ-
ation.

e The UART baudrate divisor variable, used for determining the UART baudrate,
has been given a constant value in order to provide a fully functioning UART
interface. This is a work-around and requires attention in later versions.

e Support for the CS8900a Ethernet controller has been enabled, however it is cur-
rently untested.

Filesystem

The general method used to boot a processor is with the use of permanent memory,
such as a Flash device. There are four possibilities to provide a filesystem for the Linux
kernel:

1. The use of a Network File System (NFS). This allows machines to mount a disk
partition on a remote machine via a network connection

2. The use of a Integrated Device Electronics (IDE) device, e.g., harddisk or cd-rom
devices.
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3. The use of a Ramdisk integrated in the Linux kernel.
4. The use of Flash devices for a filesystem.

The CS8900 Ethernet controller is not mounted on the current DAMP prototype. Fur-
thermore the IDE interface is not connected due to the fact that the EPXAT1 is mounted
on the current DAMP prototype. Thus the first two options cannot be implemented on
the current version of the prototype. The disadvantage of the third option is that any
changes made to the filesystem will be lost when rebooting DAMP. The last option is
therefore chosen to be utilized with DAMP. A common used filesystem for Flash devices,
the Journaling Flash File System (JFFS2) [27], is used. It is a log-structured file system
designed for use in embedded systems. Any changes made to the filesystem are directly
stored on Flash and are permanent even when the power supply is switched off. The
memory map of the Flash device is presented in Figure 5.3.
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Conclusions

The Delft Altera-based Multimedia Platform is meant to produce a low-cost and flexible
development platform. DAMP’s main target is to provide hardware and software
support for the hardware/software co-design paradigm for multimedia applications. The
design trajectory of the DAMP project consists of creating a specification, designing a
schematic, designing a PCB (Print Circuit Board) design, testing a prototype and finally
redesigning the schematic and PCB. The presented work in this thesis is the final step in
the DAMP Design Trajectory, in order to correct the design flaws which were made in
the initial phase. Additionally, reference designs were created, in order to support future
DAMP development. The DAMP specification was discussed, which consists of analysis
of the requirements and restrictions, a design space exploration and an overview of the
implemented DAMP features. Then, the followed testing methodology was presented,
together with the results and the modifications made on the PCB. Furthermore, the
redesign process was presented, which consists of redesigning the schematic and PCB.
Finally, the reference designs were discussed.

This chapter presents conclusions, highlights the main contributions and overviews
some possible future research directions. This chapter is organized as follows. Section
6.1 summarizes the main conclusions of the thesis. Section 6.2 presents the main
contributions. Section 6.3 gives some possible future research directions.

6.1 Summary

Chapter 2 introduces the DAMP specification, which is required to design a complex
multimedia platform for embedded systems development, such as DAMP. There are five
requirements for the DAMP design:

1. Multimedia support: DAMP should incorporate video and audio interfaces as
well as memory, in order to support multimedia applications.

2. Excalibur compatibility: DAMP should be compatible with all 672-pins versions
of the Excalibur device family.

3. Software support: DAMP should work gluelessly with the Quartuss II develop-
ment tool and standard Altera download cables.

4. Nios support: DAMP should provide a natural Nios-to-Excalibur migration path
for any Nios customer developed Nios extension board.

5. Testability: DAMP should support a variety of testing capabilities.
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The DAMP design process has only one restriction, namely that the DAMP platform
is intended to be a low-cost development platform. A design space exploration was
performed and it was decided to use either the EPXA1 or the EPXA4 Excalibur device.
Furthermore, it was decided to incorporate the following features on the DAMP board:

Power circuit: An external ATX Power Supply and a 1.8V voltage regulator.
Clock circuit: Five clock oscillators with enable/disable function (jumpers).
Reset circuit: A reset button for a manual reset and a power-on-reset component.
Connectors: Access to the dedicated pins and I/O pins of the Excalibur device.

JTAG interface: Two connectors to support serial JTAG programming and si-
multaneous JTAG programming.

User I/0O interface: Four push-buttons, one 8-switch dipswitch bank, eight
LEDS and two 7-segment displays.

UART interface: One dedicated UART interface.
PS/2 interface: One PS/2 connector.

Flash memory: Support of up to four AMD compatible (TLC320AD77C in
DAMP’s case) NOR Flash devices.

SDRAM interface: 168-pins DIMM socket connected to the SDRAM controller
of the Excalibur device.

High quality audio in/out (stereo): TLC320AD77C Audio CODEC connected
to the PLD.

Video out: Support of up to 256 colors through a VGA connector and a simple
DAC.

Ethernet support: Cirus Logic CS8900A Ethernet controller connected to the
EBI of the Excalibur device.

Nios daughter card interface: Nios daughter card interface compatible part
and an additional DAMP extension header.

IDE interface: IDE header connected to the PLD of the Excalibur device.

In Chapter 3 the testing methodology, which was used to test a prototype of the DAMP
design, was presented. All features were tested by closely following the testing method-
ology. The order in which the other features were tested is as follows:

1.
2.

3.

Power circuit.
Clock circuit

Reset circuit.
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4. Excalibur configuration selector circuits.

5. JTAG interface.

6. User I/0.

7. Flash memory.

8. SDRAM.

9. UART interface.

10. VGA.

11. Audio.

12. PS/2

13. Daughter card interface (Nios compatible part only).

The results were analyzed in order to correct any design flaw. All design flaws were
successfully corrected by modifying the DAMP prototype. The result was a functional
prototype. The following features were not tested:

e The Multi-ICE connector of the JTAG interface.

e The Ethernet controller.

e The DAMP extension header of the Daughter card interface.
e The IDE interface.

A speed verification was also not performed. Furthermore, a more thorough examination
of the 32-bit mode of the SDRAM circuit and the Audio circuit were also not performed.

In Chapter 4 all design flaws, which were found during the testing process, were
corrected by redesigning the DAMP schematic and the DAMP PCB. The following
features were redesigned:

1. Power circuit:

- VCC_CKLK2 was connected to a voltage level of 1.8V.
- VCC_CKLK4 was connected to a voltage level of 1.8V.
- VCC_CKOUT1 was connected to a voltage level of 3.3V.
- VCC_CKOUT1 was connected to a voltage level of 3.3V.

- All vias, which were located inside the footprint of the WH25 high power
resistor, were relocated.

- All traces, which were routed through the footprint of the WH25 high power
resistor, were rerouted.
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- The silkscreen that indicated the 0ff and On position of the power button,
were corrected.

2. Clock circuit:

- The silkscreen that indicated the 0ff and On position of the enable/disable
jumpers, was corrected.

3. Reset circuit:

- The value of capacitor C98, which was located in the debounce circuit, was
changed into 100nF.

4. User 1/0:

- A buffer capacitor was added to the power connection of the 74LV14 hex
invertor.

- The connections of the dipswitch bank were altered, such that the On indica-
tion is correct.

- The silkscreen of the push-buttons was altered, such that the push-button
numbering is correct.

5. Flash memory:

- Flash addresses 0 to 23 were connected to EBI addresses 1 to 24.
6. UART interface:

- The footprint of the MAX3241 was resized.
7. VGA:

- The 7407 open-collector hex buffer was replaced by a 7414 hex invertor.
- The VGA_R3 PCB signal was connected to L2.
- The VGA_R2 PCB signal was connected to J3.
- The VGA_R1 PCB signal was connected to K2.
- The VGA_G3 PCB signal was connected to H4.
- The VGA_G2 PCB signal was connected to J5.
- The VGA_G1 PCB signal was connected to H5.

8.