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Abstract
The Hypertransport technology as a chip-to-chip and 
board-to-board interconnect technology is a well estab-
lished standard, used in various computing systems. New 
is the standardization of an expansion slot with direct 
Hypertransport connection, called HTX. The opportunity 
of such a direct I/O interface led to the development of a 
rapid prototyping station with a HTX connector, plugga-
ble into any HTX-equipped system. The architecture and 
physical design of this HTX device is presented. Beside 
the HTX connection, the most remarkable parts in the 
architecture are a FPGA as main component and an 
array of six high speed serial transceivers. The intend of 
the transceivers is to build up custom direct interconnec-
tion networks. Beside the use for rapid prototyping and 
development of custom interconnects, possible applica-
tions are co-processing and CPU-offloading. The physi-
cal board design is shown with the most challenging 
problems like cost-efficient stack-up, the power distribu-
tion system and signal integrity for high speed signals.
The Hypertransport Consortium already adopted this 
development as a Reference Design in their portfolio. To 
our knowledge, until now there are no other comparable 
devices available.

1. Introduction

The Hypertransport (HT) technology [1] is a point-to-
point link interconnect designed for chip-to-chip or 
board-to-board communication. This technology pro-
vides high bandwidth together with very low latencies, 
making this technology suitable for almost any applica-
tion from embedded systems over PCs to high-perfor-
mance computing systems. Nearly the complete CPU 
portfolio of AMD already compromises at least one HT 
link. One of the most important recent developments in 
the HT context is the introduction of the HTX connector 
[2]. In a very short time period the HTX technology was 
accepted by industry and lead to the launch of new main-
boards from different vendors. The first add-in card 

designed for HTX is InfiniPath by PathScale [3], mean-
time several others are available. Still missing is a rapid 
prototyping station, which is mandatory for fast develop-
ments of HTX devices. The HTX-Board presented here is 
exactly designed for this purpose. It’s main component is 
a high-performance FPGA, which is closely coupled to 
the main CPU over the HTX connector.

The application range of the HTX-Board is versatile. 
Beside the FPGA there are many other components 
embedded on the card, like DDR2-SDRAM, Gigabit-
Ethernet, flash memory, mezzanine connectors, USB and 
six high-speed serial transceivers. This makes this board 
suitable for rapid prototyping, cpu-offloading, co-pro-
cessing and custom interconnection networks. The FPGA 
is a Xilinx Virtex-4FX device [4]. This high performance 
state-of-the-art FPGA also contains two PowerPC blocks, 
fitting perfectly into the rapid prototyping and co-pro-
cessing applications.

Immediately after publishing details about this rapid 
prototyping station for HTX, the Hypertransport Consor-
tium (HTC) [5] promoted the project by including it as a 
reference design in their portfolio.

The remaining sections of this paper are organized as 
follows. The next chapter discusses the state of the art for 
peripheral interconnects. This leads to the motivation for 
a device with a HTX connector. Chapter 3 presents the 
basic architecture of HTX-Board, including a description 
of all major components and the sophisticated configura-
tion methods. The chapter is finalized with a short over-
view of the board design, before the final conclusion and 
a short outlook on the next steps is presented.

2. Motivation

In today’s Commodity-of-the-Shelf (COTS) comput-
ing systems the standard I/O interface is PCI, PCI-X or 
PCIe [6]. This implicates that there is no direct connec-
tion between peripheral device and main CPU. System 
and I/O interconnect are running complete different pro-
tocols and a bridge is required to convert these protocols. 



The bridge introduces additional latency for device 
accesses. Typically, a bridge is not replicated so all I/O 
devices have to share the access to the system bus. This 
bottleneck limits the available bandwidth and closely-
coupled systems are not possible.

For PCI and PCI-X [7] the I/O systems are bus-
based, which introduces additional complexity for arbi-
tration. A large protocol overhead is required to sched-
ule the different connected devices, even if only one 
device is present.

PCI-Express (PCIe) [8][9] is a point-to-point inter-
connect and avoids the drawbacks of shared medium 
based systems. Instead it is based on high-speed serial 
links, which require serializers and de-serializers (Ser-
Des) for communication. The source-clock is embed-
ded in the data stream and a DC-balanced code like 8b/
10b ensures clock recovery at the receiver. These 
requirements raise the complexity and thus increases 
the latency of accesses.

A complete different approach is the HTX interface. 
It makes the common Hypertransport protocol [10][11]
available for peripheral devices by defining a standard 
expansion slot. Typically, HTX is only used in systems 
where the system interconnect also runs the Hyper-
transport protocol. Thus no protocol conversion is 
required and a bridge can be omitted. If the main CPU 
has only one HT link (e.g. the AMD Athlon64 [12]), a 
chain has to be set up with the HTX possibly at the end. 
The intermediate devices are tunnel devices, and the 
end of the chain is a cave device with reduced com-
plexity. For CPUs with several HT links (like the AMD 
Opteron [13]) the HTX slot can be directly connected. 
This direct connection between device and CPU is opti-
mal regarding latency, available bandwidth and overall 
performance. For SMP systems, the CPU contains a 
switch to redirect the traffic to the appropriate destina-
tion. Direct topologies like meshes are build up with 
these CPUs.

Summarized, the HTX system is a point-to-point 
interconnect with direct connection between peripheral 
device and CPU, avoiding any bridges or other inter-
mediate protocol converters. HTX makes it possible for 
devices to connect directly to the system interconnect, 
an opportunity which was demanded by research and 
industry for a long time.

The goal of the work presented here is to design a 
reconfigurable device for HTX, enabling co-processing 
and rapid prototyping of applications which require 
close coupling to CPU and memory. Beside the basic 
idea of a HTX connection, the device architecture tar-
gets the area of interconnection networks. The HTX-
Board is designed to be a first prototype for a next gen-
eration direct network, comparable to the ATOLL net-
work [14] with more sophisticated features. Several 
possibilities for inter-node communication are embed-
ded on the device, making the evaluation of different 
techniques possible. Another requirement is an embed-

ded CPU core, which can be used as a network proces-
sor for certain applications. For an unconstrained use of 
such an embedded CPU core several additional auxil-
iary features are inevitable. For instance, an on-device 
DRAM, flash memory, Ethernet connection for loading 
bootstraps or an USB connection.

State of the art in reconfigurable logic devices are 
FPGAs, containing logic cells in the range of several 
10.000 up to several 100.000. Other building block like 
embedded CPU cores, Ethernet Media-Access-Control 
(MAC) cores or other advanced logic blocks are also 
already included.

3. Basic Architecture

The key component of the system presented here is 
the FPGA, which is connected to the various compo-
nents like communication devices, dynamic and flash 
memory or for auxiliary functions.

A Xilinx Virtex4-FX was chosen because it already 
contains CPU cores and a large number of high speed 
serial transceivers. Other features like support for 
dynamic reconfiguration, differential I/O with up to 
1GHz or the embedded MAC cores are not mandatory, 
but fit very well in the architecture of the design and 
are not left unused. The FPGA is directly connected to 
the HTX interface with differential links. This connec-
tion is 16bit wide in each direction. Wider HT connec-
tion are not supported over HTX connectors. The 
complete power supply is also provided by the HTX 
connector, no external power is required.

Beside the HTX interface, the most important fea-
ture are the Small Form Factor Pluggable (SFP) Trans-
ceivers. Six of these SFPs are placed on the board, 
connected to the high speed serial links of the FPGA. 
These links can run speeds from 622Mbit/s up to 
6.25GBit/s. One advantage of SFP is that the transceiv-
ers are pluggable. By exchanging the transceivers 
every kind of transmission is possible, electrical or 
optical over various connector types. Running all SFP 
transceivers at full speed, the bidirectional bandwidth 
is 60 GBit/s1. All six transceivers are accessible at the 
front panel of the board. The intend is to build up direct 
interconnection networks with a 3D-topology, for 
instance tori or meshes (or any other topology with a 
node degree [15] of not more than six).

1. Assuming an 8b/10b code and all six transceivers run-
ning at 6.25GBit/s.



Figure 1.Block Diagram
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The embedded CPU cores of the FPGA use a data 
width of 32bit, which is sufficient for the targeted appli-
cations. For unconstrained usage of the CPU cores, addi-
tional memory is required on the device. Furthermore, 
flash memory and an Ethernet interface is useful for load-
ing the bootstrap of the CPU cores. Thus the FPGA is 
connected to auxiliary components like a DDR2-
SDRAM, a flash memory and an Ethernet device. 
Regarding the data width of the DDR2-SDRAM inter-
face it is optimal to match the data width of the CPU 
core, which is 32bit. Because the highest data width of 
available DDR2 devices is 16bit, two of them are placed 
on the board to match the data width.

The top-level block diagram is shown in Figure 1 on 
page 3 with all important components, mainly the FPGA, 
the HTX connector and the SFP array. These components 
are already shortly introduced. A deeper explanation of 
all major components is presented in the following. The 
block diagram also shows the placement of the different 
components on the board, with the FPGA in the middle 
surrounded by the others. Not shown in this block dia-
gram is everything related to power, furthermore compo-
nents of minor interest like the reset controller and 
voltage supervisor.

3.1 FPGA features

The requirements for the FPGA are basically at least 
six high speed serial links and at least one embedded 
CPU core. The high speed serial links should provide a 
bandwidth which is competitive, even in the next years.

The Xilinx Virtex4-FX60 (V4FX60) [16] device 
meets all the requirements and was available as engineer-
ing sample at the beginning of the project. The footprint 
of the FX100 device is the same. This allows to replace 
the FX60 with the larger one, with more logic cells and 
more block ram. The FPGA contains 16 Multi-Gigabit 
Transceivers (MGT), which is much more than required. 
The MGTs can operate at frequencies up to 6.25GBit/s, 
10GBit/s is predicted for the future. From the 16 avail-
able MGTs, six are connected to the SFP array, four to a 
mezzanine connector and one to a SATA connector. The 
remaining ones are unused at the moment, but are avail-
able if applications demand a board layout change. The 
FX100 provides even 20 MGTs. Also included are two 
PowerPC 405 32bit RISC cores [17] (PPC), running with 
up to 450MHz. The PPC is well-known and provides 
state-of-the-art architecture with adequate performance. 
It has separate instruction and data caches (Harvard 
architecture [18]). Beside the PPC cores there are two 
Gigabit-Ethernet MAC cores. Together with a physical-
layer device and an Ethernet connector it is possible to 
set up an Ethernet connection with up to 1Gbit/s. The I/O 
of the FPGA supports differential signalling, e.g. LVDS 
or LDT1 compatible. Various other I/O standards are pos-
sible. For single-ended signalling, 576 user I/Os are 
available. This number is roughly bisected for differential 
signalling. The maximum speed of the I/O cells is 1GHz.

1. The Hypertransport protocol was formerly called Light-
ning Data Transfer Protocol (LDT).



3.2 HTX interface

The HTX standard [19] defines an interface between 
mainboard and peripheral device. This interface is bidi-
rectional with differential signalling. The data width is 
limited to 16bit in each direction, but daughter cards 
can choose to implement only 8bits. The specification 
of the interface exactly follows the HT standard. This 
means that for every 8 data bits one clock signal is pro-
vided. This double-data rate clock is driven by the 
source of the data. For each direction there is one con-
trol signal to distinguish between control packets and 
data packets.

The HTX connector itself is composed of two stan-
dard PCI-Express connectors, but arranged in a reverse 
direction. The advantage is that widely available con-
nectors can be used and that the backward mounting 
prevents from damage when inserting PCIe devices. 
Beside the HT signals, the connector provides power 
(12V and 3.3V), a 200MHz differential and a 66MHz 
single-ended reference clock, reset and power-ok sig-
nals. A system management interface is optional. Max-
imum specified operation frequency is 800MHz, but 
the PCIe connectors are known to work at higher 
speeds. So it could be chosen to operate the device at 
higher frequencies.

3.3 Auxiliary devices

If used in a mainboard, the direct connection 
between device and memory allows very fast and effi-
cient access to the main memory system of the main-
board. But for stand-alone usage without being plugged 
into a HTX mainboard, DDR2-SDRAM memory is 
already included on the HTX-Board. Furthermore the 
embedded PPC cores can profit a lot from having dedi-
cated memory. There are two DDR2 devices on the 
board, having together a data width of 32bit. This 
matches the data width of the PPC cores. DDR2 was 
chosen because of the guaranteed future availability, 
reduced power consumption, on-die termination, 
improved bus efficiency and migration to higher bus 
speeds and device densities.

An Ethernet connection is made possible by the 
Ethernet Physical Layer (PHY) device and a RJ-45 
connector. Together with the MAC core embedded in 
the FPGA a Gigabit-Ethernet connection can be set up.

Beside the RAM and the PHY, a flash memory is 
available for non-volatile data storage. Again, the main 
target component is the PPC core. The flash memory 
allows to store a bootstrap loader. The loader only ini-
tializes the components needed to access another data 
source (e.g. the Ethernet interface). From this data 
source the remaining code is fetched to fully boot the 
PPC core.

Mezzanine extension boards can be connected to the 
HTX-Board over two mezzanine connectors. For dif-

ferential signalling, the connection is 10bit wide in 
each direction. Additionally, an I2C bus and a differen-
tial clock is available on the connector, together with 
3.3V and 1.8V as power supply. The differential signals 
can also be used as single-ended, allowing up to 40 sig-
nals for both directions. The mezzanine connector is 
specified for frequencies up to 9.5GHz. A further con-
nector is placed next to the FPGA and connected to 
four MGTs. This allows to easily access the FPGA over 
four bidirectional high speed serial links at maximum 
frequency. One MGT is routed to a SATA connector, 
e.g. to connect to a hard disk drive with an appropriate 
IP loaded into the FPGA.

Figure 2.Configuration overview
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Figure 3.Photo of a prototype
These preliminary considerations led to the following 
programming system (Figure 2 on page 4). The FPGA 
itself provides various programming methods, only few 
of them are used here to meet the demands stated above.

The essential configuration method is JTAG [20]. 
JTAG has priority over every other method and works 
invariably. To access several devices using JTAG, the 
devices have to be connected in a daisy-chain fashion. 
Here, the other device in the chain beside the FPGA is a 
Platform Flash ROM (PROM) [21]. This device has a 
capacity of 32Mbit allowing to store a complete configu-
ration bit stream in it. The PROM is configured using 
JTAG. Upon de-assert of the FPGA’s and PROM’s reset 
signal, the PROM starts to load the bit stream into the 
FPGA over a 8bit wide parallel interface, clocked at 
40MHz. Compared to JTAG, this is a very fast configura-
tion method, allowing the HTX-Board to be used as a 
peripheral device in a computing system. The configura-
tion is performed before the device is accessed by the 
host system. Another advantage is that the configuration 
is stored non-volatile, rendering programming after each 
power-up unnecessary. The major drawback regarding 
programming over JTAG is that special hardware is 
required to generate a JTAG command stream. To allow 
configuration with commodity hardware, a USB UART 
[22] controller is connected to the JTAG chain. This con-
troller has an interface designed for synchronous serial 
protocols like JTAG. This interface allows to access the 
JTAG chain using over the USB interface, which is a 

standard component of every modern computing system. 
The computing system is connected over a USB cable to 
the HTX-Board. A new developed software tool suite 
allows programming of the FPGA and the PROM over 
the JTAG chain.

Virtex4 devices offer the possibility to re-configure 
functional blocks during normal operation, using the 
Internal Configuration Access Port (ICAP) [23]. This 
dynamic reconfiguration is not affected by the configura-
tion methods shown above. It is still fully available and 
provides the opportunity to change certain functional 
blocks of the FPGA without re-configuring the complete 
design.

3.5 Design of the Printed Circuit Board

This chapter covers the physical design of the Printed 
Circuit Board (PCB). Most interesting issues are the sig-
nal routing, the power distribution system and the finally 
resulting stack-up of the PCB. For a high speed design 
like this, special care has to be taken on signal integrity 
[24]. Signal speeds with up to 6.25Gbit/s require con-
trolled impedance, and the Hypertransport signals must 
be routed length-matched. Next, the FPGA as the main 
component has a large power dissipation, which requires 
a sophisticated power distribution. It’s large BGA foot-
print makes the fan-out of the footprint boundary a chal-
lenge. Beside all this, the total cost of the system always 
have to be kept in mind.



Sophisticated hand-routing of the design lead to a 
stack-up with only eight layers. This stack-up is opti-
mal regarding the distribution of signal layers and ref-
erence planes. There are no adjacent signal layers, and 
the two innermost power/ground planes have a very 
small spacing. The core and auxiliary power supply for 
the FPGA (1.2V and 2.5V) have exclusive power 
planes for improved power distribution.

4. Conclusion

The advantages of rapid prototyping using reconfig-
urable logic like FPGAs are well-known. The only 
drawback of FPGAs is the limitation regarding speed 
and size of the contained logic. This is more than com-
pensated by it’s advantages for prototyping applica-
tions. The lead time and costs are much lower 
compared to an ASIC. Hardware/Software co-design is 
possible at an early design stage and various different 
solutions can be implemented in the FPGA. Errors can 
quickly be found and fixed. A system can be optimized 
by shifting the boundary between hard- and software to 
find the most appropriate partitioning.

The HTX-Board targets rapid prototyping applica-
tions, but is not limited to them. It is also suitable for 
co-processing, CPU-offloading and many other appli-
cations. Beside the FPGA it includes various building 
blocks, like DDR2 memory, flash memory, Gigabit 
Ethernet and SFP transceivers. Mezzanine cards can be 
directly connected to the HTX-Board if special func-
tions are required.

Most important for this unique design is the HTX 
connector, allowing direct connection to CPU and 
memory of computing systems based on the AMD64 
architecture. A connection from peripheral device to 
system interconnect without bridges has been 
demanded for a long time. The HTX expansion slot is 
an opportunity to connect devices directly and without 
intermediate bridges. The number of available main-
boards with HTX expansion slots is growing rapidly, 
various devices for HTX are already available. The 
HTX-Board can accelerate the design of new devices 
by rapid protoyping.

This year AMD announced the Torrenza initiative. It 
capitalizes Hypertransport and the Direct Connect 
Architecture to enable the development of application 
specific co-processors. Developments already in 
progress include support for an HTX expansion slot. 
Third parties can develop custom-specific devices to 
include them in AMD64 platforms. In the next phase 
licensing of the coherent Hypertransport protocol will 
be available, allowing coherent HTX devices.

After publishing first details about the HTX-Board 
development, the Hypertransport Consortium decided 
to include it as a Reference Design within their product 
portfolio. This shows the ascribed importance to the 
HTX-Board and the need for such a design. Other 

members of the HTC can take advantage by using this 
Reference Design as a template for new developments. 
This re-use lowers required time and costs.

During the design of the HTX-Board, the total costs 
were always kept in mind. Sophisticated board design 
with a carefully chosen architecture lead to a PCB 
stack-up with only eight layers, which shows the effort 
invested in cost optimization.

Figure 3 on page 5 shows a photo of a prototype, 
currently the final design is on the way. On this proto-
type, a parallel SCSI connector replaces three SFPs for 
debugging purposes. For an unhindered view, the heat 
sink of the FPGA is left away. At the moment we are 
focussed on the completion and verification of the HT-
Core. This core has a convenient interface towards 
FPGA applications allowing fast adoption by HTX-
Board users. Developers of FPGA applications can rely 
on the HT core to connect towards the system.
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