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Multifunction-Timing Card lTTEV2 for CoDaC
Systems of Wendelstein 7-X

J. Schacht, J. Skodzik, and the CoDaC Team

Abstract—The timing system is a crucial element for the Con-
trol, Data Acquisition, and Communication (CoDaC) system of
the steady-state fusion experiment Wendelstein 7-X (W7-X). Its
main task is the synchronization of all clocks with sufficient accu-
racy. Furthermore, it is able to send, receive, and process event
messages. It offers a wide range of time-related functions, e.g.,
time capturing, pulse generation, realization of time delays, and
sending and receiving of trigger signals. The overall timing system
consists of a central timing system and a considerable number
of local timing systems. A revision of the existing local Trigger
Time Event card version (1lTTEV1) card and Time-to-Digital
Converter (TDC) card was necessary as many components used
for their fabrication were no longer available. The need for a bus
interface for the lTTE card with long term availability has led
to the decision to use a GBit Ethernet interface. By choosing a
more powerful FPGA device, it was possible to increase the time
resolution by a factor of two. This contribution starts with a short
introduction of the W7-X timing system. The key properties, all
extended as well as new features of the lTTEV2 card to face new
requirements regarding data acquisition are described. The actual
state of the development is given.

Index Terms—Control and data acquisition, FPGA device, syn-
chronization, timing system, trigger-time-event (TTE) functions.

I. INTRODUCTION

W ENDELSTEIN 7-X (W7-X) is a fusion experiment
based on the stellarator concept [1]. The main goal of

this project is to demonstrate the steady-state capability of the
stellarator fusion device.
The magnetic field for the plasma confinement will be pro-

duced by 50 nonplanar and 20 planar superconducting coils. A
pulse duration of up to 30 minutes at 10 MW electron cyclotron
resonance heating (ECRH) power or even more is planned with
lower power.
The requirement for steady-state operation strongly influ-

ences the design of the technical components, the actively
cooled in-vessel components, the plasma diagnostics, heating
and fuelling systems, data acquisition, and device control.
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Fig. 1. Structure of the TTE system of W7-X.

Due to planned data rates of up to 30 GByte/s and a total
amount of data in a range of 50 TByte per long pulse experiment,
enhanced concepts for real time plasma control, continuous data
acquisition, and data archiving had to be developed.
An important requirement for steady-state control and data

acquisition is to combine all measured data with a precise time
stamp.

II. STRUCTURE OF THE TRIGGER-TIME-EVENT SYSTEM
The timing system is a crucial element for the Control,

Data Acquisition, and Communication (CoDaC) system of the
steady-state fusion experiment (W7-X).
Fig. 1 illustrates the basic structure of the wholeTriggerTime

Event (TTE) system of W7-X.
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Fig. 2. System architecture of the lTTEV2 card.

The TTE system consists of three parts: The central TTE
system, the local TTE systems as a part of the user systems,
and a connection layer in between. The central system con-
sists of two main parts. A standard timing system fulfills all
requirements for time synchronization of usual user applica-
tion systems like standard PCs, Programmable Logic Controller
(PLC)-based control systems, or embedded systems. The time
accuracy at this part of the TTE systems is not demanding and
should be in a range of 10-100 ms. As the cycle time of a PLC
often exceeds 10-50 ms, time resolution and time accuracy can
be much lower than for real-time computer systems.
For this reason, it is possible to use commercial technology

like network time servers or PLC-based bus masters for the syn-
chronization purposes of the user systems. The connection layer
between the central and local TTE systems is based on standard
networks like Ethernet or field busses for industrial control sys-
tems (e.g., Profinet, Profibus, Ethercat). Well known standard-
ized data protocols are used, e.g., the NTP/SNTP time protocol
or the IEEE 1588 precise time protocol.
The second main part of the TTE system is based on an

in-house development started in 2000. Due to the high de-
manding requirements for precise time stamps with a time
resolution of ns of the W7-X fast control systems and
of the W7-X standard and high performance data acquisition
systems, this development was unavoidable.
The main task of this advanced TTE (aTTE) system is the

synchronization of all clocks with sufficient accuracy [2].
Furthermore, it is able to send, receive, and process event
messages. It offers a wide range of time related functions, e.g.,
time capturing, pulse generation, realization of time delays,
and sending and receiving of trigger signals. The overall aTTE
system consists of a central redundant timing server (as part of
the central TTE system) and a considerable number of local
TTE (lTTE) systems. Most of the W7-X technical systems like
heating system, power supplies, gas inlet, and all diagnostic
systems include a local TTE system. The connection between
the central Trigger Time Event (cTTE) server and all lTTE
systems is realized by optical fiber cables and TTE network
repeaters. The data transfer for time and event message related
data packets is based on a proprietary protocol [3][4].
The requirements for the response time and precision of time

stamps of the local TTE systems are very demanding. Short re-
sponse times with data processing in real-time and a time reso-
lution in a range of 20 ns are essential for data acquisition sys-

tems, segment processing, and fast feedback control. The jitter
of the clock signal for generation of the time stamps should be
less than 100 ps. The processing of I/O signals (10 in Fig. 2) in-
side the FPGA (4 in Fig. 2) has to be a latency ns. By using
lTTV1 cards or TDC cards, a local Trigger-Time-Event (lTTE)
system consists of a computer board and software components
for trigger, time, and event message tasks. It is integrated part
of the control systems of the technical components and diag-
nostic systems. The time, trigger, and event-related messages
are broadcast from the central TTE system to the local units
through a unidirectional fiber network. Trigger signals with high
requirements for the response time or reliability will be dis-
tributed with hardware trigger lines. The number of connected
TTE units is flexible and not limited.
However, the properties of the local TTE system of a compo-

nent allow to be built and sized depending on the requirement
resulting in the architecture and corresponding data, which are
generated in an experiment cycle.

III. REQUIREMENTS FOR THE NEW LTTV2 DEVICE

For the lTTE systems of the advanced TTE system two spe-
cial computer cards with a PCI/PCIe interface were developed.
The local Trigger Time Event card Version 1 card (lTTEV1) is
mainly developed for the fast control systems. The Time Digital
Converter card (TDC) [5] is specialized for DAQ systems.
Both card types are used for the experiments W7-X and WEGA
(WEGA is a small stellarator device, used as a test-bed for
W7-X control system [11]) (IPP branch Greifswald/Germany)
and also for the Asdex Upgrade (IPP branch Garching/Ger-
many). The long operation period of the lTTEV1 and TDC
cards has shown that the given requirements were fulfilled.
A redesign of the lTTEV2 hardware was necessary, because

some integrated circuits for lTTEV2 card were not longer avail-
able on the market and therefore it was impossible to fulfill the
demand for new lTTEV1 cards for the W7-X project.
For the development project of the new lTTEV2 board the

following main requirements had to be considered:
1. The investments into the established TTE system of W7-X

should be saved. FPGA software of the lTTEV1 card
should be reused for the new lTTEV2 FPGA software.
The existing hardware (lTTV1 card, TDC card) still has to
be operable in the upgraded TTE system environment.

2. The new lTTEV2 board has to work together with the ex-
isting cTTE system, TTE network, and its data protocol.
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3. All main functions of both, lTTEV1 card and TDC card,
have to be implemented in the new lTTEV2 board.

4. The FPGA integrated circuit Virtex 1000E (Xilinx) of
the lTTEV1 card has to be replaced by a Virtex 6 FPGA
(Xilinx).

5. In exchange to the PCI/PCIe bus interface the new lTTV2
board should be a standalone system equipped with a 1
GBit Ethernet link to a host system. A version of an lTTV2
card with a PCIe bus interface is not foreseen.

6. The TTE network interface of lTTEV2 should be able to
receive and to send messages.

7. Implementation of new TTE functions, given by the users,
must be possible.

8. Increase of the performance of TTE functions, e.g., the
time increment of the time counter should be decrease to
10 ns.

9. The configuration of selected TTE functions should be
simplified, if possible.

IV. LTTEV2 SYSTEM ARCHITECTURE

The system architecture of the lTTEV2 card is depicted in
Fig. 2.
The need for a new bus interface with long term availability

has led to the decision to use a GBit Ethernet interface. It will
connect the new lTTEV2 card with a host system, which is usu-
ally a PC. The main system components of the lTTEV2 card
(1) are the 1 GBit Ethernet port (2 in Fig. 2), the optical data port
for the TTE network (9), the inputs and outputs for the trigger
system (10), the FPGA (Virtex 6, Xilinx) (4 in Fig. 2) hosting
the Ethernet to lTTV2 Core interface (3 in Fig. 2), the lTTV1
core (6 in Fig. 2), a DDR3 controller for the Time Capture FIFO
device (7 in Fig. 2), and a 2 GB DDR3-DRAM device (8 in
Fig. 2). The lTTEV1 core (6 in Fig. 2) is a reused part of the
lTTV1 FPGA program and contains all specific TTE devices,
which realizes all trigger, time, and event related functions of
the lTTEV2 card. In addition the lTTV2 card offers new capabil-
ities by integrating of new TTE devices types: Pulse Sequence
Generator (PSG), Fast Periodic Time Capture (FPTC). The TTE
network interface is equipped with a Fiber Optic sender (FBO
sender) for bidirectional communication via the TTE network.
Subsequently major changes of the system architecture of the

lTTEV2 card are described.

A. Ethernet Interface

The PCI connection of the lTTEV1 card is replaced by the
new Ethernet port (2 in Fig. 2). Raw Ethernet packets are sent
to the host bases to reduce communication overhead to a min-
imum. The connection is a full duplex point-to-point connec-
tion. This ensures a connection without any loss of packages due
to collisions using Ethernet as the transmission protocol. The ad-
dressing is accomplished by using MAC addresses. The MAC
address is not chosen statically. The Virtex 6 FPGA owns a so
called Device-DNA [7]. This is an integrated eFUSE register
which stores a unique 57 bit value. The eFUSE is a one-time
programmable register and is nonvolatile. This DNA value will
be used to generate the unique MAC address for the lTTEV2
Card. The card sends a “hello” message to the network with its

own generated MAC address. If there is a collision due to com-
pression of the 57 Bit to a corresponding 48-Bit MAC address
the host will be able the change the MAC address dynamically
during the operating of the lTTEV2 card.
Furthermore, usage of Ethernet allows operating the lTTEV2

card without it must be a part of dedicated computer hardware.
It reduces the effort to integrate new lTTEV2 cards into the net-
work and thus enables an essential aspect of automation - the
comfortable horizontal and vertical integration of devices [6].
The user is free to choose layer 2 communication for highest
performance, due to low overhead via raw Ethernet packets, or
to switch to IP communication based on UDP (User datagram
Protocol) enables the integration into existing IP networks. This
guarantees the highest flexibility for the new lTTEV2 card.

B. Change of the Time Resolution
By choosing a more powerful FPGA device (Xilinx Virtex

6), it was possible to increase the time resolution by a factor of
two. Instead of 50 MHz the new lTTEV2 card runs at 100 MHz.
Therefore it is possible to count in 10 ns every clock cycle. Thus,
the time resolution is increased to 10 ns compared to a time
resolution of 20 ns at 50 MHz using the lTTEV1 card.

C. Further Changes
Additionally, DDR3 memory is integrated to allow the

storage of a high amount of data needed for high-resolution
time capture processes.
A direct connection to a central TTE (cTTE) card, which is

responsible to forward the actual time values, is realized by
using an optic fiber connection (9 in Fig. 2). I/O ports (10 in
Fig. 2) allow to receive incoming serial data or signals and to
output new values. The Ethernet to lTTEV2 Core Interface (3
in Fig. 2) handles all incoming raw Ethernet packets and con-
verts the included data to corresponding commands, which will
be accepted by the lTTEV2 Core (5 in Fig. 2). The lTTEV2
Core comprises the main TTE functionality in form of TTE-de-
vices. The TTE-devices of the lTTV1 design are wrapped in
the lTTEV1 Core (6 in Fig. 2) and can be accessed directly
via the new Ethernet interface (3 in Fig. 2). The newly added
TTE device types are the Time Capture FIFO (TCFIFO) (7 in
Fig. 2), FBO sender, the Pulse Sequence Generator (PSG), and
the Fast Periodic Time Capture (FPTC), which will be described
in Section VI.

V. LTTEV2 DEVICE OVERVIEW

For the realization of the required trigger, time, and event
functionality, specific TTE device types have been defined.
A TTE device is an entity of a given TTE device type. TTE

devices are functional units to carry out special time, trigger,
or event processing tasks. A TTE devices type defines all de-
vice properties, signal processing functions, and the behavior.
The number of implemented TTE devices of a certain TTE de-
vice type is configurable during the FPGA program definition
phase. All TTE devices are based on the generic device model
shown in Fig. 3. The type of a device is determined by the de-
vice transfer function, which defines the signal processing (e.g.,
the processing of the input signals and the generation of the
output signals and values) and the device behavior. A device
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Fig. 3. System generic model of a TTE device.

is equipped with a set of control and status registers and han-
dles, depending on the device type, different kinds of input and
output signals.
Input signals are used for device enabling and to call device

functions. Output signals commit the result of the input signal
processing and signal the activity status of a device.
Input and output signals of a TTE device can be deactivated

using the device control functions In_enable and Out_enable.
Thus, a TTE device can be operated in different configurations
regarding its hardware input and output signals.
A device is controlled either by software commands from a

host PC via network interface or by using of input control sig-
nals. The configuration of the device functions is set up using
dedicated register entries.
Using a suitable setup, a device is able to generate interrupts,

which can trigger software functions on host side. The delay be-
tween the detection of an active interrupt condition and a reac-
tion of the host PC consists of two parts. The first part includes
the time between an occurrence of an interrupt condition on TTE
devices inside the FPGA, the creation of a special interrupt data
packages (if no other data transfer is running) or modification
of parts of normal data packages with interrupt information (if a
normal data transfer is running). The total delay of the first part
from detection of an interrupt up to data transfer to the separate
Ethernet controller on lTTEV2 card is about 1100 ns. The data
transfer between an lTTEV2 card and a host PC produces an
insignificant delay due to a short distance between transmitter
and receiver. The second part of the delay is produced inside
the host PC and depends on its hard- and software. The soft-
ware consists of the VxWorks real-time operating system and
the modules for the network stack. The accumulation of all de-
lays for interrupts should be in a range of some micro seconds.
A jitter of the packets due to different paths through the network
does not exist, because the network structure is a point-to-point
connection between lTTEV2 card and the host PC.
The flexible combination of the signals of TTE devices allows

a setup of complex signal processing in real time. Responsible
for this kind of signal combination is a special TTE device called

“Device MapMatrix”. By means of a control register configura-
tion of the Device Map Matrix, the required signal combination
between device signals will be set at run-time as well.
The logic of all TTE devices is defined by the FPGA pro-

gram. Several devices have input and output signals with a di-
rect connection to signal ports (e.g., I/O trigger signal ports, data
receiver) of the TTE card. Via these ports, W7-X field signals
can be coupled with TTE device input/output signals.
Table I summarizes all TTE device types of the lTTEV2 card

and their main functions. Some important devices such as the
I/O device are available more than once. Also, Table I shows the
differences of the number of instances for TTE devices between
the lTTE card versions 1 and 2. New device types for lTTEV2
card are listed in the last paragraph of Table I.
An important design goal of the development of the new

lTTEV2 card was the implementation of all main TTE functions
into a FPGA (field programmable gate array). The integration of
all TTE devices on a chip minimizes the effort for external as-
sembly parts. Furthermore signal delays by signal transmissions
between devices are minimized. Another advantage is the pos-
sibility to update TTE devices to new versions only by adapting
the FPGA program. A hardware change is not needed.

VI. NEW TTE DEVICES FOR LTTEV2 CARD

In this section, the new developed TTE devices of the lTTV2
card are described.

A. Time Capture FIFO (TCF) Device

The Time Capture FIFO (TCF) device is used for time
stamping of dedicated time capture events. A time capture
event will be produced by an active hardware signal of one of
the eight time capture start inputs or by setting of a control flag
TCFStartTC 7-0 within TCF control register.
The TCF device can be used in two different operational

modes: the FIFO mode or the buffer mode. The TCF device
consists of three memory blocks, from which two blocks are lo-
cated within the FPGA circuit and the third block is external.
The first internal memory block works as cache for the time

capture values after a capture event has occurred. The cached
time values will be transferred into the external memory in a
burst mode.
The external memory is a standard DDR3 RAM with 2 GB

memory capacity and allows to store about 219 million time
capture values with 73 bit word length (64 bit time capture
value, 8 bit trigger source, 1 bit event source).
The read back of the time capture values from the DDR3-

RAM to the host via the Ethernet interface is an automatic
process using the second internal FPGA memory block. The
transfer processes are controlled by the fill level of the FIFOs.
FIFO mode of the TCF device:
The DDR3-RAM is used as a FIFO memory, which will be

linearly filled with time capture values. During a time capture
action, the 64-bit time value and an identifier for the trigger
source are stored.
The lowest fill level of the external FIFO to start the transfer

process of the time capture values can be determined via a con-
figuration register.
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TABLE I
DEVICE TYPES OF THE LTTEV2 CARD

A flow control for this transfer process exists. An application
running on the host PC can force a wait cycle, which stops the
transfer for a given time. This time is also configurable. After
stopping of all time capture actions, the external FIFO can be
fully read out, if the command Flush_DDR_RAM is activated.
Ring Buffer mode of the TCF device:
All time capture values will be stored in a memory, which

is organized as ring buffer. This ring buffer is located in the
external DDR3-RAM. A trigger event or software command
can stop the time capture process if the configured number of

Fig. 4. Structure of the TCF device.

post trigger events are detected and processed. Subsequently,
the readout process starts automatically. The complex device
structure of the TCF device is shown in Fig. 4.

B. Pulse Sequence Generator Device

A further new device of the lTTEV2 design is the Pulse Se-
quence Generator (PSG) device.
The PSG will be applied to generate pre-defined pulse se-

quences. The operational behavior of a PSG device can be ad-
justed using the PSG control register.
User defined pulse sequences are based on pulse patterns and

pulse programs. It is possible to define 16 different pulse pat-
terns. A pattern consists of a binary bit stream with a length of
minimal 1 and up to 32 bit.
A pattern is described by setting a corresponding bit of the

pattern definition register PSGSetPattern # n. If a bit is set to 0
then a low signal will be generated, and a high signal, if a bit
is set to 1. The signal length for a low and for a high phase is
defined by PSGSetImpuls #n register settings. The output length
of a logical 0 and 1 can be individually set in a range of 10 ns
up to 21 s.
A PSG device can handle up to 16 different pulse sequence

programs. A pulse sequence program describes the sequential
arrangement of the pulse generation and can consist of up to
16 sequence program sections. Every sequence program section
has three configuration values for its setup. The first and the
second value (program step type and identifier) define a pulse
pattern or alternatively a sequence program, which has to be
executed if this sequence program section is active. The third
set value (repetition) configures the number of repetitions of a
dedicated sequence program step.
Due to these chaining possibilities, it is possible to define in-

finite program loops or program calls inside a running pulse se-
quence program. The start condition for a pulse sequence pro-
gram can be generated by a hardware trigger signal (8 special
start triggers exist for this function) or by a software command.
Additionally, it is possible to switch between programs to react
on incoming events.
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Fig. 5. Definition of a simple pulse program consisting of one pattern.

Fig. 6. Program examples for pulse sequences of a PSG.

A simple pulse program definition based on a 9-bit large pulse
pattern and k repetitions is shown in Fig. 5.
Three different examples for pulse sequence program pro-

cessing are shown in Fig. 6. The pulse program of the first ex-
ample consists of a sequence of 16 program steps. Every pro-
gram step is defined by a pulse pattern. The usage of an infi-
nite loop is depicted by program example 2. The third example
shows the possibility to change the pulse sequence program flow
by using an event program trigger.

C. FBO Sender

The lTTEV1 card was able to receive messages via fibre. Fur-
thermore, the lTTEV2 extended FBO data transceiver enables
the lTTEV2 card to send data directly to the cTTE card. A mes-
sage to the cTTE card contains a static and dynamic part. The

TABLE II
FBO PACKET FORMAT

static part contains information about the status of the lTTEV2
card.
The dynamic part can be used to transmit either raw data from

a host PC or an event number with the corresponding data.
However, the host is now able to send raw data or events

to the cTTE card using the lTTEV2 card as a connection unit.
The packet is encoded with differential Manchester code and a
CRC16 checksum enables error detection. The packet format is
shown in Table II. This format allows the user to keep the cTTE
directly up-to-date using the lTTEV2 cards without a host PC.
Additionally, it is possible to use a host PC and send information
through the lTTEV2 card to the cTTEV2 card. Any packet can
be easily assigned to the lTTEV2 cards as also the unique MAC
address is included in the packet.

D. Fast Periodic Time Capture (FPTC) Device

The Fast Periodic Time Capture (FPTC) device allows fast
capturing of incoming periodical events with a high frequency.
A FPTC device produces time stamps after a predefined number
of events. This allows a data reduction, e.g., for data acquisition
with high sample rates.
There is a limit due to the system frequency. The FPTC

can trigger signals with a maximum frequency of 50 MHz as
the system frequency is 100 MHz. A monitor process watches
the correct signal behavior and provides status information.
This is necessary as a 50-MHz signal generating a time stamp
with 64 Bit would result in an extreme high data rate of about
380 MByte/s. This is more than the used 1 GBit/s connections
allows (theoretical maximum 125 MByte/s). Therefore, the
FPTC is developed to compress these data volumes to an ac-
ceptable amount of data. That is, if an external device generates
a burst of signals (use case: periodic sampling clock of an
ADC device) with a frequency of 20 MHz and the FPTC is
configured that it counts 2000 and then generates a time stamp.
This will result in a data rate of 78.125 Kbyte/s instead of 153
MByte/s. If the burst is a short burst, but the data is important
at every time stamp, it is suggested to use the described TCF.

VII. HARDWARE UTILIZATION

The old design without any further instances or new devices
has been taken and mapped to the new Virtex 6 FPGA device
to make a comparison between the old and new design. The
reference FPGA is the Virtex 6 VLX240t-1FF1156 from the
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TABLE III
RESOURCE UTILIZATION

ML605 evaluation Xilinx board. The difference is depicted in
Table III.
The number of registers increased by the factor of almost 4

and the number of used lookup tables (LUTs) for the logic by the
factor of 4.8. However, the higher utilization of the resources
and the higher amount of used input/output blocks (IOBs)
are due to the raised instance number of the devices and the
added new devices. Furthermore, the integrated DDR3-RAM
controller needs IOBs to connect with the physical memory on
the board. The new functionality has a share of about 43% of
the registers and 47% of the LUTs of the final design compared
to the design without the new devices. However, the new
functionality uses nearly 50% of the new required hardware
resources.

VIII. TTE TEST LOGIC GUI
During the project, a graphical user interface (GUI) has been

developed, which enables the user to interact directly with the
lTTEV2 card. The GUI has been developed with Qt [8] and uses
the pcap library [9] to ensure a secure and high performance data
exchange.
The GUI is depicted in Fig. 7. There are four main tabs with

different functionalities. The first “Register Test” tab enables a
full test of all the registers storing the configurations and values
of the devices. Prepared values will be send via Ethernet to the
lTTEV2 card. Each write command causes the card to send a
write response packet. Furthermore, the write response packet
contains the new stored value in the register. This value will
be compared with a predefined desired value. The second tab
enables the user to choose device registers directly. Addition-
ally, the user can choose between read and write packets. The
64 bit values can be written directly into the corresponding
fields. A read packet also induces a read response packet from
the lTTEV2 card similar to the write response packet. These
response packets will be directly captured by the pcap interface
and the return values will be depicted in the GUI. The third tab
allows the user to do different complex test scenarios. These
scenarios activate one or more devices which also interact
with each other’s. The fourth “statistics” tab holds information
about the number of transmitted packets from and to the host
connected to the lTTEV2 card.

IX. HARDWARE DESIGN OF THE LTTEV2 CARD
All components of the system architecture (see Fig. 2) are

part of a printed circuit board (PCB). Its dimension is
mm. A high density system connector connects the lTTEV2

card with a main board. This main board generates the main
power supply voltages. All 16 trigger input and output signals of

Fig. 7. TTE test logic GUI.

the TTE I/O-trigger devices are available on a SCSII connector.
In addition the first 8 I/O trigger are equipped with a LEMO 2
B connector (LEMO group).
The casing for the lTTEV2 has a standard 19”/2 high rack

units format.

X. STATUS AND FUTURE WORK

The definition phase and the detail specification of the lTTV2
card have been finished. The working packages for program-
ming the FPGA device should be finished by end of June 2012.
The major part of the FPGA function has been tested using a
Virtex evaluation board ML605 which contains all necessary
interfaces and a Virtex 6 vlx240t-1FF1156 FPGA [10].
The printed board for lTTV2 is designed as 8 layers PCB.

The first prototype of lTTEV2 board should be available for
extensive tests by January of 2014. The next project steps are
the development of the printed circuit board for the main board
and the design of the 19” casing. For the commissioning phase
of W7-X, starting in April 2014, we have to make sure, that all
necessary components can be equipped with the lTTEV2 cards.
In addition to the hardware development of the lTTEV2 card
the modification of the driver software for this lTTV2 card has
been started.
Due to the upgrade the TTE network from unidirectional

to bidirectional data transfer the TTE switches have to be
redesigned. The final step of the W7-X TTE project is related
to an upgrade of the hardware and software of the central TTE
cards, which are important parts of the central TTE server.

XI. SUMMARY

The new design of the lTTEV2 card is not only an exchange
of the FPGA hardware, but also an extensive upgrade of the
functional capabilities of this card type. Especially the use of
the new host interface, based on a GBit Ethernet interface, gives
the lTTV2 card a save perspective for the future. The features
of the lTTEV1 card and of the TDC card are now implemented
into a uniform hardware.
New TTE devices of the lTTEV2 card have been added to

fulfill extended user requirements for applications of the fast
control and data acquisition stations.
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The lTTV2 project has induced the necessity of further
projects for adaption of the TTE network switches and cTTE
cards of the cTTE servers.
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