
LΩŘ ƭƛƪŜ ǘƻ ǳǇŘŀǘŜȅƻǳ ŀōƻǳǘ ǘƘŜ ǿƻǊƪ LΩƳ ŘƻƛƴƎ ŀǘ desyto develop a GEM readout 
module as a prototype for the ILD TPC readout system
LǘΩǎ ǎƻƳŜ ǘƛƳŜ ǎƛƴŎŜ L ǇǊŜǎŜƴǘŜŘ ŀƴȅǘƘƛƴƎ ƛƴ ǘƘŜ w5-51 collaboration, thus I will go in 
some details about the development of the project
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[ŜǘΩǎ ǎǘŀǊǘ ŦǊƻƳ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ Ƴȅ ǇǊƻƧŜŎǘΥthe ILD, which is the International Large 
Detector, an omnipurpose detector for experiments at the ILC which has at his core, 
as a tracker, a TPC, which the LCTPC collaboration and the FLC-TPC group at desy
develops
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As we said then the main tracker forour experiment is the TPC
²ƘƛƭŜ ǘƘŜ ǎƛȊŜ ƛǎ ŎƻƳǇŀǊŀōƭŜ ǘƻ ƻǘƘŜǊ άōƛƎ ¢t/ǎέ ǘƘŜǊŜ ŀǊŜ ƻǘƘŜǊ ŦŜŀǘǳǊŜǎ ǿƘƛŎƘ ŀǊŜ 
particularly challenging
The momentum resolution is the majorrequirements driver. We need a Momentum 
ǊŜǎƻƭǳǘƛƻƴ ƻŦ Χ ŀƴŘ ǘƻ ŀŎƘƛŜǾŜ ƛǘ ǿŜ ƴŜŜŘ нлл ǎŀƳǇƭŜ Ǉƻƛƴǘǎ ǿƛǘƘ ŀ Ǉƻƛƴǘ ǊŜǎƻƭǳǘƛƻƴ 
better than 100 um
Moreover we would like to have also a good point resolution in the z coordinate to 
achieve a good double track separation and also to achieve a good dE/dxresolution.
!ƭƭ ǘƘƛǎ Ƴǳǎǘ ōŜ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ŀ ƳŀǘŜǊƛŀƭ ōǳŘƎŜǘ ƭƛƳƛǘŜŘ ǘƻ Χ
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Totest the technologies needed for the development of the ILC TPC we have the 
Large Prototype TPC designed to model a section of the final detector.  We built it and 
operate it at DESY since 2009 
The TPC is installed in a magnet, called PC-MAG operated at 1T so that the ration 
between the length of the TPC and the magnetic field is the same for the LP and the 
ILD TPC so that the transversal diffusion compared to the relative drift time of the 
electrons will be roughly the same in both cases simplifying the extrapolation of the 
results.
The LPTPC has an endplate where is possible to mount up to 7 independent readout 
modules to test new technologies.
!ƭƭ ƻŦ ǘƘƛǎ ƳƻŘǳƭŜ ŀǊŜ ŘŜǾŜƭƻǇŜŘ ŀƭǎƻ ōȅ ƳŜƳōŜǊǎ ƻŦ ǘƘƛǎ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƭƛƪŜΧ ǎƻ ȅƻǳ 
already know some details about those
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All of this moduleshave some common feature, or common constraint if you wish 
which is the space available and the mounting structure to use that is everything 
must fit in these holes in the endplate and be mounted through a backframesimilar 
to the one sketched
¢ƘŜ ǎǇŜŎƛŦƛŎ ŦŜŀǘǳǊŜǎ ƻŦ ƻǳǊ ƳƻŘǳƭŜ ŀǊŜΧ ǿƛǘƘ ǘƘŜ Ǝƻŀƭ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ ŘŜŀŘ ǎǇŀŎŜ 
and build a modular system, especially useful in the prototyping phase with a 
simplified assembly procedure that will be use in the industrialization phase
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The GEM basicfeaturesare pretty standard issue.
The sizeof the GEM itself isconstrainedbyour mountingstructureand the 
segmentationin 4 independentareasisconstrainedby the total area of the active
surface.
Tosupplyeachof theseGEM oneneeds5 independentpower lines. If we want to
pileupup to 4 GEMswe needeachGEM to bepoweredfrom a different position on 
the PCB. Toavoiddesigning4 different typeof GEMsfor eachGEM position each
GEM hasa total of 20 electrode, 15 of whichare cut awayduringthe assemblyphase
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The most innovative part of the design is probably the mounting system where we 
decided to move from the standard GRP frames to a ceramic support system that 
integrates the function of framing and spacing minimizing the dead spaces required 
by the support system. You can appreciate this noticing how the outer frame in our 
case is only 1 mm wide compare to the cm of the standard GRP frames.
Some may remember that we tested this system on the standard 10x10 GEMs and we 
now want to use the same principle on larger area GEMs
The inner supporting structure, can have different shapes. This simple cross like 
shape is produced so that we can test the effects of vertical and horizontal elements 
on the signals.
Moreover the frame is completely glued to the GEM which allows the GEM foil to be 
as flat as GEM mounted with the standard system without using complicated thermal 
stretching or complicated mechanical system.
Each GEM can have the grid on one side only or on both side and usually the GEMs 
are handled independently and not glued together
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Gluingthe grid to the GEM is a delicate procedure due to the small width of the 
ceramic element to glue (1.4 mm), the closeness of the active area to the grid 
elements < 500 um and the fact the gluing path is long and complex. To perform this 
operation I developed a semi automatic method involving a couple of gluing plates a 
robotized table with glue dispenser and microscope monitoring all steered through a 
labviewprogram.

and I just want to illustrate the procedure I use.
We have a aluminum jig with a groove that has the same shape of the ceramic grid to 
glue and a flat one where we stretch the GEM. At the moment the stretching of the 
GEM is performed manually with the help of a bit of scotch tape. This part of the 
procedure is yet to be optimized, to possibly reduce the importance of the human 
factor. After we dispense a thin layer of glue on the grid the two plates are aligned, 
slide over one another and pressed to ensure a good adhesion. After about 6-12 
hours curing at room temperature the top plate is removed bringing with it the gem 
and grid, and they are put in the oven at 40° for 1-2 more hours to ensure a perfect 
curing.
For the gluing itself you need 30-45 minutes with about half a day devoted to curing. 
The final product after the gluing is this one.
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and I just want to illustrate the procedure I use.
We have a aluminum jig with a groove that has the same shape of the ceramic grid to 
glue and a flat one where we stretch the GEM. At the moment the stretching of the 
GEM is performed manually with the help of a bit of scotch tape. This part of the 
procedure is yet to be optimized, to possibly reduce the importance of the human 
factor. After we dispense a thin layer of glue on the grid the two plates are aligned, 
slide over one another and pressed to ensure a good adhesion. After about 6-12 
hours curing at room temperature the top plate is removed bringing with it the gem 
and grid, and they are put in the oven at 40° for 1-2 more hours to ensure a perfect 
curing.
For the gluing itself you need 30-45 minutes with about half a day devoted to curing. 
The final product after the gluing is this one.
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The readout system of ourmodule is based on pads.
The final design goal would be to have a board equipped with about 5000 pads of 
1.25x5.86 mm^2. The board must also provide the HV power supply necessary for the 
GEMs minimizing the dead space. To reduce at a minimum the distance between the 
HV lines and the readout pads the system is design in such a way that the ceramic 
grid will just fit in the gap between the two elements shielding them from one 
another.
As a first iteration, to verify the functionalities of the system, we produced a 
simplified version of the board where only a central track about 4 cm wide is 
equipped with the small pads where the rest of the board is filled with bigger pads.
On the top row of the board you can see the HV slots. These are deep cuts in the PCB 
where you can fix and solder the GEM electrodes
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When all the elements are ready we proceeded to assemble the whole system. We 
decided for a GEM stack with 3 mm induction gap and 2 mm transfer gaps
The first step was to glue the pad board to the aluminum back frame, on top of the 
readout board we also glued the first grid. The GEMs are simply piled up on top of 
each other and fixed with nylon screws.
When everything is firmly in place the GEM electrodes are soldered on the board
One nice feature of all this procedure is that you can disassemble and reassemble the 
whole module, in case for example a GEM broke down, in less than a couple of hours.
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Another thing we were doing this last year, was the development ofthe text box for 
the module commissioning. The idea was to use this device to test the module before 
going for a test beam. The testboxfeatures 3 main elements:
A gas tight box which contains the field rings stack where you can also pile the 
radioactive source container. This container hosts one LP module
The field ring stack is built on top of one of the endcapof the container and can host 
a variable number (up to 25 including termination plate and cathode) of field rings 
with a variable
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Before and after the framing each GEM received a basic HV testing.
At the arrival each test is connected to the HV and powered up in air or nitrogen to 
verify that there are no evident problems. Then our test chamber is flushed with a 
counting gas and slowly powered up to 350 V to perform the initial training. I 
consider the GEM to be acceptable if it stand about 350 V for a few seconds and 300 
V for an entire night.
After the framing the same test is repeated to verify that no damage was produced 
on the GEM

13

9/2/2011

Stefano Caiazza - DESY GEM module for TPC



With this module we planned to perform a test beam at the beginning of June 2011. 
When we finally managed to solve and optimize all the assembly problems we found 
ƻǳǘ ǘƘŀǘ ǿŜ ŎƻǳƭŘƴΩǘ ǇƻǿŜǊ ǳǇ ǘƘŜ ƳƻŘǳƭŜ ǘƻ ǘƘŜ ƴƻƳƛƴŀƭ ǾƻƭǘŀƎŜǎΦ
As it happened we discovered the problem was due to sparks between the HV slots 
and the readout pad due to the lack of gluing between the first grid and the board. To 
understand, repair the problem and optimize the procedure we lost almost 1 month 
so we shifted the test beam to the end of June
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After this repair we installed finally everything in the test beam. For the electronic 
readout of our system we use the ALTRO electronics as provided by the LC-TPC 
collaboration and I would like to thank you the Lund group for the collaboration 
concerning the whole electronic setup and Ryo Yonamine and the whole KEK group 
with their help concerning the whole enterprise. We equipped 896 electronic 
channels, we took a couple of run then a catastrophic spark happened destroying 3 
sectors of 2 GEMs in one shot.
First hypothesis: unbalance of the protection resistors
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We took some data with the damaged module while preparing new GEMs to repair it, 
still without magnetic field. With this run we define our working conditions
In the meantime we repaired the module, and reinstalled everything again, modifying 
the resistor protection scheme to solve that problem we thought caused the 
troubles.
While reinstalling everything we made a mistake handling the field cage which was 
ǎƭƛƎƘǘƭȅ ŘŀƳŀƎŜŘ ƛƴ ǘƘŜ ǇǊƻŎŜǎǎΣ ƭǳŎƪƛƭȅ ƛƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŀǘ ŘƛŘƴΩǘ ŘƛǎǘǳǊō ǘƘŜ 
measurements.
When we were ready again we wanted to switch on the magnet but unfortunately 
there was a problem with it. A clog of frozen air formed in one of the inner pipeline 
and the magnet had to be warmed up and cooled down again before we could try 
again
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