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Design Minimal design requirements

For a minimal design

• Design of gem foils, at least 3 �lms:
• Top electrode
• Hole pattern
• Bottom electrode
• Cathode (could be same as bottom electrode)

• Routing �les for frames, at least 4 �les:
• Spacer/frame between gems
• Spacer/frame for dri� region
• Honeycomb frame cathode side
• Honeycomb frame readout board side

• Readout board
• High voltage distribution
• Gas routing
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Design Minimal design requirements

Design
So�ware tools for design and manufacturing

NB: Hv distribution and gas routing tend to interfere with all other designs . . .

So�ware for design phase (just examples)

• Design so�ware: autocad or catia
• To go from design to manufacturing (from cad to cam): cam350
• For high voltage divider, and perhaps readout board: Altium

All these are available at cern.
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Assembly Gem detector recipe

Assembly
Steps in assembly

Quick recipe

• Glue stretched gem foil to spacer (3×)
• Make top and base honeycomb panels
• Glue cathode to top honeycomb
• Glue readout board to base honeycomb
• Glue together stack of aligned planes
• Fix gas connectors
• Connect high voltage distributor
• Connect front-end electronics or board-to-board connectors
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Assembly Gem stretching and framing

Assembly
Stretching & framing

Stretching and framing the spliced single mask gem foils

• Use extra material around frame for sti�ness
• Use tabs to connect extra material to frames
• By drilling out the holes with wider drill, you

release the frames eventually

straight routing

tab

smart tab
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Assembly Making the honeycomb panels

Assembly
Making the honeycomb panels

Making the honeycomb base plane and top cover

• �e thin prepregs are air-permeable
• Fr4 on one side makes it �at and impermeable
• No metal layers due to heat & pressure
• Again: lots of extra material around frame
• Tabbed routing of board cutout is done a�erwards

Fr4 100 µm
prepreg 65 µm

Permaglas frame 3 mm
Nomex honeycomb 3 mm

prepreg 65 µm

high temperature and pressure
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Assembly Gluing cathode and readout board

Assembly
Gluing cathode & readout board

Gluing the cathode to the honeycomb frame

And the readout board, here protected by photoresist layer
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Assembly Gluing cathode and readout board

Assembly
Final stack-up

Final assembly of all frames

• Note the alignment holes in the extra material
• A�er removing extra material, use conformal

coating to �x gas leaks
• In case of external high voltage discharges:

conformal coating
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High voltage Compact distribution board

Assembly
High voltage distribution

Compact high voltage divider board

3 mm drift gap

2 mm transfer gap 1

2 mm transfer gap 2

2 mm induction gap

GEM 1

GEM 2

GEM 3

cathode

honeycomb

honeycomb

readout board

high voltage distribution board

ZIF-sockets

• Based on only smd components
• Using zif sockets to connect to gem terminals
• Traces that lead to gem sectors are embedded in frame
• Easy to make, and to replace or debug
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High voltage Other idea

Embedded resistors
Screen-printed ptf resistors to be glued in the frame

Possible solution for the largest areas

frame 5 mm

to HV distribution

to HV distribution

GEM sectors

screen printed
resistors

GEM sectors

frame 5 mm

• A half T1 gem foil requires 10 sectors
• Makes 60 sectors per chamber,

complicates hv circuitry
• Embedding resistors in frame

would solve the issue
• Tolerance requirements for resistors

extremely low, but still waiting
for suitable high-resistivity paste
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Conclusions

Some conclusions

Conclusions
• Almost all assembly problems can be avoided by good design
• Spend time and care on design, and share your thoughts with other

people
• Certain assembly and manufacturing procedures have become a

tradition; better methods may exist
• Only the details are tricky, but there are many details

Keep your eyes open in hands-on sessions, and don’t miss any of those details.

Good luck!
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