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Build of substrate: 

 Two, Four layer Copper/ Kapton flexible PCBs laminated either side of a central core of  high conductivity pyrolytic graphite sandwiched between  high thermal conductivity carbon fibre. Two layer fine pitch fan outs are laminated onto the basic four layer PCBs to provide aluminium wire bondable connections between the silicon die and the detector.. 
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For prototypes Two PCBs will be laminated onto the thermal substrates at Liverpool but the PCB production company may laminate production modules.

Build of PCB

Four metal layers with through plated holes – tented one side with kapton layer (beetle4.drl – alternative Gerber file b4drll.lgx)  - no buried vias  (copper thickness is suggested but please advise)

Circuit size is 175mm x 105mm

Top metal (b4m1.lgx)  - trace layer 4thou T&G 5um copper plated up to 15um Gold flash on Nickel suitable for Aluminium wire bonding.

Kapton dielectric 50um

Metal2 (b4m2.lgx) Plane layer for power 4thou T&G 5um Copper

Kapton dielectric 75um

Metal3 (b4m3.lgx) Trace layer   4thou T&G 5um copper 

Kapton dielectric 75um 

Metal4 (b4m4.lgx) Ground plane layer 4yjou T&G 5um copper plated to 15um – can have same finish as top metal

Kapton dielectric 25um completely covers metal on metal4 to provide isolation from the substrate. This also prevents adhesive bleeding through vias when PCB is laminated onto the substrate.

This implies that this kapton layer is applied after the board is drilled and plated through.

A separate drilling operation will be required to open the 14 larger non electrical holes in this layer.(beetle4x.drl).  

Solder mask (b4smsk.lgx) on top layer has openings over vias. This is to avoid air being trapped in the vias which would be problematic when the pcb is used in vacuum.

Board profile (b4rout.lgx) 

Note     Kapton thicknesses are chosen to give approx differential impedance between trace pairs of 73 ohms on Metal1 and Metal3 with 100um track and 100um separation – please advise if adhesive thickness is likely to be significant. – used Simcal (http://www4.ncsu.edu/~zchang/project/pages/fmip.html) and assumed Er for kapton = 3.5

Fan-outs – these are very fine track and gap 1.57thou. They are two layer circuits with the lower layer protruding out under the kapton of the upper layer to allow Aluminium wire bonding. to both layers.  These may be made as completely separate circuits and bonded to the above pcb after manufacture, but if the technology allows it, and the yield is not likely to be seriously compromised, then the lower layer may be integrated into the layout of the top metal layer of the pcb.  (add b4m1.lgx and b4fanm2.lgx) The outlines of the circuits are contained in files foutl1.lgx and foutl2.lgx. If the bottom layer of the fan out is integrated into the top metal of the pcb then Foutl2.lgx will not be required

.

If the fan-outs are separately made, perhaps by a different manufacturer then separate files are available which have a single block of just four wedges drawn.     

Notes on files: lgx files are IMPERIAL embedded gerber 274x  xx.yyyy 

drl files are METRIC excellon format xxxx.yy 

mfg file containd drill sizes in IMPERIAL units 

.cwk file is a GCPREVUE 7 file containing all the above data with the drill data loaded and offset to the gerber data. 

Background

The circuits are to be used to mount silicon strip detectors with their associated readout chips to detect high-energy particle interactions in a particle physics

experiment. The detectors will be mounted in a vacuum vessel close to the

main beam and will therefore be subjected to high levels of

radiation. In order to remove the heat generated by the readout chips,

about 16 watts per side,intend to investigate the use of pyrolytic graphite substrates

clad with high thermal conductivity carbon fibre reinforcement. The heat

is then removed from the substrate through a heatsink cooled by controlled evaporation of liquid carbon dioxide in a small tube.

There are several key requirements which we need to satisfy which impact

on the circuit design and buildup:

The total mass and heavy materials used should be minimised to reduce

particle scattering so thin copper layers are preferred and metal cored

pcbs are ruled out.

The vacuum environment gives two problems. Firstly, heat can only be removed by conduction, hence the fancy substrate materials. Unfortunately

these materials have near zero CTE and there is therefore a considerable mismatch between the CTE of the substrate and the PCB. We intend to temperature cycle completed boards laminated onto substrates to check for problems. Consideration needs to be given to the temperature extremes of the lamination onto the substrates and the soldering of discretes which may require the substrate to be heated whilst components are attached because of the high substrate conductivity. During testing and after installation many temperature cyles will occur with the possibility of cycles down to the coolant temperature if module power is lost and the cooling circuits are still active. (Can we interlock single cooling circuits??)   

 Secondly the detectors are in the ultra high vacuum of the main beam so

outgassing from adhesives, water  and air trapped during construction can

be a problem. Kapton circuit boards do however seem to be OK in this

regard.

The high radiation environment degrades many plastics and adhesives so

delamination may be a problem and the choice of adhesives and solder

masks may be limited. Kapton itself and epoxies do appear to be

sufficiently Rad hard.

Substrate construction and lamination of PCBs onto the substrate – Tests ongoing with different layups  Could this be done by PCB manufacturer in a PCB press?   

