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optionl: impedance matched (Derek)

/

option2: low capacitance (Diego)


dbshuman
Sticky Note
somewhat important, but not so much as before. However flexibility may be important from the standpoint of bundling and unbundling cables to access a DB

dbshuman
Sticky Note
reliability maybe not so important here, as they can easily be replaced. but flexibility may be important


impedance matched option (1)



impedance matched option (in)

Problem: Signal is dumped due to resistive losses as exp(-R/2Z_). Assuming Z =500, and 20% loss:

For a copper trace (thop-=1.7e-6, --no skin effect at
the frequencies of interest, no dielectric losses)

l D=1.5m R<22Q)
t

For a length of 1.5m:

tx w> 30 um x 30 pm

That is not too bad, but consider that a Sum-thick trace requires of at least 200um width.

For that, in order to get 50Q with polyimide (in strip-line), @hiokness of around 200um is needed.
Actually T have aborted this design because it looks unreasonable. If you still think it can be@
reasonable, I will give final values for the Sum x 100um trace (200pum polyimide thickness is an
estimate)

It looks more reasonable to chose a 10um-thick trace (used before by D, for instance), 100pm
width and look for the thickness that matches i@pedance in polyimide. This is the option I have
chosen.


dbshuman
Sticky Note
no, I think that we can go thick on the traces here, stiffness will be dominated by the two ground planes and substrate thickness

dbshuman
Sticky Note
how about 70 micron thick (2 oz) Cu x 

dbshuman
Sticky Note
Looking at the typical connectors (FH28, etc0  I find that they typically call for either single sided FPC (35-50 micron Cu thickness), or double sided ( 2 x 18 micron Cu thickness). 


pitch
25-50pum
width
5-10um

® impedance matched option (in)

C,=120pF/m
l C,=91F/m
10 uml
10um
T — > «—>
100um 500um

length = 1.5m 1
Z.=50Q
x-talk fraction (intra-cable)~ V2 C,, /C,<<1/250

x-talk fraction (inter-cable)=0

losses ~20 %

for higher flexibility, a square pattern as a ground mesh might be ok, with pitch
much smaller than strip-to-ground distance, not to change Z_ (otherwise it
requires 3D-simuls). For instance:

if possible with a mesh-
pitch in sub-multiples
of the connector pitch.
Lines along the strip
should be disaligned
with respect to signal
traces to allow for

higher ﬂexib@y

reduces the amount of copper by a factor slightly higher than 2



dbshuman
Sticky Note
is this a stripline or microstrip? I get 50  ohm with these dims for microstrrip , but 30 ohm for stripline.

dbshuman
Sticky Note
I wonder how accurately they can do this?
I will ask if a 45 deg hatch pattern gives good flexibility, does this work electrically?


impedance matched option (out)
C,=121pF/m

C,,=0.5pF/m
125um

120pum 500um
length =2.5m

Z.=50Q
x-talk fraction (intra-cable)~ ¥2 C,, /C,~1/2 x 1/250

x-talk fraction (inter-cable)=0

losses <10 %
Cg/ Csipm ~

for higher flexibility, a square pattern as a ground mesh might be ok, with pitch lf_ P 03'31ble with E_l mesh-
much smaller than strip-to-ground distance, not to change Z_ (otherwise it pitch in sub-multiples
requires 3D-simuls). For instance: of the connector pitch.
Lines along the strip

reduces the amount of copper by a factor slightly higher than 2
should be disaligned

pitch . !
25-50pm with respect to signal
_ traces to allow for
width

higher flexibility

5-10um


dbshuman
Sticky Note
again is this stripline or microstrip. If we use microstrip, is there an impedance problem when the cables "unbundle" on the inside?


impedance matched option (feed-through)

same as the outer region but use solid copper in

the feed-through region for ensuring no problems
with gas tightness

Cg</CSIPM ~

pitch
25-50um
width
5-10pum

In total, a 4m long cable will have a capacitance x16 higher than the SiPM, ~0.6nF.

I think we should keep cables at the input of amplifier as short as possible as a rule. 4m
total length seems sufficient


dbshuman
Sticky Note
this looks like a good idea, again, I will ask which is better for gas tightness, and by how much


variations of the impedance-matched option one might try

» Reduce the copper thickness to Sum, increase the strip to 100um and accept a roughly doubled cable
thickness and higher x-talk.

* This configuration, in the way proposed, is analogous to a directional coupler. Indeed, in a directional
coupler, when properly terminated at the source side there is no cross-talk at the far-end (Although
cross-talk is very small here anyhow), So one should consider using a 50ohm smd resistor in parallel
with the SiPM output on the dice-board. Signal will be reduced by a factor x2 in such a case (needs to

be tested). Perhaps not needed, it is certainly very elegant. This resistor will also reduce noise pickup.

notes, important for the design

e Impedance will be broken at the connectors. In view of the signal rise-time (lns at best), any
connection smaller than Scm should have no effect in signal propagation. In practice, the impedance-
broken region will extend to a region larger than the connector itself, and should be kept strictly below

this number (Scm). For this option (impedance matching) \ﬁshould aim at HF connectors prepared for

at least one ground plane.
e Related to that, having ground strips every 9" strip, will help avoiding ground-breaks at the connectors
(useful in the next approach). It is important to connect these ground strips with vias to the upper
and lower ground planes. @is can be done at the cable heads.

* One should design the power lines well separated from the signal lines, and with proper dimensions

for reducing voltage drops and power dissipation. This is expected to be a simple technical 2gtter [?].
* [t might be convenient to work in micro-strip (easier/cheaper to manufacture) although themn; the
impedance will change by proximity of nearby cables2*hould we try it anyhow?



dbshuman
Sticky Note
again, i found no HF connectors having more than 68 pins, at least in 0.5mm pitch

dbshuman
Sticky Note
Aha, I think this means you are specifying stripline, no?

dbshuman
Sticky Note
yes, I think this means making them wider, no? I'll ask what the maximum width would be

dbshuman
Sticky Note
I think, yes, microstrip would give much more flexibility, probably 10x more. But the impedance mismatch between " bundled and unbundled: is maybe a factor of 2? We could add some Kapton strips in between the cables where they lay on top of each other, to give more separation, perhaps. We have the room, but this is a lot of extra area


connectors

» Use HF connectors if they provide a convenient way of ensuring ground continuity.

* Since in these cables the upper and lower planes must be joined with vias, I think ground
continuity and impedance mismatch can be kept reasonable at the connector even if it is not a
HF-standard.

* In case of strong radiopurity arguments, the most radiopure connector should be chosen.

 For present design, at the feedthrough, chose back-to-back on-board connectors.

< — » tothe FEE

— m———

to the Dice-Boards



dbshuman
Sticky Note
My latest picture from last week showing the feedthrough cable ends tilted up at 70 deg. This requires a corresponding 70 deg. bend to have the cable go back to horizontal again. A rigid board I will ask if a connector can be soldered directly to a cable. I think this can be done. I think that doing this will halve the  number of connectors inside (maybe now a moot point?, as they are further out, better shielded and cables themselves may dominate background, as you say?)


low capacitance option (2)



low capacitance option (in)

It is difficult with present constraints. Why?. The main problem are the minimum dimensions of the
trace.

l D=1.5m R<22Q)

t
«—> tx w> 30 pum x 30 pm

Solutions: reducing the trace to a 30 um x 30 um square and reducing the ground plane to a mesh
allows for a reduction of the coupling to ground of around ~x2.5 (not much) as compared to
option 1 (impedance matched). It increases the intracable x-talk. This can be kept at a reasonable
1/40 level, but the intercable x-talk will be very large. Decreasing the inter-cable x-talk to some
level around 1/40 will increase the coupling to ground within a factor of less than 2 of option 1.

If one could make the cable-inside much thicker than 150micron (even 300micron), and allows for
a thicker trace it is possible to reduce the coupling to ground by a factor around x3 and reasonably
respecting the x-talk constraints.



low capacitance option (in)

Conclusion: in view of resistive losses, that determine the minimum area of the trace,
in view of the trace pitch, that is fixed.
in view of the proximity of nearby cables

I find no way to meaningfully reduce the capacitance (say, by more than a factor x2 lower than the
impedance-matched option). I see at the moment no way to improve, unless the above conditions
are relaxed. That means:

smaller cable lengths inside [
larger connector pitch
thicker cables [

clearance between cables @


dbshuman
Sticky Note
OK, should  we stick with the two  different fold directions (from rows into the trunk) as shown in the 3D pdf? 

dbshuman
Sticky Note
If the cables were single layer, we could use very thick kapton on each side and still maintain flexibility. Does this work? We might be able to find an aluminized mylar coverlay for shielding,  but radiopurity of aluminum is usually bad, but there is one good sample in the ILIAS DB

dbshuman
Sticky Note
We could maintain mm type separation everywhere but in the feedthrough. Would adding ground planes in the feedthrough but nowhere else work? I would guess no 


transmission

cross-talk 1st

cross-falk 2nd

SiPM signal injected at the beginning of the inner cable and
read with current FEE after 1.5m
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transmission

cross-talk 1st

cross-talk 2nd

SiPM signal injected at the beginning of the outer cable and
read with current FEE after 2.5m
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