Development of the
greatest antimatter
detector ever

Francesco Guatieri, Michael Berghold
and Markus Munster

TUM / FRMII

f\ FRM II Technische
— Forschungs-Neutronenquelle Universitat
™ Heinz Maier-Leibnitz Minchen



Summary



mmmmmm




egal" requirements for ICs




egal" requirements for ICs




"Legal” requirements for ICs

But what happens
if we disobey?

- No functionality

(optionally damage, magic smoke, other general excitement)
- Instability
- Nothing



What are these requirements?



What are these requirements?

A weapon to argue legal disputes between companies...



What are these requirements?

A weapon to argue legal disputes between companies...



What are these requirements?

A weapon to argue legal disputes between companies...

... half of the time. The other half they are actual requirements.



Why disobey?
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The big picture
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Which detector to use?

- 7.4x5.5mm area - 7.4 x5.6 mm area
- 0.8pm pixels - 0.8pm pixels

- 56% coverage - 65% coverage

- 64 Mpixels - 64 Mpixels

- MIPI / CSI2 interface - MIPI / CSI2 interface



Which detector to use?

SONY IMX686 Omnivision OV64C
- 7.4x5.5mm area - 7.4 x5.6 mm area
- 0.8pm pixels - 0.8pm pixels
- 56% coverage - 65% coverage
- 64 Mpixels - 64 Mpixels
- MIPI / CSI2 interface - MIPI / CSI2 interface

- Official partnership with OV Dec - Mar

- Documentation available under NDA Apr
- In use in consumer products



Test board #1

Cypress CX3

ArduCam with
Sony IMX686
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An aside: how does all this work?
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Sensor

——> MIPI Decoder

An aside: how does all this work?

GPIF I
(Programmable finite
state machine)

|
Performes

Configures
Configures

Circular RAM buffer

178kB total

DMA

Configures

CPU

Configures

Performes

USB Transceiver

Decorates




Also, about the USB speed...

USB Version

Official release

UsB4

2560MB/s

use 3.0 640MB/s

Full Speed 12Mbps 1.5MB/s

UsB 1.0

If and only if data transfer
is handled optimally



Also, about the USB speed...

A simpler example

: USB 1.1 Full Speed
2 -Upto 1.5 MB/s
B =n s, ... but ...

- Max packet size: 64 Bytes
- Max 1 transaction every ms

Transaction start Transaction start
| _— ]
1ms 1ms Ul

-> Unless protocol uses transactions comprised of a multiple of
24.576 (that's 24 point...) packets, the nominal bandwidth cannot
be achieved. And even then...




Test board #1
. _ 4

Built Jan
Successful IMX219
Readout May

Successful IMX686
Readout Jun



Downstream
SS Port

Downstream
SS Port

Downstream
HS Port

Downstream
HS Port
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480Mbit/s

Important discovery
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How does this look now?
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Test board #2
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Built May
Successful upstream
SuperSpeed Jul

Successful downstream
SuperSpeed






Electronic design

KiCad's native design file format: LISP




Electronic design
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LISP -> Mathematica
Through a simple translator
written in C++



Electronic design

Design of single parts
of the project separately
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toolchain

Design of single parts
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Electronic design
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The most delicate part: the sensor
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The most delicate part: the sensor

» A pu———

—y V G _E_. W

m
4

Fam =
-
et~ R




The most delicate part: the sensor

Central
Routing
Channel




Routing MIPI
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Procedural routing optimization
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Parity and ERC




Parity and ERC




Sensor board design




USB-C passthroughs?

PFEIFFER  VACUL

Commercial solution A PCB clamped at 1 Guatieri of torque
Cheap, Flexible
Supports whatever



USB-C passthroughs?
End of June

Commercial solution A PCB clamped at 1 Guatieri of torque
Cheap, Flexible
Supports whatever



Wait a moment
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Why?

- No alignment issues

- Combined vacuum-power feedthroughs

- Support for SuperSpeed+ (12 of them, 15GB/s)
- Decouples sensor board from readout cards

- Modular readout cards

- Serviceable readouts

- 2 fewer power rails to vacuum

- Less than half the power in vacuum






A new design
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A new design

Design time: ~2 months Design time: 10 days
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Design time: ~2 months Design time: 10 days
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New plan: hand assembly

400pm 400pm




PSU trouble
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- Time sink, delays
testing the readout
cards.

- ILFA fails the first
print. Sensor boards
delayed to the 8th of
November



Readout troubles

- Some lines require cutting, two below the readout chips
- Wrong chirality in the connector




Three days to the CERN mission




Nothing to see here, officer
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Expectation Reality



Also

Expectation Reality



What next?

- Redesign holders for the passthroughs to address buckling

- Redesign readout cards

- Find proper configuration for chips in sensor board
- Test serialization in PCle

- Deploy
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