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Summary
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e Flex
e FAST3
e FEB
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FLEX - latest status
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Flex between LGAD and electronics unusual,
but unavoidable for PPONEER

Independent studies at UCSC and UW

® [ssues

Cross talk

For a long time UCSC measured ~10% for 5cm cable,
see discussion. Not expected from UW calculations

Poor impedance matching of present flex design
33 Ohm (Tim and David)

Additional capacitance
Calcs Peter and Tim: 1-2 pF/cm depending on design

Noise pickup

W

® Goal
Understand and design optimal flex
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/0 Tested again with mounted sensor to have cleaner (and more
realistic) signal injection
® FBKTI-LGAD strip sensor

® Some strips connected to readout board

® Some strips connected to grounding gold pin in the middle

e > No cross talk from strips connected to the board (how it will
be in PIONEER)

® (Cross talk from the gold grounding pin that was also used for
previous need tests!
° High crosstalk coming from gold pin improper grounding
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® Laser on top of CHI ® Next: test with newer TI-LGADs
® Ch3 neighbor, Chl and Ch2 far away strips

® (Cross talk with first neighbor ~10%

* Long range cross talk is minimal ~1.5% = 700 | T T T .
= n Flex plots for FBK Tl strips .
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4 UW Flex Tests

® Tests (clean set-up, 10 cm flex)

Pulse injection

RF generator

e First prelim. Results

233 MHz ~ 1.5 ns
far cross talk and next neighbor <1%, 300um pitch
far cross talk < 1.6%, NN < 8%, 100um pitch
But strong frequency dependency
We might get away, but better be careful

syst. measurements with new setup starting

* Further plans

Match flex impedance
Measure with pFEB and LGAD
Design optimized flex

@

cross-talk vs. injection strip, 12 mil pitch
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cross-talk vs.injection strip, 4 mil pitch
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Flex simulations

e HESS simulations ongoing at UCSC to understand the flex behavior

® No results yet but the model is in place
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FAST3
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FAST3

® Received FAST3 chip in spring
® Improved driver and dynamic range
® Noise ~1 mV, dynamic range up to ~800 mV
e 8 different configurable gain settings

® Tested with calibration system, LGADs, AC-LGADs and
PIN sensors

® Tested all 4 channels with calibration (0, 4, 11, 15),

noticed difference in performance and baseline
° Highest value reachable is 100mV lower for 11/15
® If 11/15 are exposed to light, the gain is reduced BUT

maximum Voltage reached is higher

e New version of FAST3 with fixes and 20

channels (instead of 16) might be developed in
2026 (by INFN Torino) if funding arrives

@ Dr. Simone M. Mazza - University of California Santa Cruz
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4 ™
Response of all 4 calibration channels

¢ Channel 0/4 have higher response and range than
11/15 = still not clear Why

* At low input roughly the same, difference higher at
large inputs.

Chip is always covered

FAST channels response

3

e Up to 20% variation.

3

® Not sure why, FAST2 was quite stable between
channels

2

2

® Noise roughly the same for all channels ~1mV

Amplitude [mV]
=
8

3

e Rise time between 1-1.5ns,

3

e Full collection in 5-7 ns + undershoot

g

Linear until ~60fC input

=]

s Digital part communication being investigated 0 2 40 60 50 100 120

input [fC]
e Communication protocol still not fully clear

Conversion input - C might not be fully correct
K Dr. Simone M. Mazza - University of California Santa Cruz 07-Jan-25
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CH 15 Covered Vs. Uncovered

CH15 Covered vs. Uncovered Vmax 20 and 40 dB Atten.

0 100 200 300 400 500 600
Input Pulse (mV)

—@— 20 dB Covered —@— 20 dB Uncovered —@— 40 dB Uncovered —@— 40 dB Covered

e CH15 and CH11 change performance if exposed
or not to light

e Covered: no light exposure

® Light sensitivity a mystery for now! Discussing

with developers

Overshoot (%)

Fall Time (ns)
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/FASTS dynamic testing

RMS noise in both cases is around 1 mV

Response to LGAD better than expected
(~10-15 mV/{C, expected 10 mV/fC)
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For 50 um PIN less than (naively) expected
o expect a signal >5mV (S/N > 5),
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® Tested FAST with HPK 3.1 50 um thick single pad LGAD sensors and same geometry PIN detector (4.2 pF input capacitance)
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For a 150 um PIN device we geta S/N > 10!

o  Possible option for PIN version using

thicker ATAR layers?

o  Pmax scales with thickness

—50um RMS: 1.5 mV

—100um RMS: 1.4 mV

—150um RMS: 1.2mV
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FAST3 packaging

Packaged version of FAST3 in the work
The package is 2. 3mm high; it might be

reduced to 1.3mm if we stretch the

design

Adding more chips in a row is very easy,

can do a single 100 channels package

First packaged FAST3 mid Q2 2025
® We should get ~50 chips for the

demonstrator
Few mounted on a large board already

Need to adjust our FEB readout tor
packaged chips

@ Dr. Simone M. Mazza - University of California Santa Cruz
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e
Impendence matching

® Trying to fully understand the impedance of
FAST?3
® In principle 90 € for Gain 1, in practice it’s
closer to 111 €2

® [ssue for Flex, hard to design something with

>100 € impedance
° Likely we’'re limited to Gain 1 setting

@ Dr. Simone M. Mazza - University of California Santa Cruz

Table 1

Main parameters defining the signal shaping of the EVO first-stage amplifier. R, defines

also to the low frequency gain.

R, Bandwidth R,
[kQ) [MHz] [«
5.3 665 90
11.6 580 165
31.6 230 490
07-Jan-25
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FEB
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e
FEB layout

e FEB layout in 8-fold geometry
e Stack of 6 FEB and flexes

® More in the mechanics talk
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/pFEB Status

° pFEB system

Small front-end board for two FAST?2 (32 channels)
Low voltage periphery on mother board

Connection analog and supply

[-PEX CABLINE®-CA II

pFEB system

Peter Kammel —

PPHDEER

» Performance from initial tests
* basic functionality ok
« signal shape ok
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* Cross talk sub percent

* noise 1.3-1.7 mV,
somewhat better than UCSC board, lower bandwidth?

» dynamic range still problematic. Signal flattens out after 200 mV
* RF pickup with probe tricky
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L Testing

" PEEB Plans

Repeat basic tests with rodag,,
2" board and SMA e g

%y
charge injection e e

£

test board®

pFEB with test board

g

07L  OEL  0ZL O 0oL 06 08 o OB o
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Advanced tests i
explore bit pattern gain control on Arduino, maybe hardware issue
check all channels V vs charge, 4 SMA inputs

measure cross talk as well
measure FAST2 gain

measure FAST input impedance (gain dependent)
measure allowed range of V, | of low voltage supplies

criteria

pulse shape
V vs charge

establish DAQ with SAMPIC (11 bit, SCA cells, 1V, BW>1GHz)
other commissioning tests ?

strip LGAD - FEB, many channels

strip LGAD - Flex - FEB

® Recap 2026 configuration
- factionoffinal

Sensors/board
LGADs/board
FAST/LGAD
channels/LGAD
# boards

totals
thickness (mm)
channels
LGADs

Sensors

4
8
2

32
4

1.92
1024
32
16

0.32
0.21
0.17
0.33

Peter Kammel — PIONEER — ATAR Demonstrator
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e
HD-SOC

® HD-SoC from Nalu Scientific in evaluation at
UCSC:
® 32 channel (Next version: 64 channels)
® 1Gs/s digitizer chip (might be up to 2Gs/s)
* Buffer length 1024: 1 us window

® (Collaboration with Nalu Scientific to understand

the triggering capabilities of the chip

° Trying the right firmware/software recipe to get to

2Gs/s

® Slow communication might be because of UART,
need to test ethernet

® Board currently in KY for integration with the
MIDAS framework

® See Jenni’s talk:
® https://indico.psi.ch/event/ 16647/ contributions/ 54382/

@ Dr. Simone M. Mazza - University of California Santa Cruz
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https://indico.psi.ch/event/16647/contributions/54382/

FAST3 and HD-SOC at SSRL <

sl hadaiid

® Tested FAST3 at SSRL using oscilloscope and HD-SOC digitizer ‘ oWlo o
® Test-beam two weeks ago, will analyze data in the next months Al

° Single pad HPK 3.1 and HPK AC-LGAD 2 cm strips mounted
® Result of FAST3 and HD-SoC, 1us of time window

e Useful to test repetition rate capabilities of this setup
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/Energy Resolution and Energy Linearity A

Pmax Distribution Energy Resolution
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® 8,12, and 16 KeV data points were taken in the beam line at SLAC and the 22.16 KeV is from our xray source in the SCIPP lab

e Unclear Why the linearity does not seem to line up in the Xray source. Potentially due to temperature and environment at SLAC
vs SCIPP?
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Time Resolution

* Using the simulated HD-SoC we can look at overall timing resolution

* Xrays push LGAD timing to its absolute maximum Avg wim Leading Pulse 50um 250V
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T

ime Separation Resolution

Pulsed beam every 2.1ns from SSRL can at least see if

overlapping pulses with FAST3 are distinguishable

Simulate the sparse digitization of HD-SoC

By eye can see the one photon peak, two photon peak, and

overlapping pulses

® Are pulses from overlapping buckets distinguishable from the

one/two photon peaks?

Use a one function versus two function fitter to see which

hypothesis is more likely
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/Migrating Points from One fit to the Other

e Now we want to see what points migrate across the boundary
®*  We assume 10GS/s is perfect and see what happens to the sparsified data

e Risetime a decent indicator of overlapping waveforms

0,200 Blob Plot with 0 Cut and Smart Parameters 10GS/s 0,200 Blob Plot with 0 Cut and Smart Parameters 2GS/s
. Model Type Model Type_
o175 o one functon o o fonction
0.150 - 0.150
5 0125 . 5 0125 . °
g 0.100 °® — I E 0.100
PER® o
.
0.075 ° ® o ¢ 0.075 bl g :
0.050 0.050
0.025 0.025
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Rise Time [Seconds] le—9 Rise Time [Seconds] le—9
Migrating Events Migrating Events Percentage Migrating Close Migrating Close Events
(n=8191) (n=8191) Events (n=67) Percentage (n:60)
5 GS/s 33 0.4% 1 1.7%
3.33 GS/s 55 0.7% 2 3.3%
2 GS/s 91 1.1% 5 8.3%
11/4/24
‘ 1 GS/s 152 1.9% 5 8.3%




e
Sampic

® Modules of 16-, 32, 48-, and 64-

channels are available

® Systems used or in development by
many institutions and large
collaboration

® 5 versions have been produced

since 2013 (and V6 is intended to
be the last one)

® We used a 16-channel version 1
(from 2014) module in the 2024
CENPA test beam

® See Quentin’s talk

® https://indico.psi.ch/event/16647/contributions/54383/

@ Dr. Simone M. Mazza - University of California Santa Cruz

Digitizer specs

PIONEER Needs

Digitization window: ~ 1 us \

Sampling frequency: 1-2GS/s __—
(1- 2 sample per ns)

Large dynamic range: decent /
ADC precision (10bits or more?)
Dead time: ~20 us —/
(see elog DAQ 6)

The only bottleneck for using SAMPIC is the memory depth

SAMPIC Specs
from D. Breton talk at Oct 2024 DRD4 Collab. Meeting

Technology AMS CMOS 0.18um
Number of channels 16
Power consumption {max) 180 (1.8V supply) mW
Discriminator noise 2 mV rms
SCA depth 64 Cells
Sampling speed 0.8 to 10.2 GSPS
Bandwidth >1 GHz
Range (unipolar) ~1 v
ADC resolution 7 to 11 (trade-off bits
time / resolution)
SCA noise ~1 mV rms
Dynamic range >10 bits rms
Conversion time 0.1 (7 bits) to 1.6 (11 bits) ps
Readout time / ch @ 2 Gbit/s (full waveform) < 450 ns
Single Pulse Time precision before correction <15 ps rms
(4.21010.2 GS/5)
Single Pulse Time precision after time INL <35 ps rms
correction (4.2 to 10.2 G5/s) | PAGH

07-Jan-25
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e
Conclusions

* Lots of activity ongoing on ATAR electronics
® Flex in testing, next version due soon

® FAST3 in testing, packaged version should arrived
mid-2025

* Still some behavior to understand, might be fixed in a
next ‘custom’ version

® First version of FEB in testing, new version with

packaged FAST soon

e Studies showing HD-SoC performance
degradation at SSRL

* Sampic option also under study

@ Dr. Simone M. Mazza - University of California Santa Cruz
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Backup
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e
Flex

reflection issues

realistic) signal injection
® FBKTI-LGAD strip sensor

e [ssue of higher—than—expected cross talk in the flex
® Setup with injection probe had high external pickup and

* Tested again with mounted sensor to have cleaner (and more

@ Dr. Simone M. Mazza - University of California Santa Cruz
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® > No cross talk from strips connected to the board (how it will be in PIONEER)

® (Cross talk from the gold grounding pin that was also used for previous need tests!

° High crosstalk coming from gold pin improper grounding
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