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Beta Setup

Concept and Fundamentals
Idea: |

Source DUT Trlgger o 1L many waveforms | Analyze Data Waveform by Waveform:
/ 7\ g 120F :
) AT i » -Timing Parameters
o ‘ 28 c : (TOT, ToA, Time Walk, Slew Rate,
sz " Rise Time, Base Line Noise
§ S ok [RMS, mean], etc)
y; A = £ aof
8 ‘é % N -Pulse parameters
S A ° (Maximum Voltage, Charge Collection
S0 groe o o - " | Time, etc)
i i
o0 0 @ o 20
O 774':’ - 0 1 1 1 1 10 1 1 1 Il 20 1 1 1 1 30 1 40 1 1 1 -\T'SO (I )
B-Source Characteristics (Sr-90)
oo Energy Deposited by Electrons in Silicon®
TT e oo Sr-90 Decay Spectrum’ - T

Decay of -

903,. 20

Tip=28y

Average Energy Deposited

y

beta from Y-90

dE Idx [KeVium]
>

0.546 MeV (B) 1 5 |
; v
920 0.513 MeV () o g
Ty~ 64 h © 107 i
>—
2.28 MeV (B) \
>99.8 % 1.761 MeV (y) 0.5 beta from Sr-90
<0.02 % y o1
N, 0.01 0.10 1.00 10.00 100.00 1000.00
902r 0.0 : . : : ENERGY [MeV]
00 05 10 15 20
Stable E MeV
nergy (MeV) Maximum e yield of Y-90 decay =1 MeV — MIP

18-11-2020 Beta Particle Setup of the CERN SSD-Team Talk by J. Boell [CERN, Uni Hamburg] @ 37th RD50 Conference



Silicon Detector
Time Resolution

Concept
(1) Traversing particle generates e-h pairs through charge ionization

— Drift to respective electrodes through electric field — Signal Current
(2) Signal is shaped with pre-amplifier
(3) Amplified signal is compared to threshold then digitized

— Time resolution measures: Time Over Threshold L@ Fc —
Time Of Arrival B ‘ v, dff

Time resolution contributions: ) [ Comparator

2 2 2 2 2 2 -
O¢ = OTime Walk T 9 Landau Noise T PDistortion T TJitter T ITDC |Sensor | | Pre-amplifier | | Time measuring circuit |
Time Walk: larger signals cross threshold earlier ™ ” [ Vi, ] { N ]

OTime Walk = |fd = e X
than smaller ones e LS tie Jrms  LAV/dE gy

— Elimination via Constant Fraction Discrimination

Landau
distribution

Landau Noise: Energy deposited through charge ionization follows =
universal asymmetric probability density function 5 o
— Fundamental physical limit to signal uniformity "
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Deposited Energy

Jitter: Time uncertainty caused by time deviation of comparator jitter
due to fluctuations within individual signals

N tise/ S
OJitter — ~ Irise =
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Holds for constant slope
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CERN SSD Sr-90 Beta Setup
Power Sources and Scope

Binder MKT 115
T .70, +180]

range: [

Climate Chamber

RF-CAGE 2

Amplifiers
+ BiasT

Setup designed/built by
Matteo Centis Vignali & Robert Loos

Agilent DSO 925A

2.5GHz20Gs/s ________ | Further improvement:

Marcos Fernandez Garcia and Julian Boll

Signal Out
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CERN SSD Sr-90 Beta Setup
Inner Setup

Source and collimator
holder (devices not in
picture)

CIVIDEC Bias-T
Current Amplifiers

Sensor wire- 2 GHz, Gain ~ 180x

bonded on PCB

XY- planar

stages

for sample

alignment
Cable pass
through for
inner RF-Cage
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CERN SSD Sr-90 Beta Setup
Close-Up

e
ZIRD50

Source

Collimator
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CERN SSD Sr-90 Beta Setup
PCBs

“uf )

- Sensors glued to PCB with silver
paste and subsequently wire-bonded

- Back and front-side bias possible
(Measurements via front side bias due
to noise-pick up)

- Sensors mounted over 1 mm
diameter hole to avoid unwanted
absorption (loss of rate through
absorption and unfavorable electron
scattering)

Sensors aligned with
Laser placed in source
mounting

18-11-2020 Beta Particle Setup of the CERN SSD-Team Talk by J. Boell [CERN, Uni Hamburg] @ 37th RD50 Conference



CERN SSD Sr-90 Beta Setup
Triple Cage Design

Modified microwave oven used for
Metal plates Inner RF cage additional shielding

Jaguieyd ajewl|d

- Sensors pick up high RF noise in lab if not adequately shielded
- Initial 'small' RF cage didn't provide sufficient shielding

- Setup was set into bigger RF cage (modified former micro-wave)
— Noise figures improved substantially

- Mesh in back of MW-RF-cage aligned with fan of climate chamber
— Dry, cold air blown into inner RF cage
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Data Processing with TRICS
Overview

(1) Measure Waveforms

c++ script (via LAN connection to _
Scope) records data in binary, Signal [V
python script logs temperature, bias Vmax

anc Ieakage { El Charge: Q50, Qtot,...
0.9YVmax — — — — — — — — —

(2) Parse Data to Root
c++ script parses binary
measurement file into root and
creates Tree with two branches 0.lVvmax- — — — — — — — f
(Raw and Processed Data) by

Pulse of “positive” polarity

analyzing each waveform BlineRMS.§ SN —— A
Vmin e Mndershoor”

3) Plot non-timing Data

i : In

Waveforms are plotted via - Y

-
-

Root::Draw() for initial viewing of - & tright Time [ns
ks AR m]
raw data Nl
Q.

(4) Run Timing analysis I

Timing analysis executed:

-Constant Fraction Discriminator emulated

-Timing parameters calculated: Time walk, jitter, slew rate etc

- Threshold varied over 19 values defined by the voltage cut
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Data Processing with TRICS
Plots lllustrating Analysis

" . m
1) Initial Analysis .gg;

Measurement Specs:

20 mV/div

6 dB Attenuators (high amplifier gain)
Coincidental trigger on DUT and REF @ 13 mV
Exclude saturated waveforms

No cuts otherwise
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timing figures: See Marcos' talk Characterization of CMS-ETL HPK2 LGAD samples before irradiation

2) Timing Analysis

l:— SQE;SS:J | ............ gzgcepf ........... TRICS performs:
08| Crombemyeratonuated |44 DO (A) Constant Fraction Discrimination emulation
N T (T (R U T — Variation over attenuation coefficients k  0.05-0.95
SR U Y I L L — Elimination of time-walk effect. Jitter & Landau remain
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0 é_‘" -|': Li ,’. X8 :_h_; ..Ja;al‘ T_.dli. . .
A ok (C) Relevant timing parameters calculated
_0_2:_ f::rlc:gsmg ¥ /geg;ie ........... ............... ............... (Rise time, Slew Rate, SNR)
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Data Processing with TRICS
Timing Analysis Output Examples
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Do We Need An Absorber For
MIP electrons?

- Want to measure Wfs produced by MIP ifectlvely rem:/ed by DUT
electrons — need to eliminate low energy Sr-90 wor
electrons as they deposit 'more' energy ~27 MBq 27
- Absorber materials with lower Z absorb sF- ‘-,_
more low energy electrons -
— How to use absorber in our setup? DUT 25
REF =
Setup in our configuration is inevitably using ' zg_
DUT sensor as absorber EE.
4 £ G
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~ Beta electrons:
0.30 MeV lost after 350 um of Silicon 01
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Lessons Learned
Scope Digitization

Strong influence of Scope voltage resolution [V/d|V|S|on] on Noise — due to varying

Time Resolution o after CFD

ﬁre ampllflers for dn‘ferent Settlngs

[ps]
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Use 6dB attenuators, otherwise waveforms _ _
with high amplitude are discarded — » Noise and Amplitude reduce by factor 2
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