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‘Infroduction, EP-R&D W.P. 1.1 - Hybrid Sensors

Planar Sensors (J. Haimberger, V. Gkougkousis)
v" Radiation damage and trapping model validation though
TCAD

v" Timing and efficiency at < 1el7 n.,/cm? using fast neutrons
and ps protons (thicknesses 50, 100, 200, 300 um)

LGADs (V. Gkougkousis)
v Radiation damage mechanisms and modeling on different dopant
types (TIPP2021, ArXiV Preprint, PicoSecond Workshop 2021)

v Indium-Lithium gain layer radiation hardness investigations
(Trento2021)

v' Process simulations and SiMS — Carbon/Boron (LINK)

Silicon Electron Multiplier (M. Halvorsen, LINK, ArXiV P;eprint, IEEE)
v’ Structure optimization and electrostatic simulati
v Timing and transient Simulations

v" Process iterations (Metal Assisted Etching)

Talks @ Trento 2022

Small Pitch 3Ds for tacking and timing (V. Gkougkousis, LINK)

v' P particles timing studies on irradiated and unirradiated devices
v Test beam with SPS pions (Tracking + Timing)

v' Proton and neutron irradiations > le17 n, /cm?

v" New small pitch production optimized for gain at the electrode region

Vagelis Gkougkousis Jakob Haimberger Marius Halvorsen Victor Coco

Submission ¢’ - " ) -
" -2 Sensor submission participation per year: 3D sensor - (1)LGAD , reoptimised sensors...
thin planar M ! : S sEonp L per3 2 sFailil PR At song
delayed:
Cherartaraation Irrad. Post-irrad.iati_un Ci h:..irac(erisation
; F Characterisation with telescope
started
Simulation (TCAD + signal simulation): input for reoptimisation, IC block design, etc...

Optimisation of system level timing

Fine timing te'~scope construction
Py +sensor upgrade

phasel . phaseZi
advanted Design bloc for 28nm FE Submit = :
& (fast timing) MPW
ﬁ’ﬁﬁﬁﬂ'&: ‘z‘gﬂw EE Submit
Fm‘ smal pulcnl MPW L
ot : ;
* gy
0'0)’ New sensors ( new/different material , new detection structures )
Vagelis Gkoukousis 1
Fellow 1 (V1ros Sirkaran 1
Fellow 2 L

(Marius Halvorsen 1 Fellow 3 (shared)

PhD 1 L

PhD2 (shared)
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3D Sensors for timing

Centre Nacional de Microelectronica Mg

3D Sensors: Decoupling of charge generation and drift volume
(Standard columns, TimeSpot, Hex geometries ect.)

CNM double sided n-on-p, 50 x 50 um

si0,
Pros 20 pum | p-stop
* High radiation tolerance up to several times 10'® n,./cm? N 8 um - & :_l::;ﬂ
 Short drift distances with fast rise times g P+ [2.ps p>SKQYem
* Reduced Landau fluctuation, practically non-existent for perpendicular » .
-
tracks 50x50 pm?, 1E -.IEEIEEEHV_
Cons 50 pm |
* Non-uniform field geometry Single Cell 3D IVs
* High cost 5 E08
g o —8—5936-11-1A Total 5936-11-2A Total
* Increased cell capacitance “ 6E08 | | —a—5936-111AGR 5936-11-2A GR
- —+—5936-11-1A Pad 5936-11-2A Pad
. <« -5E-08
Tested Devices =
5 © 408 F
. 2 5
* Process: 2-sided - ot
2 o SEUS T s
* Substrate: high Z, p-type FZ Silicon, 4” wafers K = :
. - 9 -2E-08 |
* Thickness: ~ 280 um £ :
* Run: CNW 592611 o B
* Pixel Geometry: 50 x 50 um, 1%, single cell R
. . 0 -10 -20 -30 -40 -50 -60
* Capacitance: ~»0 - 100 pF per cell Bias Voltage (V)
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Sample preparation and dicing

Test structure 1 (x 2) Test structure 2 (x 2) Sensor Matrix (x1)

10 mm 10 mm 12 mm 12 mm 21 mm 21 mm

20 mm
20 mm
20 mm

Back Side Front Side Back Side Front Side Front Side Back Side

— Dicing Lines Material: Hi Resistivity (>2kOhmxcm), p-type, Fz Silicon
Thickness: ~285 um
Planarity: < 1um
Inter-matrix distance: 200 um
Preparation: Adhesive tape + Photoresist
Dicing at CMi in Lausanne as an external service
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3 Source Characterization

M4x20 screws

max—

Trigger
DUT

Aluminum support assembly

(reduced size) N

Minimum charge baseplate

for good timing

5 o from noise

-:f; : : o g
* High frequency SiGe (~2GHz) amplifier
* Mean sensor + amplifier noise < 1.5 mV
* 5000 recorded events per point

sr =" By - Bz

i

E — 0'46 Mev Emax: 2.28 MEV H'-::;-:n-upa-llnl-n-—m\

Ty, =288y T,,=64h
source container 9
0
M 410
source support back * 500 So,.be
Hm . ~CT

/

Timing Configuration & Automation Software (TiCAS)
» Real-time Waveform Visualization

» Dynamic adaptable UI with universal instrument support
> Support for all LeCroy, Tektronix and Agilent oscilloscopes

L R e g
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*Analysis Framework

C‘ﬁ* 77
» Four main classes with dedicated header and implementation files, one wrapper class

handling user interaction * lterative re-fitting and re-binning

LGADUtils » Wrapper to handle user I/O and pass arguments algorithm

» LGADBase > Basic framework function and infastructure * Fitting of discrete and variable binning
> LGADRun » Timing resolution, CFD maps, multi DUT operations quantities

» LGADChannel » Mean pulse shape, mean pulse properties form entire run . Bayesian uncertainties at efficiency

» WaveForm » Single Waveform properties and time walk corrections level

& Bonus: LGADSel Selector Class with auto-set 64 channel support .
> v ’ SR * Event by event FFT transimpedance

LGADBase correction

Gauss, Gauss x Landau

fit

Min, Max voltage :

DUTChannel 1 DUTChannel 2 DUTChannel 3 DUTChannel n

Gauss, Gaussian fit
Gaussian fit
Gaussian fit
Charge dV/dTToT: Gauss x Landau fit

» Code available on git: https: // gitlab.cern.ch/ egkougko / lgadutils FFT:  Variable bin Gaussian

Waveform 1 Waveform 2 Waveform 3 Waveform n

4 [evel 3" level pnd Joyel [t level
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‘Laboratory results

A\ _ 2 2
ce (0put)crpy; = |(OTot)cFp;; — (GRef) ;
Y L CFD
S “ ected Cahrge, Single Pixel 3D (20V, -20°C) Rise Time (10%-90%), Single Pixel 3D(20V, -20°C) L
39 ET T T T [T T T T[T T T T [ T T T T[T T T T [ TTT7Tg gd-DOO_ '(J T If-'l'i LN e ey e s s
‘S 100E w = [ Gauss Fi ] . .
ET0F 1 £ [ esteesami 1 CFD Map, LGAD - Single Pixel 3D (-20°C, 20V)
& ‘-DH T 3500 [ Mean: 1.752768e-010. 6.1229508-013
93_ —‘ f/--‘l-l_‘ M J‘L - [ GB.THBBST?D;;‘;.'-S;I:;Q;ZSQ-G g T
P ﬁ JIL Il ] 3000 I .
70E- 7 N E 25005 f
60F / i[ I 3 E ]
- X ] 2000 a
5L ] g .
j/yj i 3 15001 ]
40 1 7 r ]
EU Landau X Guass Fit \\* 7 1000F \ =
30[— - Entires: 4066 H ] [ 3]
F MPV:1.735205e-015 +/- 2.247690e-017 r M: & h ]
20 %+ 5.544448e-016. 4/~ 2.703735e-017 L ] 500 .
F Goodness:1.383410% l—E r jj‘ \‘\__‘L B
it Ll SRR U T B S OO o T O Lo 10 pl L1 L L I M | L 107
1 1.5 2 2.5 3 3.5 4 -0.4 -02 o 0.2 0.4 0.6 0.8
Charge [Q] Rise Time [sec]
?\k\(gﬁemeﬂ Cahrgs, HPK LGAD (80v, -20°C) Rise Time (10%-90%), HPK LGAD (80V, -20°C))
%ﬁmo:l TTT TTTT T ’\_ll T T \I{l}f\:d‘::e‘:%:( Hla\jjl F‘,I TTTT TTT \E %200; |;'|I::r‘!::|‘: :;;; T 1T T \-Ll_ldjl‘ L L T T T T ;
E MPV: 3.429103e-014 +/- 4.201879¢-016 180 [ Mean: 9.806637e-010-+1 1,374 12
180C .:1:1189656-016 +/- 1.0397746-013 [ ©85919350:011 +/- 120316 L ]
F \&r\snodnem 131526015 B 160F £ 92.7506945% ]
NI N : 10 / I\ ] 2D optimization plot —0.5% binning
120F . E Jf W\ ]
] I Iy i , 2
C LT B .
£ . 7 s f‘ 5 Time Resolution: Jtot C"ttmewai!k + thtter + Oconversion + O-Clock
80 r ]
: ] 8o i 0 :
80~ xu\rLk . goF ﬁ ]
s | - a0f" = 2
5 e i ﬁ 3 a2 . ad Lrise D Cbin Fixed Term
200 ] 200 = Dist. Landau —
;uljl 2 e O 2 IO S i O MO I ) O |||\: 1045 E 111 111 L 11 L1 1 llbiﬂhr‘\—lJl-L:_L';L:)(107g S/N 12 '“‘_5'7]).‘[‘6)6‘
qO 20 30 40 50 60 70 80 a0 8-7 0.8 0.9 1 1.1 1.2 1.3
Charge [Q]
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15t Testbeam - Angle Scan on SPS

Week | 24 | 25

26

_ Jun
0

T4 - Hé

SFD &

TT20

Setup
T

North Area

T4 - H8

SPS &
TT20
Setup

Development Data Taking

, ’ Development phase

Last minute decision, recovering TimePix 4

/

CERN Prevessin

Jakob Haimberger Marius Halvorsen

slots
Angular S_c}ans * Original plan to test multi-channel boards
W\ scrapped due to delays in delivery
«\%\ *  From ground-up development and testing
instrumentation, electronics and DAQ
software

Data Taking Phase

* Angular incidence scans on single pixel 3D
sensors

* +/-12°range at 1° steps

* Stable operation for the most part

NWSOW

wiel )0
Bl DY

L,ouxU(CV\'JC pu

H6A and HS8 lines

3/ 3/ 2022
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15t Testbeam - Setup and Operation

Data Acquisition

A coincidence trigger at a
known 100% efficient
threshold is applied at the
2 LGADs

RAW waveform binary
data of all four objects is
recorded for each trigger
A minimum of 3M events
are recorded for each
point to ensure adequate
statistics (geometric
efficiency of 3D ~0.01%)
Alignment of the 3D cells
is verified using th
pixelated plane

HV lines - MAX: 100V

Pixelated 3D plane M

BEAM

A

A

A
Al

- \A

LGAD Planés 3D single cell
sensors

b

Rotational Axis

Tiggerlscheme
Coincidence trigger
on the 2 LGADs

Keythley 2410

WaveForm Recording

10 GHz at 25Gs 4-channel oscilloscope
External synchronisation with SPS End-of-
extraction signal for data recovery in-between spils

3/ 3/ 2022
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15t Testbeam - Setup and operation

LGAD planes
for timing BEAM
Rotational
Stage
FEi4 pixelated
Plane

- Vertical and

Horizontal

3D Single Cell Translation Stages
structures
3/ 3/ 2022 E. L. Gkougkousis 10



15t Testbeam - Setup at H8

Vertical and Horizontal
Stages

Second stage
amplifiers  Pixelated plane

3/ 3/ 2022 E. L. Gkougkousis 11



15t Testbeam - Trigger and ROI calibration

BeamSpot LGAD 1
Occupancy mod 0 bin 0 Occupancy mod 0 bin 0
Gccup_0_0_MA Gocup 0.0 WA Triger Delay Clibration
Entries 53760 Entries 53760 300
g“ E I Veanx  40.09 gﬂ E _ - Meanx  60.48 )
= Rl Moany  176.7 € E S o Meany 2334 N
= 15.08 E e o= T T |Rwsx 07 250 |
B AMSy  84.06 E s i - -_="|AMsy 4599 E— [
= E - = = - _m %I a_ B
100 100 S e T _f!%f i 320
40 3 S R T L < i T ot
3 B = = A = -_ =20 Z 150 |
Mso fess’ ) . = ﬁ E.';’ F
200 a5 200 £ T _: ' L 5 N % e
: Y . = - 50 F
3 10 % :_\__7 5 0 P TSI IR T R RN SR B S SR SR T MRS SN ST TR TR S SR N T
%00 300; e ~ 05 1 15 2 25 3 35
= —— g =, = 0
-0.5 Colu%ﬁ's ° -0.5 Colu%ﬁ'5 Delay (usec)
Trigger delay between FEi4 and Oscilloscope calibrated with an average of 10 spils
Oscilloscope trigger out used for as HitOr mask fro FEi4
Average delay ~2.3usec, FEi4 stores 255 frames with 25nsec distance (40Mhz clock)
If used as VETO Rol trigger a Gaussian fit can be applied to find the exact frame to read from
3/ 3/ 2022 E. L. Gkougkousis 12



Institut de Fisica EP R& D . I!Trﬁwsr Proton

d’Altes Energies

-2nd Testbeam - Tracking & Timing % @'GFAE Ersns ? D) rormard

ug Sep Oct Nov

£
T10 target
Xy EON3 25 ,éf_mm J SPS &
N - TT20
" , K127 2 Setup
Engitu Platorn N 7 By 7| 7
.y 4

I\

What: 2" velo U2 and EP-R&D test beam
When: 6 - 27 October Development
Why: Combine picosecond timing with

tracking using telescope :

-
——
-

DUT Adjustable Box

Beam direction

Aim of the Test-Beam

* Single Pixel 50 x 50 um 3D capable of <10n,,/cm?
* Tracking with 7um position resolution

* Timing with LGAD telescope

Study detailed sub-pixel timing map and uniformity

EUDAQ EUDAQ

Forward Arm |B'ackend Arm *

3/ 3/ 2022 E. L. Gkougkousis ‘13



2"d Testbeam - Tracking & Timing with EUDAQ

3/ 3/ 2022 E. L. Gkougkousis
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-2"d Testbeam - Tracking & Timing with EUDAQ  vee oo somo swoanawtines

|—_m'-5mn—{-_m-..__| -}
Scintillators
= -— — 5

i [oromn | s [ | azeamm i
S & R ] P gl s
- |[ES =~ = & &~ -

1amm | WP w W |
A

a =14.95mm — L L L]

General error: DAmm PLB thickness &= 1.5mm

a4 Fa-H FaH

Telescope Planes

* 6 MIMOSA planes for tracking

* Plane no. 5 known to be bad

* Expected 5um tracking resolution

* Estimated acquired number of
events V1M

* Limited beam control as
parasitic user

» Suffer from low intensity and
low data rates of EUDAQ

* Plans to move to TIMEPIX 4

-—
148.5mm

EUPET

-—
104.46mm

Fa-A

BAMOSARE 1 Raw Hansap

104.14mm

Scivtillators

B ——
A 2mm

EUPET

1emm:

5.03mm

WMOSAZS & Raw Hanap

e
Tl gl

Std Dev &

62985
38.59 P
1815
1886 |

MMDSAZS 4 Raw Himap

MIMOSADS & Raw Hamap
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2"d Testbeam - Tracking & Timing with EUDAQ

LGAD 2 - Downstream (HPK-P2 W25, L17-P12, 1.3 x 1.3mm?)

Single pixel 3D (CNM 5936-11, 50 x 50 um?)

USBPIX_GEN2_BOARD_200 20 Raw Hitmap

v, e T bt 3

Entries 204
LGAD 1 — Upstream (HPK-P2 W25, L17-P11, 1.3 x 1.3mm?) 300 ey my
— LGAD 1 I_ — 7 ::: g::; Z;Z:
FEi4 plane and sensors Sensors and beam spot : ;?,Alnz 2501~ = I g
-------------- — 302 r T
w04  Full FEi4 Matrix (2x2 cm?) ! ': :;m ook e e
/ I I C =g
240 i 1 : ———————— -— .. —\
250 4 =y [ 1 USBPIX_GEN2_BOARD_200 20 Raw Hitmap
) . ! sor | - |
l : 220 L 1 |>' Entries 204
200 1 | ; I 1 100 270 Meanx  44.15 ]I
e 5 |l : I Meany 2387 I
2°°: Beam Spot Center I i | 260 - ::: g::ﬁoijgz |
100 4 I L )
1 l B i
130| ; DDJ—‘—'—'%U—': 250_ I
o [ !
\\l | L | 30'
108 4 ) I L | I
0 0 1‘0 Zb 3;) 4‘0 5;.) 5‘0 7;.) 80 3(;.0 3-2'.-5 353 3715 4:\—.0 42‘; 45‘.0 5’.5 50‘3 I 240 __ i
. . . . i - - —-20'
* Extremely small ROl requiring large data taking periods for | 230} — |
sufficient statistics 1 | - l
.. .. . 220— 10
* LGADs used as timing references staggered to limit Active | I
region | ot | | | | I
* Trigger formation on a coincidence between the I 40 ) %
scintillators and the ROI L e e e e e e e e e e e - - J
* Efficiency ~20%
3/ 3/ 2022 E. L. Gkougkousis 1o



Setup Limitations - UCSC Boards

Velocity(um/ns)
?)06 100
Y\ - o ,
\O CNM 10478, Wafer 4 (Boron) - Charge vs Signal Frequency )
—e—W451022 Unirrad (-30C)  —e= W4S1022 Unirrad (-20C)  ---®-- W4S1022 Unirrad (-10C) 50x50 pm2, 1 © o .
4E-14 - W4S1095 1e14 n (-30C) W4s1095 1e14 n (-20C) W451095 1e14 n (-10C) ! ‘ —r—
i —e— W451016 6e14 n (-30C) - & W451016 6e14 n (-20C) --@-- W451016 6e14 n (-10C) 50 Hm 40
4E-14 " W451068 1e15 n (-30C) W451068 1e15 n (-20C) W451068 1e15 n (-10C)
- W4LG07 3e15 n (-30C) - W4LG07 3el5 n (-20C) - W4LG07 3e15 n (-10C) g 20
—&—W451067 1el4 p (-30C) — & W451067 1e14 p (-20C) e WAS1067 1e14 p (-10C) ) {
314 [ —=&— W451064 614 p (-30C) - &~ W451064 6e14 p (-20C) «+&++ W451064 6e14 p (-10C) s 10 15 20 25 30 3scvum
i —&—W451099 1e15 p (-30C) = &= \W451099 1e15 p (-20C) <4+ \W451099 1e15 p (-10C) Le|=35 pm
i —&— W4LGOS5 3e15 p (-30C) = & WA4LGOS 3el5 p (-20C) «ete-- WALGOS 3e15 p (-10C)
3E-14 + —&—\W451021 6e15 p (-30C) - o~ W451021 6el5 p (-20C) o WA4S51021 615 p (-10C) . Assuming a Iinear flled dependence and a _15 \Yj
—_ i ] I
O 1 ; ; ; .
> Under-depleted | No-gain region operation point at 35 um column distance:
oo 2E-14 . ; |E| = 0.43V/um
= region I
2 SEAA & 7 | * Estimating drift velocity for electrons:
L . | e _ MO,e X E
: L: Varift = P 1 /
1E-14 - |} Hoe X ENPE[ "Fe
B Us
r TR sat.
6E-15 | : 2 A B ] . cm?
i | R with vg,, = 107 um/ns, ug, = 1417W,Be = 1.109
L A,
1815 —/ ' ' ' ' V9 .ice ~ 41.4 um/ns
1E+08 _ 1E+09 drift
Signal Frequency (Hz) o
* Extrapolated Rise time and Frequency:
Y d/
2
. C e~ tRise ® = Xtg ==X ~ 140 psec =|2.3 GHz
Asymptotic point ~ 250 MHz Rise ™37 T3 v P
3/ 3/ 2022 E. L. Gkougkousis 17



*Multi-channel timing Board

Common emitter single transistor first and second
stage charge amplifier

First stage Single Transistor

High Frequency SiGe
technology with 75GHz
switching frequency
High frequency design
with up to I12GHz

Low max current

YV VY A\

A\

Gkougkousis V., Lemos Cid E., EP-R&D meeting July 2021:

16-channel readout board with integrated first and second

<CE;RN§/ % IGFAE

Pre-assembled miniaturized coaxial edge connectors with
panel-mounted SMA plugs (Im cable length)
Vertical miniaturized coaxial plug connectors for sensor

board (16 channels + HV/ RTD)
Keyed connectors with high life cycle

stage amplifiers
Regulated Voltage input
15 mm x IS mm central opening

140 mm x 140 mm outer dimensions

‘ (~I0mA)
Infineon  BFR840L3RHESD .

Well behaved gain

G,., 26.5 dB o v
inearity vs

lc max 35.0mA y bb
Small packagmg with

NF 0.5dB _
201-size components for

0IP3 17.0 dBm , : _
multichannel integration

OP1dB 4.0 dBm o
Independent Shielding

Vo Max 2.25V
per channel

Frg. Range Up to 12 GHz

3/ 3/ 2022 E. L. Gkougkousis ‘ 18



*Multi-channel timing Board - First Prototype

3/3/ 2022 E. L. Gkougkousis
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*Multi-channel timing Board - Characterization

Initial design

70

60

50

0

30

20

10

Modified —Uniform design

1
e [P AWy o
| o 'my SchematicBFRB40L3H_1
/al"fo
Ns
50
/ér“**-a.__
“\ﬂ.\'mﬁ{’ 0 f——
\‘-/! ‘—‘_&__ﬁ\é‘*\{.\\z ———A
30 &H‘—“—é‘—ﬁa,_
—d—
“é—-‘_ﬂ
20
10
0
2 4 6 8 10 0 2 4 6 B 10
Frequency (GHz) Frequency (GHz)

With signal injection

Amplitude
' 687.1 mV

Amplitude
p" 9999 mvV

Meas 2
Rise Time
L W39 us
' 2849 s
M:361.4 s
™ 3752ps
B~ 408

Meas 4

'; 5243 mV
Meas 5

(2]

Without signal injection

Meas | (2]
Amplitude

y': 266.4 mV

Meas 3 [ ]

Amplitude
': 485.6 mV

Meas 4
Meas 5

I

Meas 7 -

]

Blue: 16 channel

board

Y VYV

Optimized design for uniform response with
frequency

No sharp gain change discontinuities

No undershoot/overshoot observed

Gain moderated to ~70 for a two-stage
configuration

20% Higher SNR than UCSC board (with
both stages)

2 x SNR with respect to UCSC board +
niniCircuits second stage amplifier

On going energy and transimpedance simulation

3/ 3/ 2022
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*Multi-channel timing Board- Carrier Board Gkougkousis V., Lemos Cid E., EP-R&D meeting July 2021:

» Quick sensor test turnaround > Group wire-bonding into large batches
> Simplify probing and reduce sensor damage Needle-less probing
> Batch testing with better control

Unify electrical, timing, laser and charge characterization

Solution: Develop single sensor carrier board and make all testing structures compatible with it

Requirements
» Simple — cheap design v’ 32 x37 mm rectangular shape
» Electrically neutral — low noise v" 0.508 mm board thickness
» Temperature monitoring v 15x 15 mm gold plated sensor pad
> Compatibility with variety of v 2 mm diameter central via F 41, 00

sensor sizes v" Rogers 4003C HF laminate
> Low material budget v 6 passive components per board
> Easy alignment v 18 mini coaxial connectors

(16 channels + HV+ sens)
v Integrated RTD

&m ,eoooonon _1" [ =

e

0000

3/3/ 2022 E. L. Gkougkousis 21



*Multi-Channel DAQ - Sampic

The ASIC (SAMPIC) "
Technology: AMS 0.18um
* Sampling: between 3 and 8.4 GS/sec on 16 channels (depends on DAC setting)
* 16 channels per chip
* Signal Bandwidth of 1.6GHz
* Discrimination noise 2 mV, chip noise < 1.3 mV RMS
* Max input Signal: 1V unipolar (0.1V to 1.1V)

ADC

* 8to 11 bit Wilkinson ADC at 1.3GHz
* Upon triggering 64 samples digitalized in parallel per channel
* Resolution adjustment possible to improve timing by reducing bit count

30

T)? =T 4

. . . . g - * Constant Fraction Discriminator, R= 0.5 ]

* Time resolution between 5 ps (calibrated) and 15ps (uncalibrated) 8 ,F Conetand Eracion Diserisinalos. i averags E

(] = -

. . ] - + Cross Correlation =
Calibration £ 20 — Theoretical CFDR = 0.5 .
. . . . . . o C ]

* Calibration files provided for all operational points of the ADC £ ]

. . o g =

e Channel by channel calibration to be performed by user & .

. . . . o = -

* 64 channels x 4 operation points = 256 calibration runs @ e © B
L 2 C ]
Connectivity = » : E
0 01 02 03 .

IR RN TN [N SN SN TN R [N W VAN U T T TN SO
04 0.5 06
Signal amplitude average (

4

* USB2.0 + LabWindows based software (provided) ;

 UDP Based Ethernet, direct PC connection — no router support

< o

3/3/ 2022 E. L. Gkougkousis 22



Sampic Test Runs - \,GP\DU\:;\?\) _qutits

Wik

gotained T egkoV

Time Resolution o
WJLQ\/W,

Both methods give similar results:

* Linear fit 5% - 95% analysis on rising edge

* Results may be improved by global fit on pulse
shape

* Not more than 10 % - 20 % expected
improvement

Trigger:

 Self trigger on either channels
* No coincidence implementation

* No internal buffer, no opportunity for
combined trigger with tracker

* Only independent operation possible

CFD Map, Channels 03-05

)
o
a

GHOS -{05)

o
w
a

e
w

0_25__ SRR S

0.1—

——— ] —
%mﬁb@.mj St FL A S :

T t -
o1 02 03 04 05 06 07 8% Chlrhel 03

2 LGAD Run

78 psec (60 psec

Time resolution : .
with oscilloscope)

Sampling Frequency 6.2 Gs/s
2 LGAD Run
Registered Events 2698
Coincidences 2967
Efficiency 99.98 %
Thresholds 10 mV

Trigger Mode Self Trigger

3/ 3/ 2022
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Conclusions

Outlook and Plans

» 15t Lab timing measurements presented and look extremely promising
» 2 Testbeam campaigns completed with tracking and results soon to be published

» A new multi-channel (x16) versatile board has been developed and is at the final stages of testing,

suitable for 3D and planar timing applications
» 3 more test beam campaigns planned for 2022 with EUDAQ — We are open to partnerships!!

» Non-irradiated 3D studies are completed, sensors are being currently irradiated up to 1e17 with

protons and neutrons

» New production planned for mid-2022, tender will be out soon and we invite ALL producer to

participate
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Backup -

FFT analysis
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‘Backup - Trigger Scheme

AIDA Telescope

Mimosa Data

DUT Read-Out Oscilloscope

A 4

Collector

Back Scintillator

Front Scintillators

A
I
1
|
|

| Trigger

FEi4 ROI /1, e |

HitOr NIM

DUT Readout Oscilloscope

DUT box
(base plate)

TLU interface
board

FEi4 ROI Plane
HitOr CMOS

—_— ——

[ et K MultiiO Board  FE-I4 Adapter i

Trigger Out : Trigger In -
I ingle Chip Card
|
: v » MIMOSA data collector and Oscilloscope as DUTs

red TTL standard : Adiustable threshold > Os‘cﬂlos.cope only “Simp'le Handshake” for system s‘ynchroni'zation
output Logic | negative Input » FEi4 HitOr and three scintillators form an AND trigger logic
signals signals » No DUTs or time references in the trigger formation
3/ 3/ 2022 E. L. Gkougkousis 260



‘Backup - Interface board

Trigger Interface Board

SPS Early warning

SPS Spill Start

SPS End of Spill

Triggers

Trigger Veto

Oscilloscope
readout

Recorded Events

spill 1

|

» Monitor SPS end of spill and SPS early

Wanting

L

> Only readout Oscilloscope between spills

h

|
I
1
|
|
|‘| » Use LVDS to TTL EUDAQ interface board

» Controlled via USB though character device

|
””MHJL—JH]"JLHME drivers on oscilloscope DAQ PC
! I

1

|

|

1

1

I

| | [ 1
| i 1
|

1

|

|

|

|

1

|

Oscilloscope Oscilloscope
Readout 1 Readout 2
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Backup - HV & LV slow control

B Timming Setup Configuration - O b
File Edit View Project Operate Tools Window Help |
BE@N 2|
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* 8x HV channels

i Agilent KEVSIGHT !
“## Technologies EHRDLCS ROHDE&SCHWARZ I'e  8x LV channels
|
e Constant monito-
I ring & logging
I . .
1 * Live protection
363X series 364X series HMP4040 PL330DP PL303QMD |
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